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Abstract

The aim of this thesis was to measure inequalities in the burden of vaccine-preventable
disease and vaccine uptake amongst older individuals in England, using primary care
electronic health records (EHR) linked to hospitalisation and deprivation data. Social factors
previously associated with vaccination amongst older individuals in Europe were first
determined by conducting a comprehensive systematic review. Methods were developed to
identify and investigate the recording of these factors in the linked UK EHR data. These
methods were then applied in two cohort studies, focussing on herpes zoster (a common
debilitating condition in older populations), to identify the social determinants of (a) zoster
incidence in the decade before zoster vaccine introduction, 2003-2013 and (b) uptake of

zoster vaccination in 2013-15 (the first two years after vaccine introduction).

The methodological study showed that, among 591,037 individuals aged 265 years,
completeness of recording of individual social factors varied from 1.6-80%. The ethnic
distribution, and prevalence of deprivation, living alone, living as a couple and care home

residence, were all comparable with data from the 2011 English Census.

In the first cohort study of 862,470 older individuals, those at higher risk of zoster in the pre-
vaccination era included females, those in care homes, those of White ethnicity and non-
immigrants, with increased zoster incidence in these groups ranging from 10-100%. Known
clinical risk factors for zoster (co-morbidities and immunosuppressive treatment) explained
little of these increased risks. In the second cohort study of 35,333 individuals, social factors
associated with lower uptake of zoster vaccination included: care home residence (adjusted
odds ratio (aOR):0.64 (95% confidence interval: 0.57-0.73)), living alone (aOR:0.85 (0.81-
0.90)), and being of non-White ethnicity (for example: Black ethnicity versus White ethnicity:
aOR:0.61 (0.49-0.75)). Uptake decreased by increasing deprivation: aOR (most deprived
areas versus most affluent): 0.69 (0.64-0.75). Lower uptake was also seen amongst females

in the older catch-up group.

The findings from this thesis should help inform specific interventions to mitigate zoster
vaccine inequalities, including amongst doubly disadvantaged groups (with higher zoster

burden and lower vaccine uptake) such as care home residents. The methods developed



can also be used to examine other health inequalities in older UK populations. Future
linkages to other data sources, such as the Census, would further enhance the availability of

information for studies of the social determinants of health.
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Background section

This thesis utilises routinely collected primary care electronic health care records linked to
hospitalisation and deprivation data to ascertain inequalities in burden of vaccine-
preventable disease and vaccine uptake amongst older individuals in England. The focus of
the thesis is on herpes zoster and it describes the disparities for zoster burden and zoster

vaccine uptake.
The background section for this thesis has two chapters:

Chapter 1 gives a general outline of health inequalities and their impact on older individuals.
It also summarises the biology and epidemiology of herpes zoster. The existing knowledge
of the association of social factors with herpes zoster disease burden and vaccination is also
discussed, highlighting the gaps in our understanding which provided the rationale for this
PhD research. The end of the chapter describes the aims and objectives, and the overall

structure of this thesis.

Chapter 2 presents a systematic review and meta-analysis of the association of social

factors with vaccine uptake amongst older individuals.
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Chapter 1. Background

1.1 Health inequalities and their social determinants

1.1.1 Definition

Health inequalities can be defined as systematic differences in health amongst different
population groups.! These inequalities may arise due to genetic or biological variations (for
example, women have uterine problems but men do not) or from autonomous choices (such
as choosing an unhealthy lifestyle), or they may be socially produced and therefore unfair
and modifiable (for example, if access to a particular treatment varies between different
income groups).'® Health inequalities, as illustrated in the last example, which are unjust,
avoidable, and amenable to interventions result in health inequities, a term that has an
ethical and moral basis.>® However, in the public health context, the terms health inequity
and inequality are often used interchangeably and are considered to be synonymous, as the
element of unfairness is implicit in both terminologies.® In this thesis, in which the focus is on
investigating socially generated differences in health, the term health inequalities is used for
the most part, except when describing studies that have specifically used the term health

inequities.

The World Health Organisation’s (WHO) Commission on Social Determinants of Health
(CSDH) in 2010 proposed a conceptual framework describing the inter-relationships
between the social determinants of health inequities (Figure 1-1).* On the left of the figure
(Figure 1-1) are structural determinants: socioeconomic and political contexts (such as
public policies and societal values) that stratify society into a set of socioeconomic positions
based on an individual’s income, occupation, education, gender and ethnicity. These
structural determinants of health inequities operate through a set of intermediary
determinants, comprising individuals’ material circumstances (such as housing and
employment conditions, ability of buy food), biological/behavioural factors (such as
substance misuse, physical exercise) and psychosocial factors (such as relationships and

social support).* The resulting health inequities can further disadvantage individuals who are
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already socially disadvantaged, for example by affecting their income or employment (as
shown by the reverse arrow in the Figure 1-1). The actions required to mitigate health

inequities should ideally act on both structural and intermediary factors to have a larger

impact.*
SOCIOECONOMIC
AN POLITICAL | @ =+++++=+rsseetsnssentnnssantissnnissasannssnninnsnnas s snns s ae e saenenssnan snsnans s A
CONTEXT R R EAEE R I A RN AEE s EEEEEE R : E
graimnniesssantansiannana e . Freimnneriasssantanaseannsensannns P
M i 3 Socioeconomic : ‘ Material Circumstances « : H
Macroeconomic . Position b [ (Living and Working H
Policies ' H g =
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Figure 1-1 Conceptual framework of social determinants of health*

* Reproduced from*

1.1.2 Health inequalities and older individuals

A population group particularly vulnerable to health inequalities is older individuals.® The
number of older individuals is growing rapidly world-wide due to increases in life expectancy,
and the proportion of individuals aged =60 years is expected to nearly double, from ~12% in
2012 to 22% in 2050.7 8 In the European Union, the number of individuals aged =65 years is
predicted to increase by 53%, from ~19% in 2014 to ~29% by 2080.° However, this increase
in life expectancy does not necessarily translate into an increase in healthy life expectancy,
a term that takes into account both mortality and morbidity and provides a comprehensive
measure of disability-free years, with implications for a country’s health and social care

expenditure.1® * Healthy life expectancy acquires significance as older individuals are at
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increased risk of disability not only because of a higher prevalence of chronic conditions but
because they are also predisposed to higher mortality and morbidity due to infectious
diseases.'* 12 This increased susceptibility to infectious diseases is due to the age-related
decline in immune function (immunosenescence) and may also result from the detrimental

effect of chronic conditions and their treatments on immune functions.?

Health inequalities in general have been described for both life expectancy and healthy life
expectancy amongst older individuals.*®* A 2015 systematic review reported the association
of socio-demographic factors such as gender, ethnicity, level of education, socioeconomic
class and behavioural factors with disparities in both mortality and disability i.e. healthy life
expectancy amongst older individuals.'* In England, gender and socio-economic
differentials (social class, education, wealth and income) have been found to be associated
with both life expectancy and healthy life expectancy amongst individuals aged 250 years.*®
Psycho-social factors such as living alone are also known to be associated with higher
morbidity and mortality amongst older individuals.*® Studies have shown that the burden of
certain infectious diseases have a socio-economic gradient making older individuals from
disadvantaged social strata more prone to infections, resulting in inequalities of infections-

related mortality and morbidity.*6-1°

1.1.3 Reducing health inequalities

Achieving health equality remains a challenging global ambition for governing bodies and
health care providers. Reducing health inequalities is an ethical and social obligation. In the
UK, promoting equality and reducing inequality in health remains a statutory requirement
enshrined under two separate laws: Health and Social Care Act 2012 and Equality Act
2010.20:21 |t is also acknowledged as one of the people’s rights as set out in the National
Health Service (NHS) constitution, an absolute objective set by the UK Department of Health
and other national bodies, and it is a common theme in the area of health improvement for

public health.?2-28

An important action to reduce health inequalities amongst the older individuals is to first
identify their social determinants and then plan specific interventions. In fact, one of the

WHO’s CSDH recommendations to tackle health inequalities was to set up global and
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national surveillance systems to measure these inequalities, and also monitor the equality
impact of any interventions.® This also includes promoting universal healthy ageing by
reducing disabilities resulting from both chronic and infectious diseases. For the latter, a key
intervention to reduce morbidity and mortality in all age groups (including older individuals),
is vaccination.?® %0 Vaccines administered to older individuals include seasonal influenza
vaccine and pneumococcal vaccine for pneumonia. More recently, a vaccine targeting zoster

amongst older individuals was introduced.

1.2 Herpes zoster

1.2.1 Aetiology

Herpes zoster or shingles is a neurocutaneous disease, which occurs due to reactivation of
latent varicella-zoster virus, a double-stranded DNA human herpesvirus. Chicken pox or
varicella is a common childhood infection that occurs due to primary infection with varicella-
zoster virus. Following this primary infection, the virus remains dormant in the host’s nerve
cells.®* The reactivation of the dormant virus in form of zoster occurs due to waning of virus-
specific immunity and the virus then migrates along the nerve cell to reach the skin, giving

rise to its characteristic clinical features, as detailed below.31 32

1.2.2 Clinical characteristics of zoster

Zoster is characterised by a painful unilateral vesicular rash in the affected dermatome.®?
Patients might also experience pain or sensitive skin in the affected area 2-3 days prior to
the rash.2 32 The symptoms generally last for ~2-4 weeks. In some cases, the pain persists
leading to the commonest complication of zoster: post-herpetic neuralgia (PHN), which
occurs in ~5-30% of individuals with zoster.3* 3°> The pain of PHN may be associated with
long-term morbidity and can significantly affect quality of life.32 3 Other less common but
serious complications of zoster include stroke, encephalitis, visual impairment following

ophthalmic zoster, secondary infections of the rash and other neuro-muscular conditions.3?

37
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1.2.3 Zoster disease burden and risk factors

The lifetime risk of zoster is ~10%-30% in the general population with the overall zoster
incidence rate ranging from 3-5/1000 person-years.? 3% 38 |ndividuals may also experience
more than one episode of zoster, the risk of recurrence varying from 1% to 6%.3% % The risk
of zoster increases sharply after the age of 50 years with nearly 1 in 2 people experiencing
zoster by the age of 85 years; the age-specific zoster incidence varying from 6-8/1000

person-years (aged 60 years) to 8-12/1000 person-years (aged 80 years).3 32 35

The quality of life and ability to perform activities of daily living amongst older individuals
could be adversely affected by the pain associated with acute zoster, and for some frail
individuals it may also lead to permanent loss of independent living.3% 4° The risk of zoster-
related complications and their severity, zoster-related hospitalisations and deaths also
increases amongst the older age groups, giving rise to a much higher disease burden.3 4!
For example, both the risk of PHN and severity of PHN symptoms increases with age.3> 42
The higher morbidity resulting from zoster and its complications amongst older individuals is
also associated with considerable healthcare costs.*: 43 During 2004-2013 the average
annual hospitalisation costs in England for individuals aged =60 years was estimated to be

10 million (95% confidence interval (Cl): 9.8-10.4) based on 2013-2014 national tariff.*3

As stated in Section 1.1.2, increasing age is associated with higher zoster burden due to an
age-related decline in immune functions: immunosenescence.!? 32 4445 Zgster-specific
immunity is also hypothesized to be related to the age at which chickenpox is acquired, as
individuals acquiring chickenpox later in life may have immunity lasting to older age and thus

lower risk of zoster.4* 45

Conditions that compromise immune function are major risk factors for zoster. For example,
higher risk of zoster is observed in patients with severe immunosuppression due to
conditions such as leukaemia, lymphoma, HIV infection, bone marrow transplant and
immunosuppressive therapies such as chemotherapy, radiotherapy and steroids.*% In a
large matched UK case-control study, some autoimmune conditions such as inflammatory
bowel disease, rheumatoid arthritis and systemic lupus erythematosus, and chronic

conditions associated with moderate immunosuppression such as asthma, chronic
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obstructive pulmonary disease, chronic renal disease and diabetes, were also identified to

be associated with increased zoster risk.**

The association of socio-demographic factors with zoster incidence is described in Section

1.3.2.

1.2.4 Diagnosis and treatment of zoster

A clinical diagnosis of zoster, based on its typical clinical features (Section 1.2.2), is usually
accurate.*” The most common differential diagnosis of zoster includes recurrent herpes
simplex virus infection.*® %8 Laboratory confirmation is usually obtained by detecting the viral
DNA using polymerase chain reaction, which offers rapid confirmation with high sensitivity
and specificity.*® 4° This is seldom done for diagnostic purposes, except for atypical
presentation of zoster, for example amongst immunocompromised individuals.*” Other
diagnostic tests include serological testing for VZV virus antibodies and antigens but they

have lower sensitivity and specificity compared to the polymerase chain reaction test.*8 4°

Studies that have looked at the accuracy of the clinical diagnosis have shown high positive
predictive values.>® 5! A Dutch study compared the clinical diagnosis in primary care with
serological testing amongst older immunocompetent individuals.>° Of the total 260 zoster
cases diagnosed clinically, 236 cases were serologically confirmed, giving a positive
predictive value of 91%.%° The authors acknowledged that the positive predictive value might
have been even higher had a more sensitive confirmatory test such as a polymerase chain
reaction test been used.*° In an earlier German study conducted in a dermatology clinic,
which utilised a polymerase chain reaction test as the reference test to confirm the clinical
diagnosis, all 65 clinically diagnosed cases of zoster were confirmed, giving a positive

predictive value of the clinical diagnosis as 100%.5!

An important challenge in treating zoster is early initiation of antiviral therapy. Treatment with
oral antiviral agents, if initiated within 72 hours of the onset of rash, may reduce the duration
of symptoms.52 53 However, it is known that most patients do not present to their doctor in
time to benefit from the treatment.*” The effectiveness of antiviral therapy, as perceived by
the patients, is also reported to be low.3®* A 2014 Cochrane review also found the effect of

antiviral treatment in preventing PHN, an important zoster complication, to be inconclusive.>
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Due to the limitations of current therapeutic options, zoster prevention becomes central to

minimise its burden amongst older individuals.

1.2.5 Prevention of zoster: zoster vaccine

In view of the impact that zoster has on older people and the limitations of available
treatment (Section 1.2.4), zoster prevention becomes important. The Joint Vaccine Working
Group of the European Union, which provided vaccination guidelines for individuals aged
260 years, recommended zoster vaccination to reduce morbidity and promote healthy
ageing in 2009.5° At present, two types of zoster vaccines are available: a live zoster vaccine
(Zostavax®) and an inactive zoster subunit vaccine (Shingrix®).%® 57 The inactive vaccine,
approved by the US Food and Drug Administration in October 2017 and also by the US

Advisory Committee on Immunization Practices, is not yet approved for use in the UK.5 %8

In UK only the live zoster vaccine (Zostavax®) is currently available.5® 6 The efficacy of
Zostavax® to reduce the incidence of zoster and PHN was reported as 51.3% (95% CI:
44.2%-57.6%) and 66.5% (95% Cl: 47.5%-79.2%), respectively.5* This was later confirmed
in the post-licensure vaccine effectiveness studies.?> ¢ A 2016 Cochrane review, which
combined 13 studies on both live (N=10) and inactive zoster vaccines (N=3), also concluded
vaccination to be effective amongst older individuals: the risk ratio for zoster incidence

amongst the vaccine recipients (reference group: placebo) was 0.49 (95% CI: 0.43-0.56).54

In order to reduce the zoster disease burden amongst older individuals and based on
clinical, epidemiological and vaccine-effectiveness data, in 2010 the UK Joint Committee on
Vaccination and Immunisation recommended a single-dose zoster vaccination programme
for older individuals.5% 65 66 The national zoster vaccination programme was introduced in
September 2013, which targeted people aged 70 years (the routine/ main target cohort) and
a catch-up programme for older individuals up to the age of 79 years.5? ¢7: 68 The eligibility for
the vaccine was determined based on the an individual's age on 1t of September of the
year, for example in 2013, individuals aged 70 years on 01/09/2013 were targeted as a part
of the routine cohort (Table 1-1).%8 The vaccine was also sequentially rolled out to the catch-
up cohort as follows: individuals aged 79 years on 01/09/2013, those aged 78 years and 79

years on 01/09/2014 for the year 2014-2015, and to those aged 78 years on 01/09/2015 for
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the year 2015-2016.%8-7° Moreover, in 2015-2016, there were three additional cohorts
consisting of individuals who had missed vaccination in the previous two years and were
aged <80 years (Table 1-1); in contrast there were no additional cohorts in 2014-2015 due to

vaccine shortages.” 7!

Based on the UK Green Book guidance- the zoster vaccine, which is a live vaccine, is
contraindicated in individuals with immunosuppressive conditions. These include
lymphoproliferative disorders (e.g. acute and chronic leukaemias, lymphomas), cellular
immune deficiency, immunosuppression due to HIV infection, individuals on
immunosuppressive treatment with high dose of corticosteroids, biological and non-

biological immune-modulating treatments, cancer chemotherapy and radiotherapy.°
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Table 1-1 Eligibility for zoster vaccine in the first three years of the UK national programme

Year: zoster vaccination programme

Age-based eligibility for zoster vaccine

Routine cohort

Catch-up cohort

Additional cohorts

1/09/2013to  Number of cohorts 1 1 None
31/08/2014

Age on 01/09/2013 (DOB) 70 years (DOB: 2/9/1942-1/9/1943) |79 years (DOB: 2/9/1933-1/9/1934) |-
1/09/2014 to  Number of cohorts 1 2 None
31/08/2015

Age on 01/09/2014 (DOB) 70 years (DOB: 2/9/1943-1/9/1944) |79 years (DOB: 2/9/1934-1/9/1935) |-

78 years (DOB: 2/9/1935-1/9/1936)

1/09/2015to  Number of cohorts 1 1 3*
31/08/2016

Age on 01/09/2015 (DOB)

70 years (DOB: 2/9/1944-1/9/1945)

78 years (DOB: 2/9/1936-1/9/1937)

71 years (DOB: 2/9/1943-1/9/1944)
72 years (DOB: 2/9/1942-1/9/1943)
79 years (DOB: 2/9/1935-1/9/1936)

DOB date of birth

* Included individuals who missed vaccination in 2013/2014 and 2014/2015 and remained eligible till 80 years of age
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1.2.6 Zoster vaccine uptake in England

In England, the zoster vaccination programme was rolled out via general practice with GPs
encouraged to administer zoster vaccine at the same as time as the seasonal influenza
vaccine.” A national zoster vaccine uptake surveillance was also established, the data for
which is derived from the aggregated coverage data at the general practice-level using
automated extraction methods.®® Amongst the routine cohort, the annual uptake of 61.8%
during the first year of introduction (2013-2014) was reduced to 59% and 54.9% during
2014-2015 and 2015-2016, respectively.587° The annual uptake during 2013-2014 for the
catch-up cohort (for individuals aged 79 years on 01/09/2013) was 59.6%, which also
declined to 58.5% in 2014-2015.8 8° This decline in the uptake also persisted for the catch-
up cohort aged 78 years, with uptake reduced from 57.8% (2014-2015) to 55.5% during
2015-2016.5%7° Thus, the national data for annual zoster vaccine uptake in England has
shown a gradual decline in uptake amongst both the routine and the catch-up cohorts in the
first three years of its introduction. Some of the reasons identified for the decrease in zoster
uptake over these three years of vaccine introduction included decreasing public awareness
about the vaccination programme and inefficient GP reminder-recall systems for identifying
and calling eligible individuals for zoster vaccination during a busy seasonal influenza

vaccination season.”

In each year of the first three years after zoster vaccine was introduced, the majority of
vaccine uptake occurred by the end of January (Figure 1-2), which also marks the end of
surveillance period for seasonal influenza vaccine.®®7° This was not a surprising finding for
two reasons. Firstly, seasonal influenza vaccine and zoster vaccine can be given
simultaneously and GPs were encouraged to co-administer these vaccines.®® 72 Secondly,
the eligibility for zoster vaccine is determined by an individual’s age in September, which
also marks the start of seasonal influenza vaccination season, and thus co-administrating
the two vaccines also becomes logistically convenient from the programme implementation
point of view.5% 7 Some US studies have also reported a higher uptake of zoster vaccine

amongst those who had received seasonal influenza vaccine.” 7
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Figure 1-2 Monthly cumulative zoster vaccine coverage for routine cohorts (2013-
2016)*

*Reproduced from™

1.3 Health inequalities and socio-demographic factors of zoster

disease burden and zoster vaccine uptake

1.3.1 Socio-demographic factors

To achieve the overall goal of reducing health inequalities and to meet the requirements of
equality laws in the UK (Section 1.1.3), the planning and implementation of any health
intervention including vaccination programmes have to be effective and equitable.?® 2! Thus
to achieve an equitable zoster vaccination programme and determine its effect on disease
burden, it is important to identify the socio-demographic factors associated with both zoster
disease burden and zoster vaccine uptake in England. Identification of these factors is
essential as it will subsequently help in monitoring any inequalities in specific socio-

demographic groups and aid in planning actions to reduce these inequalities. In the following
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two sections (Sections 1.3.2 and 1.3.3) socio-demographic factors associated with both

zoster incidence and vaccination are discussed

1.3.2 Socio-demographic factors associated with zoster disease burden

The association of age with risk of zoster was discussed in Section 1.2.3. Other socio-
demographic factors are detailed here. The risk of zoster is reported to be higher amongst
females.** %> This female preponderance of the disease could be due to a yet unknown
genetic predisposition to the disease and/or a reflection of healthcare seeking behaviour.®
Ethnicity is also associated with zoster: individuals of non-White ethnicity have a lower risk
of developing zoster.*® 7677 The protective effect of non-White ethnicity could be due to
genetic factors or due to spending childhood in tropical countries where the average age at
varicella infection is later than that observed in temperate countries; the reasons for this are
unclear but may reflect the effect of environmental temperatures on VZV transmission.”® The
lower zoster risk amongst individuals of non-White ethnicity may also be contributed by
immune-boosting due to repeated contacts with chickenpox amongst children in extended
families.*® However, the evidence for the association of zoster disease burden with other
social factors such as immigration, marital status (a possible proxy for social support) and

socio-economic status including education has been largely inconclusive.32 44 45 76,79, 80

The association of socio-demographic factors with zoster disease burden could be mediated
in part by coexisting co-morbidities. Some socio-demographic groups might be predisposed
to certain co-morbidities; these conditions and/or their treatments (Section 1.2.3) in turn
may increase an individual’s risk of zoster by their effect on cell-mediated immunity.** In a
large matched UK case-control study some of these conditions (as described in Section
1.2.3) and therapies were identified to be associated with zoster.*® In this study, these
associations were still present after adjusting for socio-economic status but the independent

association of socio-economic status with zoster incidence was not reported.*®

In England, zoster is not a notifiable infection. In 2017, the impact of zoster vaccination
programme on the incidence of zoster was reported but apart from age and gender, no other

socio-demographic factors were evaluated.5!
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1.3.3 Socio-demographic factors associated with zoster vaccine uptake

Similar to the zoster disease burden, the association of socio-demographic factors with the
uptake of zoster vaccine in Europe is not well described. In England, the data for the
national zoster vaccine uptake surveillance provides information only on two social factors:
gender and ethnicity.®® A 2017 UK study utilised these national data and reported the
association of zoster vaccination for the year 2014-2015, amongst individuals aged 70
years, with ethnicity and additionally with deprivation.? The zoster vaccine uptake was
reported to be lower amongst those from the most deprived areas (reference group: least
deprived) and those of Mixed (White and Black African) ethnicity (reference group: White-
British).82 However, in this study only 35.6% of the individuals with vaccine coverage data
had ethnicity data available and the remainder were excluded from the study.®? Moreover,
these results have to be interpreted with some caution as no individual-based data were
available in the study and thus ethnicity and vaccination data were allocated to the
individuals in a manner to ensure that the number vaccinated in each ethnicity stratum
matched the aggregated coverage data for that general practice; also the area-level
deprivation data was based on the location of the general practice rather than the
individual.®2 A Dutch study, in which free zoster vaccine (zoster vaccine is not offered
routinely in the Netherlands) was provided concurrently with seasonal influenza vaccine
found lower zoster vaccine uptake amongst those with higher education level but found no

association of age or gender with uptake.®?

Further data for the association of socio-demographic factors with zoster vaccination are
available from other high-income countries from the non-European region such as the US,
where the zoster vaccination was approved for use in 2006.8* These US studies have
reported higher uptake amongst females, those of non-Hispanic White ethnicity, married
individuals and those with higher education and income levels.” 7> 886 Similarly, in Alberta,
Canada, where zoster vaccination is not a part of public funded immunisation programme,
uptake was reportedly higher amongst females and those from higher income levels.®”
However, it is plausible that these findings may not be generalizable to the publicly funded
health system in the UK. Also, zoster vaccine uptake has been low in the US (31.1% and

34.2% in 2014 and 2015, respectively) amongst individuals aged 265 years.88 8
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Another important social factor which may be associated with zoster vaccination is religion.
The zoster vaccine (Zostavax®) consists of porcine gelatine which may compromise its
acceptability amongst Muslim and Jewish religions.®® However, so far the association of

zoster vaccine uptake with religion has not been assessed in the UK.

1.3.4 “Double” inequalities

It is feasible that individuals from specific social groups with a higher burden of zoster may
also have lower zoster vaccine uptake. This differential distribution of both burden and
vaccine uptake in specific groups may make these individuals “doubly disadvantaged” by
having a much higher zoster disease burden after the zoster vaccination programme is in

place.

Identifying socio-demographic groups with not only burden or vaccination inequalities but
also the “doubly disadvantaged” individuals amongst older individuals is therefore essential
for planning preventative strategies to mitigate inequalities of zoster burden and to promote

healthy ageing.

1.4 Electronic health records

This thesis utilised routinely collected anonymised primary care electronic health records
(EHR) linked to hospitalisation and deprivation data (detailed in Chapter 3) to ascertain
inequalities in zoster burden and zoster vaccine uptake amongst older individuals in
England. The utility of these data to ascertain ethnicity-associated health inequalities in
chronic disease burden have been examined.®* My PhD thesis explored to what extent these
large linked primary care EHR can provide information on socio-demographic factors
including ethnicity associated with zoster disease burden and zoster vaccine uptake to
supplement/enhance existing surveillance methods. As further discussed in Chapter 3, the
advantages of using these linked datasets include their very large size allowing for longer
follow-up time, the data are population-based that are collected prospectively and using
these data also allow more efficient use of limited resources. Using EHR also provides an
additional advantage of automating the monitoring processes to generate an ongoing cycle

of assessment, intervention and re-evaluation.
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1.5 Thesis rationale, aims and objectives

1.5.1 Thesis rationale

Infection-related mortality and morbidity, which are more likely amongst disadvantaged
social groups, can be targeted by effective vaccination to promote healthy ageing and health
equality.® 2% 55 Equitable healthy ageing can also help to minimise the negative impact of
population ageing on a country’s healthcare expenditure. Therefore, tackling inequalities in
burden and vaccination of zoster, an infectious disease associated with significant impact on
older individuals, becomes an important component to address overall health inequalities in
this group. To accomplish this aim it is vital to first assess the magnitude of these
inequalities, if any, which will subsequently inform the design of any appropriate

interventions.

1.5.2 Aims and objectives

The overarching aim of this PhD was to ascertain inequalities in vaccine-preventable
disease burden and vaccine uptake using routinely collected EHR and contribute towards

achieving the goal of health equality and healthy ageing amongst older individuals.
Specific objectives were as follows:

Objective 1: To summarise and critically appraise the existing studies of the social

determinants of vaccine uptake by reviewing the literature systematically.

Objective 2: To develop methodology for ascertainment of socio-demographic factors
(including those identified from objective 1) and assess their availability in linked electronic

health records.
These methods were then applied in objectives 3 and 4 as follows:

Objective 3: To describe the association of socio-demographic factors with zoster disease

incidence in England, by applying the methodology developed in objective 2.
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Objective 4: To describe the association of socio-demographic factors with zoster vaccine
uptake in England, utilising the methods developed under objective 2. The thesis objectives

along with the studies designed to meet these objectives are outlined in Table 1-2.
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Table 1-2 Objectives of the thesis

association of socio-
demographic factors with
zoster vaccine uptake in
England

eligible for zoster
vaccine

follow-up

Objectives: primary Study Study Exposures Outcome(s) Effect Location in
design population measure thesis
1. To summarise and Systematic Older individuals | Socio-demographic Vaccine uptake Odds ratios, rate | Chapter 2
critically appraise the review and from Europe factors ratios
existing studies of the social | meta-analysis
determinants of vaccine
uptake by reviewing the
literature systematically
2. To develop methodology Cross- Individuals aged | Socio-demographic For all exposures: Not applicable Chapter 6
for ascertainment of socio- sectional 265 years in factors including those ] (descriptive
demographic factors and study England identified from 1. Completeness of recording study)
assess their availability in Objective 1 > R tati
the electronic health records - Representativeness
3. Additional information gained by
data linkages
4. Timeliness of recording of
exposures deemed as time-
varying
3. To describe the Cohort study Individuals aged | As above First episode of zoster during the Incidence rate Chapter 7
association of socio- 265 years in follow-up ratios
demographic factors with England with no
zoster disease incidence in prior history of
England zoster
4. To describe the Cohort study Individuals As above Zoster vaccine uptake during Odds ratios Chapter 8
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1.6 Structure of thesis

The structure of this thesis is based on the ‘research paper’ style format, including four
research papers that are either published or submitted for publication and presented as
chapters. The thesis comprises of nine chapters, which describe the Background,

Methodology, Results and Discussion sections.

The overall rationale including the study questions, aims and objectives of the thesis are

presented in this chapter. Table 1-2 summarises all the objectives of this thesis.

Chapter 2 presents the published systematic review and meta-analysis describing the social

determinants of vaccine uptake amongst older individuals (objective 1).

Chapter 3 describes the EHR datasets utilised in the thesis and how three different study

populations were defined to meet the thesis objectives 2-4.

Chapter 4 defines how the main exposures of interest, socio-demographic factors, were

identified in the EHR.

Chapter 5 describes the ascertainment of the main outcomes in the EHR and how other

variables of interest were identified.

Chapter 6 presents the published research paper describing the methodology for
ascertaining and assessing the recording of socio-demographic factors in the EHR

(objective 2).

Chapter 7 presents the published research paper describing the association of socio-
demographic factors with zoster disease incidence amongst older individuals in England

(objective 3).

Chapter 8 also presents a research paper (submitted for publication) investigating zoster

vaccination inequalities amongst older individuals in England (objective 4).

The final Chapter 9 summarises the overall study findings, an overview of strengths and

limitations of the thesis, implications for public health and future research.

38



Chapter 2. Social determinants of vaccine uptake
amongst older individuals in Europe: systematic

review

This chapter forms the second part of the background section of this thesis and reports the
work carried out to fulfil the first objective: to summarise and critically appraise the existing
studies of the social determinants of vaccine uptake by reviewing the literature
systematically. The details of this work, published in the journal Vaccine in 2017 (and herein
referred to as “published review paper”), are provided in the next section. The
supplementary material to the published review paper are presented in Section 2.3. As this
published review paper identified studies available until 24/02/2016, | updated the review on
01/11/2017 to identify new studies available from 25/02/2016 until 31/10/2017. The findings

from the update are described in Section 2.4.
2.1 Introduction to paper 1

This paper presents a systematic review of the association between socio-demographic
factors and vaccine uptake amongst individuals aged 260 years, using meta-analyses to
provide summary effect estimates when appropriate. The paper summarises data from 47
papers describing 44 studies from Europe identified from searches of Medline and Embase
databases from inception to 24/02/2016. Living alone was identified as an important factor
associated with lower vaccine uptake in this older age group. Other socio-demographic
factors associated with lower uptake included not being married, being an immigrant, lower

education, lower income and living in deprived areas.

The search strategy, conceptual framework, study selection criteria, quality assessment
criteria, the flow chart of the studies included in the review, summary of the studies and
details of quality assessment referred to as supplementary material in the paper are

presented in Section 2.3.
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to reduce health inequalities.

Objective: To systematically appraise and quantify social factors associated with vaccine uptake amongst
individuals aged >60 years from Europe.

Methods: We searched Medline and Embase from inception to 24/02/2016. The association of vaccine

Is?c/ ;/:;):jdest:erminams uptake was examined for social factors relevant at an individual level, to provide insight into individuals’
Older environment and enable development of targeted interventions by healthcare providers to deliver equi-
Vaccine uptake table healthcare. Factors included: living alone, marital status, education, income, vaccination costs, area-
Living alone level deprivation, social class, urban versus rural residence, immigration status and religion. Between-
Meta-analysis study heterogeneity for each factor was identified using I*-statistics and Q-statistics, and investigated
Inequalities by stratification and meta-regression analysis. Meta-analysis was conducted, when appropriate, using

fixed- or random-effects models.
Results: From 11,754 titles, 35 eligible studies were identified (uptake of: seasonal influenza vaccine (SIV)
only (n=27) or including pneumococcal vaccine (PV) (n=5); herpes zoster vaccine (n=1); pandemic
influenza vaccine (n = 1); PV only (n = 1)). Higher SIV uptake was reported for individuals not living alone
(summary odds ratios (OR)=1.39 (95% confidence interval (CI): 1.16-1.68). Lower SIV uptake was
observed in immigrants and in more deprived areas: summary OR =0.57 (95%Cl: 0.47-0.68) and risk
ratio = 0.93 (95%CI: 0.92-0.94) respectively. Higher SIV uptake was associated with higher income
(OR =1.26 (95%CI: 1.08-1.47)) and higher education (OR = 1.05 (95%Cl: 1-1.11)) in adequately adjusted
studies. Between-study heterogeneity did not appear to result from variation in categorisation of social
factors, but for education was partly explained by varying vaccination costs (meta-regression analysis
p =<0.0001); individuals with higher education had higher vaccine uptake in countries without free vac-
cination.
Conclusions: Quantification of associations between social factors and lower vaccine uptake, and notably
living alone (an overlooked factor in vaccination programmes), should enable health professionals target
specific social groups to tackle vaccine-related inequalities.

© 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Vaccination is an important intervention to prevent infections
amongst older individuals, who have increased susceptibility to
infections and often experience more severe outcomes [1-3]. A
successful vaccination programme depends not only on vaccine
effectiveness and well-organized programme delivery but also on
high vaccination uptake [3]. Inequalities in vaccine uptake
amongst older individuals could be related to social factors: the
social circumstances of living and working [4-6]. Determining
the association between social factors and vaccine uptake helps
to quantify any vaccination inequalities in specific population
groups and assists health care providers in planning targeted inter-
ventions and making any necessary changes to vaccination pro-
grammes. The social factors affecting vaccine uptake may vary
with age and with the type of vaccine [4-7]. A 2011 systematic
review summarised the association of social determinants of
health with uptake of a single vaccine (seasonal influenza (SIV))
for older individuals (aged >65 years), without quantitative syn-
thesis [6]. This previous study found conflicting associations of fac-
tors such as education, marital status, ethnicity, socio-economic
level and place of residence, without undertaking a comprehensive
assessment of between-study heterogeneity [6].

The social factors associated with SIV uptake may be different
from other vaccines used for older adults such as pneumococcal
and herpes zoster vaccines that are not administered annually.
The objective of this review was to systematically appraise and
quantify the association of social factors with uptake of vaccines
amongst individuals aged >60years from Europe including a
detailed between-study heterogeneity assessment when neces-
sary. It was anticipated that the studies from the European region
may be more homogenous compared to those from low-income
settings, making data synthesis more feasible.

2. Methods
2.1. Search strategy

This review formed part of a larger search for studies exploring
social determinants of vaccine uptake in Europe for all age groups.

The wider search ensured that studies spanning different age
groups, including subgroups of older individuals, were not
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potentially missed. The data sources comprised Medline and
Embase, searched from inception to 24/02/2016. Search terms (text
words and subject headings) were drawn up for four search con-
cepts: social factors, the European region [8], vaccination and
uptake. The search included articles, letters and conference
abstracts published in English. Additionally, reviews of vaccine
uptake (worldwide from the last five years) were searched to iden-
tify further European studies. The detailed search strategy is pro-
vided in Appendix-1. Reference lists of all eligible studies and
reviews were also searched.

To identify social factors associated with vaccine uptake, we
adapted the conceptual framework developed by the World Health
Organisation’s Commission on Social Determinants of Health
(Appendix-2) [7] for tackling health inequalities globally. This
framework provides a comprehensive approach for identifying
complex relationships between social factors and inequality, and
how to plan and implement interventions. We sought evidence
for social factors relevant at an individual level or provided insight
into individuals’ environment that could assist healthcare provi-
ders to target specific social groups for equitable healthcare deliv-
ery. The following factors were identified as possible determinants
of vaccine uptake: country of birth, religion, urban/rural residence,
marital status, living arrangements (living with others versus liv-
ing alone), and socio-economic position (education, income (indi-
vidual or household), type of health insurance, area-level socio-
economic status (SES), social class/occupation). For the purposes
of this review, we did not examine factors that were possible medi-
ators of the main factors of interest: knowledge, attitude and
beliefs, access to healthcare and health status/co-morbidities
(Appendix-2).

The titles and abstracts of the records retrieved were screened
for full text assessment based on a priori inclusion criteria (Appen-
dix 3). Studies reporting the effect of one or more social factor of
interest on vaccine uptake amongst individuals aged >60 years
from Europe [8] were potentially eligible. The outcome was any
routine vaccination programme and/or one-off vaccination such
as pandemic mass vaccinations or catch-up vaccinations; travel
or occupational health vaccinations were excluded. Eligible study
designs comprised cross-sectional, ecological, case-control or
cohort studies. We further restricted to studies that quantified
the relationship between social factors of interest with vaccine
uptake by either reporting relative risks or providing raw data
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for their calculation; studies presenting the results of hypothesis
testing without reporting effect measures were described narra-
tively. Multiple papers describing the same study population were
included once. The abstracts of the records that appeared to meet
these screening criteria were selected for a full text review.

The eligibility criteria were applied by one reviewer (A]) to the
titles/abstracts identified, for full-text assessment. A random sam-
ple (10%) of titles considered ineligible were screened indepen-
dently by two other reviewers (ST and AJVH) (no disagreements
were observed). Of the total records identified for full text review,
the eligibility for 10% of the records for which eligibility was ini-
tially unclear was resolved by discussion (ST, A] and AJVH).

2.2. Data extraction

Data were extracted by one reviewer (A]). Information was
extracted for: author, study characteristics (year, country, design,
size, participants) vaccine types, social factors, effect estimates
and confounders used for adjusted effect estimates.

2.3. Quality assessment

Quality assessment was performed by one reviewer (A]) includ-
ing detailed discussions with the second reviewer (ST), using the
Cochrane approach for risk of bias adapted for observational data
[9,10]. Risk of bias (categorised as low, high or unclear risk) was
assessed for the following five domains: selection bias, missing
data, misclassification of vaccination status, misclassification of
social factors (including consideration of timeliness for time-
varying social factors - marital status, living alone, rural/urban res-
idence, area-level SES, income and insurance status), and con-
founding bias. Details of the bias assessment are provided in the
Appendix-4.

2.4. Data analysis

Forest plots of effect estimates (odds ratios (OR) or risk/rate
ratios (RR)) were generated for each social factor, stratified by vac-
cine type. Raw data were used to calculate ORs if effect estimates
were unavailable. The effect estimates from the most appropriate
model (ideally, controlling for confounding and not adjusted for
mediating variables) were used when available, otherwise the
unadjusted estimate was used. For social factors with more than
two categories, reported estimates for the highest or lowest cate-
gory were selected. To address varying choice of baseline exposure
group in different studies, effect estimates for a comparable base-
line were re-calculated when possible using raw data; if the expo-
sure variable was binary, the effect estimates were reversed for
studies that used a different baseline. Similarly, effect estimates
for non-uptake of vaccination were reversed to obtain estimates
for vaccine uptake. Studies were described narratively if such com-
parisons were impossible or if estimates from probit or linear prob-
ability models were presented.

Between-study heterogeneity was explored using I*-statistics
and the Cochrane Q-statistic [11]. When the I?*-statistic was
<50% fixed effects meta-analyses [11] were conducted. When
between-study heterogeneity (I2 > 50%) was identified for a partic-
ular factor, a random effects meta-analysis was conducted if effect
estimates were all broadly in the same direction, but was not
attempted when effect estimates were in opposing directions as
the summary estimate was considered uninformative [11].

Between-study heterogeneity was explored as follows: stratify-
ing by vaccine type (influenza vs other vaccine uptake), different
effect measures (OR or RR), re-categorising exposures with >2 cat-
egories (when feasible) to maximise homogeneity of exposure def-
initions; restricting analyses to studies reporting adequately
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adjusted estimates (Appendix 4), and stratifying results by
whether the vaccine was available free-of-charge in the country
(to see whether costs of vaccination modified effect estimates).

Meta-regression analysis was conducted to further investigate
heterogeneity for social factors with at least 10 studies, assessing:
vaccine type (influenza vs other vaccine uptake); OR/RR as effect
estimates; heterogeneity in the categories chosen for the social fac-
tor; confounding bias; whether the vaccine was available free-of-
charge; and any over-adjustment of effect estimates (inclusion of
hypothesized mediating variables in multivariable models).

Data were analysed using Stata 14 software package (StataCorp
LP, College Station, TX, USA).

3. Results

A total of 11,754 titles were identified, of which 479 titles
(including one title identified from references) were evaluated
for full text review (Appendix-5) resulting in 35 eligible studies
conducted between 1997 and 2015 (Appendix-6). Most were
cross-sectional with five cohort studies and one case-control study.
Three studies reported data for more than one European country
[12-14], with the remaining 32 studies conducted in 11 countries
(Table 1), Spain being the most frequent (n=11) followed by the
UK (n = 5). The studies ascertained uptake of SIV (n = 27), pneumo-
coccal vaccine (PV) (n=1), both SIV and PV (n=5), SIV and pan-
demic influenza vaccine (n=1), and SIV and herpes zoster
vaccine (n=1).

Amongst studies providing effect estimates education was the
most frequent social factor investigated (n = 14), followed by living
alone (n = 13), and country of birth (n = 11). The least studied fac-
tors were health insurance (n=3) and religion (n=1) (Table 1).
Two studies reported effect estimates for some social factors but
only statistical evidence (without effect estimates) for country of
birth [15] and for private medical insurance [16] (Appendix-7).
Nine additional studies [17-25] (Appendix-7) that did not provide
effect estimates were summarised narratively.

3.1. Quality assessment

As shown in Table 2 and Appendix-8, studies had low risk of
bias for outcome and exposure measurement but confounding bias
was common. The confounding bias mostly resulted from lack of
adjustment for at least one other social factor (Appendix-4) in mul-
tivariable models.

3.2. Social factors of vaccine uptake

3.2.1. Living alone

Of the nine studies considered for meta-analysis, six classified
living alone as a binary variable, and for the other three [26-28]
studies “living as a couple” was compared to living alone. Although
results were heterogeneous, studies consistently showed increased
uptake amongst those not living alone, with an overall 25% and
53% increase for SIV uptake after restricting analysis to adequately
adjusted studies and stratifying by vaccine cost respectively
(Fig. 1). Re-analysis of living arrangements as a binary variable
(Fig. 1) did not reduce heterogeneity.

Two studies [29,30] categorised living arrangements differently.
One (comparing smaller versus larger households) reported
increased uptake amongst individuals from large households
[29], whereas the other (living with children versus not living with
children) [30] reported lower vaccine uptake amongst those living
with children. The studies that used probit or linear regression
models found negative associations between vaccine uptake and
housing density [31] and those living with children [14]. The single



Table 1
Summary of studies reporting associations of social determinants with vaccine uptake (N = 35).

81¢€C

First author  Country Study period Sample size  Study population Vaccine Social determinants and their association with vaccine uptake

SES (A)* Inco® SC¢  COBY Edu® LAT RS Reli® Res'  HI

Cross-sectional studies

1 Abramson Israel 1997 626 People aged >65 years with a telephone and registered at the  SIV N® N v N
[32] Jerusalem community centre
2 Aguilar [56] Spain 2010-2011 104,427 Computerised vaccination records for all non-institutionalised  SIV N N
individuals >65 years covered by Navarre Health Service
3 Barrett & Mc Rol October 2009- 3,510 Community residents aged >65 years from The Irish SIV ! ! 1
Hugh [33,47] February 2011 Longitudinal Study on Ageing (TILDA)
4  Bodekar [15] Germany March-June 2014 825 Respondents (aged >60 years) to a nationwide telephone survey SIV N
5 Bohmer [37] Germany July 2008-June 8,458 Respondents (aged >60 years) to a national telephone health ~ SIV N N
2009 survey
6 Burns [57] UK 2001-2002 444 Adults aged >65 years interviewed at public places around SIV U T
Birmingham
7 Carreno- Spain March-June 2014 76,782 Individual records from the primary care electronic records for PV !
Ibanez [58] people aged >60 years with chronic bronchitis or emphysema
from the Autonomous Community of Madrid
8  Chiatti Italy December 2004- 25,183 (3,738 People (aged >65 years) from the “Healthstatus of the SIV N 1 N N N
[26,48,59] September 2005 with COPD) population and use of health services in Italy” survey (ISTAT 8)

and a secondary analysis of individuals who self-reported a
diagnosis of COPD

9 Christenson  Sweden December 2000- 7,631 Responders (aged >65 years) of a postal survey sent to people SIV & 1 !
[34] May 2001 registered with the Stockholm County Council Population PV
Register
10 Crawford [12] UK and Rol 2004 2,033 Community residents (aged >65 years) surveyed as a part of  SIV N N N’ N
“Healthy Aging Research Programme”
11 Damiani [35] Italy September 1999- 24,564 Respondents (aged 65-89 years) to the Italian national survey  SIV T N N N
June 2000
12 de Souto [42] France May-July 2011 6,275 Residents from 175 nursing homes in the Midi-Pyrenees region SIV & SIV:
PV N
PV |
13 Jimenez- Spain 2003 6,134 Non-institutionalised participants (aged >65 years) in the SIV N
Garcia [60] Spanish National Health survey
14 Jimenez- Spain June 2006-June 7,835 Non-institutionalised respondents (aged >65 years) to the SIV I
Garcia [61] 2007 Spanish National Health survey
15 Jimenez- Spain November 2004- 1,629 Respondents (aged >65 years) to the “Madrid City Health SIvV N
Garcia [62] June 2005 Survey: ESCM 05”
16 Jimenez- Spain July 2011-June 5,725 Non-institutionalised respondents (aged >60 years) to the SIV I
Garcia [63] 2012 Spanish National Health Survey
17 Jimenez- Spain 2012-2013 1,307,165 Records of people aged >60 years registered with the public SIV 1
Garcia [64] health system of the Autonomous Community of Madrid
18 Kroneman Sweden April-May 2004 & 612 Respondents (aged >65 years) to a national telephone survey  SIV N
[29] March-April 2005
19 Landi [13] 11 2001-2003 3,878 Participants from urban areas aged >65 years from 11 European SIV T T
countries” countries that took part in the “Aged in Home Care (ADHOC)
project” of EU
20 Mamelund Norway November 2008 354 Non-institutionalised participants aged >65 years of a national SIV N N N
[36] telephone survey
21 Nexoe [65] Denmark September 1996 & 1,204 Respondents to postal questionnaires aged >65 years identified SIV 1
February 1997 from the Civil Registration System
22 Opstelten Netherlands 1999 666 Respondents to a postal questionnaire, aged >65 years and SIV and U
[45] registered with 4 general practices in Amersfoort town PV
23 Opstelten Netherlands September 2007 1,221 Respondents to postal questionnaire, aged >65 years and HZ & 1
[49] registered with 3 general practices in Amersfoort town SIV
24 Pena-Rey [50] Spain January 2000 1,111 Participants (aged >65 years) in a women’s social and health ~ SIV T N v N
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Table 1 (continued)

First author Country Study period Sample size Study population Vaccine Social determinants and their association with vaccine uptake
SES (A)* Inco® SC¢  COBY Edu® LAT  RS® Reli® Res'  HP
survey in Galicia
25 Sarria- Spain 1997 1,148 Non-institutionalised participants (aged >65 years) in the SIV N N
Santamera Spanish National Health survey (ENS)
[16]
26 Schmitz [14] 15 2004 & 2006 8,891 Respondents aged >65 years from the first and the second wave SIV T A
countries of the Survey of Health, Ageing and Retirement in Europe
(SHARE)
27 Shahrabani  Israel 1999-2000 4,083 Respondents (aged >60 years) to the Health Survey of the SIV 78 N'* fen o
[31] Central Bureau of Statistics
28 Sintes [28] Spain May 2005-January 1,702 Non-institutionalised patients aged >65 years admitted with SIV & SIV: SIv: 17 N
2007 community acquired pneumonia to 3 acute general hospitals in PV N, N,
Catalonia and Galicia PV: 1 PV:]
29 Wershof Israel 2008-2009 136,944 Individuals aged >65 years and registered with Maccabi sSivg | 1 1
Schwartz [43] Healthcare Services PV
Casecontrol study
30 Van Essen TN 1993-1994 181 Respondents (aged >65 years) to a postal questionnaire, SIvV N’ N
[46] registered with seven family practices situated in a suburban
area
Cohort studies
31 Breeze [41] UK 1997-2000 29,731 People aged >74 years with available flu vaccination records SIV N N N’
registered with general practices in the UK taking part in the
“Trial of Assessment and Management of Older People in the
Community Study”
32 Mangtani UK 2000 5,572 People aged >74 years from the “Trial of Assessment and SIV N’ N 1 ! 1
[27] Management of Older People in the Community”
33 Martinez-Baz Spain 2010-2011 64,245 Individual records of non-institutionalised people aged SIV N 1 N’
[30] >65 years and previously vaccinated in 2009-2010 Navarre
34 Sammon [44] UK August 2009-June 353,921 Individuals aged >65 years in clinical risk groups and registered SIV & SIV:
2010 with a practice contributing to the General Practice Research ~ PIV NP,
Database at the beginning of the HIN1 vaccination campaign PIV:| P
35 Shah [66] UK June 2008- 387,568 Individual records of community and care (nursing and SIvV U
January 2009 residential) home residents aged 65-104 years and registered
with a practice contributing to The Health Improvement
Network primary care database
Total number 5(14%) 10 5 11 14 13 9(26% 1 9 3
of studies (%) (29%) (14%) (31%) (40%) (37%) (3%) (26%) (9%)

SES(A) - socio-economic status area * most deprived versus least deprived (reference group) except for *Sammon et al. (3rd quintile: reference group).
Inco - income ° Highest income level versus lowest income level (reference group).
SC - social class © Lowest social class versus highest social class (reference group).

82€T-S1€T (2102) S€ au1IDA /v 30 U[ 'Y

COB - country of birth ¢ Immigrants versus native (reference group) (*Abramson et al.: others versus those from Asia/Africa (reference group), *probit marginal probabilities *Shahrabani et al. individuals from USSR (after 1990)
versus native (reference group)).

Edu - education ¢ Highest education level versus lowest education level (reference group).

LA - living arrangements f Not living alone versus living alone/smaller household size (reference group); “Schmitz et al. number of children in household (ordinal variable); "Shahrabani et al. housing density (ordinal variable);
“Martinez-Baz et al. living with children aged <15 years versus not living with children aged <15 years (reference group).

RS - relationship status & Not married versus married (reference group); “Schmitz et al. no partner (reference group).

Reli - Religion " Not religious versus religious (reference group).

Res — Residence ' Urban versus rural area (reference group).

HI - health insurance ’ Private insurance versus no private insurance (reference group).

SIV seasonal influenza vaccine PIV pandemic influenza vaccine PV pneumococcal vaccine HZ herpes zoster vaccine.

N - not associated with vaccine uptake. “adjusted estimates | lower vaccine uptake T higher vaccine uptake.

Rol - Republic of Ireland, COPD - Chronic Obstructive Pulmonary Disease.

11 countries Czech Republic, Denmark, Finland, France, Germany, Iceland, Italy, The Netherlands, Norway, Sweden, UK.

~15 countries Austria, Belgium, Czech Republic , Denmark, France, Germany, Greece, Ireland, Italy, The Netherlands, Poland, Spain, Sweden, Switzerland & Israel.
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Table 2
Quality assessment of the studies included in the review.

Study Social determinants and bias

type &
Ref.

|Area SES Income Social class  |COB Education Living alone |Marital status [Religion Residence Insurance

Cross-

EM |CB [MD [EM (CB EM (CB [MD EM |[CB |[MDEM [CB MD [EM [CB [MD [EM |CB |MD [EM [CB MD

. S|
sectional

Ref. - reference, SES - socioeconomic status, COB - country of birth, SB - selection bias, OM - outcome misclassification, EM - exposure misclassification, CB - confounding
bias, MD - missing data, L - low risk of bias, U - unclear risk of bias, H - high risk of bias.

Red cell with letter H signifies high risk of bias.

Green cell with letter L signifies low risk of bias.

Yellow cell with letter U signifies unclear risk.
“Low risk of bias for pneumococcal vaccine.
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Author Study period
Living arrangement: all studies (baseline: living alone,

Seasonal influenza

van Essen (The Netherlands) 1993
Nexoe (Denmark) 1996-1997
Mangtani (UK) 2000
Burns (UK) 2001-2002
Landi (multinational ) 2001-2003
Crawford (UK and Rol) 2004
Chiatti (Italy) 2004-2005

Sintes (Spain) 2005-2007
Mamelund (Norway) 2008
Subtotal (I-squared = 82.7%, p =< 0.0001)

Pneumococcal
Sintes (Spain) 2005-2007

Living arrangement: adjusted studies (baseline: living alone)
Seasonal influenza

van Essen (The Netherlands) 1993
Burns (UK) 2001-2002
Landi (multinational ) 2001-2003
Crawford (UK and Rol) 2004
Chiatti (Italy) 2004-2005
Subtotal (I-squared = 65.3%, p = 0.021)
neumococcal
Sintes (Spain) 2005-2007

Living arrangement: studies cost stratified”(baseline: living alone)

Seasonal influenza: free

van Essen (The Netherlands) 1993
Nexoe (Denmark) 1996-1997
Mangtani (UK) 2000
Burns (UK) 2001-2002
Chiatti (Italy) 2004-2005
Sintes (Spain) 2005-2007

Subtotal (I-squared = 89.1%, p =<0.0001)

Seasonal influenza: paid
Mamelund (Norway) 2008

Pneumococcal: free
Sintes (Spain 2005-2007

Living arrangement: analyzed as binary variable (baseline: living alone,
Seasonal influenza

- “\*\ 1] M T

van Essen (The Netherlands) 1993
Nexoe (Denmark) 1996-1997
Mangtani (UK) 2000
Burns (UK) 2001-2002
Landi (multinational) 2001-2003 —
Crawford (UK and Rol) 2004 Py
Chiatti (Italy) 2004-2005
Sintes (Spain) 2005-2007 ]
Mamelund (Norway) 2008
Subtotal (I-squared = 91.4%, p =< 0.0001)

Pneumococcal
Sintes (Spain) 2005-2007
Marital status
Marital status: all studies (baseline: married)

Seasonal influenza o
Abramson (Israel) 1997 -
Damiani (Italy) 1999-2000 .
Mangtani (UK) 2000 o
Pena-Rey (Spain) 2000 -
Christenson (Sweden) 2000-2001 1 -
Crawford (UK and Rol) 2004 -
Chiatti (Italy) 2004-2005
Subtotal (I-squared =74.0%, p = 0.001)

Pneumococcal -
Christenson (Sweden) 2000-2001
Marital status: adjusted studies (baseline: married)

Seasonal influenza
Abramson (Israel) 1997 -
Damiani (ltaly) 1999-2000
Pena-Rey (Spain) 2000 —
Crawford (UK and Rol) 2004 -
Chiatti (Italy) 2004-2005
Subtotal (I-squared = 56.1%, p = 0.06)
Marital status: studies cost stratified~ (baseline: married)

Seasonal influenza: free -
Abramson (Israel) 1997
Damiani (Italy) 1999-2000 -
Mangtani (UK) 2000 -
Pena-Rey (Spain) 2000 —_—
Chiatti (Italy) 2004-2005 -
Subtotal (I-squared = 78.4%, p = 0.001) g

Seasonal influenza: paid -
Christenson (Sweden) 2000-2001

Pneumococcal: Paid
Christenson (Sweden) 2000-2001 -
Marital status: analyzed as binary variable (baseline: married)

Seasonal influenza
Abramson (Israel) 1997 -
Damiani (ltaly) 1999-2000 *
Pena-Rey (Spain) 2000 —_—
Mangtani (UK) 2000 -
Christenson (Sweden) 2000-2001 -
Crawford (UK and Rol) 2004 —
Chiatti (Italy) 2004-2005 -
Subtotal (l-squared = 94.8%, p =< 0.0001)

Pneumococcal
Christenson (Sweden) 2000-2001 -
*NOTE: Weights are from random effects analysis . 1 1'_5 275 975

Rol Republic of Ireland
A 2 multinational studies excluded
~ 1 multinational study excluded

Not favours vaccine uptake

Favours vaccine uptake

Fig. 1. Effect of living arrangements and marital status on vaccine uptake.
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UK study that did not provide effect measures, found no associa-
tion between living arrangements (categorised as a seven-level
variable) and SIV uptake amongst patients admitted to a geriatric
ward [20] (Appendix-7).

3.2.2 Marital status

Four of the seven studies considered in the meta-analysis cate-
gorised marital status as a binary variable, for the remaining three
studies single status was compared to being married. After stratifi-
cation by vaccine type, 18-53% lower vaccine uptake was observed
amongst unmarried individuals in all studies except one [12] with
notable between-study heterogeneity (12 = 74%, Fig. 1). Reclassify-
ing marital status in three studies as a binary variable (unmarried
versus married) did not reduce the between-study heterogeneity
(Fig. 1). Heterogeneity was reduced but still appreciable after
restricting analyses to adequately adjusted SIV uptake studies.
Results were more homogeneous after stratifying by vaccine cost;
in countries in which SIV was free-of-charge, overall uptake
amongst unmarried individuals was 30% lower compared to mar-
ried individuals (Fig. 1), echoing findings for living arrangements
(Fig. 1). The studies that used linear probability [14] or probit mod-
els [31] also found higher SIV uptake amongst married individuals
or those with a partner, as did one of the three Spanish studies that
did not provide effect measures (uptake 47.8% vs 53%) [21]; the
other two Spanish studies found no evidence for an association
between marital status and SIV uptake [16,18] (Appendix-7).

3.2.3. Education

Twelve studies were considered for meta-analysis (Fig. 2). There
was no consistent effect of higher education on vaccine uptake
after stratification by vaccine-type (I >80%). Results were little
changed after re-categorising education in seven studies as a bin-
ary variable (education up to ages 12-15years and >15 years)
[16,26,32-36] (Fig. 2). Restricting analysis to adequately adjusted
studies resulted in a consistent direction of effect (Fig. 2) with a
summary estimate of 5% higher uptake amongst those with the
highest education level.

Interestingly, stratification by vaccination cost [32,34,35,37-40]
showed marked differences. In countries where the vaccine was
provided free-of-charge there was no overall effect of education.
In contrast, in countries where a payment for vaccination was nec-
essary, higher education was associated with an overall 67%
increased odds of SIV uptake. (Fig. 2). A reverse effect (20%
decreased odds of uptake) was seen in the single Irish study, where
vaccine administration payments are means tested [39,40].

Two studies excluded from meta-analysis reported marginal
probabilities: one found no evidence of an association of education
level with SIV uptake [31] and the other (including fifteen coun-
tries) found low education level associated with lower SIV vaccina-
tion (linear probability model coefficient=—-0.034) [14]. Four
further studies did not provide effect estimates: a Greek study
[24] showed higher uptake amongst those with at least primary
education whilst three Spanish studies [18,21,22] reported no evi-
dence of effect of education on SIV uptake (Appendix-7).

3.2.4. Household/individual income

The eight studies that reported ORs for income and SIV uptake
showed no consistent effect (Fig. 2). Amongst the two studies
[27,41] reporting RRs, there was no overall effect of income on
SIV uptake (Fig. 2).

Despite remaining heterogeneity, results were more consistent
after restricting to studies with adequate adjustment for confound-
ing, with an overall 26% increased odds of SIV uptake amongst
those with higher income, consistent with that observed for the
effect of education (Fig. 2). Unlike the findings for education, in
stratified analyses an overall 14% higher odds of SIV uptake
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amongst those with higher income was observed in countries
offering free-of-charge vaccination [37,40] (Fig. 2). However, in a
single Irish study [33] where vaccination payment was means
tested [40], the effect of higher income was similar to that of higher
education: those with higher income had lower odds of SIV uptake
(Fig. 2). It was not possible to re-classify income status as a binary
variable for comparison across studies, and the exploration of
heterogeneity for this aspect was therefore not undertaken.

Four studies did not provide effect estimates for the association
of income with vaccine uptake (Appendix-7). A second Irish study
found uptake of both SIV and PV to be higher (p < 0.001) amongst
individuals entitled to free vaccine (possessors of a medical card)
compared to those who paid for vaccination [17]. Higher SIV cov-
erage was reported for individuals with lower income in urban
areas of Turkey where the vaccination was not available free-of-
charge [19]. In contrast, two Spanish studies found no evidence
of an association between income and SIV uptake [18,21].

3.2.5. Urban or rural area of residence

Eight of the nine studies (SIV n = 6, SIV and PV n = 3) with effect
estimates reported the association of vaccine uptake with the loca-
tion of individuals’ own homes (urban or rural), whilst one French
study [42] investigated the location of individuals’ nursing homes
(Fig. 3). No consistent direction of effect was observed for studies
reporting ORs for the association of SIV uptake with residence.
However, the studies that presented RRs for SIV uptake and ORs
for PV uptake found an overall 11% and 15% increase in uptake
respectively amongst urban residents (Fig. 3).

The location of nursing homes had no effect on SIV uptake, but
(in contrast to individuals living independently) a lower uptake of
PV was observed in residents in urban versus rural nursing homes
(Fig. 3).

Between-study heterogeneity for SIV uptake could not be
explained by restricting the analysis to adjusted ORs (Fig. 3) and
all studies except one [12] offered free vaccination. Again, it was
not feasible to re-categorise this exposure as binary variable.

A UK study that did not provide effect measures found no asso-
ciation between location of general practices and SIV uptake [23].

3.2.6. Area-level SES

Five UK studies reported the association of area-level SES with
vaccine uptake (SIV alone n=3, SIV and pandemic influenza
n=1, SIV and PV n=1, Fig. 3). All but one study reported RRs
[43]. The reference group for one study [44] was the third quintile
of deprivation in contrast to the other four studies (the baseline
group being the least deprived area).

The results were similar to the effect of household income
(Fig. 2), with risk of SIV uptake modestly (7-11%) lower amongst
those living in most deprived areas. This effect was seen consis-
tently irrespective of vaccine type or measure of effect (Fig. 3) or
using a different baseline group. All studies were from countries
providing free-of-charge vaccination and it was not feasible to
re-categorise this exposure.

3.2.7. Private medical insurance

Two [45,46] of the three studies considered in meta-analysis
categorised insurance as a binary variable; one study [47] used a
four-level variable (Appendix-6). The latter study compared indi-
viduals with private medical insurance to those without insurance
as baseline. After stratification by vaccine types (Fig. 3), overall SIV
uptake was 67% more likely amongst individuals with private med-
ical insurance, but uptake of both SIV and PV was 62% lower
(Fig. 3). One study [46] provided adequately adjusted estimates;
all but one study [47] were conducted in countries that provided
vaccine free-of-charge (Fig. 3). SIV uptake was 72% higher amongst
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Author Study period

Education: all studies (baseline: lowest level)
Seasonal influenza
Abramson (Israel) 1997

Sarria-Sa(ntarr;era (Spain) 1997 2 I s
Damiani (Ital 999-2000 ——
Pena-Rey (S{)ain) 2000 —
Christenson (Sweden) 2000-2001 ——
Chiatti (ltaly) 2004-2005 o
Sintes (Spain) 2005-2007 — _
Mamelund (Norway) 2008 >
Bohmer (Germany) 2008-2009 —o—
Barrett (Ireland) 2009-2011 ——
Bodeker (Germany) 2014 —_—
Subtgtal (I-squareld = 84.9%, p =<0.0001)

neumococcal
Christenson (Sweden) 2000-2001 ——
Sintes (Spain) 2005-2007 —
Subtotal (I-squared = 96.4%, p =<0.0001)
Seasonal influenza & zoster
Opstelten (The Netherlands) 2007 —_—
Education: adjusted studies (baseline: lowest level)

Seasonal influenza
Abramson (Israel) 1997 T
Damiani (ltaly) 1999-2000
Chiatti (Italy) 2004-2005 NG
Subtotal (I-squared = 0.0%, p = 0.62, >
Education: studies cost stratified (baseline: lowest level,

Seasonal influenza: free
Abramson (Israel) 1997 E d
Sarria-Santamera (Spain) 1997 —_—]

Damiani (Italy) 1999-2000 ——
Pena-Rey (Spain) 2000 —_—
Chiatti (Italy) 2004-2005 -o—
Sintes (Spain) 2005-2007 —_——
Bohmer (Germany) 2008-2009 —o—1
Bodeker (Germany) 2014 —_—
Subtotal (I-squared = 45.7%, p = 0.08) >

Seasonal influenza: paid
Christenson (Sweden) 2000-2001 —A.—
Mamelund (Norway) 2008 @
Subtotal (I-squared = 0.0%, p = 0.94) =

Seasonal influenza: free for some
Barrett (Ireland) 2009-2011 —_—

Pneumococcal: paid
Christenson (Sweden) 2000-2001 ——

Pneumococcal: free
Sintes (Spain) 2005-2007 —_—

Seasonal influenza & zoster: free
Opstelten (The Netherlands) 2007 —_—

Education: analyzed a binary variable (baseline: lowest level,

Seasonal influenza* >
Abramson (Israel) 1997
Sarria-Santamera (Spain) 1997 e
Damiani (Italy) 1999-2000 -

Christenson (Sweden) 2000-2001 ——
Chiatti (Italy) 2004-2005 - .
Mamelund (Norway) 2008 gl
Barrett (Ireland) 2009-2011 —

Pneumococcal
Christenson (Sweden) 2000-2001 ——

Seasonal influenza & zoster
Opstelten (The Netherlands) 2007 —_—

Income
Income: all studies (baseline: lowest level,
easonal influenza: all studies reporting odds ratio
Sarria-Santamera (Spain) 1997
Damiani (Italy) 1999-2000 >
Pena-Rey (Spain) 2000
Landi (Multinational) 2001-2003 —_—
Chiatti (Italy) 2004-2005
Mamelund (Norway) 2008
Bohmer (Germany) 2008-2009
Barrett (Ireland) 2009-2011 ——&—
Subtotal (I-squared = 84.9%, p =< 0.0001)

Seasonal influenza: all studies reporting risk ratio
Breeze (UK) 1997-2000 -or
Mangtani (UK) 2000 -or
Subtotal (I-squared = 0.0%, p = 1.000) G
Income: adjusted studies (bas : lowest level)

Seasonal influenza: odds ratio —~—

Damiani (ltaly) 1999-2000

Pena-Rey (Spain) 2000

Landi (Multinational) 2001-2003

Chiatti (Italy) 2004-2005

Bohmer (Germany) 2008-2009

Overall (l-squared = 68.0%, p = 0.01) -

Seasonal influenza: risk ratio —t
Breeze (UK) 1997-2000
Mangtani (UK) 2000 '5'

Overall (I-squared = 0.0%, p = 1.00
Income: cost stratified studies * (baseline: lowest level)

Seasonal influenza odds ratio: free -
Sarria-Santamera (Spain) 1997 -
Damiani (Italy) 1999-2000 >
EﬁnﬁiR(lety |(S)pain) 2009-2005 e —

iatti (Ital - -
Bohmer (G)érmany) 2008-2009 _<>‘_
Subtotal (I-squared = 0.0%, p = 0.650)

Seasonal influenza odds ratio: free for some
Barrett (Ireland) 2009-2011 ——@——

Seasonal influenza odds ratio: paid -

Mamelund (Norway) 2008 -

Seasonal influenza risk ratio: free
Breeze (U ) 1997-2000 -or
Mangtani (Ul 2000 -<r
Subtotal (I-squared 0.0%, p = 1.000) <3

r T
5

~All effect estimates are odds ratio unless specified otherwise

Not favours vaccine uptake

# Subtotal (I-squared = 92.7%, p =< 0.0001) *NOTE: Weights are from random

effects analysis *One multinational study excluded

2
Favours vaccine uptake

Fig. 2. Effect of education and income on vaccine uptake.
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Author Study period Effect estimate~ (95% Cl)
Residence: all studies (baseline: rural area)
li individuals’ | ion): odds ratio
Pena-Rey (Spain) ! 2000 0.81(0.58, 1.11)
Crawford (UK and Republic of Ireland) 2004 1.15 (0.91, 1.43;
Sintes (Spain) 2005-2007 1.08 (0.81, 1.45
Wershof (Israel 2008-2009 1.14 (1.11, 1.18;
Martinez-Baz (Spain) 2010-2011 0.99 (0.94, 1.04
Aguilar (Spain) 2010-2011 1.00 (0.98, 1.03)
Subtotal (I-squared =90.1%, p =<0.0001)
s Linfl (individuals’ | ion): risk ratio
Breeze (UK) 1997-2000 1.14 (0.95, 1.36)
Mangtani (UK) 2000 1.10 5101, 1.21;
Subtotal (l-squared = 0.0%, p = 0.73) 1.11(1.02, 1.20,
Pneumococcal (individuals’ location): odds ratio
Sintes (Spain) 2005-2007 1.03(0.78, 1.38)
Wershof (Israel) 2008-2009 1.15(1.11, 1.19;
Subtotal (l-squared = 0.0%, p = 0.45) 1.15(1.11, 1.19,
Seasonal influenza (nursing homes location): odds ratio
de Souto Barreto (France) 2011 0.93(0.51, 1.71)
Pneumococcal (nursing homes location): odds ratio
de Souto Barreto (France) 2011 0.10 (0.03, 0.31)
Residence: adjusted studies (baseline: rural area)
Seasonal in (individuals’ | i odds ratio
Pena-Rey (Spain) 2000 0.81(0.58, 1.11)
Crawford (UK and Republic of Ireland) 2004 1.15(0.91, 1.43)
Wershof (Israel) 2008-2009 1.14 (1.11, 1.18)
Martinez-Baz (Spain) 2010-2011 0.99 (0.94, 1.04)
Aguilar (Spain) 2010-2011 1.00 (0.98, 1.03)
Subtotal (I-squared =92.1%, p =<0.0001)
Seasonal infl (individuals’ | ion): risk ratio
Breeze (UK) 1997-2000 1.14 (0.95, 1.36)
Mangtani (UK) 2000 1.10 (1.01, 1.21)
Subtotal (I-squared = 0.0%, p = 0.73 dd 1.11 (1.02, 1.20)
Pr I (individuals’ | i odds ratio . e
Wershof (Israel) 2008-2009 1.15(1.11, 1.19)
Seasonal influenza (nursing homes location): odds ratio
de Souto Barreto (France) 2011 0.93 (0.51, 1.71)
Pneumococcal (nursing homes location): odds ratio Py
de Souto Barreto (France) 2011 > 0.10(0.03, 0.31)
Residence: cost stratified studies* (baseline: rural area)
Seasonal influenza (individuals’ location:odds ratio) free
Pena-Rey (Spain) 2000 0.81(0.58, 1.11)
Sintes (Spain) 2005-2007 1.08 (0.81, 1.45)
Wershof (Israel) 2008-2009 1.14 (1.11,1.18
Martinez-Baz (Spain) 2010-2011 0.99 (0.94, 1.04
Aguilar (Spain) 2010-2011 1.00 (0.98, 1.03
Subtotal (I-squared = 90.1%, p =<0.0001)
infi (individuals’ location:risk ratio) free
Breeze (UK) 1997-2000 1.14 (0.95, 1.36)
Mangtani (UK) 2000 1A10€1.01, 121;
Subtotal (I-squared = 0.0%, p = 0.73) 1.11(1.02, 1.20
Pnet I (indivi | ion:odds ratio) free
Sintes (Spain) 2005-2007 1.03(0.78, 1.38
Wershof (Israel) 2008-2009 1.15(1.11, 1.19
Subtotal (I-squared = 0.0%, p = 0.45) 1.15(1.11, 1.19
Seasonal influenza (nursing homes location:odds ratio) free
de Souto Barreto (France) 2011 0.93 (0.51, 1.71)
Pneumococcal (nursing homes location:odds ratio free
de Souto Barreto (France) 2011 0.10 (0.03, 0.31)
Area level socio-economic status*
Area level socio-economic status: all studies
S I infl risk ratio (baseli least deprived)
Breeze (UK) 1997-2000 0.85(0.70, 1.05)
Mangtani (UK) 2000 0.91 (0.79, 1.04)
Shah (UK) 2008-2009 0.93(0.92, 0.94)
Subtotal (I-squared =0.0%, p = 0.66) 0.93 (0.92, 0.94)
| infl risk ratio (k line: 3" quintile)
Sammon (UK) 2009-2010 0.97 (0.94, 1.00)
infl odds ratio (| ine: least deprived)
Wershof (Israel) 2008-2009 0.72(0.68, 0.77)
Pneumococcal: odds ratio (baseline: least deprived)
Wershof (Israel) 2008-2009 0.79 (0.74, 0.84)
Pandemic influenza: risk ratio (baseline: 3™ quintile)
Sammon (UK) 2009-2010 0.86 (0.79, 0.93)
Area level socio-economic status: adjusted studies
Seasonal influenza: risk ratio (baseline: least deprived)
Breeze (UK) 1997-2000 0.85 (0.70, 1.05)
Mangtani (UK) 2000 0.91(0.79, 1.04)
Subtotal (I-squared = 0.0%, p = 0.59) 0.89 (0.79, 1.00)
Seasonal influenza: odds ratio (baseline: least deprived)
Wershof (Israel) 2008-2009 > 0.72(0.68, 0.77)
P I: odds ratio ine: least deprived)
Wershof (Israel) 2008-2009 > 0.79 (0.74, 0.84)
Private medical insurance
Private medical insurance: all studies (baseline: no private insurance,
Seasonal influenza
van Essen (The Netherlands) 1993 0.91(0.21, 5.00)
—_—————
Mc Hugh (Ireland) 2009-2011 1.72(1.19, 2.48)
Subtotal (I-squared = 0.0%, p = 0.44) e 1.67 (1.16, 2.38)
Seasonal influenza & Pneumococcal
P G —
Opstelten (The Netherlands) 1999 038 (0.21, 0.67)
Private medical insurance: adjusted studies (baseline: no private insurance
Seasonal influenza
van Essen (The Netherlands) 1993 0.91(0.21, 5.00)
Private medical insurance: cost stratified studies (baseline: no private insurance,
Seasonal influenza: free
vansEssen ('I'Ih_efl;letherlanfds) . 1993 0.91(0.21, 5.00)
easonal influenza: free for some
—_————
Mc Hugh (Ireland) 2009-2011 1.72(1.19, 2.48)
Seasonal influenza & Pneumococcal: free
S —
Opstelten (The Netherlands) 1999 0.38 (0.21, 0.67)
r T T 1
" . . . . 1 1.75
~All effect estimates are odds ratio unless specified Not favours vaccine uptake Favours vaccine uptake

otherwise *One multinational study excluded *Cost
stratified studies not presented as all study countries
provided free-of-charge vaccine

Fig. 3. Effect of residence, area level socio-economic status and medical insurance on vaccine uptake.
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Author Study period
Country of birth: all studies (baseline: native)~

Seasonal influenza
Jimenez-Garcia (Spain) 2003 <
Jimenez-Garcia (Spain) 2004-2005 <&
Jimenez-Garcia (Spain) 2006-2007 <
Wershof (Israel) 2008-2009 <@

Aguilar (Spain) 2010-2011 -
Martinez-Baz (Spain) 2010-2011 ——
Jimenez-Garcia (Spain) 2011-2012 g
Jimenez-Garcia (Spain) 2012-2013 <
Subtotal (I-squared = 94.8%, p =<0.0001) S

Pneumococcal
Wershof (Israel) 2008-2009 *
Carreno-lbanez (Spain) 2010 —-

Subtotal (I-squared = 86.3%, p = 0.007) =
Country of birth: adjusted studies (baseline: native)

Seasonal influenza
Wershof (Israel) 2008-2009 -

Aguilar (Spain) 2010-2011 -
Martinez-Baz (Spain) 2010-2011 —
Subtotal (I-squared = 98.1%, p =<0.0001) _ —

Pneumococcal
Wershof (Israel) 2008-2009 g
Country of birth analyzed as binary variable (baseline: native,

Seasonal influenza
Jimenez-Garcia (Spain) 2003 <
Jimenez-Garcia (Spain) 2004-2005 <r
Jimenez-Garcia (Spain) 2006-2007 <
Wershof (Israel) 2008-2009 <
Aguilar (Spain) 2010-2011 -

Martinez-Baz (Spain) 2010-2011 ——
Jimenez-Garcia (Spain) 2011-2012 <
Jimenez-Garcia (Spain) 2012-2013 et
Subtotal (I-squared = 97.6%, p =<0.0001) e

Pneumococcal
Wershof (Israel) 2008-2009 b d
Carreno-lbanez (Spain) 2010 ——

Subtotal (l-squared = 96.7%, p =<0.0001) _
Social class
Social class: all studies (baseline: highest class )

Seasonal influenza |
Damiani (ltaly) 1999-2000 *
Burns (UK) 2001-2002 g
Crawford (UK and Rol) 2004 *—
Chiatti (Italy) 2004-2005 ®
Sintes (Spain) 2005-2007
Subtotal (I-squared = 80.2%, p =<0.0001)

Pneumococcal
Sintes (Spain) 2005-2007 ®
Social class adjusted studies (baseline: highest class)

Seasonal influenza
Damiani (Italy) 1999-2000 T

——
Burns (UK) 2001-2002
Crawford (UK and Rol) 2004 e
Chiatti (Italy) 2004-2005 g
Subtotal (I-squared = 85%, p =<0.0001)
Social class cost stratified studies (baseline: highest class)*

Seasonal influenza
Damiani (Italy) 1999-2000 -
Burns (UK) 2001-2002 —_—

Chiatti (Italy) 2004-2005 -
Sintes (Spain) 2005-2007 S
Subtotal (I-squared = 84.5%, p =<0.0001)

Pneumococcal
Sintes (Spain) 2005-2007 —_—

15 5 1 2.5

~Cost stratified studies not presented as all study
countries offered free-of-charge vaccine

Rol Republic of Ireland *Weights are from random
effects analysis

A one multinational study excluded

Not favours vaccine uptake

Favours vaccine uptake

Fig. 4. Effect of country of birth and social class on vaccine uptake.
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Odds-ratio (95% Cl)

0.85 (0.35, 2.06)
0.96 (0.43, 2.04)
0.34 (0.19, 0.59)
0.74 (0.71, 0.77)
0.40 (0.36, 0.45)
0.55 (0.45, 0.67)
0.60 (0.32, 0.99)
0.60 (0.57, 0.62)
0.57 (0.47, 0.68)"

0.73(0.70, 0.77)
0.60 (0.52, 0.68)
0.67 (0.55, 0.81)*

0.74 (0.71, 0.77)
0.40 (0.36, 0.45)
0.55 (0.45, 0.67)
0.55 (0.35, 0.85)"

0.73(0.70, 0.77)

0.85 (0.35, 2.06)
0.96 (0.43, 2.04)
0.34 (0.19, 0.59)
0.82 (0.80, 0.84)
0.40 (0.36, 0.45)
0.55 (0.45, 0.67)
0.60 (0.32, 0.99)
0.60 (0.57, 0.62)
0.58 (0.46, 0.73)*

0.88 (0.86, 0.90)
0.60 (0.52, 0.68)
0.73 (0.50, 1.06)*

1.40 (1.07, 1.84)

0.94 (0.81, 1.08)
0.68 (0.51, 0.92)
0.95 (0.70, 1.20)
1.21 (1.11, 1.33)

0.94 (0.81, 1.08)
0.68 (0.51, 0.92)
1.21(1.11, 1.33)
1.01(0.77, 1.35)

1.40 (1.07, 1.84)



2326 A. Jain et al. /Vaccine 35 (2017) 2315-2328

those with private medical insurance was observed in the Irish
study [47] where vaccination charges were means tested [40].

A Spanish study [16] that did not provide effect measures
reported no evidence of association of private medical insurance
with SIV uptake (Appendix-7).

3.2.8. Country of birth

Nine studies, all except one conducted in Spain, were consid-
ered for meta-analysis (Fig. 4). Overall, there was lower uptake of
vaccination amongst immigrants irrespective of vaccine type, with
uptake 43% and 33% lower for SIV and PV vaccines respectively
(Fig. 4). The summary effect estimate was near-identical after
restricting SIV studies to those with adequate adjustment of con-
founding, and after reclassifying country of birth in one study
[43] as a binary variable (Fig. 4). Stratification based on vaccine
costs was not required as all included countries offered free
vaccinations.

Two studies from Israel with effect estimates were excluded
from meta-analysis, one [32] used a different definition for country
of birth (those born in Asia or Africa versus elsewhere) and the sec-
ond used marginal probabilities to investigate immigration status;
neither found an association with SIV uptake [31]. Two further
studies did not provide effect estimates: an Israeli study [25] found
statistical evidence for lower uptake of both SIV and PV amongst
Russian speakers compared to Arabic speakers, whilst a German
study found no evidence for lower SIV uptake amongst immigrants
[15].

3.2.9. Social class/occupation

Five studies (SIV: n=4, SIV and PV: n=1) provided effect esti-
mates for the association of social class with vaccine uptake
(Fig. 4). There was no consistent effect seen for SIV uptake
(12=80.2%), but the single study of PV uptake (from Spain)
reported higher uptake amongst individuals from the lowest social
class [28].

Between-study heterogeneity could not be explained after
restricting to studies with adequate adjustment for confounding
or stratifying by vaccine costs (Fig. 4), and this exposure could
not be consistently re-categorised as a binary variable across stud-
ies to further explore between-study heterogeneity.

3.2.10. Religion

The one study that provided effect estimates [32], found no
strong evidence for an association with SIV uptake (religious ver-
sus not religious: OR =1.71 (95%Cl:0.96-3.03)) Another study (no
effect estimates provided) [25] reported an association of SIV
uptake with place of residence that varied with individuals’ reli-
gion: amongst Jewish individuals higher uptake was noted in rural
areas compared to urban areas (p < 0.04) whilst the association
was reversed amongst Muslim individuals(with higher uptake in
urban (80%) compared to rural areas (76%) (Appendix-7).

3.3. Meta-regression

There were sufficient studies (n=12) to further examine the
reasons for heterogeneity for the association of education with
SIV uptake [15,16,28,32-37,48-50].

Multivariable meta-regression analyses included vaccination
cost (free versus paid), confounding bias (low or high risk of bias)
and ‘over-adjustment’ (studies that included in multivariable anal-
yses variables hypothesized to be on the causal pathway between
education and vaccine uptake). There was strong evidence
(p<0.0001) that the association of education with vaccine uptake
varied with vaccination costs: in studies from countries (Sweden
and Norway) where the population had to pay for vaccination,
the ORs were 1.93 times the ORs reported from countries where
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vaccines were available free-of-charge for some (e.g. Ireland) or
all (e.g. Spain) of the population. There was some evidence
(p=0.05) that between-study heterogeneity could be explained
by risk of confounding bias, but little evidence that it was
explained by ‘over-adjustment’ (p=0.2). All education studies
reported ORs and investigated SIV vaccine uptake, and thus the
type of effect estimate and vaccines were not examined.
Each study categorised education differently making it infeasible
to examine this the meta-regression model. Analyses were
repeated after excluding the study reporting both SIV and zoster
uptake (n=11), revealing similar results, but the effect
‘over-adjustment’ could not be investigated in the reduced model
due to collinearity.

4. Discussion

To our knowledge, this is first review to quantify systematically
the effect of a wide range of social factors on vaccine uptake
amongst older individuals in Europe. Not living alone, an important
social factor for this population group, was associated with higher
SIV (39%) and PV (71%) uptake. Marital status, which is likely to be
highly correlated with living alone, also showed lower uptake of
both SIV and PV amongst unmarried individuals in all except one
study. Other characteristics associated with lower vaccine uptake
included being an immigrant (43% and 33% lower uptake for SIV
and PV respectively), and lower area-level deprivation (7% lower
uptake for SIV), highlighting that vaccination inequalities continue
to exist despite availability of free vaccines. The direction of effect
for all these factors remained even after restricting the analyses to
studies with low risk of confounding bias.

No consistent direction of effect was observed for education.
However, restricting analyses to adequately adjusted studies
showed a small (5%) overall increase of SIV uptake with higher
education. The effect of income also initially appeared heteroge-
neous, but amongst adequately adjusted studies that measured
ORs (and excluding the single study in which vaccines were not
universally supplied free-of-charge), the effect of higher income
was consistent with that of higher education. These findings con-
cur with those from a study of individuals aged >50 years from
13 European countries, which reported lower utilisation of a range
of preventative services, including SIV uptake, amongst those with
lower income and education [51]. In contrast, there was no evi-
dence of an effect of income for the two studies measuring RRs.
This could in part be explained by ORs having more extreme values
than RRs when the outcome is common [52]. Stratification by vac-
cine costs revealed contrasting results for education and income:
unlike education, income-related inequalities persisted, with
higher uptake amongst those with higher income in countries
offering free-of-charge vaccination. Contrarily in Ireland (where
vaccination payment are means-tested) [40], both lower income
and lower education were associated with higher uptake.

Overall there was no consistent effect of social class on vaccine
uptake; between-study heterogeneity could have resulted from
differences in the definition used for this exposure, although data
were not available to explore this further. The role of urban resi-
dence with vaccine uptake was also variable; although summary
estimates for two SIV studies (measuring RRs) and for two PV stud-
ies (measuring ORs) indicated higher uptake in urban areas, most
of the SIV studies showed inconsistent direction of effects for
urban residence.

Some important determinants such as religion and access to pri-
vate medical insurance were not consistently included across stud-
ies from different countries. Given increasingly diverse populations
and differences in provision of healthcare across Europe, these
determinants could be important end-points for future studies.
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Living alone was identified as an important factor associated
with lower vaccine uptake in this review and may be an indicator
for social isolation [53]. Living alone has emerged as an important
determinant of health in older populations. For example, in a 2010
systematic review, lack of social relationships was associated with
a 50% increase in mortality, comparable to the increased risk
resulting from smoking or obesity [54]. Similarly, a 2015 meta-
analysis [53] found that living alone was associated with 32%
higher mortality (OR 1.32, 95%CI 1.14-1.53). In 2013, approxi-
mately 13% of households in the European Union comprised indi-
viduals aged >65 years living alone [55]. With an increasingly
ageing population, the numbers living alone are likely to rise,
increasing the importance of preventative measures such as vacci-
nations. Interestingly in our review, living with children or increas-
ing housing density in some studies was associated with lower SIV
uptake, suggesting that not living alone also may have different
effects on vaccine uptake depending upon household composition.

Our analysis is an important update (with nineteen additional
studies) of the previous 2011 systematic review by Nagata et al.,
which assessed only SIV uptake amongst older individuals [6].
Our review extends the scope to all vaccines given routinely to
older individuals, has provided the results of quantitative synthe-
ses, and has carried out extensive investigation of between-study
heterogeneity. Our review also included religion as a social factor,
incorporates studies prior to 2011 that were not presented in this
earlier review [6], and provides more detailed analyses of social
factors such as country of birth, individual components of socio-
economic position, marital status and living alone.

Our review has several strengths. A comprehensive search strat-
egy was utilised to identify pertinent social determinants of SIV
and other vaccine uptake amongst older populations. Stringent cri-
teria for quality assessment were followed. Meta-analyses to
obtain summary estimates, and detailed exploration of the causes
of between-study heterogeneity using a priori stratification criteria
and meta-regression, allowed insight into the complex relation-
ships between various social determinants and vaccine uptake in
different countries.

Our review also has some limitations. A number of the studies
included in the review had high risk of confounding bias, and
restricting analyses to studies presenting adequately adjusted
effect estimates led to a reduced number of studies in these anal-
yses. Our use of stratification revealed some causes of between-
study heterogeneity. Meta-regression analysis, to further explore
the causes for heterogeneity for factors other than education was
not feasible due to insufficient numbers of studies. The multivari-
able meta-regression analyses for the effect of education indicated
that both vaccine costs and confounding bias independently
explained some of the heterogeneity in results. In this review the
effect of social isolation or loneliness on vaccine uptake was not
examined; individuals living alone may have strong social net-
works. The relationship between social isolation and vaccine
uptake can perhaps be explored in future research. In addition,
we hypothesized correlations between some social factors based
on our conceptual framework, but it is possible that other complex
inter-relationships between these factors may exist. Finally, we
included only studies published in English language, which could
have excluded some relevant data.

5. Conclusion

This is the first systematic review that quantifies the association
of living alone, an important social factor for older individuals,
with lower vaccine uptake. This, along with quantification of other
factors such as immigration status, deprivation and education
level, will help to target older individuals for interventions to mit-
igate vaccination inequalities. This review has also highlighted the
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limitations of existing studies in terms of study quality and
between-study heterogeneity. As the role of social factors becomes
increasingly recognised for equitable healthcare delivery, the find-
ings of this review should provide guidance to healthcare providers
for addressing vaccination inequality amongst older individuals.
Our review should also help researchers to design future studies
of higher quality with potentially more standardised definitions
of social factors.
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DROPOUT* or DROP*-OUT* or HESITAN* or INCOMPLETE or INDECISION* or POSTPONE* or RECEIVE* or
RECEIPT or REFUS* or RELUCTAN* or TIMELY or UPTAKE or UP-TO-DATE or UPTODATE or USAGE or
UTILI#ATION or NON-COMPLIAN* or NONCOMPLIAN* or UNDER-UTILI#ATION or UNDERUTILI#ATION)).ti,ab.
10o0r11
(AGEISM or (AGE adj3 DISCRIMINAT?)).ti,ab.
DEMOGRAPH* ti,ab.
(EDUCAT* or LITERACY or LITERATE or ILLITERACY or ILLITERATE or LEARN¥).ti,ab.
(ETHNICITY or ETHNIC or TRADITION* or (TRAVELLER* adj3 COMMUNIT*) or COMMUNIT*).ti,ab.

((FAMILY adj3 SIZE) or (BIRTH adj3 (ORDER* or INTERVAL¥)) or PARITY or (MATERNAL adj3 AGE*) or
(MOTHER* adj3 AGE*) or MARITAL or MARRIAGE* or MARRIED).i,ab.

(INEQUALIT* or INEQUIT* or EQUIT* or EQUALIT* or DISCRIMINAT* or DISPARIT*).ti,ab.

(OCCUPATION* or JOB* or EMPLOY* or UNEMPLOY* or PROFESSION®).i,ab.

(LIVING adj3 CONDITION*).ti,ab.

(MIGRATION or IMMIGRANT* or RELOCAT* or SETTLER* or REFUGEE* or DISPLACE* or ASYLUM?).ti,ab.
(MARGINALI* or MINORIT*).ti,ab.

(RESOURCEPOOR or RESOURCE-POOR or POOR or POVERTY or IMPOVERISHED or INCOME or WAGE or
WAGES or AFFLUEN* or WEALTH* or FEE or FEES or COST* or AFFORD* or INSURANCE or INSURED or
((MEDICAL or PRESCRIPTION* or HOSPITAL or DOCTOR* or USER or CONSULT* or (VACCIN* adj3
ADMINIST#)) adj3 (FEE or FEES or CHARGE* or COST* or EXPENSE* or FUND*))).ti,ab.

(RACIAL or RACE).i,ab.

(RELIGION* or RELIGIOUS or FAITH or ANTHROPOSOPHY or BUDDHIS* or CHRISTIAN* or CATHOLIC* or

PROTESTANT* or (JEHOVAH* adj WITNESS*) or MUSLIM* or ISLAM* or HINDU* or JEWS or JEW or
JUDAISM).ti,ab.
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7

48

49

50

51

52

53

54

55

56

57

58

59

60

(RURAL or VILLAGE®).i,ab.
(((GENDER or SEX*) adj3 (BIAS or DIFFEREN* or DISCRIMINAT*)) or SEXIS*).ti,ab.

(SLUM* or HOMELESS*).ti,ab.

(ANTI?VACCI* or ANTIVACCI* or ANTI-VACCI* or ANXIET* or ANXIOUS* or AWARE* or BEHAVIO?R or
BEHAVIO?RAL or BELIEF* or BIAS* or CAUTIO* or CONCERN* or CONFIDEN* or CRITICIS* or DILEMMA* or
DISBELIEF* or DISTRUST* or DOUBT* or EXPERIENCE* or FEAR* or KNOWLEDG* or LEARN* or
MISUNDERSTAND* or MIS-UNDERSTAND* or MISCONCEPTION* or MIS-CONCEPTION* or MISTRUST* or MIS-
TRUST* or MORALITY or MOTIVAT* or OPPOSITION* or PEER or PERCEPTION* or PRECONCEPTION* or
PREJUDICE* or RUMO?R or RUMO?RS or SCARE* or SCEPTIC* or SOCIAL* or TRUST or UNCERTAIN* or
UNDERSTAND* or UNWILLING* or WILLING*).ti,ab.

((SOCIO-ECONOMIC or SOCIOECONOMIC) adj3 (FACTOR* or DETERMINANT* or DIFFERENCE®)) or (LIVING
adj3 STANDARD*) or LIFESTYLE or LIFE-STYLE or SOCIO-DEMOGRAPH* or SOCIODEMOGRAPH?* or
DEPRIV*).i,ab.

((AREA* adj3 RESIDEN?*) or ((BUILD-UP or BUILDUP or BUILT-UP or BUILTUP) adj3 AREA*) or CITY or CITIES or
INNERCIT* or INNER-CIT* or TOWN* or URBANY*).ti,ab.

(DIS-ADVANTAGE* or DISADVANTAGE* or UNDER-PRIVILEGE* or UNDERPRIVILEGE* or VULNERAB?).ti,ab.
((HEALTH or HEALTH-CARE or HEALTHCARE) adj3 (ACCESS* or AVAILAB*)).i,ab.

((HEALTH or HEALTH-CARE or HEALTHCARE or HEALTH-STATUS or HEALTHSTATUS) adj3 DISPARIT*).ti,ab.
(CROSS-CULTUR* or CROSSCULTUR* or CULTURAL or ETHNOLOGY).ti,ab.

or/13-35

exp Sociology/

exp Social Behavior/

exp Vulnerable Populations/

exp cross-cultural comparison/

exp Cultural Characteristics/

exp cultural diversity/

exp Cultural Evolution/

exp Ethnology/

exp Religion/

exp Homeless Persons/

exp Health Services Accessibility/

exp Healthcare Disparities/

exp "Fees and Charges"/

exp Attitude to Health/ or exp Attitude to Death/

population characteristics/ or exp demography/ or exp "social determinants of health"/ or exp population/ or exp
socioeconomic factors/

exp Population Groups/

education/ or exp health education/
exp Medically Uninsured/

exp cost of illness/

exp life style/ or exp morals/

exp Parity/

exp Maternal Age/

or/37-58

36 or 59

58



61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

exp Albania/

(Albania or Albanian or Albanians).ti,ab.
exp Andorra/

(Andorra or Andorran or Andorrans).ti,ab.
exp Armenia/

(Armenia or Armenian or Armenians).ti,ab.
exp Austria/

(Austria or Austrian or Austrians).ti,ab.

exp Azerbaijan/

Azerbaijan*.ti,ab.

exp Belgium/

(Belgium or Belgian*).ti,ab.

exp Bosnia-Herzegovina/
(Bosnia*-Her#egovin* or "Bosnia* AND Her#egovin*" or BOSNIA* or HER#EGOVIN¥).ti,ab.
exp Bulgaria/

(Bulgaria or Bulgarian or Bulgarians).ti,ab.
exp Croatia/

(Croatia or Croatian or Croatians).ti,ab.

exp Cyprus/

(Cyprus or Cypriot or Cypriots).ti,ab.

exp Czechoslovakia/

exp Czech Republic/

(Czech Republic or Czechoslovakia or Czech or Czechs).ti,ab.
exp Denmark/

(denmark or faeroe islands or Danish).ti,ab.
exp Estonia/

(Estonia or Estonian or Estonians).ti,ab.
exp Europe/

EUROPE*.ti,ab.

exp Finland/

(Finland or Finnish).ti,ab.

exp France/

(France or French).ti,ab.

exp "Georgia (Republic)"/

("REPUBLIC OF GEORGIA" or Georgian or Georgians).ti,ab.
exp "Macedonia (Republic)"/

(Germany or German or Germans).ti,ab.
exp "Republic of Belarus"/

("republic of belarus" or belarus or byelarus or belorussia or Belarusian or Belarusians).ti,ab.

100 exp Germany/
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101 (Germany or German or Germans).ti,ab.
102 exp Great Britain/

103 (great britain or GBR or united kingdom or UK or northern ireland or scotland or channel islands or "isle of man" or
British or Scottish or (wales not new south wales) or (england not new england)).ti,ab.

104 exp Greece/

105 (Greece or Greek or Greeks).ti,ab.

106 exp Hungary/

107 (Hungary or Hungarian or Hungarians).ti,ab.

108 exp Iceland/

109 (Iceland or Icelandic).ti,ab.

110 exp Ireland/

111 (eire or ireland or "republic of Ireland” or Irish).ti,ab.
112 exp Israel/

113 (Israel or Israeli or Israelis).ti,ab.

114 exp ltaly/

115 (ltaly or Italian or Italians).ti,ab.

116 exp Kazakhstan/

117 (kazakh or kazakhs or kazakhstan or kazakhstani).ti,ab.
118 exp Kyrgyzstan/

119 (kirgizstan or kyrgyz republic or kirghizia or kirghiz or kyrgyzstan or Kyrgyzstani).ti,ab.
120 exp Latvia/

121 (Latvia or Latvian or Latvians).ti,ab.

122 exp Liechtenstein/

123 (liechtenstein or leichtenstein).ti,ab.

124 exp Lithuania/

125 (Lithuania or Lithuanian or Lithuanians).ti,ab.

126 exp Luxembourg/

127 (luxembourg* or luxemburg* or luxemborg).ti,ab.
128 exp Malta/

129 (Malta or Maltese).ti,ab.

130 exp Moldova/

131 (Moldavia or "Moldavian s.s.r." or Moldova or "Moldavian ssr" or "Republic of Moldova" or Moldovan or
Moldovans).ti,ab.

132 exp Monaco/

133 (Monaco or Monegasque).ti,ab.

134 exp Montenegro/

135 (Montenegro or Montenegrin or Montenegrins).ti,ab.
136 exp Netherlands/

137 (netherlands or holland or Dutch).ti,ab.

138 exp Norway/

139 (Norway or Norwegian or Norwegians).ti,ab.
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140 exp Poland/

141 (Poland or (Polish adj3 (population or patient* or people))).ti,ab.
142 exp Portugal/

143 (Portugal or Portuguese).ti,ab.

144 exp Romania/

145 (Romania or Romanian or Romanians).ti,ab.

146 exp Russia/

147 exp USSR/

148 (Russia or Russian Federation or Russian or Russians).ti,ab.
149 exp San Marino/

150 (San Marino or Sammarinese).ti,ab.

151 exp Scandinavia/

152 (Scandinavia or Scandinavian).ti,ab.

153 exp Serbia/

154 (Serbia or Serbian or Serbians).ti,ab.

155 exp Slovakia/

156 (slovakia or slovak republic or Slovakian or Slovakians or Slovak or Slovaks).ti,ab.
157 exp Slovenia/

158 (Slovenia or Slovenian or Slovenians).ti,ab.

159 exp Spain/

160 (spain or balearic islands or canary islands or Spanish).ti,ab.
161 exp Sweden/

162 (Sweden or Swedish).ti,ab.

163 exp Switzerland/

164 (Switzerland or Swiss).ti,ab.

165 exp Tajikistan/

166 (tadjikistan or tadzhik or tadzhikistan or tajikistan).ti,ab.

167 exp Turkey/

168 (turkey or Turkish).ti,ab.

169 exp Turkmenistan/

170 (turkmen or turkmenistan or Turkmens).ti,ab.

171 exp Ukraine/

172 (Ukraine or Ukrainian or Ukrainians).ti,ab.

173 exp Uzbekistan/

174 (uzbekistan or uzbek or Uzbeks).ti,ab.

175 exp Yugoslavia/

176 (Yugoslavia or Yugoslav or Yugoslavs or Yugoslavian or Yugoslavians).ti,ab.
177 or/61-176

178 12 and 60 and 177

179 exp animals/
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180 exp humans/

181 179 not (179 and 180)

182 exp case reports/

183 178 not 181 not 182

184 limit 183 to english language

185 exp Immunization Programs/

186 exp Vaccines/

187 exp Immunization/

188 185 or 186 or 187

189 (IMMUNI#ATION* or VACCIN* or IMMUNIS* or IMMUNIZ* or UNDER-IMMUNIS* or UNDERIMMUNIS* or UNDER-
IMMUNIZ* or UNDERIMMUNIZ* or NON-IMMUNIS* or NONIMMUNIS* or NON-IMMUNIZ* or NONIMMUNIZ* or
UNDER-VACCINAT* or UNDERVACCINAT* or NON-VACCINA* or NONVACCINA¥).ti,ab.

190 decision making/ or choice behavior/ or exp refusal to participate/

191 exp "Patient Acceptance of Health Care"/

192 190 or 191

193 (ACCEPT* or AGREE* or BARRIER* or CHOOSE* or CHOSE or CHOICE* or COMPLIAN* or COVER* or
DECISION* or DELAY* or DROPOUT* or DROP*-OUT* or HESITAN* or INCOMPLETE or INDECISION* or
POSTPONE* or RECEIVE* or RECEIPT or REFUS* or RELUCTAN* or TIMELY or UPTAKE or UP-TO-DATE or
UPTODATE or USAGE or UTILI#ATION or NON-COMPLIAN* or NONCOMPLIAN* or UNDER-UTILI#ATION or
UNDERUTILI#ATION).ti,ab.

194 188 and 192

195 ((IMMUNI#ATION* or VACCIN* or IMMUNIS* or IMMUNIZ* or UNDER-IMMUNIS* or UNDERIMMUNIS* or UNDER-
IMMUNIZ* or UNDERIMMUNIZ* or NON-IMMUNIS* or NONIMMUNIS* or NON-IMMUNIZ* or NONIMMUNIZ* or
UNDER-VACCINAT* or UNDERVACCINAT* or NON-VACCINA* or NONVACCINA¥*) adj10 (ACCEPT* or AGREE* or
BARRIER* or CHOOSE* or CHOSE or CHOICE* or COMPLIAN* or COVER* or DECISION* or DELAY* or
DROPOUT* or DROP*-OUT* or HESITAN* or INCOMPLETE or INDECISION* or POSTPONE* or RECEIVE* or
RECEIPT or REFUS* or RELUCTAN®* or TIMELY or UPTAKE or UP-TO-DATE or UPTODATE or USAGE or
UTILI#ATION or NON-COMPLIAN* or NONCOMPLIAN* or UNDER-UTILI#ATION or UNDERUTILI#ATION)).ti,ab.

196 194 or 195

197 (AGEISM or (AGE adj3 DISCRIMINAT?)).ti,ab.

198 DEMOGRAPH* ti,ab.

199 (EDUCAT* or LITERACY or LITERATE or ILLITERACY or ILLITERATE or LEARN¥).ti,ab.

200 (ETHNICITY or ETHNIC or TRADITION* or (TRAVELLER* adj3 COMMUNIT*) or COMMUNIT*).ti,ab.

201 ((FAMILY adj3 SIZE) or (BIRTH adj3 (ORDER* or INTERVAL¥)) or PARITY or (MATERNAL adj3 AGE*) or
(MOTHER* adj3 AGE*) or MARITAL or MARRIAGE* or MARRIED).i,ab.

202 (INEQUALIT* or INEQUIT* or EQUIT* or EQUALIT* or DISCRIMINAT* or DISPARIT*).ti,ab.

203 (OCCUPATION* or JOB* or EMPLOY* or UNEMPLOY* or PROFESSION®).ti,ab.

204 (LIVING adj3 CONDITION*).ti,ab.

205 (MIGRATION or IMMIGRANT* or RELOCAT* or SETTLER* or REFUGEE* or DISPLACE* or ASYLUM?).i,ab.

206 (MARGINALI* or MINORIT*).ti,ab.

207 (RESOURCEPOOR or RESOURCE-POOR or POOR or POVERTY or IMPOVERISHED or INCOME or WAGE or
WAGES or AFFLUEN* or WEALTH* or FEE or FEES or COST* or AFFORD* or INSURANCE or INSURED or
((MEDICAL or PRESCRIPTION* or HOSPITAL or DOCTOR* or USER or CONSULT* or (VACCIN* adj3
ADMINIST*)) adj3 (FEE or FEES or CHARGE* or COST* or EXPENSE* or FUND*))).ti,ab.

208 (RACIAL or RACE).ti,ab.

209 (RELIGION* or RELIGIOUS or FAITH or ANTHROPOSOPHY or BUDDHIS* or CHRISTIAN* or CATHOLIC* or
PROTESTANT* or (JEHOVAH* adj WITNESS*) or MUSLIM* or ISLAM* or HINDU* or JEWS or JEW or
JUDAISM).ti,ab.

210 (RURAL or VILLAGE*).ti,ab.
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211/(((GENDER or SEX*) adj3 (BIAS or DIFFEREN* or DISCRIMINAT¥)) or SEXIS*).ti,ab.

212 (SLUM* or HOMELESS*).ti,ab.

213 (ANTI?VACCI* or ANTIVACCI* or ANTI-VACCI* or ANXIET* or ANXIOUS* or AWARE* or BEHAVIO?R or
BEHAVIO?RAL or BELIEF* or BIAS* or CAUTIO* or CONCERN* or CONFIDEN* or CRITICIS* or DILEMMA* or
DISBELIEF* or DISTRUST* or DOUBT* or EXPERIENCE* or FEAR* or KNOWLEDG* or LEARN* or
MISUNDERSTAND* or MIS-UNDERSTAND* or MISCONCEPTION* or MIS-CONCEPTION* or MISTRUST* or MIS-
TRUST* or MORALITY or MOTIVAT* or OPPOSITION* or PEER or PERCEPTION* or PRECONCEPTION* or
PREJUDICE* or RUMO?R or RUMO?RS or SCARE* or SCEPTIC* or SOCIAL* or TRUST or UNCERTAIN* or
UNDERSTAND* or UNWILLING* or WILLING*).ti,ab.

214 (((SOCIO-ECONOMIC or SOCIOECONOMIC) adj3 (FACTOR* or DETERMINANT* or DIFFERENCE*)) or (LIVING
adj3 STANDARD*) or LIFESTYLE or LIFE-STYLE or SOCIO-DEMOGRAPH* or SOCIODEMOGRAPH* or
DEPRIV*).i,ab.

215 ((AREA* adj3 RESIDEN*) or ((BUILD-UP or BUILDUP or BUILT-UP or BUILTUP) adj3 AREA*) or CITY or CITIES or
INNERCIT* or INNER-CIT* or TOWN* or URBAN*).ti,ab.

216 (DIS-ADVANTAGE* or DISADVANTAGE* or UNDER-PRIVILEGE* or UNDERPRIVILEGE* or VULNERAB®*).ti,ab.
217 ((HEALTH or HEALTH-CARE or HEALTHCARE) adj3 (ACCESS* or AVAILABY)).ti,ab.

218 ((HEALTH or HEALTH-CARE or HEALTHCARE or HEALTH-STATUS or HEALTHSTATUS) adj3 DISPARIT*).ti,ab.
219 (CROSS-CULTUR* or CROSSCULTUR* or CULTURAL or ETHNOLOGY).ti,ab.

220 0r/197-219

221 exp Sociology/

222 exp Social Behavior/

223 exp Vulnerable Populations/

224 exp cross-cultural comparison/

225 exp Cultural Characteristics/

226 exp cultural diversity/

227 exp Cultural Evolution/

228 exp Ethnology/

229 exp Religion/

230 exp Homeless Persons/

231 exp Health Services Accessibility/

232 exp Healthcare Disparities/

233 exp "Fees and Charges"/

234 exp Attitude to Health/ or exp Attitude to Death/

235 population characteristics/ or exp demography/ or exp "social determinants of health"/ or exp population/ or exp
socioeconomic factors/

236 exp Population Groups/

237 education/ or exp health education/
238 exp Medically Uninsured/

239 exp cost of illness/

240 exp life style/ or exp morals/

241 exp Parity/

242 exp Maternal Age/

243 or/221-242

244 220 or 243

245 review.pt.
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246 196 and 244 and 245

247 exp animals/

248 exp human/

249 247 not (247 and 248)

250 246 not 249

251 limit 250 to english language
252 limit 251 to last 5 years

253 252 not 184
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Appendix 2 Conceptual framework for the systematic review.

The data for main factors were extracted (Red arrows show variables hypothesized as highly

correlated)

Main factors of interest

/ Socio-economic position \4— Country of birth

Religion

Education
Social class occlpation
Income ) Health insurance

Area-level socio-economic status

L /

~

Marital status ——

Residence:
[ ———
t urban/rural

-~

Living alone/ with
others
N

~

v

h A

Mediating factors

h 4

v

behaviour factors

Knowledge, attitude, belief & Access to Health status/ co-morbidities
healthcare

L [Outcome:vaccine uptake ] <
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Appendix 3 Study selection criteria

Inclusion criteria

Population

Individuals from Europe aged 260 years from either
community and/or hospital settings

Intervention/ exposure

Social factors of interest were: country of birth, religion,
urban/rural residence, marital status, living arrangements
(living with others versus living alone), education, income
(individual or household), type of health insurance, area-level
socio-economic status and social class/occupation

Comparison

Unvaccinated individuals

Outcome

Vaccine uptake (initiation or completion for routine vaccination
and vaccination in pandemics, mass vaccinations, catch-up
vaccinations)

Study design

Observational analytical studies including cross-sectional,
ecological, case-control or cohort studies that measured
exposure and outcome of interest in the study population and
used statistical analyses. Letters and conference abstracts
reporting quantitative data were included

Publications

Published on any date, language: English
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Appendix 4 Details of bias assessment

In the selection bias assessment, response or follow-up rate (depending on the study design)
had to be 270% to be classified a low risk of bias. If >30% data were missing, the study was
considered to be at high risk of missing data bias. Vaccination status ascertained using
records were considered at low risk of bias. For the purposes of this review self-reported

vaccination was considered at low risk of bias.[67-69]

Variables that do not change over time, such as country of birth, religion, and (for this older
study population) education and occupation were considered unlikely to be misreported by
participants. However, the time-varying factors (such as marital status, living alone, place of
residence, area-level SES, income and insurance) ascertained more than five years before

the outcome were considered at high risk of bias for exposure misclassification.

For adequate adjustment for confounding all effect estimates needed to be adjusted for
gender and at least one other main social factor (Appendix-2) to which the exposure of
interest was not deemed to be strongly correlated. For example, effect estimates for the
association between marital status and vaccine uptake were considered at high risk of
confounding bias if they were only adjusted living arrangements (living alone/with others)

and gender, as the former was likely to be strongly correlated with marital status.

References:

[67] Skull SA, Andrews RM, Byrnes GB, Kelly HA, Nolan TM, Brown GV, et al. Validity of
self-reported influenza and pneumococcal vaccination status among a cohort of hospitalized
elderly inpatients. Vaccine. 2007;25:4775-83.

[68] Rolnick SJ, Parker ED, Nordin JD, Hedblom BD, Wei F, Kerby T, et al. Self-report
compared to electronic medical record across eight adult vaccines: Do results vary by
demographic factors? Vaccine. 2013;31:3928-35.

[69] Williams WW. Surveillance of Vaccination Coverage Among Adult Populations—United
States, 2014. MMWR Surveillance Summaries. 2016;65(N0.SS-1):1-36.
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Appendix 5 Flow chart of studies included and excluded in the review

11754 records identified
Embase N=6823
Medline N=4931

A

l p| 3507 records excluded as duplicates

8247 titles and abstracts were screened

7769 records did not meet eligibility criteria

A4

A\

478titles (including 59 reviews) selected
for full text review

—
v

37 papers describing 35 study populations were included
(9 additional studies that did not provide effect estimates also identified)

Type of vaccines
Seasonalinfluenza (SIV) only N=27

SIV and pneumococcal N=5
$SIVand zoster N=1

Screening ][ Identification ]

Included

SV and pandemicinfluenza N=1

Only pneumococcal N=1

SIV seasonal influenza vaccine
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Appendix 6 Summary of the studies included in the review

First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified
Cross-sectional studies
IAbramson[32] COB SIV COB (2) Gender, country of birth, marital status, education, religiosity,
2000 Education _ Asia (excluding Israel)/ Africa 1 (AOR) inunic_ disease, e_xercise, physician visit in 3 months, knowledge
Relationship status nd attitude questions
Religion Others 1.61 (0.83-3.10)°
Education (2)
0-8 years 1 (AOR)
9+ years 1.04 (0.98-1.10)
Relationship status (2)
Unmarried 0.47 (0.28-0.78)*(AOR)
Married 1
Religion (2)
Religious 1 (AOR)
Not religious 1.71 (0.96-3.03)
IAguilar[56] 2012 |COB SIV COB(2) IAge, gender, major chronic conditions, outpatient visits in the
Location: residence Native 1 (AOR) previous year, country of _birth, area of rgsidence, level of
ependence, Hospitalisation in the previous year
Immigrants 0.40 (0.36-0.45)
Location: residence (2)
Urban (>10,000 people) 1.00 (0.98-1.03) (AOR)
Rural (any other) 1
Barrett & Mc Education SIV Education (3) Unadjusted
;‘gfr[gszoﬁg :}']izﬁei/”:viz?hce IComplete primary education and only primary education ‘primary/ none’ 1 (Raw data)
ICompleted a junior certificate, or leaving certificate or 0.84 (0.71-1.00)
ICompleted a diploma, first degree or higher degree ‘tertiary or higher 0.80 (0.66-0.97)
Health insurance (4)
No additional cover (no medical card or private insurance) 1 (Raw data)
Medical Card only 4.41 (3.07-6.33)
Dual cover (medical card and private insurance) 4.63 (3.20-6.70)
Private Health Insurance only 1.72 (1.19-2.48)
Income/ wealth (4)
Low 1 (Raw data)
" quartile 0.73 (0.53-1.00)
3" quartile 0.72 (0.53-1.00)
Highest 0.46 (0.34-0.63)
Bodekar[15] 2015|Education SIV Education (3) Unadjusted

Low (9 years or less of school education)

1 (UOR)

Middle (at least 10 years of school education)

0.71 (0.47-1.08)

High (University entrance exam)

0.72 (0.49-1.06)
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified
Bohmer[37] Education SIV Education (3) Unadjusted
2011 Income/ wealth Low (ISCED level 1&82) 1 (UOR)
Medium (ISCED level 3&4) 0.96 (0.86-1.07)
High (ISCED level 5&6) 0.88 (0.77-1.02)
Income/ wealth IAge, sex, residence (Western Federal States & Eastern Federal
Low (<70% of the median of the study sample) 1 (AOR) :ltjits:t)ibrrlousehold income and belonging to target groups,
Medium (70-120% of the median of the study) sample 1.30 (1.10-1.53)
High (>120% of the median of the study sample) 1.19 (1.00-1.41)
Burns[57] 2005 |Living arrangement  [SIV Living arrangement (2) IAge, sex, living arrangements, household occupation status,
Social class Living with others 2.25 (1.35-3.73) (AOR) udnsport_ to GP, chro_n_lc dlsease1 smoking, aIcoht_JI consumption,
_ seen national advertising campaign and explanation by GP
Living alone 1 regarding usefulness of vaccine and its side effects.
ISocial class (2)
Professional (National statistics social economic classifications system 1* (AOR)
INSSECS | & 1)
Non-professional (National Statistics Social Economic Classifications System  [0.68 (0.51-0.92)
NSSECS Ill -V)
Carreno-lbanez |[COB PV ICOB(2) Unadjusted
58] 2015 Native 1(UOR)
Immigrants 0.60 (0.52-0.68)*~
Chiatti[26, 48, 59] SIV Education (4) Gender, age group, family social class, education, chronic diseases,
2010 & 2011 Education No title 1 (AOR) elf-reported health, GP visit in last 30 days

Income/ wealth
Living arrangement
Relationship status
Social class

Primary school degree

1.01 (0.94-1.10)

Intermediate degree

0.96 (0.87-1.06)

High school, bachelor or higher

1.11 (0.99-1.25)

Income/ wealth (4)

Gender, education, self-reported wealth, smoking status, marital

tatus, GP visits in last 30 days, other chronic diseases, self-rated
health status

Low 1 (AOR)

Medium-low 1.37 (0.79-2.36)
Medium-high 1.28 (0.93-1.78)
High 1.09 (0.79-1.52)

Living arrangements (4)

Gender, age, education level (ordinal), self-reported household

Single person

1 (AOR)

ealth (ordinal), marital status, informal and formal help, household

Couple

1.07(0.98-1.17)

ize, smoking & respondent type

3-5 persons

0.84(0.76-0.92)

More than 6 persons

0.84(0.67-1.05)

Relationship status (2)

Married

1

Not married

0.82 (0.76 - 0.89) (AOR)"

Social class (4)

Gender, age group, family social class, education, chronic diseases,

Skilled and unskilled working

1.21 (1.11-1.33)

elf-reported health, GP visit in last 30 days
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Location: residence
Social class

Lives with others

1.14 (0.83-1.67)* (AOR)

First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified
Self-employed persons 1.18 (1.07-1.31)
hite collar and small employers 1.01 (0.92-1.12)
Managers, professionals and entrepreneurs. 1
Christenson[34] [Education SIV & PV SIV Unadjusted
2002 Relationship status Education (4)
Elementary school 1 (Raw data)
Junior secondary school 1.37 (1.20-1.56)
Upper secondary school 1.44 (1.23-1.67)
University/college 1.67 (1.45-1.92)
Relationship status (2)
Married/living with partner 1 (Raw data)
idowed/living alone 0.76 (0.69-0.84)
PV
Education (4)
Elementary school 1 (Raw Data)
Junior secondary school 1.32 (1.17-1.50)
Upper secondary school 1.38 (1.19-1.59)
University/college 1.44 (1.26-1.63)
Relationship status (2)
Married/living with partner 1 (Raw data)
idowed/living alone 0.73 (0.66-0.80)
Crawford[12] Living arrangements  SIV Living arrangements (2) IAdjusted for gender, age, marital status, living status, social class,
2011 Relationship status home location, geographical location

Lives alone

1

Location: residence (2)

Urban 1.15 (0.91-1.43)* (AOR)
Rural 1
Relationship status (3)
Married 1 (AOR)
ISingle 1.3 (0.8-2.1)
idowed 1.5 (1.1-2.3)
Social class (2)
Higher 1 (AOR)
Lower 0.95 (0.7-1.2)
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified
Damiani[35] Education SIV Education (4) IAge, gender, education, region of residence, self-assessed health
2007 Income/ wealth University degree 1.05 (0.87-1.28)* AOR tatus, chronic medical conditions, occupatlon class, smoking,
Relationship status marital status, self-assessed household income
Social class Upper secondary education -
Lower secondary education -
ithout any qualification 1
Income/ wealth (2)
ery good/good 1.12 (1.06-1.19)*(AOR)
Poor/Very poor 1
Relationship status (4)
Married 1 (AOR)
Divorced/separated 1.12 (0.92-1.36)
idowed 0.83 (0.77-0.88)
Single 0.82 (0.74-0.91)
Social class (5)
Middle class 1 (AOR)
Medium employer class 1.08 (0.93-1.24)
Upper worker class 1.02 (0.89-1.17)
orker class 1.03 (0.90-1.18)
Unemployed class 0.94 (0.81-1.08)
de Souto[42] Nursing home location|(SIV & PV SIV Ownership, location, physicians/100 beds, physician training, living
2014 Location: nursing home (4) in s_pecif_ﬂ care, prescription re-examination, individu_al healthca_re
i _ project, informatics system, age, sex, length of stay in the nursing
Rural (<2000 inhabitants) 1 (AOR) home, disability in activities of daily living, number of medications,
Low-urban (inhabitants =2000 - <10,000) 1.09 (0.67-1.78) body mass index, number of diseases, diabetes, chronic pulmonary
- - - ~ , heart failure, myocardial infarction, peripheral vascular
Intermediate-urban (inhabitants 10,000- <100,000) 0.90 (0.54-1.50) disease, moderate—severe renal failure, dementia, hospitalisation in
High-urban (inhabitants = 100,000) 0.93 (0.51-1.71) the last 12 months, disorientation regarding space and time (defined
BV by a physician), pressure ulcers, and psychiatric diseases (other
than depression).
Location: nursing home (4)
Rural (<2000 inhabitants) 1
Low-urban (inhabitants 22000 - <10,000) 2.35 (1.00-5.50)
Intermediate-urban (inhabitants 210,000- <100,000) 0.56 (0.23-1.40)
High-urban (inhabitants = 100,000) 0.10 (0.03-0.31)
Jimenez- COB SIV COB(2) IAge, gender, nationality and chronic conditions
Garcia[60] 2006 Native 1 (AOR)
Immigrants 0.85 (0.35-2.06)
Jimenez- COB SIV COB(2) IAge, gender, nationality and chronic conditions
Garcia[61] 2008 Native 1 (AOR)
Immigrants 0.34 (0.19-0.59)
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified

Jimenez- COB SIV COB(2) Gender, age, health care worker (yes/no), nationality and co-
Garcia[62] 2008 Native 1 (AOR) morbidity

Economic immigrant (excluding people from EU, Canada and USA) 0.96 (0.43-2.04)*
Jimenez- COB SIV COB(2) IAge, sex, presence of chronic disease, health care worker (yes/no)
Garcia[63] 2014 Native 1 (AOR) land nationality

Immigrants 0.60 (0.32-0.99)
Jimenez- COB SIV COB(2) lAge, sex, country of origin, number of previous flu vaccinations
Garcia[64] 2014 Native 1 (AOR) receiv_ed, upt_a_ke of 2009 pandemic vaccine and presence of

chronic condition

Immigrants 0.60 (0.57-0.62)*
Kroneman[29] Living arrangements Living arrangements (2)¢ Household size, gender, age, health professional opinion, health
2007 Household size: larger 1.38 (1-1.90) ¢ (AOR) care system characteristics

Household size: smaller 1
Landi[13] 2005 [Income/ wealth SIV Income/ wealth (2) IAge, gender, living arrangements, economic status, compromised

Living arrangements Has economic problems 1 activities of daily Iiving _function, de_pr_e_ssion, impaired cognitive
performance, malnutrition, comorbidities

No economic problems 1.72 (1.35-2.22)*(AOR)

Living arrangements (2)

Living alone 1 (AOR)

Lives with informal caregiver 1.28 (1.11-1.49)*
Mamelund[36] Income/ wealth SIV Education (4) Unadjusted
2011 Education 18+years 1.63 (0.85-3.10) (Raw data)

Living arrangements

17years 1.70 (0.87-3.30)

13years 1.43 (0.79-2.57)

10years 1

Income/ wealth (1000 Norwegian Krone) (4)

600+ 0.84 (0.33-2.11) (Raw data)

400-599 1.06 (0.47-2.36)

200-399 1.04 (0.48-2.25)

0-199 1

Living arrangements (2)

2 person household 1.21 (0.79-1.86 (Raw data)

One person household 1
Nexoe[65] 1999 |Living arrangements |SIV Living arrangements (2) IAdjusted for age, perceived barriers to vaccine, perceived benefits,

Living with someone

1.59 (1.03-2.48) (AOR)

perceived severity, living in a nursing home or sheltered housing,
living together with another person, advised by GP, vaccinated in

Not living with someone

1

previous influenza seasons, living in Copenhagen.
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified
Health insurance SIV and PV SIV & PV lAge, insurance, factors for perceived health, barriers, severity and
%Jgielten (43] Health insurance (2)
Private insurance 0.38 (0.21-0.67)°
No private insurance 1
Opstelten [49] Education HZ & SIV HZ & SIV Education, diabetes, factors for perceived barriers, severity,
2009 Education (2) loctor's recommendation and compliance with recommendation
High education (not defined) 0.63 (0.40-0.91) (AOR)
Low education (not defined) 1
Pena-Rey[50] Income/ wealth SIV Education (2) Unadjusted
700 E&gluactiaélr?snhip status <Primary ! (Raw data)
Location: residence 2Primary 1.02 (0.79-1.32)
Income/ wealth (2) lAge, income, size of place of residence, marital status, health self-
<€6010 1 (AOR) perce_ption, visit_ with a physician last 2 years, tetanus vaccination,
caregiver (of children ,old people or sick people)
> €6010 1.39 (1.01-1.90)
Location: residence (3)
Urban: >20,000 people 0.81 (0.58-1.11)* (AOR)
Intermediate: 5000-20,000 people -
Rural: <5000 people 1
Relationship status (2)
Not married 0.69 (0.50-0.95)*(AOR)
Married 1
Sarria- Education SIV Education(2) Unadjusted
gggéamera[lii] Income/ wealth Finished education < 15 years old 1 (Raw data)
Finished education>15 years old 0.83 (0.59-1.16)
Income/ wealth (3)
<€360.6 1 (Raw data)
[€360.6-601 1.21 (0.89-1.64)
>€601 1.25 (0.90-1.73)
Schmitz[14] Education SIV Linear regression coefficient? IAge, chronic disease, self-assessed health, has partner, number of
2011 Living arrangement (standard error) children in household, sex, education, current cognitive abilities
Relationship status Education (verbal fluency and recall), health behaviour (measured using

Icohol intake, smoking, visit to dentist, eye exam, physical activity)

Education International Standard Classification of Education level between 0-2

£0.034 (0.012) (Adjusted)

and physician quality index

Living arrangements

Number of children in household

-0.024 (0.013) (Adjusted)

Relationship status

ISpouse in household

0.047 (0.011) (Adjusted)
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified
Shahrabani[31] |COB SIV Probit marginal probabilities © Gender, chronic illness, hospitalisation, smoking, health
2006 Education management organisation, housing density, marital status, country
Living arrangement ICOB(7)® of birth, education, Kibbutz membership
Relationship status
Israeli-born Jews 1 (Adjusted)
IAsia-Africa 60-64 years: 0.019
75+years : -0.169
Europe-America 60-64 years: 0.055
75+ years: -0.108
USSR (before 1990) 60-64 years: -0.011
75+ years: -0.226
USSR (after 1990) 60-64 years: -0.195
75+ years: -0.436
Other (after 1990) 60-64 years: -0.117
75+ years: -0.111
IArabs 60-64 years: -0.035
75+ years: -0.116
Education (3)
'Years of schooling 0-8 1 (Adjusted)
'Years of schooling 9-12 60-64 years: -0.003
75+ years: 0.084
'Years of schooling 13+ 60-64 years: -0.001
75+years: 0.030
Living arrangements
Housing density (number of persons/ room <1.0-1.5+) 60-64 years: -0.064 (Adjusted)
75+ years: -0.046
Relationship status (3)
Married 60-64 years: 0.108 (Adjusted)
75+ years: 0.130
Not married 1
Sintes[28] Social class SIV & PV SIV Unadjusted
2011 Education Education (2)
Living arrangement
Location: residence Primary or less 1 (UOR)

ISecondary or more

0.87 (0.68-1.12)

Living arrangements (4)

IAge, sex, risk of pneumonia, type of household, number of

lAlone

1 (AOR)

physician visits last year

Partner (without children)

1.51 (1.09-2.13)

Children

1.22 (0.87-1.72)

Others

0.93 (0.56-1.56)

Location: residence (2)

Unadjusted

Rural (<10 000 inhabitants)

1 (UOR)

Urban

1.08 (0.81-1.45)
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified

Social class (2) Unadjusted

IAccording to the last job as unqualified or manual workers (classes iva, ivb, V) [1.01 (0.77-1.35) (UOR)

Others (classes I-IlI) 1

PV

Education (2) Unadjusted

Primary or less 1 (UOR)

ISecondary or more 0.69 (0.55-0.89)

Living arrangements (4) IAge, sex, risk of pneumonia, social class, education, type of

IAlone 1 (AOR) ||uu§ehqld| number of physician visits last year, influenza

accination in last season

Partner (without children) 1.71 (1.20-2.46)

Children 1.30 (0.91-1.88)

Others 1.08 (0.62-1.91)

Location: residence (2) Unadjusted

Rural (<10 000 inhabitants) 1 (UOR)

Urban 1.03 (0.78-1.38)

Social class Unadjusted

IAccording to the last job as unqualified or manual workers (classes IVa, IVb, V) (1.40 (1.07-1.84) (UOR)

Others (classes I-IIl) 1

ershof |lArea SES SIV & PV SIV IAge, gender, rural residency, socio-economic status, region of

Schwartz[43] cOB lArea SES (4) rigin, years since immigration, Holocaust survivorship, number of
2013 Location: residence chronic medical conditions, number of primary care visits in the past

Low 0.72 (0.68-0.77) (AOR) 5 years, primary physician's region of origin and gender

Low-mid 0.74 (0.71-0.77)

Mid-high 0.82 (0.79-0.85)

High 1

COB(4)

Israel 1 (AOR)

Former soviet union

0.74 (0.71-0.77)

estern 1.13 (1.05-1.22)
Middle east 1.13 (1.07-1.19)
Location: residence (2)
Rural 1* (AOR)
Urban 1.14 (1.11-1.18)
PV
lArea SES
Low 0.79 (0.74-0.84) (AOR)
Low—mid 0.79 (0.76-0.83)
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified

Mid-high 0.84 (0.81-0.87)

High 1

COB(4)

Israel 1 (AOR)

Former soviet union 0.73 (0.70-0.77)

estern 0.91 (0.84-0.98)

Middle east 1.21 (1.15-1.28)

Location: residence (2)

Rural 1* (AOR)

Urban 1.15(1.11-1.19)
ICase control study
lvan Essen[46] Health insurance SIV Health insurance (2) IAdjusted for gender, age groups, insurance, family characteristics,
1997 Living arrangement Social 1 perceived health, perceived threat of influenza, perceived benefits

nd costs

Private 0.91 (0.21 to 5)¢

Living arrangement (2)

Not living alone 1.79 (0.40-9.09)* * (AOR)

Living alone 1
Cohort studies
Breeze[41] 2004 |Area SES SIV Risk ratios (95%Cl) IAdjusted for year, gender, current age, Carstairs deprivation score,

Income/ wealth Individual socioeconomic position and population density

Location: residence

|Area SES (5)

Carstairs’ deprivation index
Least deprived

1 (ARR)

ISecond quintile

1.05 (0.97-1.13)

Mid quintile

1.03 (0.94-1.13)

Fourth quintile

0.99 (0.83-1.18)

Most deprived

0.85 (0.70-1.05)

Income/ wealth (3)

Owner occupier with central heating

0.97 (0.90-1.04)* (ARR)

lOwner-occupier without central heating, renter with central heating, renter

Subported hodéing ] 1
Location: residence
Urban density indicator <250 persons/km? 1 (ARR)

Urban density indicator 250—1000 persons/km?

0.99 (0.83-1.17)

Urban density indicator 1000-2500 persons/km?

1.10 (0.94-1.30)

Urban density indicator urban (>2500 persons/km?)

1.14 (0.95-1.36)
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified
Mangtani[27] |lArea SES SIV Risk ratios (95% CI)
2005 E\Sﬁ]mzrg?\alg:nent |Area SES (5) IAge, gender, practice factors, personal socio-economic position,
Loca?ion: regidence Carstairs’ deprivation index area SES, location: residence
Relationship status Least deprived 1° (ARR)
ISecond quintile 0.97 (0.91-1.03)
Mid quintile 0.92 (0.86-0.99)
Fourth quintile 1.02 (0.94-1.11)
Most deprived 0.91 (0.79- 1.04)
Income/ wealth (5) IAge, gender, practice factors, personal socio-economic position,
lOwner occupied with central heating 0.97 (0.90-1.04)*® (ARR) area SES, location: residence
lOwner-occupier without central heating -
Renter with central heating -
Renter without central heating -
ISupported housing 1
Living arrangements (5) Unadjusted
lAlone 1 (Raw data)
ith spouse only 1.70 (1.51-1.90)
ith spouse and others 1.61 (1.18-2.20)
ith son/daughter 1.06 (0.84-1.34)
ith other 1.22 (0.95-1.56)
Location: residence (4) IAge, gender, practice factors, personal socio-economic position,
Rural <250 persons/km? 15 (ARR) area SES, location: residence
250-1000 persons/km? 0.94 (0.85-1.03)
1000-2500 persons/km? 0.95 (0.86-1.04)
Urban (>2500 persons/km?) 1.10 (1.01-1.21)
Relationship status (3) Unadjusted
Married/ cohabiting 1 (Raw data)
idowed/divorced/separated 0.61 (0.55-0.68)
Single 0.54 (0.44-0.67)
Martinez-Baz[30] [COB SIV COB (2) IAge groups, gender, residence, country of origin, outpatient visits in
2012 Living arrangement Native 1 the previous 12 months, major chronic conditions, diagnosis of any
Location: residence major chronic condition in the previous 12 months, hospitalization in
Immigrant 0.55 (0.45-0.67) (AOR) the previous 12 months, high level of dependence, living with

Living arrangements (2)

children <15 years

Not living with children aged <15 years

1

Living with children aged <15 years

0.85 (0.77-0.94) (AOR)

Location: residence (2)

Rural

1

Urban

0.99 (0.94-1.04)
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First Author SD examined accine Definitions and categorisation of SD Effect estimates of vaccine uptake [Effect estimates adjusted for the following confounders
publication date (Numbers in brackets indicate the number of categories used for the SD) |(estimates are odds ratios (95%
confidence interval) unless
specified
ISammon[44] |lArea SES SIV & PIV Rate ratios (95% ClI) Sex, patient SES quintile, body mass index, alcohol consumption,
2012 SIV smoking status, history of Guillain Barré syndrome, total number of
underlying health conditions (1,2,>2), practice region

lArea SES (5)

[Townsend score or the area indices of multiple deprivation

Least deprived 1.05 (1.02-1.08) (ARR)

ISecond quintile 1.03 (1.00-1.07)

Mid quintile 1

Fourth quintile 0.97 (0.94-1.00)

Most deprived 0.97 (0.94-1.00)

Unknown 0.88 (0.81-0.95)

PV

lArea SES (5)

[Townsend score or the area indices of multiple deprivation

Least deprived 1.04 (0.98-1.10) (ARR)

ISecond quintile 1.05 (1.00-1.09)

Mid quintile 1

Fourth quintile 0.92 (0.88-0.97)

Most deprived 0.86 (0.79-0.93)

Unknown 0.85 (0.75-0.96)
Shah[66] 2012 |Area SES SIV lArea SES (5) Risk ratios (95% CI) lAge and sex

Index of Multiple Deprivation (IMD) 2007
Least deprived

1 (ARR)"

ISecond quintile

0.99 (0.98-0.99)

Mid quintile

0.97 (0.96-0.97)

Fourth quintile

0.95 (0.94-0.96)

Most deprived

0.93 (0.92-0.94)

SD social determinants SIV seasonal influenza vaccine COB country of birth PV pneumococcal vaccine HZ herpes zoster SES socio-economic status Cl confidence interval PIV pandemic influenza vaccine AOR adjusted odds ratio UOR unadjusted

odds ratio ISCED International Standard Classification of Education ARR adjusted risk/rate ratios © not in meta-analysis *baseline changed ~ effect estimates for males used for meta-analysis as sample size bigger ® OR for refusing vaccination

were reversed to get estimates for acceptance P Estimates from weighting scheme C Y effect estimates from model 2 3 effect estimates from model 3 € effect estimates from model 2
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Appendix 7 Summary of studies not providing effect estimates

First author Country Vaccinels Study period |Sample size Study population Vaccine uptake measures
All were cross-sectional studies
Bedford[17] Ireland Seasonal flu and Sept. 1998-  |450 Records of patients aged 265 years from two |Medical card holders in one practice were more likely than non-holders in the same practice
pneumococcal Jan. 1999 rural general practices, with a medical to have accepted either vaccine (p>0.001).
vaccine condition that predisposes to pneumococcal
disease were invited for both vaccines
de Andres[18] Spain Seasonal influenza {2003 6134 Data for people aged 265 years drawn from No evidence of difference in vaccination coverage reported based on education, monthly
the 2003 Spanish Health Survey household income and relationship status.
de Lataillade[19] Data for Turkey Seasonal influenza |Feb.2006- Not reported for | Respondents (aged 265 years) to a Lower income was associated with higher coverage for Turkish elderly respondents
extracted March 2006 [participants aged |population survey of non-institutionalized
(Multinational 265 people from an urban area
study)
Gosney[20] UK Seasonal influenza [Jan.- 649 All inpatients (aged 75-79 years) interview No difference in living arrangements when comparing the vaccinated to the non-vaccinated
Feb.1998 respondents from eight hospitals in groups.
Merseyside (Care of the Elderly wards)
Jimenez[21] Spain Seasonal influenza |1997 Not reported for |Elderly respondents (aged 264 years) to a Educated <16 years versus those with higher (university and non-university) education:
elderly nation-wide study proportional coverage 52.6% (95% CI: 49.1-56.1) and 53.1% (95%CI: 39.1-67.1%)
respectively
Monthly income €600 versus €1200: coverage 51.3% (95%CI: 47.5-55.1%) and 49.7%
(95%CI: 42.7-56.7%) respectively.
Married versus not married 53.4% (95% ClI: 49.7-57.1%) and 47.8% (95%CI: 43.0-52.6%)
respectively
Jimenez-Garcia[22] Spain Seasonal influenza |2007 5507 Older non-institutionalised participants (aged |Amongst those aged = 65 years:
260 years) in the 2007 "Madrid Regional Madrid
Health Survey" and the 2007 Spanish National |Education (Sprimary versus 2secondary coverage 66.3% (64.2—-68.4) versus 61.3% (57.2—
Health, from 13/17 Spanish autonomous 65.3)
communities. Rest of Spain
Education (<primary versus 2secondary)
coverage 66.3% (63.7—-68.9) versus 65.3% (59.1-71.5)
Nicholson[23] UK Seasonal influenza [1985-86 244 Survey of general practitioners in Trent No significant difference in vaccination rates of urban and rural practices
regarding seasonal influenza vaccination
programme
Noula[24] Greece Seasonal influenza [Not reported |235 Community dwelling individuals aged 265 Higher education level was associated with being vaccinated (p=0.028)
years
Shemesh[25] Israel Seasonal influenza (2002 1422 Community-dwelling respondents (aged 260 |Seasonal influenza: Russian speakers versus Hebrew and Arabic speakers had lower

and pneumococcal
vaccine

years) respondents to a survey conducted at
a physical activity-oriented health fair

coverage (p < 0.001).

Amongst the Jewish population, residence in rural settings had higher coverage (71%) versus
residence in urban areas (62%), p < 0.04).

Pneumococcal vaccine: The highest coverage was reported by Arabic speakers (57.6%),
while Russian speakers had the lowest (12.1%) coverage
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First author Country Vaccinels Study period |Sample size Study population Vaccine uptake measures
Studies also included in the review
Bodekar[15] Germany Seasonal influenza |March-June |825 Respondents aged 260 years from a Immigration status was not associated with SIV uptake
2014 nationwide telephone survey
Sarria-Santamera[16] Spain Seasonal influenza (1997 1148 Non-institutionalised participants (aged 265 No differences were found by availability of private health insurance or marital status on

years) to the Spanish National Health survey
(ENS)

vaccine uptake
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Appendix 8 Quality assessment of the studies included in the review

First author Selection bias Outcome SD Which SD Exposure bias Confounding bias Missing data bias Overadjustment
misclassification  number
examined
Abramson[32] Low risk: Low risk : self- 4 COB Education All 4 SD (exposure data self-reported): low risk All 4 SD: low risk as adjusted for gender, country of ~ Unclear risk: N/R High risk as
78.7% reported SIV Religion birth, marital status, education, religiosity, chronic adjusted for
vaccination in latest Relationship disease, exercise, physician visit in 3 months, chronic conditions
SIV season status knowledge and attitude questions
Aguilar [56] Low risk: all Low risk: data from 2 COB COB (data from records): low risk COB & location of residence: low risk as adjusted Low risk: no missing High risk as
pop recent records for age, gender, major chronic conditions, country of data reported adjusted for
birth, area of residence, level of dependence, chronic conditions
. . . outpatient visits and hospitalisation in the previous
Location of Location: residence (data from records (date not year
residence reported): unclear risk
Barrett & Mc hugh [33, Highrisk:rr  Low risk: self- 3 Education Education (self-reported): low risk as education is All 3 SD: high risk as unadjusted effect estimates Low risk for education:  Low risk as
47] 62% overall for reported ‘have you unlikely to change in this older age group at time of low risk as only 0.1% unadjusted
the study ever had a flu shot’ vaccination had missing data
Income/ wealth Income/ wealth (self-reported): high risk as wealth High risk for income: as
could change over time and could be different at the ~45% had data missing

time of vaccination

Health Health insurance (self-reported): high risk as Low risk for insurance:
insurance insurance status could change over time no missing data
reported
Bodeker[15] High risk: Low risk : self- 1 Education Education (self-reported): low risk Education: high risk as unadjusted estimates Low risk : overall only Low risk
16.2% rr reported SIV 1.6% study population
vaccine in last had missing data for
season education
Bohmer [37] High risk : 21% Low risk: self- 2 Education Education & income/wealth (self-reported): low risk  Education: high risk as unadjusted effect estimates  Unclear risk: not Low risk as
rr reported SIV reported unadjusted
vaccination in either
or both of 2 seasons
2007-2009
depending on when
individuals were Income/ wealth Income/ wealth (self-reported): low risk Income/ wealth: low risk adjusted for age, gender, High risk as
interviewed residence (Western federal states & Eastern federal adjusted for
states), household income and belonging to target chronic conditions

groups, education
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First author

Burns[57]

Carreno-ibanez [58]

Chiatti [26, 48, 59]

Christenson [34]

Selection bias Outcome

Low : 70%
response rate

Low risk: all
registered
patients
included

Unclear risk :
N/R

low risk : rr
78%

misclassification

Low risk: self-
reported SIV
vaccination in last
12 months

Low risk : PV
vaccination from
records

Low risk: self-
reported SIV
vaccination in last
12 months

Low risk: self-
reported recent SIV/
PV vaccine

SD
number
examined

2

2

Which SD

Social class
living
arrangements

COB

Education

Income/ wealth

Family social
class

Relationship
status

Living
arrangements

Education
Relationship
status

Exposure bias

Social class & living arrangements (self-reported):

low risk

COB (records): low risk

All 5 SD (self-reported): low risk

Education & relationship status (self-reported): low

risk
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Confounding bias

Social class & living arrangements: low risk as
adjusted for age, gender, living arrangements, social
class, transport to GP, chronic disease, smoking,
alcohol consumption and other factors

COB: high risk as unadjusted estimates

Education: low risk adjusted for gender, age group,
family social class, chronic diseases, self-reported
health, GP visit in last 30 days

Income/ wealth: low risk adjusted for gender,
education, self-reported wealth, smoking status,
marital status, GP visits in last 30 days, other chronic
diseases, self-rated health status

Family social class: low risk adjusted for gender, age
group,education, chronic diseases, self-reported
health, gp visit in last 30 days

Relationship status: low risk as adjusted for gender,
age, education level (ordinal), self-reported income/
wealth (ordinal), relationship status, informal and
formal help, household size, smoking & respondent
type

Living arrangements: low risk adjusted for gender,
age, education level (ordinal), self-reported income/
wealth (ordinal), marital status, informal and formal
help, household size, smoking & respondent type

Education & relationship status: high risk as
unadjusted

Missing data bias

Low for both: <4% had
missing data overall

Low risk : <1% missing
data

Low risk for all: overall
only 1.7% had missing
data

Low risk : data for
education and
pneumococcal
vaccination missing for

~3% & marital status for

<2% for both vaccines

Overadjustment

High risk as
adjusted for
chronic conditions

Low risk

High risk as
adjusted for
chronic conditions

Low risk

Low risk as
unadjusted



First author

Crawford [12]

Damiani [35]

De souto[42].

Jimenez-garcia[60]

Jimenez-garcia[61]

Jimenez-garcia [62]

Jimenez-garcia[64]

Jimenez-garcia[63]

Selection bias Outcome

High risk : rr
68%

Unclear risk:
not reported

High risk: rr
57%

Unclear risk:
overall rr
67.02% age
specific rr not
available
unclear risk

Unclear risk:
overall rr 65%
age specific rr
not available
unclear risk

Unclear risk:
40% overall
response rate
overall rr, age
specific rr not
available

Low risk: data
for all
registered
individuals
were used

Unclear risk:
61% overall rr
age specific rr
not available

misclassification

Low risk: self-
reported SIV
vaccination in
previous winter

Low risk: self-
reported SIV
vaccinated in past
12 months

Low risk: data for
SIV vaccination from
records

Low risk: self-
reported SIV
vaccination in latest
campaign

Low risk: self-
reported SIV
vaccination in latest
campaign

Low risk: self-
reported SIV
vaccination in latest
campaign

Low risk: data for
SIV vaccine from
records

Low risk: self-
reported SIV
vaccination in latest
campaign

SD
number
examined

4

Which SD

Social class
Living

arrangements

Relationship
status
Location of
residence

Exposure bias

All 4 SD (self-reported): low risk

Income/ wealth All 4 SD (self-reported): low risk

Social class
Education
Relationship
status

Location of
nursing home

coB

CcOoB

CcOoB

coB

coB

Location of the nursing home (online questionnaire
completed by nursing home administrative staff
staff): low risk

COB (self-reported): low risk

COB (self-reported): low risk

COB (self-reported): low risk

COB (data from records): low risk

COB (self-reported): low risk
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Confounding bias

All 4 SD: low risk as adjusted for gender, age,
marital status, living arrangements, social class,
location of residence, geographical location

All 4 SD: low risk as adjusted for age, gender,

education, region of residence, self-assessed health

status, chronic medical conditions, social class,
smoking, relationship status, income/ wealth

Low risk as adjusted for age, gender, nursing home

ownership, location, chronic diseases, physician
factors and other patient factors including
medications

High risk as model did not include any level 1
variable (adjusted for age, gender and chronic
condition)

High risk as model did not include any level 1
variable (adjusted for age, gender and chronic
condition)

High risk as model did not include any level 1
variable (adjusted for gender, age-groups, health
care workers and co-morbidity)

High risk as model did not include any level 1

variable (adjusted for age-groups, gender, number of

previous flu vaccine received, uptake of 2009
pandemic vaccine and presence of chronic
condition that is an indication for vaccination)

High risk as model did not include any level 1
variable (adjusted for age, gender and presence of
chronic disease)

Missing data bias

Unclear risk: not
reported

Low risk: no missing
data reported

Low risk: 3%

Low risk: no missing
data reported

Low risk: no missing
data reported

Unclear risk: not
reported

Low risk: no missing
data reported

Low risk: no missing
data reported

Overadjustment

Low risk

High risk

High risk

High risk

High risk

High risk

High risk

High risk



First author

Kroneman[29]

Landi[13]

Mamelund[36]

Nexoe[65]

Opstelten[45]

Opstelten[49]

Pena-rey[50]

Selection bias Outcome

Unclear risk :
rr not reported

Unclear risk as
rr was variable
across
countries from
43%-100%

High risk: rr
68.9%

High risk : rr
58%

High risk: rr
69%

High risk: rr
69%

Low risk : rr
75.2%

misclassification

Low risk : self-
reported SIV
vaccine in last
season

Low risk : self-
reported SIV
vaccination status in
last 2 years

Low risk: self-
reported recent SIV
vaccination

Low risk: self-
reported recent SIV
vaccination

Low risk: from
recent records SIV
& PV vaccination

Low risk : recent
records of SIV & hzv
uptake

Low risk: self-
reported SIV
vaccine in last
season

SD
number
examined

1

2

3

1

1

1

Which SD Exposure bias
Living Living arrangements (self-reported): low risk
arrangements

Income/ wealth, Both SD (self-reported): low risk
living
arrangements

Education All 3 SD (self-reported): low risk

Living

arrangements

Income/ wealth

Living Living arrangements (self-reported): low risk
arrangements

Health Health insurance from recent records: low risk
insurance

Education Education (self-reported): low risk

Income/ wealth All 4 SD (self-reported): low risk

Relationship
status

Location of
residence
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Confounding bias

High risk as unadjusted for any level 1 variable
(adjusted for gender, age, health professional
opinion, health care system characteristics including
out of pocket payment)

Both SD: low risk as adjusted for age, gender, living
arrangements, income/ wealth, compromised
activities of daily living function, depression, impaired
cognitive performance, malnutrition, comorbidities

All 3 SD: high risk as unadjusted

High risk as model unadjusted for gender or any
other level 1 variable (adjusted for age, perceived
barriers to vaccine, perceived benefits, perceived
severity, living in a nursing home or sheltered
housing, advice by GP, vaccinated in previous
influenza seasons, living in Copenhagen)

High risk as adjusted for age, factors for perceived
health, barriers, severity and cues to actions

High risk as unadjusted for gender or any other level
1 variable (adjusted for diabetes, factors for
perceived barriers, severity and cues to actions)

Income, relationship status & location of residence:
low risk as adjusted for age, income, location:
residence, relationship status, health self-perception,
visit with a physician last 2 years, tetanus
vaccination, caregiver status

Missing data bias

Unclear risk: missing
data not reported

Low risk: no missing
data reported

Education & living
arrangements: low risk
for missing data

income: high risk ~34%
had missing data

Low risk 18% missing
data

Low risk: 19% missing
data

Low risk : missing data
for 18%

Low risk: missing data
for income 19%, no
missing data for
residence, and
education and only one
person had marital
status missing

Overadjustment

Low risk

High risk

Low risk

High risk

High risk

High risk

High risk



First author

Sarria-santamera[16]

Schmitz[14]

Shahrabani[31]

Sintes[28]

Wershof schwartz[43]

Cohort

Selection bias Outcome

Low risk : rr
85%

Unclear risk :
r 62% overall,
age specific rr
not available

Unclear risk: rr
not reported

Unclear risk :
rr not reported

misclassification

Low risk : self-
reported SIV
vaccination in last
season

Low risk : self-
reported SIV
vaccination in the
previous year

Low risk : self-
reported SIV
vaccine in last 12
months

Low risk: records of
SIV & PV uptake

Low risk; : took Low risk : from

all patients
enrolled with a
healthcare
service

recent records for
both SIV & PV
vaccinations

SD
number
examined

3

Which SD

Education

Education
income/ wealth

Education
relationship
status living
arrangements

Exposure bias

Both SD (self-reported): low risk

All 3 SD (self-reported): low risk

Education COB All 4 SD (self-reported): low risk

relationship
status living
arrangements

Education

Social class

Location of
residence
Living
arrangements
(SIV)

Living
arrangements
(PV)

coB

Area SES

Location
ofresidence

All 4 SD education, social class, living arrangements,
location: residence (self-reported): low risk

COB (from records): low risk

SES data was from records >10 years before the
study period: high risk

Location of residence during study years from

records: low risk
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Confounding bias

Education: high risk as unadjusted

Education & income: high risk as unadjusted

Missing data bias

Low risk: no missing
data reported

All 3 SD: low risk as model adjusted for age, gender, Unclear risk: missing

education, living arrangements, health behaviour,
relationship status, self-assessed health cognition,
physician quality index

All 4 SD: low risk as adjusted for gender, living
arrangement, relationship status, country of birth,
education, chronic illness, hospitalisation, smoking,
health management organisation, kibbutz members

Education, social class and location: residence: high Low risk: missing data

risk as unadjusted

Living arrangements (SIV): high risk as unadjusted
for any other level 1 variable (adjusted for age,
gender, risk of pneumonia, number of physician

visits last year)

Living arrangements (PV): low risk as adjusted for
age, gender, social class, education, risk of
pneumonia, number of physician visits last year,
influenza vaccination in last season

All 3 SD: low risk as adjusted for age, gender,
residence location, area socio-economic status,
country of birth, number of chronic medical diseases
and physician factors

data not reported

Unclear risk: missing
data not reported

~20%

Overadjustment

Low risk

Low risk

High risk

High risk

Low risk

High risk

Low risk: ~20% missing High risk

data



First author Selection bias Outcome SD
misclassification  number

examined

Breeze[41] Unclear risk :  Low risk: medical 3

follow-up rate records for SIV

not reported  vaccination
Mangtani[27] Low risk: low  Low risk: medical 5

risk as 72.6% records for SIV

follow up vaccination
Martinez-baz[30] Unclear risk :  Low risk: medical 3:

follow-up rate records for

not reported  continued
adherence for SIV
vaccination

Which SD

area SES

Income/ wealth

Location of
residence

Area SES

Income/ wealth

Area of
residence

Relationship
status

Living
arrangements

CcOoB

Living
arrangements

Location:
residence

Exposure bias Confounding bias

Area SES (recent records): low risk All 3 SD: low risk as adjusted for year, gender,
current age, area SES, income and location:
residence

Income/ wealth (interview self-reported): low risk

Location of residence (area of residence assessed
at study start): low risk

All 5 SD (self-reported and recent records): low risk  Area SES, income/ wealth, location: residence: low
risk as adjusted for age, gender, practice factors,
income/ wealth, area SES, location: residence

Relationship status: high risk as unadjusted

Living arrangements: high risk as unadjusted

COB (from records): low risk All 3 SD: low risk as adjusted for age, gender,
location: residence, COB, living arrangements,
chronic conditions, hospitalisation in previous 12
months and dependence

Living arrangements & location: residence (from
records date not reported): unclear risk
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Missing data bias

Low risk: 12% missing
data

Overadjustment

Low risk

Low risk: 16.1% missing Low risk

data

Unclear risk: missing
data not reported

High risk



First author

Sammon[44]

Shah[66]

Case control

Van essen[46]

Selection bias Outcome SD

Unclear risk:
follow-up rate
not reported

Unclear risk:
follow-up rate
not reported

Low risk:: rr
77% -91%

Which SD

misclassification  number
examined

Low risk: records for 1: Area SES
SIV and PIV uptake
Low risk: records 1 Area SES
SIV vaccination
Low risk: recent 2 Health
records for SIV insurance
uptake

Living

arrangements

Exposure bias

Area SES (from records date not reported): unclear

risk

Area SES (from records date not reported): unclear

risk

Health insurance (noted from recent records) & living

arrangements (self-reported): low risk

Confounding bias

Area SES: high risk as unadjusted for any level 1
variable (adjusted for gender, body mass index,
alcohol consumption, smoking status, history of
Guillain Barré syndrome, total number of underlying

health conditions (1,2,>2) and practice region)

Area SES: high risk as unadjusted for any level 1

variable (adjusted for age and gender)

Both SD: low risk as adjusted for gender, age
groups, health insurance, living arrangements,

perceived health, perceived threat of influenza,

perceived benefits and costs

Missing data bias Overadjustment

Unclear risk: missing Low risk
data for 265 year-old not
reported

Low risk: SD data Low risk
available for all
individuals

Low risk: missing data High risk
for 22.7%

SD social determinants COB country of birth N/R not reported SIV seasonal influenza vaccine COB country of birth PV pneumococcal vaccine HZ herpes zoster SES socio-economic status rr response rate
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2.4  Literature review update: 2017

The search for the review was updated on 1/11/2017 using the same methodology as

described in the published paper (Section 2.2). The details are described below.

2.4.1 Updated review: results

Nine additional studies, published between 25/02/2016 and 31/10/2017, were identified in
the updated search (and herein referred to as “2017-updated search/review”).82 92-°° Eight
studies were cross-sectional®? 929979 gand one was a cohort study.®® The studies reported
the association of socio-demographic factors with seasonal influenza vaccine uptake
(n=6),%% 93,9597, 9 ntake of zoster vaccine (n=1),%2 pneumococcal vaccine uptake (n=1),%*
and uptake of both seasonal influenza and pneumococcal vaccine (n=1)% (Table 2-1). The
socio-demographic factors of interest reported in these studies included education (n=5),%
94.97-99 living arrangements (n=4),%2-%4 %7 marital status (n=4),% °* 9.9 area of residence
(n=4),% °7%% individual or household income (n=4),%> °-%° area-level socio-economic status
(n=2),82 % and country of birth (n=1).% The studies included data from Spain (n=2),% %
France (n=2),% % Poland (n=2),°": % UK (n=1),%2 Denmark (n=1)°° and Italy (n=1).°® Of the
nine studies identified in the 2017-updated review, four studies were hospital based.%3 %4 97
% An overview of the studies is provided in Table 2-1 in the same format as the published

review paper. The details of these nine additional studies are provided in Appendix 1.

2.4.1.1 Quality assessment of the additional studies

Consistent with the published review paper, the studies included in the 2017-updated review
had low risk of exposure and outcome misclassification (Table 2-2 and Appendix 2) and high

risk of confounding bias, mainly due to the unavailability of adjusted estimates in the studies.
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Table 2-1 Updated literature review: Summary of additional studies published between 25/02/2016-31/10/2017 (N=9)

Social determinants associated with vaccine uptake

Author Country [Study period |Sample |Study population Vaccine |SES |Inco? |COB® |Edu* |LA®> |MS® |Res’
size (A}

Cross-sectional studies

1 |Bocquier® France |April- 7,088 Respondents (aged 265 years) of French National survey on SIvV N*# 1 N*#
September health and disability (people with disabilities were over-represented
2008 using a sampling co-efficient)

2 |Dominguez®® |Spain November 1,038 Individuals aged 265 years, admitted via emergency departments |SIV N N l
2013-May to 19 different city hospitals in 7 regions for causes other than
2014 respiratory illnesses

3 |Dominguez®* |Spain September 916 Individuals aged =65 years, admitted via emergency departments [PV l N N
2013- to 19 different city hospitals in 7 regions for causes other than
September respiratory illnesses
2014

4 |Fabiani® Italy 2012-2013 27,003 Respondents, aged 265 years, of a multi-purpose survey SIv 1

conducted to gather information about health service utilisation
amongst Italian residents

5 |Ganczak®” Poland |November 230 Consecutive patients aged =65 years admitted to municipal SIv N N N il
2015- April hospital in city of Szczecin
2016
6 |Gorska- Poland (2013 219 Patients aged 265 years with type 2 diabetes diagnosed at leasta |SIV & PV SIV:t N N SIV:t
Ciebiada®® year previously and attending the medicine and diabetes outpatient PV: N PV: N
clinics in a university hospital
7 |Hellfritzsch®® |Denmark |February 2016 |4,237 Individuals aged 65-79 years who participated in the 2006 public  [SIV N N N N
health survey conducted by Centre for Public Health, Denmark
8 |Ward®? UK 2014-2015 178,808 |Individuals aged 70 years on 01/09/2014 eligible for zoster HZ l

vaccination between 1 Sept 2014-31 Aug 2015 and with available
ethnicity data, extracted from GP records in England

Cohort study

9 |Gallini®® France |2007-2009 5,269 Individuals aged 265 years selected from the French Health SIvV N*
Insurance database containing claims for a 1/97th random sample
of the French population.

SES(A) area-level socio-economic status Inco income COB country of birth Edu education LA living arrangements MS marital status Res residence SIV seasonal influenza vaccine N=study reported no
association with vaccine uptake *adequately adjusted estimates based on confounding bias assessment #from the model unadjusted for chronic disease 1 higher vaccine uptake reported |lower vaccine uptake
reported PV pneumococcal vaccine HZ herpes zoster vaccine

1 most deprived (area-level) versus least deprived (reference) 2 Highest versus lowest income level (reference) 3 Immigrants versus native (reference) 4 Highest versus lowest education level (reference) 5 Not
living alone versus living alone (reference) 6 Single versus married (reference) 7 Urban versus rural area (reference) " baseline 2" and 3™ quartile
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Table 2-2 Quality assessment of the additional studies identified between 25/02/2016-31/10/2017

Social determinants and bias

Study type &

Ref. SB |OM |Area SES Income COB Education Living alone Marital status Residence
Cross-

sectional EM |CB MD |[EM [CB |MD [EM [CB MD [EM [CB |MD [EM [CB EM (B |MD [EM [CB [MD

Dominguez®®

Dominguez®

Fabiani®®

Ganczak®’

Gorska-
Ciebiada®®
Hellfritzsch®®

Cohort

Gallini®

Ref. reference SB selection bias OM outcome misclassification SES socioeconomic status EM exposure misclassification CB confounding bias MD missing data COB country of birth L low risk of bias U unclear
risk of bias H high risk of bias

91



2.4.1.2 Association of social factors with vaccine uptake

A) Living arrangements

Four additional studies were identified in the 2017-updated search, which reported the
association of living arrangement with vaccine uptake.®?°* %7 Meta-analysis was repeated for
previously identified studies with the addition of the studies identified in the 2017-updated
search (Figure 2-1). Irrespective of the vaccine type and the measure of effect, all studies
except one,® showed a consistent direction of effect, similar to the published review paper,
with higher uptake of vaccine amongst individuals who were not living alone. As with the
previous analysis, there was considerable between-study heterogeneity. The results
remained unchanged when the analysis was restricted to the same five adequately adjusted
studies as in the published review, the summary odds for seasonal influenza vaccine uptake
were 25% higher amongst those not living alone compared to those living alone. When the
studies were stratified by vaccine costs, the findings were again similar to the published
review paper: the summary odds of seasonal influenza and pneumococcal vaccine uptake
were 50% and 42% higher, respectively amongst individuals not living alone in countries
where vaccines were available free-of-charge. In countries where seasonal influenza
vaccination was paid for, no consistent effect of living arrangements on vaccine uptake was

observed in the two studies (including one study®’ identified from the 2017-update).

To summarise, living alone was consistently associated with lower vaccine uptake in all

except one study, similar to the findings from the published review.
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Study

Author period Effect estimate (95% CI)
Living arrangement: all studies (baseline: living alone,
Seasonal influenza: all studies reporting odds ratio
van Essen (The Netherlands) 1993 4 1.79(0.40,9.09)
Nexoe (Denmark) 1996-1997 —— 1.59(1.03,2.48)
Mangtani (UK) 2000 g 1.70(1.51,1.80)
Burns (UK) 2001-2002 — 2.25(1.35,3.73)
Landi (multinational ) 2001-2003 Ra 1.28(1.11,1.49)
Crawford (UK and Rol) 2004 T— 1.14(0.83,1.67)
Chiatti (Italy) 2004-2005 I\ 1.07(0.98,1.17)
Sintes (Spain) 2005-2007 —— 1.51(1.09,2.13)
Mamelund (Norway) 2008 -1 1.21(0.78,1.86)
Dominguez (Spain) 2013-2014 T 1.35(0.88,2.07)
Ganczak (Poland) 2015-2016 — 0.58(0.33,1.02)
Subtotal (I-squared=281.5%, p=<0.001)
Seasonalinfluenza: all studies reporting risk ratio
Bocquier (France) 2008 * 1.10(1.06,1.14)
Pneumococcal: all studies reporting odds ratio
Sintes (Spain) 2005-2007 —— 1.71(1.20,2.46)
Dominguez (Spain) 2013-2014 —To— 1.16(0.79,1.70)
Subtotal (l-squared="52.4%, p = 0.147) < 1.42(0.97,2.07)
Living arrangement: adjusted studies (baseline: living alone)
Seasonal influenza: all studies reporting odds ratio
van Essen (The Netherlands) 1993 * 1.79(0.40,9.09)
Burns (UK) 2001-2002 ¢ 225(1.35,3.73)
Landi (multinational ) 2001-2003 - 1.28(1.11,1.49)
Crawford (UK and Ral) 2004 T 1.14(0.83,1.67)
Chiatti (Italy) 2004-2005 & 1.07(0.98,1.17)
Subtotal (-squared = 65.3%, p = 0.021) <> 1.25(1.03,1.517
Seasonal influenza: all studies reporting risk ratio
Bocquier (France) > 1.10(1.06,1.14)
Pneumococcal: all studies reporting odds ratio
Sintes (Spain) 2%05—2[9)07 ¢ 1.71(1.20, 2.48)
Living arrangement: studies cost stratified"(baseline: living alone)
Seasonal influenza: free (odds ratio)
van Essen (The Netherlands) 1993 4 1.79(0.40,9.09)
Nexoe (Denmark) 1996-1997 —— 1.58(1.03, 2.48)
Mangtani (UK) 2000 + 1.70(1.51,1.90)
Burns (UK) 2001-2002 —— 2.25(1.35,3.73)
Chiatti (Italy) 2004-2005 » 1.07(0.98,1.17)
Sintes (Spain) 2005-2007 —— 1.51(1.08,2.13)
Dominguez (Spain) 2013-2014 T—— 1.35(0.88,2.07)
Subtotal (l-squared=286.9%, p = <0.001) < 1.50(1.16,1.95)*
Seasonal influenza: paid (odds ratio)
Mamelund (Norway) 2008 —T— 1.21(0.79,1.86)
Ganczak (Poland) 2015-2016 —— 0.58(0.33,1.02)
Subtotal (-squared=75.8%, p=0.042)
Seasonal influenza: free (risk ratio)
Bocquier (France) 2008 L 4 1.10(1.06,1.14)
Pneumococcal: free (odds ratio)
Sintes (Spain) 2005-2007 —— 1.71(1.20, 2.46)
Dominguez (Spain) 2013-2014 —T— 1.16(0.79,1.70)
Subtotal (l-squared="52.4%, p = 0.147) < 1.42(0.97,2.07)
1 158 25 9.5

2
Not favours vaccine uptake

Cl confidence interval *NOTE: Weights are
from random effects analysis Rol Republic
of Ireland * 2 multinational studies excluded

Figure 2-1 Association of living arrangements on vaccine uptake: including studies

identified on updating the review
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B) Marital status

The results of meta-analysis after including the four additional studies identified in the 2017-
updated search are shown in the Figure 2-2.9% 94 98,99 |nclusion of these additional studies
did not change the findings for the uptake of seasonal influenza vaccine from the published
review paper, the direction of effect remained that of lower uptake amongst unmarried
individuals, with strong evidence of between-study heterogeneity. There was no evidence of
between-study heterogeneity (I-squared=0.0%) for the three pneumococcal vaccine uptake
studies (including the two recent studies®* °8 identified in the 2017-updated search), with the
summary estimate of 26% lower uptake amongst unmarried individuals. These observations
reflected the findings of the association of living arrangements (discussed under (A) above).
The findings of lower (17%-27%) summary odds for vaccine uptake amongst unmarried
individuals after stratifying the studies based on vaccination costs and vaccine types, were

similar to those reported in the published review paper.
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Study

Author period

Marital status: all studies (haseline: married)
Seasonal influenza

Abramson (Israel) 1997 —_—
Damiani (ltaly) 1999-2000 -
Pena-Rey (Spain) 2000 —
Mangtani (UK) 2000 ——
Christenson (Sweden)  2000-2001 -
Crawford (UK and Rol) 2004 T
Chiatti (Italy) 2004-2005 >
Gorska-Ciebiada (Poland) 2013 *
Dominguez (Spain) 2013-2014 +
Hellfritzsch (Denmark) 2016 —
Subtotal (I-squared=66.5%, p = 0.001)

Pneumococcal

Christenson (Sweden)  2000-2001 -
Gorska-Ciebiada (Poland) 2013

Dominguez (Spain) 2013-2014 *
Subtotal (l-squared=0.0%, p=0.470) <

Marital status: adjusted studies (baseline: married)
Seasonal influenza

—_——
Abramson (Israel) 1997
Damiani (ltaly) 1999-2000 -
Pena-Rey (Spain) 2000 y
Crawford (UK and Rol) 2004 I —
Chiatti (Italy) 2004-2005 -~
Subtotal (I-squared=56.1%, p= 0.069)
Marital status: studies cost stratified~ (haseline: married)
Influenza:free
Abramson (Israel) 1997 —_——
Damiani (Italy) 1999-2000 -+
Pena-Rey (Spain) 2000 —
Mangtani (UK) 2000 ——
Chiatti {Italy) 2004-2005 *
Dominguez (Spain) 2013-2014 \g
Hellfritzsch (Denmark) 2016 —-
Subtotal (squared = 72.3%, p = 0.001) <
Influenza: paid
Christenson (Sweden) ~ 2000-2001 -
Gorska-Ciebiada (Poland)2013 ¢
Subtotal (l-squared = 0.0%, p =0.422) <
Pneumococcal: Paid
Christenson (Sweden)  2000-2001 -
Gorska-Ciebiada (Poland)2013
Subtotal (l-squared = 26.0%, p = 0.245) <
Pneumococcal: free
Dominguez (Spain) 2013-2014 ¢
I 1 I 1
2 1 15 25

*NOTE: Weights are from
random effects analysis

Rol Republic of Ireland

~ 1 multinational study excluded

Not favours vaccine uptake

4

Favours vaccine uptake

Odds-ratio {95% Cl)

0.47(0.28,0.76)
0.82(0.74,0.91)
0.69(0.50,0.95)
0.54(0.44,0.67)
0.76(0.69,0.84)
1.30(0.80,2.10)
0.82(0.76,0.89)
0.99(0.52, 1.86)
0.55(0.31,0.98)
0.87(0.75,1.01)

0.73(0.68,0.80)
1.28(0.50,3.29)
0.83(0.46, 1.51)
0.74(0.67,0.81)

0.47 (0.28,0.78)
0.82(0.74,0.91)
0.69(0.50, 0.95)
1.30(0.80, 2.10)
0.82(0.76,0.89)

0.47(0.28,0.78)
0.82(0.74,0.91)
0.69(0.50,0.95)
0.54(0.44,0.67)
0.82(0.76,0.89)
0.55(0.31,0.98)
0.87(0.75,1.01)
0.73(0.64,0.83)*

0.76(0.69,0.84)
0.99(0.52, 1.86)
0.76(0.69,0.84)

0.73(0.66,0.80)
1.28(0.50,3.29)
0.73(0.67,0.81)

0.83(0.46, 1.51)

Figure 2-2 Association of marital status on vaccine uptake: including studies

identified on updating the review
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C) Education

The results of meta-analysis after including the five additional studies identified in the 2017-
updated review are shown in Figure 2-3.93 %4 97-99 Again the findings from the published
review paper remained unchanged with overall 5% higher odds of uptake amongst those
with higher education level when the analysis was restricted to the same three adequately
adjusted studies. The uptake of both pneumococcal and seasonal influenza vaccine was
higher, by 43% and 68% respectively, amongst individuals with a higher level of education in
countries where vaccines were paid for (Figure 2-3), echoing the results of the published
review paper. The inclusion of three recent studies®® % % also strengthened the findings of
the published review for the countries where vaccines were available free-of-charge: there
was no association (summary odds ratio: 1.02 (95%CI: 0.97-1.06) of seasonal influenza
vaccine uptake with education level, while the summary odds of pneumococcal vaccine

uptake were 32% lower amongst those with the highest education level.
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Study
Author period

Education: all studies (baseline: lowest level)
Seasonal influenza

Abramson (Israel) 1997
Sarria-Santamera (Spain) 1997
Damiani (ltaly) 1989-2000
Pena-Rey (Spain) 2000
Christenson (Sweden) 2000-2001 L 4
Chiatti (Italy) 2004-2005
Sintes (Spain) 2005-2007 -
Mamelund (Norway) 2008 ——
Bohmer (Germany) 2008-2009 &
Barrett (Ireland) 2009-2011 -
Gorska-Ciebiada (Poland) 2013 . 4
Dominguez (Spain) 2013-2014 —-
Badeker (Germany) 2014 ——
Ganczak (Poland) 2015-2016 L 2
Hellfritzsch (Denmark) 2016 ——
Subtotal (I-squared=280.6%, p =<0.001)
Pneumococecal
Christenson (Sweden) 2000-2001 L 4
Sintes (Spain) 2005-2007 -
Gorska-Ciebiada (Poland) 2013 € L
Dominguez (Spain) 2013-2014 ——
Subtotal (Fsquared=91.9%, p=<0.001)
Seasonal influenza & zoster
Opstelten (The Netherlands) 2007 ——
Education: adjusted studies (baseline: lowest fevei)
Seasonal influenza
Abramson (Israel) 1097 I
Damiani (ltaly) 1999-2000 -
Chiatti (Italy) 2004-2005 na
Subtotal (l-squared=0.0%, p=0.618) Y
Education: studies cost stratified (baseline: lowest level)
Seasonal influenza: free
Sarria-Santamera (Spain) 1987 —0—
Abramson (Israel) 1997
Damiani (ltaly) 1989-2000
Pena-Rey (Spain) 2000
Chiatti (Italy) 2004-2005
Sintes (Spain) 2005-2007
Bohmer (Germany) 2008-2009
Dominguez (Spain) 2013-2014 —’—
Bodeker {Germany) 2014 —-
Helfritzsch (Denmark) 2016 -
Subtotal (I-squared=39.7%, p=0.093) ]
Seasonal influenza: free for some
Barrett (Ireland) 2009-2011 "'
Seasonal influenza: paid
Christenson (Sweden) 2000-2001 z
Mamelund (Norway) 2008 -1
Gorska-Ciebiada (Poland) 2013 ‘
Ganczak (Poland) 2015-2016 ‘
Subtotal (I-squared=0.0%, p=0.798) O
Pneumococcal: free
Sintes (Spain) 2005-2007 4
Dominguez (Spain) 2013-2014 +
Subtotal (l-squared=0.0%, p = 0.852) <>
Pneumococcal: paid
Christenson (Sweden) 2000-2001 0
Gorska-Ciebiada (Poland) 2013 < ‘
Subtotal (l-squared=17.0%, p=0.272) o
Seasonal influenza & zoster: free
Opstelten (The Netherlands) 2007 +
| | | I 1
A 25 1 2 5 10
Not favours vaccine uptake Favours vaccine uptake

Odds-ratio (95% CI)

1.04(0.98,1.10)
0.83(0.59,1.16)
1.05(0.87,1.28)
1.02(0.79,1.32)
1.67(1.45,1.92)
1.11(0.99, 1.25)
0.87(0.68,1.12)
1.63(0.85,3.10)
0.88(0.77,1.02)
0.80(0.66, 0.97)
3.18(0.86,11.79)
0.84(0.61,1.16

0.72(0.49,1.06

2.05(0.54,7.79
1.17(0.84,1.65

o e

1.44(1.26,1.63
0.69(0.55,0.89
0.36(0.03,4.21
0.66(0.44,0.08

—— o —

0.63(0.40, 0.91)

1.04(0.98,1.10)
1.05(0.67,1.28)
1.11(0.99, 1.25)
1.05(1.00,1.11)

0.83(0.59, 1.16)
1.04(0.98,1.10)
1.05(0.57,1.28)
1.02(0.79,1.32)
1.11(0.99, 1.25)
0.87(0.68,1.12)
(0. )
0.84(0.61,1.16)
(0. )
( )
( )

117 084165
1.02(0.97,1.06

0.80(0.66, 0.97)

0.69(0.55, 0.89)
0.66(0.44, 0.98)
0.68(0.55, 0.84)

1.44(1.26,1.63)
0.36(0.03, 4.21)
1.43(1.26, 1.63)

0.63(0.40, 0.91)

Figure 2-3 Association of education level with vaccine uptake: including studies

identified on updating the review
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D) Household/individual income

As described previously, meta-analysis was repeated after including the four additional
studies identified in the 2017-updated search which reported the association of income with
vaccine uptake,®? %% (Figure 2-4). Again, the inclusion of these additional studies did not
change the findings from the published review; there was no consistent effect from the
studies reporting odds ratios for the association of income with seasonal influenza vaccine
uptake. Similar to the findings from the published review, there was no evidence for an
overall association (summary risk ratio- 0.99 (95%CI: 0.95-1.04) of income with seasonal
influenza vaccine uptake after adding a third study to the two studies that reported effect
estimates as risk ratios (Figure 2-4). The higher summary odds for seasonal influenza
vaccine uptake amongst those with higher income when the analysis was restricted to the
adequately adjusted studies and where vaccine was available free-of charge, of 26% and
13% respectively (Figure 2-4), remained unchanged from the findings of the published
review paper. In countries where the seasonal influenza vaccine was paid for, the inclusion
of two®" %8 additional studies to the previously identified single study, showed no consistent

effect of income on seasonal influenza vaccine uptake.
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Study
Author period Effect estimate (95% Cl)
Income: all studies (haseline: lowest level)
Seasonal influenza; odds ratio

Sarria-Santamera (Spain) 1997 T 1.25(0.90,1.73)
Darmiani (ltaly) 1998-2000 > 1.12(1.06,1.19)
Pena-Rey (Spain) 2000 —— 1.39(1.01,1.90)
Landi (Multinational) 2001-2003 —— 1.72(1.35,2.22)
Chiatti (Italy) 2004-2005 —— 1.09(0.79,1.52)
Mamelund (Norway) 2008 + 0.84(0.33,2.11)
Bohmer (Germany) 2008-2009 - 1.19(1.00, 1.41)
Barrett (Ireland) 2008-2011 —— 0.46(0.34,0.63)
Gorska-Ciebiada (Poland) 2013 —&—> 534(238,12.02)
0.96(0.55,1.69)
1.01(0.65, 1.56)

Subtotal (I-squared=83.7%, p =<0.001)

Seasonal influenza: risk ratio

Ganczak (Poland) 2015-2016
Hellfritzsch (Denmark) 2016 i

Breeze (UK) 1987-2000 0.97 (0.90,1.04)
Mangtani (UK) 2000 0.97 (0.90,1.04)
Bocquier (France) 2008 1.06(0.97,1.15)
Subtotal (I-squared=34.8%, p=0.216) ¢ 0.99(0.95,1.04)

Pneumococcal: odds ratio

Gorska-Ciehiada (Poland) 2013 * 1.48(0.36,6.07)
Income: adjusted studies (baseline: lowest level)
Seasonal influenza: odds ratio
Damiani (ltaly) 1999-2000 * 1.12(1.06,1.18)
Pena-Rey (Spain) 2000 —— 1.39(1.01,1.90)
Landi (Multinational) 2001-2003 —— 1.72(1.35,2.22)
Chiatti (ltaly) 2004-2005 —— 1.09(0.79,1.52)
Bohmer (Germany) 2008-2009 - 1.19(1.00, 1.41)
Subtotal (I-squared = 68.0%, p=0.014) <> 1.26(1.08,1.47y
Seasonal influenza: risk ratio
Breeze (UK) 1997-2000 0.97 (0.90,1.04)
Mangtani (UK) 2000 0.97 (0.90,1.04)
Bocquier (France) 2008 1.06(0.97,1.15)
Subtotal (I-squared=34.8%,p=10.216) <> 0.99(0.95,1.04)
Income: cost stratified studies * {baseline: lowest level)
Seasonal influenza: odds ratio free
Sarria-Santamera (Spain) 1997 - 1.25(0.90,1.73)
Damiani (Italy) 1999-2000 g 1.12(1.08,1.19)
Pena-Rey (Spain) 2000 —— 1.39(1.01,1.90)
Chiatti (Italy) 2004-2005 1.09(0.78,1.52)
Bohmer (Germany) 2008-2009 1.19(1.00,1.41)
Helifritzsch (Denmark) 016 1.01(0.85, 1.56)
Subtotal (I-squared=0.0%, p=0.740) 0 1.13(1.08,1.19)
Seasonal influenza odds ratio: free for some

Barrett (Ireland) 2009-2011 —— 0.46(0.34,0.63)
Seasonal influenza odds ratio: paid
Mamelund (Norway) 2008 L 2 0.84(0.33,2.11)
Gorska-Ciebiada (Poland) 2013 —e——> 534 (2.38,12.02)
Ganczak (Poland) 2015-2016 — 0.96(0.55, 1.69)
Subtotal (l-squared = 85.0%, p = 0.001)
Seasonal influenzarisk ratio: free

Breeze (UK) 1997-2000 0.97(0.90,1.04)
Mangtani (UK) 2000 0.97(0.90, 1.04)
Bocquier (France) 2008 1.06(0.97,1.15)
Subtotal (I-squared = 34.8%, p=0.216) { 0.99(0.95,1.04)
Pneumococcal odds ratio: paid
Gorska-Ciebiada (Poland) 2013 & 1.48(0.36,6.07)
Cl confidence interval *NOTE: Weights | | | L

are from random effects analysis 3 1 2 6 12

*One multinational study excluded Not favours vaccine uptake Favours vaccine uptake

Figure 2-4 Association of income on vaccine uptake: including studies identified on
updating the review
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E) Urban or rural area of residence

The results of meta-analysis for the effect of area of residence on vaccine uptake, after
including the four additional studies identified in the 2017-updated search, % °7-%° are shown
in Figure 2-5. As found previously, no consistent effect was observed for the studies
reporting odds ratio for the association of an individual’s residence with seasonal influenza
vaccine uptake after including three additional studies.®”*® Amongst the three studies
reporting a risk ratio (including one recent study from France ° and the two previously
described UK studies®® 1) for the association of individual's residence with seasonal
influenza vaccine uptake, no consistent effect of residence on vaccine uptake was observed
(Figure 2-5). This latter finding was in contrast from that of the published review where the
summary estimate from the two UK studies:!% 10 showed 11% higher uptake amongst
urban residents (summary risk ratio 1.11, 95%CI: 1.02-1.20). The higher (15%) summary
odds for pneumococcal vaccine uptake amongst individuals residing in urban area after
including one additional study,® as described in the published review, remained unchanged.
Similarly no change was observed after the 2017update when analyses were restricted to
the adequately adjusted studies and to the countries where vaccines were available free-of-
charge. (Figure 2-5). The 2017-updated review provided additional information from two
Polish studies where vaccinations were not free; °” *® the odds of uptake of both seasonal
influenza and pneumococcal vaccines were higher (more than twice) amongst urban

residents in these studies.
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Study

Author period

Residence: all studies (baseline: rural area)

Seasonalinfluenza (individuals’location): OR
2000

Pena-Rey (Spain)

Crawford (UK & Rol) 2004
Sintes (Spain) 2005-2007
Wershof (Israel) 2008-2009
Martinez-Baz (Spain) 2010-2011
Aguilar (Spain) 2010-2011
Gorska-Ciebiada (Poland) 2013
(Ganczak (Polandj) 2015-2016
Hellfritzsch (Denmark) 2018

Subtotal (squared=87.5%, p = <0.001)

Seasonalinfluenza (individuals’location): RR

Breeze (UK) 1997-2000
Mangtani (UK) 2000
Bocquier (France) 2008

Subtotal (Fsquared=68.8%, p=0.041)
Pneumococcal (individuals’ location): OR

Sintes (Spain) 2005-2007
Wershof (Israel) 2008-2009
Gorska-Ciebiada (Poland) 2013

Subtotal (squared=0.0%, p= 0.447)

Seasonalinfluenza {nursing home’s location): OR

de Souto Barreto (France) 2011

Pneumococcal (nursing home’s location): OR

de Souto Barreto (France) 2011

Residence: adjusted studies (haseline: rural area)

Seasonalinfluenza (individuals’ location): OR

Pena-Re (Slé)ain 2
Crawfor EU &Rol) 2004
Wershof (Israel 2008-2009
Martinez-Baz (Spain) 2010-2011
Aguilar { 010-2011

Spain) 2010-2
Subtotal (Fsquared=92.1%, p = <0.001)

Seasonalinfluenza (individuals’ location): RR

Breeze (UK 1997-2000
Mangtani (F Ky 2000
Bocquier (France) 2008

Subtotal (Fsquared=68.8%, p = 0.047)
Pneumacoccal (individuals’ location): OR
Wershof (Israel) 2008-2009

Seasonal influenza (nursing home’s location): OR

de Souto Barreto (France) 2011

Pneumococcal (nursing home’s location): OR

de Souto Barreto (France) 201

Residence: cost stratified studies™ (baseline: rural area)

Seasonal influenza (individuals’ location): OR free

Pena-Rey (Spain) 2000
Sintes (Spain 2005-2007
Wershof Esraeg . 008-2009
Martinez-Baz (Spain) 2010-2011
Aguilar (Sﬁam 2010-2011
Hellftitzsch (Denmarl 2016

K
Subtotaf (I-squared)= 90.2%, p =< 0.004)

Seasonalinfluenza (individuals’ location): OR paid

Gorska-Ciebiada (Poland) 2013
Ganczak (Poland) 2015-2016
Subtotal (Fsquared=4.4%, p=0.306)

Seasonalinfluenza (individuals’ location): RR free

Breeze (UK 1997-2000
Mangtani {F Ky 2000
Boc?mer rance) 2008
Subtotal (Fsquared=68.8%, p = 0.041)

Pneumococcal (individuals’ location): OR free

Sintes (Spain) 2005-2007
Wershof{Israel) 2008-2009
Subtotal (Fsquared=0.0%, p=0.452)

Pneumococcal (individuals’ location): OR paid

Gorska-Ciebiada (Poland) 2013

Seasonalinfluenza(nursing home’s location): OR free

de Souto Barreto (France) 2011

Pneumococcal (nursing home’s location): OR free
—

de Souto Barreto (France) 2011

Cl confidence interval OR odds ratio Rol Republic

of Ireland RR risk ratio
excluded

I
*One multinational stucy 1 . 5
Not favours vaccine uptake

1

I I
175 10
Favours vaccine uptake

Effect estimate (95% CI)

081(0.58,1.11)
115(091,1.43)
108081, 1.45)
114(1.11,1.18)
0.99(0.94,1.04)
1.00{0.98, 1.03)
208(1.31,3.24)
466(1.04,2079)
1.15(0.97, 1.36)

1.14(0.95,1.36)
110¢1.01,1.21)
0.99(0.96,1.03)

1.03(0.78,1.38)
1.15(1.11,1.19)
222(083,7.87)
1.15(1.11,1.19)

093(051,1.71)

0.10(0.03,0.31)

115(1.11,1.19)

0.93(051, 1.71)

0.10(0.03,0.31)

0.81(0.58,1.11
1.08(0.81,145
1.14(1.11,1.18
0.99(0.94, 1.04
1.00(0.98,1.03
1.15(097,1.36
2.06(1.31,3.24)
4.66(1.04,20.79)
2.21(1.43,3.40)
1.14(0.95,1.36
1.10(1.01,1.21
0.99(0.96,1.03

222(0.63,7.87)

0.93(051, 1.71)

0.10(0.03,0.31)

Figure 2-5 Association of residence with vaccine uptake: including studies identified

on updating the review
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F) Area-level socio-economic status

Two studies identified from the 2017-updated search reported the association of area-level
socio-economic status with the uptake of seasonal influenza® and zoster vaccine.®? The
findings of the meta-analysis from the published review remained unchanged following the
inclusion of these two additional studies (Figure 2-6); the risk of seasonal influenza uptake
remained modestly lower (7-11%) amongst individuals from most deprived areas. Additional
information was available for the association of area-level socio-economic status with zoster
vaccine uptake from the 2017-updated review, the odds for zoster vaccine were lower (0.66
(95%CI: 0.64-0.68)) amongst individuals from the most deprived areas as compared to the
baseline group of least deprived areas,®? keeping with the finding for other vaccine types
from the published review. The reference group for the study reporting the uptake of
seasonal influenza vaccine identified in the 2017-updated review, was the second and third
quartile of deprivation; the reported adjusted risk ratio amongst those from the lowest
quartile of deprivation was 1.00 (0.96-1.04) and amongst those from the highest quartile of

deprivation was 1.02 (0.97- 1.06), respectively.®
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Study
Author period
Area level socio-economic status*: all studies

Seasonal influenza: RR baseline least deprived

Breeze (UK) 1997-2000 <
Mangtani (UK) 2000 ——
Shah (UK) 2008-2008 L
Subtotal (l-squared = 0.0%, p = 0.66) o
Seasonal influenza: RR baseline 3™ quintile

Sammon (UK) 2009-2010 -
Seasonal influenza: RR baseline 2" & 3" quintile

Gallini (France) 1
Seasonal influenza: OR baseline least deprived

Wershof(Israel) 2008-2009

Pneumococcal: OR baseline least deprived

Wershof(Israel) 2008-2009 ——

Zoster: OR baseline least deprived

Ward (UK) 2014-2015 -

Pandemic influenza: RR baseline 3 quintile

Sammon (UK) 2009-2010 ——
Area level socio-econormic status*: all adjusted studies

Seasonal influenza: RR baseline least deprived

Breeze (UK) 1997-2000 4
Mangtani (UK) 2000 ——

=

Subtotal (l-squared = 0.0%, p = 0.59)

Seasonal influenza: OR baseline least deprived
Wershof (Israel)  2008-2009 ——

Pneumococcal: OR baseline least deprived

Wershof (Israel)  2008-2009 ——

Effect estimate~ (95% Cl)

0.85(0.70,1.05)

(
0.91(0.79,1.04)
0.93(0.92,0.94)
0.93(0.92,0.94)

0.97 (0.94, 1.00)
1.02(0.97, 1.06)

0.72(0.68,0.77)

0.79(0.74,0.84)

0.86 (0.64, 0.68)

0.86(0.79,0.93)

0.85(0.70, 1.05)
0.91(0.79,1.04)

0.89(0.79, 1.00)

0.72(0.68,0.77)

0.79(0.74, 0.84)

6 75 1

Not favours vaccine uptake

~All effect estimates are odds ratio unless
specified otherwise *Cost stratified studies not
presented as all study countries provided free-of-
charge vaccine Cl confidence interval RR risk ratio
OR odds ratio

|
11

Fawvours vaccine uptake

1
1.25

Figure 2-6 Association of area-level socio-economic status with vaccine uptake:

including studies identified on updating the review
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G) Country of birth

As described previously for other social factors, the meta-analysis was repeated after
including one additional study identified in the 2017-updated review (Figure 2-7).°° The
findings from the published review remained unchanged, the summary odds of uptake were
40% and 33% lower amongst immigrants for both seasonal influenza and pneumococcal
vaccines, respectively (Figure 2-7). Similar to the published review there was a strong

evidence of between-study heterogeneity.
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Study
Author period Qdds-ratio (95% CI)

Country of birth: all studies (hbaseline: native)~

Seasonal influenza

Jimenez-Garcia (Spain) 2003 ¢ 0.85(0.35,2.06)
Jimenez-Garcia (Spain)  2004-2005 ¢ 0.96(0.43, 2.04)
Jimenez-Garcia (Spain) 2006-2007 —_— 0.34(0.19,0.59)
Wershof (Israel) 2008-2009 L 4 0.74(0.71,0.77)
Aguilar (Spain) 2010-2011 - 0.40(0.36, 0.45)
Martinez-Baz (Spain) 2010-2011 —— 0.55(0.45, 0.67)
Jimenez-Garcia (Spain) 2011-2012 —— 0.60(0.32,0.99)
Jimenez-Garcia (Spain) 2012-2013 * 0.60(0.57,0.62)
Fabiani (ltaly) 2012-2013 —— 0.81(0.88,0.97)
Subtotal {I-squared = 94.3%, p = <0.001) <> 0.60(0.50,0.71)*
Pneumococcal

Wershof (Israel) 2008-2009 L 4 0.73(0.70,0.77)
Carreno-lbanez (Spain) 2010 -4 0.60(0.52,0.68)
Subtotal {l-squared = 86.3%, p = 0.007) O 0.67 (0.55,0.81)*

Country of birth: adjusted studies (baseline: native)

Seasonal influenza

Wershof (Israel) 2008-2009 L 2 0.74(0.71,0.77)
Aguilar (Spain) 2010-2011 4 0.40(0.36,0.45)
Martinez-Baz (Spain) 2010-2011 —— 0.55 (0.45, 0.67)
Fabiani {Italy) 2012-2013 —— 0.81(0.68, 0.97)
Subtotal (I-squared = 97.3%, p = <0.001) <> 0.60 (0.43, 0.85)*
Pneumococcal
Wershof (Israel) 2008-2009 L 2 0.73(0.70,0.77)

[ I |

15 5 1 25
Mot favours vaccine uptake Favours vaccine uptake

~Cost stratified studies not presented as all study countries
offered free-of-charge vaccine Cl confidence interval *Weights are
from random effects analysis

Figure 2-7 Association of country of birth with vaccine uptake: including studies
identified on updating the review

2.5 Chapter summary

A systematic review and meta-analysis of the socio-demographic factors associated with
vaccine uptake amongst older individuals was conducted to meet the first objective of this
thesis. The factors associated with lower vaccine uptake included living alone, being not

married, being an immigrant, individuals with lower-level of education, lower income,
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residence in rural areas and area with higher level of deprivation. The findings were
presented as a published paper. The review was updated in November 2017 and nine
additional studies that identified were included with the studies from the published review
paper and the meta-analyses were repeated, which corroborated the findings of the
published review paper. One difference was the inclusion of a single extra study from
France, that unlike the two UK studies from the published review (which showed slightly
higher uptake in urban areas), reported no difference in uptake between urban and rural

areas.

In the next chapter (Chapter 3), the details of the electronic health data utilised in this thesis
are provided and in Chapter 4 | will describe how the socio-demographic factors identified in

this review were determined in the electronic data.
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Methods section

The methods section for this thesis has three chapters:

Chapter 3 describes the different electronic datasets used for the analyses in this thesis. It
also presents the methods used to select the study populations from these data for the three

observational studies conducted to meet objectives 2-4 of this thesis.

Chapter 4 describes the methods used to identify the social factors of interest in the

electronic data that were identified from the findings of the systematic review (Chapter 2).

Chapter 5 presents the methods used to ascertain the outcome variables in these data,
namely herpes zoster and zoster vaccine uptake, as well as all other covariates used in

analyses.
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Chapter 3. Data sources: Electronic Health Records

3.1 Introduction

Health care provided by the National Health Service (NHS) in the UK is delivered free at
point-of-care.2%2 The general practice forms the main component of primary care delivered
by the NHS, and offer diagnostic, preventative and therapeutic services to the UK
population. More than 98% of individuals in England are registered with a general
practitioner (GP) and nearly 80% of patient contact in the NHS occurs via general practice;

the GP consultation rate during 2013-2014 was ~5 per person-year.103-105

General practice, considered to be the most digitalised part of the NHS, began using
computers for patients’ records in the 1980s and by the middle of the 2000 decade nearly all
practices were using EHR at point-of-care.1%¢ 107 |n 2004, a pay-for-performance scheme
(the Quality and Outcomes Framework (QOF)) was introduced for general practices in
England.° Under this scheme, GPs are financially incentivised based on their
performances against a set of QOF parameters, which are defined annually. General

practice EHR are also indispensable when claiming for QOF payments.10¢

Data from NHS hospitals in England are also available in form of a data warehouse: the
Hospital Episode Statistics (HES), managed by NHS Digital.'®® These data are recorded by
healthcare providers for patient care and payment purposes.'% There are different types of
data in HES and these include all admitted patient care data, data for attendances in
outpatient departments and accident and emergency (A&E) attendances data.'®® The HES

data are discussed further in Section 3.3.

Routinely collected electronic medical data such as those described above provide an
invaluable data resource for research. Compared to research based on data collected
specifically for research purposes, EHR-based research typically offers a quicker, more
efficient and less expensive alternative.''° It generally allows larger sample sizes, longer
follow-up and assessment for numerous outcomes including rare conditions.*? In England

where all residents have access to primary and hospital-based health care that is

108



computerised, the results of EHR-based research are more likely to be generalizable than
specific research population. It is also feasible to link primary care EHR with other data
sources such as hospitalisation data, disease registries and death registration data, which
makes these an attractive research option.'** 12 |t is therefore not surprising that in this era
of financial constraints, EHR are increasingly utilised for health research and many research

groups now specialise in conducting research using EHR.%0

However, there are caveats to using EHR data for research. The primary purpose of these
data is patient care and not research. Therefore, researchers should consider the
completeness and validity of the EHR data. This also includes changes in EHR data over
time, for example with changes in clinical, diagnostic and QOF criteria.'* In the following
sections, the main electronic health datasets used in this thesis are described, including

primary care data, hospitalisation data and deprivation data.
3.2 Primary care EHR: The Clinical Practice Research Datalink

The primary care electronic health data utilised in this thesis were the anonymised
longitudinal UK primary care data provided by the Clinical Practice Research Datalink
(CPRD), known as CPRD GOLD.® The CPRD was initiated in 1987, and provides one of
the world’s largest repository of primary care data for research, which has been used in
more than 1000 peer-reviewed publications.'*® 114 CPRD GOLD (herein referred to as CPRD
data) covers ~7% of the UK population and is representative of the UK population in terms
of gender, age and ethnicity.'** The CPRD software system extracts de-identified patient
information (Figure 3-1) from consenting general practices monthly. Patient-identifiable data
such as the patient’s name, full date of birth, address, and NHS number are not extracted
and to maintain patient confidentiality, CPRD provides only the year of birth for adult
patients.'4 115 As outlined in Section 3.2.3, CPRD primary care data are also linked to
other data such as hospital or deprivation data. These anonymised data are subsequently

made available to researchers.''®
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v CPRD Clinical Practice Research datalink.

Researchers

Figure 3-1 Data extraction and linkages by Clinical Practice Research Datalink*
*adapted from?'?®

3.2.1 CPRD data collection and format

As mentioned in Section 3.2, the data available in CPRD are collected in general practices,
as a part of routine clinical care and therefore the frequency of these records is dependent
on a patient’'s medical circumstances.'* Much of the information in EHR is captured using
structured and coded data; free-text being used if required.'®” Previously, selected
anonymised free text data could be purchased by researchers, however changes in the
information governance of CPRD means that these data were no longer available after
March 2016 [Personal communications via email with the CPRD Knowledge Centre]. The
majority of the information (e.g. clinical, administrative and lifestyle data) is recorded using
Read codes (Read Version 2) and other specialist codes (described below), while therapies
are recorded using Gemscript codes.1%” 114 116 The aim of coded data entry is to help ensure
that recordings are largely consistent, speedy, and retrievable for audit or payment

purposes.t?” The information received by practices from a range of referral services,
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CPRD data files
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Figure 3-2 Clinical Practice Research Datalink: data structure and contents
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including patient-related correspondence, may be also recorded using coded data.*'* CPRD
also generates unique codes for the Read and the Gemscript codes called medical codes

and product codes respectively, that are available to the researchers.

The information captured in the CPRD is formatted in ten different data files (Figure 3-2).
These files provide information about the patient, the general practice and its staff, medical
and preventative care provided to the patient, investigations, details of referral and

correspondence with specialist care and also include the treatments provided.

A patient’s demographic details, an overall indicator of whether their data are of acceptable
quality (further described in Section 3.2.2, below), and their registration details with the
practice such as their current registration date and the date they left the practice, are
available in the Patient file (Figure 3-2). It also includes information (the family number) to
identify other individuals registered with the practice sharing the same address as the
patient. The Practice file includes unique practice identifiers for all practices in the database
and provides details about the region where the general practice is located, the date when
the data were last collected from the practice (the last collection date) and the up to standard

date (UTS date: discussed in Section 3.2.2).

The Read codes and corresponding medical codes are present in the Clinical, Referral, Test
and Immunisation files while the Gemscript/product codes are available in the Therapy files.
In addition to the medical codes, the immunisation files also provide information about of the
type of vaccine administered (e.g. seasonal influenza, zoster) and the status of immunisation
i.e. whether the vaccination was advised, refused or given. Additional clinical information
and test results (for e.g., a patient’s weight or blood pressure results) are also available in
the form of entity type codes, which capture additional structured coded data i.e. data
recorded in a format that can be identified by the GP computer systems. This entity type field
is available in the Clinical, Additional Clinical Details and Test files. Each entity type field
may additionally have up to eight data fields (Figure 3-2) depending upon the type of data

file, that gives additional information regarding that entity.

With the exception of the Patient, Practice, Staff and Additional Clinical Details files, all

CPRD data files provide two date fields associated with ‘events’ (for example- recording of
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symptoms and signs, diagnoses, tests, prescriptions): (i) the event date, which is the date
the event occurred as recorded by the GP and (ii) the system date, the date when the event

was recorded on the GP computer system.

The details of all medical and product codes are provided by CPRD in the form of medical
and product dictionaries, which can be searched using the supplied Browser Tool function
(the Medical Browser tool for medical codes and the Product Browser tool for medications
or product codes) to create various code lists for research studies. Similarly, CPRD also

provides detailed information for all entity type codes present in the data.

3.2.2 CPRD data quality

The validity and reliability of the results of an EHR-based research depend upon the quality
of data in terms of both completeness and validity. The introduction of QOF in 2004, which
remunerated the GPs for their performance against pre-specified targets, played an

important part in improving the quality of some aspects of primary care health records.%”

Secondly, CPRD also provides data quality checks at both the patient and the general
practice level.’* 117 Patients meeting CPRD’s quality criteria are identified in the Patient file
by an ‘acceptable’ flag, which gives an indication about the continuity of their follow-up and
the quality of their captured data.''* 17 Some of the criteria for labelling patients as
‘unacceptable’ include invalid recording of: gender, year of birth, current or first registration
date, transfer out date; age >115 years, and temporary registration.*' 117 |t is recommended
that patients who do not meet the CPRD’s acceptability criteria should not be included in

research projects.

At the practice level, the date when a practice meets the CPRD quality assurance criteria is
indicated by the UTS date in the Practice file. The quality of the data from the practice is
judged on (1) data continuity and (2) any unexpected gaps in the death rate for the
practice.’'* As with the patient acceptability flag, it is recommended to include the practice

data for research purposes only after the UTS date.

The validity of the diagnoses recorded in CPRD has been examined in numerous studies.#

117 A 2010 systematic review summarised the findings and the quality of validation studies
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for 183 diagnoses recorded in CPRD and reported a high positive predictive value (median
value of 89% (range 24-100%)) for the diagnoses in these data.''® However, this review also
found that most validation studies did not report the negative predictive value, specificity and
sensitivity for the diagnoses.!!® Although overall there is a good comparability of disease
rates for a range of diseases estimated using the CPRD with rates from external sources, an
overestimation of incidence rates have been observed within these data during the
immediate post-registration period for patients.'8 11° This overestimation in rates soon after
patient registration may result from either a patient with new onset of symptoms seeking to
register with a new GP, or during these earlier visits to the GP a patient’s past medical
conditions are recorded with the date of the visit, thus being misclassified as ongoing or
present conditions.*® Excluding the period immediately following a patient’s registration for
six months (for acute conditions) to one year (for chronic conditions) has been shown to

minimise this misclassification.1®

3.2.3 CPRD: data linkages

General practices in England, subject to their consent, can have their data linked with other
datasets at an individual-level. All patients registered with the consenting practices are
included for the linkages, unless they opt out. 4 By 2015, linked data were available for up
to 75% of the English practices (~57% of all UK practices).*'* 120 Some of the other datasets
available for linkages include deprivation data, hospitalisation data, disease registries and
death registration data.'?® The linkages with these data, which require access to patient
identifiable information, are conducted by a trusted third party (NHS Digital).*'> The trusted
third party provides CPRD with an encrypted linker key, which is common to both primary
care records and the linkage data (Figure 3-1).1%° For this thesis, CPRD data linked to
admitted patient HES data and deprivation (IMD data) were utilised. These two linked data

sources are described in the next two sections: Sections 3.3 and 3.4.
3.3 Hospital Episode Statistics

As introduced in Section 3.1, HES includes different types of data such as admitted patient
care data, A&E attendances and outpatient appointments data.'®® In this thesis, the Admitted

Patient Care data, which includes administrative and clinical details for all patients admitted
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in the NHS hospitals in England, were utilised. Unlike other data in HES, the Admitted
Patient Care data records full diagnostic information. CPRD provides linkages with Admitted
Patient Care HES data from 1997 onwards as the NHS number, a patient identifier required
for data linkages, was introduced in 1997.%2° Depending upon the linkage period covered,
CPRD provides different sets/ versions of HES data linked to CPRD patients. For example,
in this thesis HES version 10 (covering the Admitted Patient Care data for the period:
01/04/1997-31/03/2014) and version 13 (covering the Admitted Patient Care for the period:
01/04/1997-29/02/2016) were utilised. Primarily, HES data are used for clinical care and
also allow the healthcare providers to be paid for their activities.%® Additionally, these data
have non-clinical or secondary uses; they are utilised for the commissioning of health
services, planning for future healthcare and research by numerous bodies such as the
Department of Health, NHS, local commissioning groups, commercial and national

organisations.%®

3.3.1 Data collection and format

The hospital data are collated by a single data repository, the Secondary Uses Service
(SUS) maintained by NHS digital, which extracts this information as a database (HES) and
also supplies information to the healthcare commissioners for payment purposes.'® The
SUS takes extracts from the data submitted by the healthcare providers at predetermined
intervals and sends it to HES. The HES extracts are available every month, which are
cumulative. For example at the start of the financial year the April extract will include data for

only one month, but in month 4 the extract will include cumulative data from April-July.10
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Hospital Spell

ConsultantA  _j, ConsultantB _|  ConsultantC

Episode 1 Episode 2 Episode 3

Discharge

Admission

Figure 3-3 Hospital Episode Statistics: data structure

In HES, the period of hospitalisation between admission and discharge is known as a ‘spell’.
Each hospital spell in turn comprises of one or several consultant episodes (Figure 3-3),
each episode being defined as a period of continuous care from one consultant at a single
hospital.1®® As mentioned earlier in Section 3.3, HES Admitted Patient Care data consists of
individual-level data about clinical diagnoses and hospital procedures during
hospitalisation.® It also includes basic demographic details for the patient (age group, sex,
ethnicity, geographical location) and a HES generated patient identifier. Each HES episode
has an episode start date, one primary diagnosis and may have up to 19 secondary
diagnosis and up to 24 procedures recorded.*?* The primary diagnosis for the first episode
typically indicates the reason for hospital admission.*?* The codes used for recording the
clinical diagnoses and procedures are the World Health Organization’s 10" revision of
International Classification of Diseases and Related Health Problems (ICD-10) and the 4™
revision of the Office of Population Censuses and Surveys: Classification of Interventions

and Procedures (OPCS-4), respectively.1??

CPRD supplies the HES data as text tab delimited files with different types of data content.
The HES data files used in this thesis are shown in Figure 3-4; these included the Patient,

Hospitalisation, Episodes, Diagnoses and Procedures files.
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HES data files

Contents used in the thesis
Basic patient details including < Patient
ethnicity*

Details of hospitalisation including
admission and discharge dates, source ¢

of admission (e.g. usual place of
residence, care home)

Hospitalisations

Details of episodes, episode start date,| q—— Episodes
ethnicity~

Details of diagnoses including primary

diagnosis, ICD-10 codes, episode start| €——| Diagnoses
date
Details of procedures including OPCS

P 9 <4—| Procedures

codes, episode start date

*HES version 10

~HES version 13

ICD International Classification of Diseases

OPCS Office of Population Censuses and Surveys

Figure 3-4 Hospital Episode Statistics: data format and contents

3.3.2 HES data quality

The data captured from the NHS hospitals by the SUS is audited against set standards for
validity and completeness.'?® Before these data can be made available in the HES data
warehouse, NHS Digital removes patient-related sensitive data, carries out data cleaning
including removal of duplicate records, performing routine and ad hoc quality checks, and
publishing data quality reports.t?® The accuracy of diagnoses and procedures coding in data
submitted for payment were audited in 2012-2013 and a mean error rate of 11%-16% was
found .*?* The majority of the errors were reported for secondary diagnoses coding due to
poor capture of co-morbidities data.'>* However, since the introduction Payment by Results
(2004) whereby the hospitals are remunerated based on the coding data, the accuracy of

the coding information continues to improve in more recent data.'?> 126
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3.4 Deprivation data

Patients’ and/or general practices’ postcodes in CPRD databases can be linked by a trusted
third party (NHS Digital) with a small area-based measure of relative deprivation called the
English Index of Multiple Deprivation (IMD), a proxy marker for socio-economic status.*?’
The IMD is defined at a Lower Layer Super Output Area (LSOA): an area with an average
population of 1500 people.*?® This index is a composite score of 38 indicators derived from
seven domains, which measure different aspects of deprivation including income,
employment, education and skills, health and disability, crime, housing and living
environment.*?° The actual IMD scores are not provided to researchers using CPRD to avoid
the risk of identification of LSOA and patients’ area of residence. Instead, all LSOA in
England are ranked based on their area-level IMD score and are divided into equal groups
or quantiles (generally quintiles), which are available to the researchers. Quintile one
represents the least deprived and quintile five represents the most deprived quintile.*?®
There are four English IMD datasets (2004, 2007, 2010 and 2015) available for linkage.*?°
To mitigate the risk of deductive disclosure of an individual's area of residence, CPRD

provides linkage with only one these datasets for any one study.'?°
3.5 Identifying the study populations

In Chapters 6, 7 and 8, the three observational studies conducted to ascertain the recording
of social factors amongst older individuals in linked electronic health data and then the
application of these methods to examine the socio-demographic determinants of zoster
burden and uptake of zoster vaccine are described, respectively. In this section an overview
of how the study populations for these three studies were selected from the linked electronic

data is provided.

3.5.1 Identifying the study population for the cross-sectional study to
ascertain socio-demographic factors and assess their recording in the

electronic health record data (objective 2)

The CPRD data used for this study was from the January 2015 release, linked to version 10

of the HES data and the 2010 English IMD data. To assess both completeness and
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timeliness of recording of the social factor data, an index date of 01/01/2013 (the start of the
year in which zoster vaccination was introduced in England) was chosen.® The study
population was required to be aged =65 years on 01/01/2013. As only year of birth was
available in these data (Section 3.2), the common convention of using the mid-year (1st
July) to assign study participants’ day and month of birth was followed. To ensure data
quality, both the individuals and the practices included in the study were required to meet the
quality requisites set by the CPRD i.e. individuals were required to be acceptable for
research (Section 3.2.2). Participants were required to be active (alive and registered with a
CPRD practice that was UTS) on the index date (01/01/2013). Active registration on the
index date was determined by ensuring patients’ start dates (the later of their current
registration date with the practice or the UTS date for the practice) fell before the index date
and their end dates (the earliest of their transfer out date, date of death or practice’s last
collection date) were after the index date. This led to the inclusion of 591,037 patients from

389 general practices.

3.5.2 Identifying the study population for the cohort study to describe the
socio-demographic factors associated with zoster disease incidence in

England (objective 3)

This cohort study spanned a period of ten years (01/09/2003-31/08/2013) prior to the
introduction of zoster vaccine in England on 01/09/2013.%8 The CPRD data utilised for this
study was from the January 2016 release, linked to HES data version 10 and 2007 English
IMD data (the latter approximately at the midpoint of the study period). The participants were
required to have no prior history of zoster, and to be alive and currently registered with a
CPRD practice in England. As described previously (Section 3.2.2), to ensure data quality,
only participants categorised as ‘acceptable’ by the CPRD, were included in the study.
Follow-up for each individual started on the latest of: their 65th birthday, one year after their
current registration date, the UTS date for the practice or the study start date (01/09/2003)
(Figure 3-5). As discussed in Section 3.2.2, a period of one year was added to the current
registration date to avoid overestimation of zoster incidence in the immediate post-

registration period as a patient’s past zoster history might be misreported as an ongoing or a
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presenting complaint.*'® The end of follow-up was defined as the earliest of: the patient’s
transfer out date from the practice, their death date, the date of zoster, the last collection
date from the practice or the end of the study (31/08/2013) (Figure 3-5). Patients were

required to have a minimum follow-up of one day.

Individuals with no previous history of zoster
Study period: 01/09/2003-31/08/2013 (10 years)

Follow-up starts at the Follow-up ends at the
latest of: earliest of:

1. Age 265 years 1. Transfer out date

2. One year after current 2. Death date

registration date 3. Last collection date from
3. Up to standard date of the practice

practice 4. Zoster date

4. Start of study 5. End of study
(01/09/2003) (31/08/2013)

Figure 3-5 Cohort study ascertaining the socio-demographic factors associated with
zoster disease incidence: study follow-up period

Two approaches were used to identify and exclude individuals with previous zoster history
using CPRD data linked to HES: (1) Patients with a code for zoster or PHN (Appendix 3)
prior to the start of follow-up were excluded (2) Individuals for whom the first zoster code
was that for PHN during the follow-up period were also excluded (Figure 3-6). Both medical
codes and ICD-10 codes** were utilised to identify individuals with zoster and PHN

(Appendix 3).
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| Patient 1

Patient 1 Zoster code excluded from

the study
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excluded from
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Start follow-up ) S
| Patient 3

Patient 2 PHN code

PHN code=1"' zoster code excluded from
the study

—

Patient 3 No zoster code

PHN Post-herpetic neuralgia

Figure 3-6 Identifying individuals’ previous history of zoster or post-herpetic
neuralgia

The number of patients meeting the above defined eligibility criteria was 931,830 from 385
practices in England. Of these participants, 69,360 (7.4%) individuals were excluded due to

a prior history of zoster (Figure 3-7).

Patients aged =65 years during study period 01/09/2003-31/08/2013 registered with a CPRD
practice and meeting the CPRD’s data quality criteria N=931,830

Patients with zoster or PHN code prior to start of follow-up or
—> | with a first zoster code during follow up recorded as PHN

N=69,360

Total patients included in the study N=862,470

CPRD Clinical Practice Research Datalink
PHN post-herpetic neuralgia

Figure 3-7 Cohort study ascertaining the socio-demographic factors associated with
zoster disease incidence: study participant flow chart
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3.5.3 Identifying the study population for the cohort study to describe the
socio-demographic factors associated with zoster vaccine uptake in

England (objective 4)

The CPRD data utilised for this study was from the January 2017 release, linked to HES
data version 13 and the 2015 English IMD data. This cohort study spanned the first two
years following the introduction of zoster vaccine in England, from 01/09/2013 until
31/08/2015.%8 Follow-up started on 01/09/2013 (start of national programme) and all
participants were required to be “acceptable” (Section 3.2.2), alive and currently registered
with a UTS CPRD practice in England on this date. Follow-up ended at the earliest of: the
patient’s transfer out date, death date, the date data were last collected from the practice or
the end of the study (31/08/2015) (Figure 3-8). To allow sufficient time for the individuals to
be invited for vaccination and the possibility of co-administration of zoster vaccine with
seasonal influenza vaccine amongst the older population, the study participants were
required to have a minimum follow-up of 5 months (September 1%t until the end of January
2013), which coincided with the main part of the seasonal influenza vaccination campaign.*s!
As zoster vaccine was available to a limited extent (privately at first followed by availability
on the NHS based on GP’s discretion) prior to the introduction of the national programme,
any individuals with a zoster vaccine code prior to 01/09/2013 were also excluded from the

Study_132, 133
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Individuals eligible for zoster vaccination
Study period: 01/09/2013-31/08/2015 (2 years)

Follow-up starts on Follow-up ends
01/09/2013 (start of the Earliest of:
national vaccination 1. Transfer out date
programme) 2. Death date

3. Last collection date from
the practice

4. End of study
(31/08/2015)

Figure 3-8 Cohort study ascertaining the socio-demographic factors associated with
zoster vaccine uptake: study follow-up period

3.5.3.1 Identifying individuals eligible for zoster vaccination

In England zoster vaccine is offered routinely to individuals aged 70 years on 1%t of
September of the corresponding vaccination year, with a catch-up amongst older individuals
as detailed in Section 1.2.5 and Table 1-1. For this study, which spanned a two-year period
(2013-2015), the routine cohort eligible for vaccination comprised of individuals born
between 02/9/1942-1/9/1943 for the first vaccination year (2013-2014) and those born
02/9/1943-1/9/1944 for the second vaccination year (2014-2015) (Table 1-1). As discussed
previously, to maintain patient confidentiality, only year of birth is available for adults in
CPRD data. This posed a problem in how to identify an individual's age-based eligibility for
zoster vaccine during the study period. The common convention of assigning individuals with
a nominal birth of 15t July would misclassify some individuals’ eligibility. For example, during
the 2013-2014 vaccination year, individuals born between 02/09/1942-01/09/1943 and aged
70 years on 01/09/2013 were eligible for vaccination as a part of the routine cohort. The
assigned date of birth for those born between 02/09/1942-31/12/1942 would be 01/07/1942,
therefore misclassifying all these individuals as ineligible as their CPRD age on 01/09/2013
would be 71 years (Figure 3-9). On the other hand, individuals born between 01/01/1943-

01/09/1943, with an assigned date of birth as 01/07/1943 and aged 70 years on 01/09/2013
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would be correctly identified as eligible. The remaining group of individuals, those born
between 02/09/1943-31/12/1943 with an assigned date of birth of 01/07/1943 would be
incorrectly identified as eligible (Figure 3-9). Importantly, the inclusion of this latter group
could bias the effect estimates for vaccine uptake for the socio-demographic factors of
interest because the unvaccinated group would comprise a mixture of individuals with
possibly differing socio-demographic factors: a) those eligible for vaccination who chose not

to be vaccinated and b) those ineligible on the grounds of age (Figure 3-9).

To address this, all individuals born in 1943 (or 1934 for the catch-up cohort), who would
have been eligible for the vaccine in 2013/14 (if born between January-August) or in 2014/15
(if born between September-December) were selected to investigate vaccine uptake for the
2-year study period (Figures 3-9 and 3-10). The study population therefore comprised
individuals born in 1943 (the routine cohort, Figure 3-9) and in 1934 (the catch-up cohort,

Figure 3-10).
3.5.3.2 Excluding patients with immunosuppressive conditions and treatments

As zoster vaccine contains the live attenuated virus, the UK Green book provides guidance
about contraindications to its administration amongst individuals with certain
immunosuppressive conditions and treatment (Section 1.2.5).5° To ascertain eligibility for
zoster vaccination, individuals with the following conditions and treatments were identified
and excluded at the start of follow-up. These conditions included: leukaemia, lymphoma,
myeloma, other plasma cell dyscrasias, stem cell transplant, bone marrow transplant, solid
organ transplants, Human Immunodeficiency Virus infection and cellular immune
deficiency.° The immunosuppressive treatments (Section 1.2.5) comprised: biological
therapies, other immunosuppressive agents such as tacrolimus, disease modifying anti-
rheumatic drugs such as ciclosporin, specific doses for some of these: azathioprine,

methotrexate, 6-mercaptopurine, steroids; cancer chemotherapy and radiotherapy.®®

The details of how these immunosuppressive conditions and treatment were identified in the

linked CPRD data are provided in Chapter 5 (Section 5.5).
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|Eligibility on |CPRD DOB: 01-07-42: CPRD DOB: 01-07-43: CPRD DOB: 01-07-43:;
01-09-2013  [incorrectly excluded from the correctly included in the study as eligible in 2013-2014 lincorrectly included in the
based on study as ineligible in 2013-2014 study as eligible in 2013-2014
CPRD DOB
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4+ Unvaccinated:

eligible but chose not

to be vaccinated

+

as ineligible on age basis
{may bias effect estimates)

|Eligibility during the 2-year study period:
01/09/2013-31/08/2015 (routine cohort)

Age on 01/09/2013=70 years

Eligible in 2013-2014
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CPRD Clinical Practice Research Datalink
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!

Study population: born in 1943 (routine
cohort) identified from CPRD data

Figure 3-9 Individuals included in the zoster vaccine uptake cohort study during 2013-2015 based on year of birth in Clinical Practice
Research Datalink: routine cohort
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01/09/2013-31/08/2015 (catch-up cohort)

Age on 01/09/2013=79 years
Eligible in 2013-2014

ge on 01/09/2014=79 years
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DOE date of birth
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!
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cohort) identified from CPRD data

Figure 3-10 Individuals included in the zoster vaccine uptake cohort study during 2013-2015 based on year of birth in Clinical Practice
Research Datalink: catch-up cohort

126




3.6 Data management

Data were analysed using Stata®14 software (StataCorp, College Station, TX, USA).

In Chapters 4 and 5 details of how | identified the exposure and outcome variables in these

data including the other covariates used in the analyses, are provided.

| first generated the patient denominator files for the different studies from the Patient and
Practice files in CPRD data to identify eligible individuals for each study. The patient list thus

created was used to identify their records in all the remaining CPRD data files.

Information for the variables of interest was extracted using code lists, which were generated
using both text terms and hierarchical searches of the relevant Read codes applied to the
CPRD’s Medical Browser tool. Similarly, for drugs and therapeutic agents, a list of product
codes was generated using the CPRD’s Product Browser tool (Section 3.2.1). In addition to
code lists, information was also captured from the Patient file, Consultation file (using
consultation type codes) and the structured coded data in these records (entity type codes).
Information as to when data were recorded was extracted using event dates and system
dates (Section 3.2.1). As discussed in Section 3.2.1, the Additional Clinical Detalils files
does not have dates showing when any entity type code was recorded. However, it is
feasible to link the Clinical details file with the Additional Clinical Details file using the specific
identifier present in both files. This allows an event date which is present in the Clinical file to
be associated with an entity type code recorded in the Additional Clinical Details file
(Section 3.2.1). | brought together the information from these different sources using
specific algorithms where necessary (as described in the relevant sections of Chapter 4 for
socio-demographic factors of interest, and of Chapter 5 for the outcome of interest and

other variables used in analyses).

In HES, code lists were generated to identify ICD-10 codes for the conditions of interest.
Similarly, OPCS code lists were created to identify procedures (for example, bone marrow
transplants) performed in hospital. The list of patients eligible for inclusion in the study was
merged with the Patient, Hospitalisation, Episodes and Diagnoses files in the HES data. The

resultant file comprising eligible patients’ hospitalisation records was subsequently used to
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identify the ICD-10 codes of interest from the ICD-10 code lists generated. The Procedures

file was used to select the OPCS codes of interest from the OPCS code lists.

3.7 Ethics

All data were anonymised prior to receipt by the candidate.

Objective 2: Approval for this study was obtained from the Independent Scientific Advisory
Committee of the Medicines and Healthcare products Regulatory Agency Database
Research (Ref: 15_253). The study was also approved by the Observational Research
Ethics Committee of the London School of Hygiene and Tropical Medicine (reference:

10524).

Objectives 3 and 4: The protocol for this research was approved by the Independent

Scientific Advisory Committee of the Medicines and Healthcare products Regulatory Agency
Database Research (protocol number 16_168). The study was also approved by the
Observational Research Ethics Committee of the London School of Hygiene and Tropical

Medicine (Reference: 11910).
3.8 Chapter summary

This thesis utilised CPRD data, one of the world’s largest repository of routinely collected
primary care electronic health data, linked to hospitalisation data (HES) and deprivation data
(IMD) from England. These quality-assured primary care data are generally representative

and cover ~7% of the UK population.

In this chapter | described the nature of the data sources and how | selected the study
population for the three different observational studies from the linked CPRD data,

conducted to meet objectives 2, 3 and 4 of this thesis.

In the next chapter (Chapter 4), | describe the methods | used to identify the socio-
demographic factors of interest (exposure variables), including age, gender, ethnicity and
the relevant socio-demographic factors identified from the systematic review (Chapter 2) in

these linked data.
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Chapter 4. Defining social factors in electronic

health records

In this chapter (the second of the three methods chapters in this thesis), | describe the
following- (1) the rationale for selecting the socio-demographic factors considered for further
investigation, (2) the electronic data sources used to identify these factors, (3) identification
of socio-demographic factors in linked electronic data and (4) how data algorithms were
developed and categorisation for each factor was carried out. The results of analyses to
assess the completeness, timeliness and representativeness of recording for these socio-
demographic variables in the electronic health data are described under the Results section

(Chapter 6).
4.1 Rationale for selecting the socio-demographic factors

The factors examined were chosen if they were considered relevant at an individual level,
informed by my systematic review (Chapter 2) that was based on the WHO CSDH'’s
conceptual framework (Section 1.1.1) (Figure 1-1), and if they were potentially available in

the linked CPRD data.*

Apart from age and gender, the seven socio-demographic factors of interest included:
ethnicity, immigration status, religion, living arrangements (including two closely-related
variables: living alone and cohabitation (living as a couple)),'3* marital (relationship) status,
residence and deprivation (the latter available as linked data). Of these factors, immigration
status, living arrangements, residence, marital status and area-level deprivation were
identified as important determinants of vaccine uptake from the findings of my systematic
review (Chapter 2). The review also highlighted the lack of availability of studies examining
the association of religion with vaccine uptake. Also, as discussed earlier (Section 1.3.3),
the zoster vaccine used in the UK includes porcine components which may compromise its
acceptability amongst some religious groups. Therefore religion was included as one of the

factors examined in this thesis. Place of residence, which was examined as a binary variable
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in the systematic review (as urban versus rural area of residence), was examined in greater
detail, as described later (Section 4.4). Ethnicity was included because of its association
with both zoster disease burden and zoster vaccine uptake, as previously described
(Sections 1.3.2 and 1.3.3) and to allow comparisons of this thesis’ findings with the
analyses of zoster vaccine uptake that had been carried out using the national data, which
included ethnicity (Section 1.3.3).82 The additional rationale for including specific socio-
demographic factors in the analyses conducted to meet Objectives 2-4 are described in

Chapters 6-8.

4.2 Electronic health data for ascertainment of socio-demographic

factors

As discussed in Chapter 3, the electronic health data utilised for analyses comprised CPRD,
HES and IMD data. Information for socio-demographic factors was extracted from all three

sources, as described below.

4.2.1 CPRD data

The data structure of CPRD was detailed in Section 3.2. Information about the socio-
demographic factors of interest was gathered from different data files (Section 3.2.1)
available in this primary care database. Information was obtained from (1) coded data
available in different data files and (2) using more targeted information in specific data fields
within these files (Figure 4-1). To extract information recorded as coded data, specific code
lists (Section 4.3) were generated for each factor, while information from the specific data

fields in the Patient files was extracted using specific criteria (Section 4.4).

Code lists comprised medical, entity type and consultation type codes. Medical codes were
utilised to gather information for specific socio-demographic factors from the Clinical,
Immunisation, Referral and Test files (Figure 4-1). Entity type codes available in the
Additional Clinical Details files and the place where the consultation with the GP took place

(consultation type codes) was taken from the Consultation files.

Targeted information from specific data fields available in the Patient file (Figure 4-1)

included gender, year of birth, marital status and family number. Family number, as
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described previously in Section 3.2.1, is a practice-specific data field based on a patient’s
address.'3® This number may help to identify individuals registered with the same practice
who may be sharing a household. Apart from the same households, family number may also
represent patients with the same address from institutions such as long-term hospital care
(e.g. neuro-disability), sheltered accommodation, prisons or even under some circumstances
a block of flats.'% This field is generated by the general practice software when a patient
registers with a GP or moves address but it is unclear as to how often the family number
field is updated with changes in address [Personal communications via email CPRD
Knowledge Centre]. Family number was used to provide information for the following social
factors: residence, living arrangements (cohabitation and living alone) and marital status

(Figure 4-1), further details are provided in Section 4.3.
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Figure 4-1 Information for socio-demographic factors from Clinical Practice Research Datalink data
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4.2.2 HES data

The data structure of HES was described in Section 3.3. The data for socio-demographic
factors were gathered from the Patient, Hospitalisation and Episodes files of HES (Figure 4-
2). The basic demographic (ethnicity) information about individuals was obtained from the
Patient and Episodes file (Section 4.3.3). Information was also accrued from the source of

admission codes in the Hospitalisation file. (Figure 4-2).

4.2.3 IMD data

As described in Section 3.4, CPRD provides information on patient- and general practice-
level deprivation data as linked datasets. Further details on how the IMD data were

categorised for use in the analyses are provided in Section 4.5.
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Figure 4-2. Information on socio-demographic factors from Hospital Episode Statistics data
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4.3 ldentification of socio-demographic factors in linked electronic

data

Code lists were generated and applied to the different data files of the linked CPRD data to
identify socio-demographic factors of interest (Figures 4-1 and 4-2; details are given in the
following sections). Further information was also obtained from data held within the Patient

file of CPRD.

The code lists of CPRD medical codes for socio-demographic factors except ethnicity were
developed by Prof. Sara Thomas. | went through these medical codes to assess if |
concurred with these codes and any differences were resolved by discussion. Ethnicity
codes for both CPRD and HES data were those used previously by Mathur et al. and
recommended for use under QOF.**" | identified other types of codes (entity type codes and
consultation type codes) for social factors of interest from the Additional Clinical Details file
and the Consultation files of CPRD (Figure 4-1). | also identified relevant socio-demographic
factor codes available in the Patient file of HES data (Figure 4-2). The code lists generated
for use in the different data sources were then combined to generate final code lists for each
factor after discussions amongst Prof. Sara Thomas, Dr AJ van Hoek and myself. The
details of the development of code lists for specific socio-demographic factors is described in

the following sections.

As mentioned in Section 4.2.1, four data fields: year of birth, gender, marital status and
family number, available in the Patient file of CPRD data (Figure 4-1) were also utilised to
gather information for socio-demographic factors. Information from the family number field

was obtained as described below.
Information from family number available in the Patient file of CPRD

As mentioned briefly in Section 4.2.1, family number is a general practice-specific data field
based on a patient’s address.'®®> As family number is not a unique entity across all general
practices in CPRD, | created a unique identifier by combining both the practice identification
number and the family number. This unique number was subsequently used to identify

individuals sharing the same family number (i.e. likely to be from the same household) within
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the same practice. This allowed identification of study participants who shared the same
family number (and with other individuals in the general practice who were not part of the

study population) (Figure 4-3).

General practice 1 General practice 2

R N [/ o O gemmee )

-

1%
&
: (@]
O
>
b

o ____

Key:

A Study patient in the practice
O Other patients in the practice
A@ O Study patient sharing family number with other patient in the same practice

A@A Study patient sharing family number with another study patient in the same practice

1 I Putative household

[ S

Figure 4-3 Identifying individuals sharing a family number in general practices

Family number was utilised to provide information for residence, living arrangements
(cohabitation and living alone) and marital status for the cross-sectional study (objective 2)
and the two cohort studies (objectives 3 and 4). For the cross-sectional study, individuals
sharing same household as the study patients were required to be actively registered on the
index date of interest (01/01/2013) and their age was also ascertained on this date. For the
two cohort studies, individuals sharing the same household had to be actively registered with
the practice at the start of follow-up of the study participant and their age (which was
required for the development of algorithms to extract relevant information and is discussed

for each specific factor below) was also determined on this date.
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| will now describe how the code lists for specific socio-demographic factors were
developed and how the information from the Patient file including family number was utilised

to identify specific factors in the linked data.

4.3.1 Age

Age was estimated from year of birth available in the Patient file (Figure 4-1) by the common
convention of using the 1st of July (mid-year) to assign study participants’ day and month of

birth.

4.3.2 Gender

The categorisation of gender available in the Patient file is discussed in Section 4.4.

4.3.3 Ethnicity

As mentioned in Section 4.3 above, the codes used for identifying ethnicity from the linked
CPRD data (Figures 4-1 and 4-2) were those used by Mathur et al.'®” The code list is
provided in Appendix 4 and consisted of 183 codes. The medical codes were sought in the
Clinical, Referral, Test and Immunisation files of the CPRD dataset (Figure 4-4). In the HES
data, information on ethnicity was captured from the Patient file (HES version 10) or the
Episodes file (HES version 13). The site for ethnicity codes in the HES data changed over
time and | found that it was available in the Episodes file of HES version 13 unlike the HES
version 10 where this information was available in the Patient file. The implications of this

finding for extracting ethnicity information from HES are described further in Section 4.4.
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Figure 4-4 Ascertainment of socio-demographic factors in linked Clinical Practice Research Datalink
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4.3.4 Immigration status

| identified immigration status using both country of birth codes and specific immigration
codes. Unlike ethnicity, information for immigration status was available only from the CPRD
data and not from the HES data (Figure 4-4). Initially 240 medical codes were identified for
country of birth and immigration status; records with these codes were accrued from the
Clinical, Referral, Test and Immunisation files of the dataset. However, when the initial
analysis indicated that these codes did not capture the full extent of immigration status (as
outlined in Chapter 6), the code list was expanded to additionally include language codes to
identify individuals born in non-English speaking countries. This broader definition was used
to maximise the use of available data because from 2008-2011 GPs were incentivised to
record the first language spoken for all registered patients.**® 3% This decision led to
inclusion of an additional 225 medical codes. So, in total 465 codes were used for the
broader definition of immigration status (including country of birth, immigration status and

language codes) (Appendix 5).

4.3.5 Religion

As with immigration status, information on patients’ religion was also only available in the
CPRD data (Figure 4-4). A code list consisting of 110 medical codes for religion (Appendix
6) was used to extract relevant information from the Clinical, Referral, Test and

Immunisation files of the dataset (Figure 4-4).

4.3.6 Residence

CPRD does not provide information on whether practices or patients are situated in urban or
rural areas. However, information was sought on the type of residence for the older study
populations, such as whether they lived independently, in sheltered housing, or resided in
care homes. Care homes included both (i) nursing homes that provide nursing care and (ii)
residential homes providing only personal care to their residents.“° Homelessness was also
a potential variable of interest. Codelists were drawn up to identify all these factors as

detailed below.
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Information from CPRD data

(a) Information from medical, entity type and consultation type codes in CPRD

Information from the Clinical, Immunisation, Referral and Test files was extracted using 204
medical codes (Figure 4-4) for place of residence and homelessness (Appendix 7). The
code list comprised of codes such as- ‘seen in own home’, ‘residential care’, ‘sheltered
housing’ and ‘homeless’. Additional information on place of residence was obtained from the
Consultation file and the Additional Clinical Details file. Two consultation type codes in the
Consultation file were used: consultation type code 30 (nursing home visit) and 31
(residential home visit) (Figure 4-4). The entity type code 132 from the Additional Clinical
details files provided information on care home residence, residence in the patient’s own

home, sheltered accommodation and other places of residence.
(b) Information from the family number (Patient file of CPRD)

Family number was utilised by Shah et al. as one of the criteria used to define care home
residence, using data from the Health Improvement Network (THIN) (another UK primary
care database comprising of some general practices contributing data to both CPRD and
THIN).2#! This study included individuals aged 265 years from 326 general practices from
England and Wales; all these practices had to provide data at least up to March 2008.%4
Care home residence was defined by the presence of a Read code for living in a care home,
or at least two of the following three criteria: (i) 24 individuals aged =65 years residing in one
household, identified using family number, but excluding households where the majority of
individuals were aged <65 years; (ii) a specially commissioned postcode linkage to an area
with a care home; (iii) a record of a consultation in care home.'*! Although no explanations
were provided as to why these criteria were utilised, the age and gender distribution of care
home residents identified by this methodology were comparable to the distributions from a

national survey and from census data.'#!

In the UK, ~94% of care home residents are aged 265 years.?%2 The average nursing home
size (~47 beds) is larger than the average residential home size (~18 places), and ~40% of
residential homes provide <10 beds.*° | used this information on the size of care home

(ranging from <10- 47 beds), the age of care home residents (majority being =65 years of
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age) , and the methodology of Shah et al.,**! to develop two independent criteria to define
care home residence. Criterion 1 was based on the family number definition used by Shah et
al. and was as follows:'%! a household with >3 individuals aged 265 years was defined as a
care home if the total count of these older individual was greater than the number of
individuals aged <65 years in the same household. For Criterion 2, to further allow capture
of information if the care homes included individuals aged 51-64 years, households with >3
individuals aged =65 years and <3 individuals aged <50 years were defined as care homes

(Figure 4-5).

Family number: criteria for defining care home residence

Criterion 1* Criterion 2
In a household: In a household:
A. Number of individuals A. Number of individuals
aged =65 years is >3 aged 265 years is >3
And And
B. Number of individuals B.  Number of individuals
aged 265 years is more aged <50 years is <3
than those aged <65 years

*Based on'#

Figure 4-5 Criteria for defining care home residence using family number

Information from HES data

The codes for source of admission in the Hospitalisations file of the HES data, which provide
information about patient’s location immediately prior to hospital admission, were also used
to derive information about an individual’s place of residence. The code list utilised is shown
in Table 4-1 and comprised codes for place of residence such as prison, care home and

hospice.
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Table 4-1 Source of Admission codes in the Hospital Episodes Statistics data used to
derive place of residence information

Code* |Description Information
extracted for
residence”

30 Repatriation from high security psychiatric hospital (1999-00 to 2006-07) |Residence: other

39 Penal establishment (court and police station excluded from 1999-2000) |Residence: other

48 High security psychiatric hospital, Scotland (1999-00 to 2006-07) Residence: other

49 NHS other hospital provider: high security psychiatric accommodation in  [Residence: other

an NHS hospital provider (NHS trust)
50 NHS other hospital provider: medium secure unit (1999-00 to 2006-07) Residence: other
54 NHS run nursing home, residential care home or group home Care home residence
65 Local authority Part 3 residential accommodation: where care is provided |Sheltered
(from 1996-97) accommodation

66 Local authority foster care, but not in Part 3 residential accommodation: Residence: other
where care is provided (from 1996-97)

69 Local authority home or care (1989-90 to 1995-96) Care home residence

85 Non-NHS (other than Local Authority) run residential care home (from Care home residence
1996-97)

86 Non-NHS (other than Local Authority) run nursing home (from 1996-97 to |(Care home residence
2006-07)

88 Non-NHS (other than Local Authority) run hospice Residence: other

* Source of admission codes * Categorisation are outlined in Section 4.4.4

Information from place of residence such as such as living in a household, care home
residence or sheltered accommodation was also extended to rule out that a patient was

homeless.

The categorisation of the residence variable after information from all sources was combined

is described in Section 4.4.4.

4.3.7 Living arrangements: cohabitation

Information from CPRD data

(a) Information from medical codes in CPRD

The medical code list for cohabitation comprised 86 codes and included codes such as
‘cohabiting’ and ‘spouse unwell’ (Appendix 8). The list was used to identify information

recorded in the Clinical, Immunisation, Referral and Test files (Figure 4-4).
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(b) Information from the family number (Patient file of CPRD)

Further information on cohabitation was accrued from the family number field of the Patient
file. The criteria used to identify cohabitation status from the family number were based on
two previous studies conducted using the THIN database.** 144 In the older study,
conducted between 2005-2008 amongst individuals aged =60 years, the criteria for
identifying cohabitation were based on an analysis of national survey data.** In this study,
individuals aged =60 years residing with a member of the opposite sex with an age gap of
<10 years, and with an age gap between the couple and any other younger member of the
household of >15 years, were identified as a cohabiting couple.'** In the second study,
conducted between 2003-2013, cohabitees were identified as a two adult household (to
avoid counting care homes or a block of flats), irrespective of gender, with age gap of <15
years.1* These authors excluded household with two adults where the age difference was
>15 years to avoid counting individuals residing with their children or individuals who had

parents living with them.43

For this thesis, the criteria from the two studies described above,*3 144 were adapted to
identify cohabitation status from the family number as follows. Two adults (at least one aged
265 years) living in a household size of two or three, irrespective of gender, were considered
as a cohabiting couple if their age difference was <15 years (to avoid counting offspring); if
there was another occupant, the age difference between the couple and the third occupant

was required to be >15 years to capture either living with children or an elderly parent.

Further information for cohabitation was also obtained from the other two closely related

social factors: living alone and marital status (described further in Section 4.4).

4.3.8 Marital status

Information from CPRD data

(a) Information from medical and entity type codes in CPRD

The medical code list for marital status consisted of 152 codes (Appendix 9). Entity type
code 98 from the Additional Clinical Details files (Figure 4-4), which provided information on

‘next of kin- spouse’ was also used to extract information.
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(b) Information from the Patient file of CPRD

Further information for marital status was also gathered from the two data fields present in
the Patient files of the CPRD data (Figure 4-1): marital status and family number. The
information obtained from the marital status data field in the Patient file (Figure 4-1) was
used to supplement data obtained from the marital status code list. The categorisation of this
variable in the Patient file is supplied by CPRD and provides information about whether an
individual was single, engaged, married or in civil partnership, separated, widowed or
divorced (Table 4-2). The ‘stable relationship’ field was not utilised to extract marital status
data as this field was deemed too non-specific to provide further information about the

relationship status of an individual.

Table 4-2 Extraction of marital status information from the Patient file of Clinical

Practice Research Datalink

Marital status field in Patient files

Information extracted for marital status

variable
Single Single
Married Married/ civil partnership
Remarried Married/ civil partnership

Civil partnership

Married/ civil partnership

Co-habiting

Partner uncategorised

Stable relationship

Not used as does not provide information on

marital status

Engaged Single
Widowed Widowed
Divorced Divorced
Separated Separated

Individuals who were cohabiting (Section 4.3.7) were also assigned the marital status of-

‘Partner uncategorised’ (categorisation of marital status is discussed in Section 4.4.4) due

to limited information about marital status available from cohabitation status.
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4.3.9 Living arrangements: living alone

Information from CPRD data

(a) Information from medical and entity type codes in CPRD

The code lists for living alone status (as a binary yes/no variable) comprised both medical
codes and entity type codes. The medical code list comprised 91 codes (Appendix 10) and
included codes such as ‘lives alone’ and ‘lives with relatives’ (the latter providing evidence
for not living alone). Entity type code 132, available from the Additional Clinical Details file

(Section 4.2.1) was also used to provide information on living alone (Figure 4-4).
(b) Information from the family number (Patient file of CPRD)

Further information on not living alone was also accrued from the family number field of the
Patient file. Study participants were described as not living alone if their family number was

shared by one or more individuals (household size =22).

Additionally, indirect information on not living alone was also obtained from other social
factors: place of residence, cohabitation and marital status (Figure 4-4) as described in

Section 4.4.3.
4.4 Data algorithms and categorisation of socio-demographic factors

In this section, | describe:

e variation of some socio-demographic factors over time

e how the information about socio-demographic factors, depending upon their
variability over time, was assimilated from different data sources (as described in
Section 4.3) using data algorithms and how indirect information was obtained from
other social factors ;

e categorisation of factors; and

e how variables that varied with time were managed for specific studies conducted as

a part of this thesis.
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4.4.1 Effect of time on socio-demographic factors

Certain socio-demographic factors such as ethnicity and immigration status which do not
change with time, and factors such as religion which are unlikely to change over time, were
assumed as time-invariant variables. For example, if a person had their ethnicity recorded
20 years ago, it was assumed to hold true for the present time. On the other hand, a
recording made 20 years ago about individuals’ marital status might not necessarily reflect
their current marital status. Therefore, marital status, place of residence and living
arrangements, which were more likely to change with the passage of time, were classified as

time-varying factors in this thesis.

4.4.2 Determining the date of recording of socio-demographic factors

For the time-varying social factors- residence, living arrangements and marital status, it was

important to determine the date when the factor was recorded in the health data.

Determining dates of recording of time-varying factors in CPRD data

As described previously in Sections 3.2.1 and 3.6, all CPRD data files (with a few
exceptions- namely the Patient, Practice and Additional Clinical Details files) provide two
different date fields associated with any recordings made. These include an event date (the
date the event occurred, as recorded by the GP) and a system date (the date when the
event was recorded on the GP computer system). The event date was used to determine
when a socio-demographic factor was captured in these data. If the event date was
unavailable, the system date was utilised. For information extracted from the Patient files (as
described in Section 4.3), both the event date and system date were unavailable to indicate
when the data for the given factor was recorded. For such records, patients’ current
registration date (the date when a patient’s current registration began with the general
practice, Section 3.2.1), which is available in the Patient file, was used as a conservative
estimate of the date of recording the socio-demographic factor. The dates for recording of
entity codes in the Additional Clinical Detalils file, as described in Section 3.6, were
ascertained after linking this file to the Clinical file and using the event date field present in

the Clinical file.
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Determining dates of recordings in HES data

For information extracted from the Hospitalisation file in HES data, the hospital admission
date was utilised as the date of recording of the factor; for data extracted from the remaining

HES files, the episode start date (as described in Section 3.3.1) was used.

The issue of when factors were recorded in these data (timeliness of recording) is further
discussed in Chapter 6 where timeliness of recording of time-varying factors was

considered as a quality criterion in terms of ascertaining these factors from EHR.

4.4.3 Developing data algorithms

An individual may have single or multiple records of a socio-demographic factor of interest in
their EHR. Multiple records can be made on either the same event date or on different event
dates. When an individual had multiple records for a factor with the same event date, if the
information was discordant or contradictory, those records were excluded. For example, if an
individual had two records on a single event date, with one record coding this individual as
an immigrant and another record coding this same individual as a non-immigrant, both these

records for the patient for that event date were excluded from any further analysis.

In the following sections, | describe how information for both time-invariant and time-varying

factors for a given patient were further processed.

() Data algorithm for assimilation of information for time-invariant factors

As discussed in Section 4.3.1, information on ethnicity was assimilated from both CPRD
and HES data (Figure 4-4). If a patient had no ethnicity information from CPRD data but had
this information available in their HES data (if version 10), no algorithms were required to
extract ethnicity information as the information from the HES Patient file was supplied as a
single record. Information from individuals with multiple records of ethnicity in CPRD data
which did not have discordant information on same event date, was extracted using an
algorithm developed by Mathur et al. °* According to this algorithm, when an individual had
multiple ethnicity coded records in CPRD data, the code which was most common was
utilised to assign ethnicity. If all ethnicity codes were equally common then the most recent

code was used to assign ethnicity. However, for HES version 13, | found that ethnicity
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information was recorded in the Episodes file and not (as in HES version 10) in the Patient
file (Figure 4-2). As a result, there could be more than one ethnicity-coded record for a
patient in the HES version 13 data. | adapted the above described algorithm (Figure 4-6) to
extract ethnicity information, using the same principle of first utilising the most common code

followed by most recent code if all codes were equally common.

Unlike ethnicity, information for religion and immigration status was only available from
CPRD data (Figure 4-4). The algorithm described above for determining ethnicity from
multiple records per patient, using the most common code or most recent code if codes were

equally common (Figure 4-6), was also utilised to gather information for these two factors.
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Code available in CPRD data I No | » | Code available in HES data

\4
Yes <
|
\4
Two conflicting codes on the same Discard both
—> »
day Yes "|records
v
No
\ 4 \ 4
Single record with the code Multiple records with code
I
Most common code Equally common codes
\4 A4
Code used for analyses Most common code used for Most recent code used for analyses
analyses

CPRD Clinical Practice Research Datalink HES Hospital Episode Statistics

Figure 4-6 Algorithm for ascertainment of time-invariant social factors (ethnicity, immigration status and religion) in linked Clinical Practice
Research Datalink data*

* Based on*
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(1) Data algorithm for assimilation of information for time-varying factors

Il &) Information from family number

Information for time-varying factors, namely marital status, place of residence and living
arrangements (as described in previous Section 4.3), was gathered from different sources
using CPRD and HES data (Figure 4-4). Information for these variables was also accrued
from the family number in the Patient files (Section 4.3). However, as it was unclear as to
how often the family number field is updated (Section 4.2.1) with changes in patient’s
address [Personal communications via email with the CPRD Knowledge Centre]; information
for marital status, residence and living arrangements extracted from this field was used only
when data for these factors for a given patient were unavailable from other data sources in

CPRD or HES (Figure 4-7).

Code* available in CPRD or/and HES data

Yes No

Code* used for analyses Use information* if available from family
number

* for marital status, residence or living arrangements
CPRD Clinical Practice Research Datalink
HES Hospital Episode Statistics

Figure 4-7 Using information for marital status, living arrangements and residence
extracted from family number in linked Clinical Practice Research Datalink data

Il b) Indirect information about a social factor from other closely related social factors

Indirect information was also obtained for a time-varying social factor from information for

another social factors (Figure 4-4) in the following manner. Ascertainment of marital status
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also provided indirect information for cohabitation, as shown in the Table 4-3 and Figure 4-4.
Individuals with codes for being married, in a civil partnership or in a stable relationship were
assumed to be cohabiting, and individuals who were cohabiting were assumed to be not
living alone. Individuals with a residence code for living in a care home or residential home,
in a hospice, psychiatric unit or prison were also assumed to be not living alone (Table 4-4
and Figure 4-4). Similarly individuals with codes for residing in households, care homes,

sheltered accommodation or other places of residence were assumed not to be homeless.

Table 4-3 Extracting information from closely related time-varying social factors:
marital status, cohabitation and living alone

Marital status code Information for cohabitation Information for living alone variable
Married Cohabiting Not living alone
Remarried Cohabiting Not living alone
Civil partnership Cohabiting Not living alone
Co-habiting Cohabiting Not living alone
Stable relationship Cohabiting Not living alone

Table 4-4 Extracting information from closely related time-varying social factors:
residence and living alone

Residence code Information for Living alone variable
Residence in care home, residential home or hospice Not living alone
Residence in prison Not living alone

Residence in high security psychiatric hospital or medium secure Not living alone

units

4.4.4 Categorisation of social factors

The categorisation of both time-invariant and time-varying factors was guided by the
categorisation used for these variables in the 2011 English Census data and the availability
of data in EHR.*3* 145-151 The categorisation used in the Census was utilised in this thesis to
enable assessment of the representativeness of the recorded socio-demographic factors in
the linked EHR by comparing these recordings with the 2011 English Census; this
comparison is described further in Chapter 6. In the following section | describe how these

factors were categorised.
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Age

Age in years was categorised into age-groups (described further in Chapters 6-8).

Gender

Gender was a binary (male/female) variable.

Ethnicity

The ethnicity data were categorised into five categories: White, South Asian, Black, Others

and Mixed.

Immigration status

In the 2011 English Census data, country of birth had four main categories: (a) Europe
including the United Kingdom, (b) Africa, Middle East and Asia, (c) The Americas and the
Caribbean and (d) Antarctica, Oceania and other.'® | anticipated that the data from the EHR
would provide less detailed information about immigration status and therefore categorised
this factor as a binary variable: immigrant and not an immigrant. It was still feasible to
compare the recording of immigration status with the 2011 English Census data, which could

also be categorised as a binary variable.>?

Religion

Religion was categorised into eight categories: Buddhists, Christians, Hindus, Jews,

Muslims, Sikhs, Others and no religion (atheists).

Residence

Place of residence was grouped into four categories: household, care home including
residential homes, sheltered accommodation and “other places of residence’. The latter
consisted of places of residence not included in the first three residence categories: for
example- prisons and hospices. Information obtained about care home residence was also
considered as a binary variable in its own right as it was assumed that a GP was more likely
to record care home residence than other places of residence such as household, perhaps
due to differences in healthcare requirements — this is further discussed in Chapter 6.

Homelessness was also categorised as a binary variable.

152



Living arrangements: cohabitation and living alone

Cohabitation and living alone were both categorised as binary (yes/no) variables.

Marital status

Marital status had seven categories: single (including engaged), married/in a civil
partnership, widow/er, divorced, separated, partner-other, and partner-uncategorised. The
partner-other category included the following three groups: common-law husband, common-
law wife and common-law partnership. The partner-uncategorised category included non-
specific codes such as ‘relationship problem’s, ‘cohabitation’, ‘partner unemployed’ and
‘partner stops working’ (the entire list of codes included in the partner uncategorised
category are presented in Appendix 11). | considered that some of these non-specific codes
could be used by GPs for individuals who were previously categorised with a more specific
code such as married, common-law husband or engaged. A decision tree was generated for
individuals categorised as partner-uncategorised to gather more specific information from
earlier codes, if available. If an individual had an earlier code for being married, engaged or
a partner-other category, their marital status was categorised as per their earlier code
(Figure 4-8). However if individuals’ previous marital status was widowed, divorced or
separated, | decided to keep the marital status as partner-uncategorised, as these
individuals might have a different current relationship status (Figure 4-8). No changes were
made if the individual’s previous marital category was also partner-uncategorised (Figure 4-

8).
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Previous code is Decision: keep as
partner- partner- uncategorised

é uncategorised E

Previous code is

A i Decision: keep as
partner- other

previous partner- other

Previous code is

Decision: keep as
separated

partner- uncategorised

Is the marital
status for the
patient: partner-

uncategorised? If Previous code is Decision: keep as
yes check the > divorced partner- uncategorised
earlier marital é

codes

Previous code is
widowed

Decision: keep as
partner- uncategorised

Previous code is L
Decision: keep as

m;;:::‘rjé hci'V" previous married/ civil
— P p s | partnership
Previous code is Decision: keep as
E engaged previous engaged

Figure 4-8 Decision tree for categorisation of marital status: partner uncategorised

4.45 Ascertainment of socio-demographic factors for the cross-sectional

and cohort studies

This section outlines how date of recording was used to ascertain socio-demographic factors
for the cross-sectional study carried out for objective 2 (the investigation of completeness,

timeliness and representativeness of recording of socio-demographic factors in the linked
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EHR) and for two cohort studies carried out for objectives 3 and 4 (to assess inequalities in

the burden of zoster and uptake of zoster vaccine amongst older individuals).

Time-invariant factors: ethnicity, religion and immigration status

Codes for factors considered as time-invariant (Section 4.4.1) were considered for analyses

irrespective of the date of recording.

Time-varying factors: marital status, living arrangements and place of residence

For the cross-sectional study (Section 3.5.1, objective 2), the latest code of a time-varying
social factor in the period immediately before or on the index date of interest (01/01/2013)

was used for the analysis.

For the two cohort studies (Sections 3.5.2 and 3.5.3, objectives 3 and 4), information for
time-varying social factors, with the exception of care home residence (explanation to
follow), for a given patient was carried forwards or backwards depending upon the
availability of the code in relation to the study period. This is illustrated in the Figures 4-9, 4-
10 and 4-11. If a single code for a given factor was available before the start of follow-up, the
information from the code was carried forward for the duration of the study (Figure 4-9).
Similarly, if a code was available only after the end of follow-up of the study, the information
was carried backwards for the study period (Figure 4-10). If multiple codes were available
(Figure 4-11), the information from a code was carried forwards up until the appearance of

another code.
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A. Information available from the data

Code: living alone

Start of follow-up End of follow-up

B. Assumptions made

Code: living alone
* » Living alone >

Start of follow-up End of follow-up

Key A: an example of information available in linked data; B: how information was utilised in this thesis

Figure 4-9 Utilising information for time-varying factors (except care home residence) available only before the start of follow-up of cohort study

A. Information available from the data

Code: living alone

\

Start of follow-up End of follow-up

B. Assumptions made

Code: living alone

.

A

Living alone <

Start of follow-up End of follow-up

Key A: an example of information available in linked data; B: how information was utilised in this thesis

Figure 4-10 Utilising information for time-varying factors (except care home residence) available only after the end of follow-up of cohort study
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A. Information available from the data

Code: not living alone Code: living alone
Start of follow-up End of follow-up

B. Assumptions made

Code: not living alone Code: living alone
* » Not living alone 4” ——» Livingalone ——»
Start of follow-up End of follow-up

Key A: an example of information available in linked data; B: how information was utilised in this thesis

Figure 4-11 Utilising information for time-varying factors (except care home residence) available before and during follow-up of cohort study
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For individuals residing in care homes, | assumed that a GP was more likely to record their
place of residence compared to the residence of other older individuals, due to differing
health needs of this social group. Therefore carrying a care home code information
backwards i.e. assuming that a patient was residing in a care home in the period preceding
the care home code, as was conducted for other time-varying factors, could have an
increased risk of misclassification. So in the period preceding the appearance of a care
home code, individuals were considered as not residing in a care home (Figure 4-12) and in
the period after the code, they were assumed to be living in a care home until the

appearance of another code indicating different residential circumstances.

Further details about ascertainment of these factors in the specific cohort studies are

presented in Chapters 7 and 8.

A. Care home residence information available from the data

Code: care home
residence

|

Start of follow- End of follow-
up up

B. Assumptions made for care home residence

Code: care home
residence

< Not in care < p Care home >
home resident

Start of follow- End of follow-
up up

Key A: an example of information available in linked data; B: how information was utilised in this thesis

Figure 4-12 Utilising information for care home residence from linked data for cohort
study.

4.5 Index of Multiple Deprivation: Patient- and practice-level

As detailed in Section 3.4, the IMD quintiles used in analyses were available at a LSOA

level for both the location of the general practice and for the patient’s residence. Quintile 1
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represented the least deprived area and quintile 5 indicated the most deprived area.'?°
Practice-level IMD quintiles were used if patient-level data were unavailable. The details
about the proportion of patients with missing IMD status for whom the practice-level IMD
data were used are provided in Chapters 7 and 8. As CPRD provides linkage with only one
of the IMD datasets for any one study to maintain patient confidentiality,'?° the 2010 IMD
data were used for the cross-sectional study (objective 2) while the 2007 and 2015 IMD
data were used for the zoster burden and zoster vaccine uptake cohort studies (objectives

3 and 4), respectively.
4.6 Chapter summary

In this chapter, | have described the methods used to ascertain and categorise the socio-
demographic factors of interest in the linked EHR. In the next chapter, | continue to discuss
the methodology employed in this thesis, and describe how the outcome variables and other
covariates used in the analyses of zoster burden and zoster vaccine uptake were

ascertained in the electronic data.
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Chapter 5. Defining outcomes and other variables

of interest in electronic health records

5.1 Introduction

This is the third and the final chapter for the Methods section of this thesis. In this chapter, |
describe the ascertainment of the outcomes of interest in the linked data for objectives 3
and 4, namely incident zoster and receipt of zoster vaccination, as well as other covariates

used in the analyses.

5.2 Outcome variables

As mentioned earlier (Section 1.5), two observational studies were conducted to meet
objectives 3 and 4: to examine the socio-demographic determinants of the burden of

incident zoster and of zoster vaccine uptake amongst older UK individuals, respectively.

5.2.1 Defining zoster incidence in the linked data

To meet the third objective, a 10-year cohort study (2003-2013), covering the period prior to
zoster vaccine introduction in the UK, was conducted to ascertain the association of socio-
demographic factors with a first episode of zoster. The identification of the study population
in these linked data was described previously (Section 3.5.2). It consisted of individuals
aged = 65 years who were alive and currently registered with a CPRD practice in England.
As the objective of this study was to determine the incidence of a first zoster episode during
follow-up (i.e. a first code for a zoster diagnosis during the study period) it was not
necessary to generate multiple zoster episodes during the follow-up period and individuals
with a history of zoster prior to the start of follow-up had to be excluded. The generation of
the zoster code list and the method of excluding individuals with past zoster was detailed in
Section 3.5.2 when describing the study population, and a brief overview is presented here.
Both CPRD and HES data (Admitted Patient Care data, Section 3.3) were examined to
identify a diagnosis of zoster as patients with zoster can present in general practice or

directly to a hospital. This entailed using medical codes (CPRD data) and ICD-10 codes
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(HES data) for zoster and PHN (the code list is available in Appendix 3). In CPRD data, the
Clinical and Referral data files (described in Section 3.2.1) were utilised to identify these

individuals. In HES data, the diagnosis of zoster or PHN was identified using relevant ICD-
10 codes recorded in either the primary or secondary diagnosis fields (Section 3.3.1) of the

Diagnoses data file (Figure 3-4) from any hospitalisation episode.

After identifying patients with relevant zoster codes, | ascertained the date of recording of
the zoster diagnosis using the event date field in CPRD (described in Section 3.2.1) and the
episode start date in HES data (described in Section 3.3.1). Individuals with missing dates
for zoster diagnoses were excluded from the zoster incidence study as it was impossible to
ascertain whether zoster occurred prior to or during the study period. Zoster-coded records
of study participants from CPRD and/or HES were appended together. To identify and
exclude patients with a prior history of zoster (as detailed in the Section 3.5.2), individuals
who had a code for zoster or PHN recorded prior to the start of follow-up were excluded
(Figure 3-6). Similarly, individuals who had their first code for zoster as PHN (a sequela of
zoster) during the follow-up period (Figure 3-6) were also excluded. For the remaining
participants, the earliest date of a zoster code recorded during the study period in the
appended CPRD and HES dataset was used to identify the first zoster code and this was

used as a date of the outcome (incident zoster).

The incidence of first episode of zoster during follow-up was ascertained using a Poisson
regression model and was determined by dividing the number of individuals with a first
zoster code (the numerator) by the person-time at risk of developing zoster (the
denominator). The details of the statistical analysis, and the results of this analysis:
ascertaining the socio-demographic determinants of zoster incidence in this study

population, are presented in Chapter 7 in form of a published paper.

5.2.2 Defining zoster vaccine uptake in CPRD

For the fourth objective of this thesis a cohort study, spanning a two-year period (2013-2015)
following the introduction of zoster vaccine in the UK, was conducted to examine the
association of socio-demographic factors with zoster vaccine uptake. The study population

(identified as described in Section 3.5.3) comprised individuals currently registered with a
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CPRD practice in England and eligible for zoster vaccination during the study period
(01/09/2013-31/08/2015). Below, a description of how | identified zoster vaccine uptake

during the study period is provided.

The CPRD data were examined to determine zoster vaccination for the participants during
the study period as the NHS zoster vaccination programme is delivered through general
practice and not via hospitals. Zoster vaccination was determined from five different data
files in CPRD data. These included using product codes in the Therapy files, immstype
vaccine codes in the Immunisation file and medical codes in the Clinical, Referral and Test
files (codes provided by Prof. Sara Thomas, Appendix 12). In the Immunisation file an
additional ‘status’ field exists (as described in Section 3.2.1, Figure 3-2) which also provides
information on the status of vaccination: i.e. whether the vaccine was advised, refused or
given. Similarly, medical codes for declining, not consenting or not attending for zoster
vaccination were also identified (Appendix 12). The records for individuals with relevant
zoster vaccination codes from these five different data files were first appended. | then
excluded from the study individuals with conflicting information on zoster vaccine uptake on
same date; i.e. participants with the simultaneous recoding of a zoster vaccination code and

a refusal/declining/not attending/not consenting code on a given date.

An individual might have multiple records for zoster vaccination recorded on the same day or
on different days in the same and/or different data files. For a participant with multiple
vaccination records on different dates but in the same data file, | used the earliest record. In
order to integrate information from individuals with multiple vaccination codes recorded on
different event dates in different data files, | developed an algorithm (Figure 5-1) to
determine when these individuals were vaccinated during the study period. In this algorithm,
the Therapy files were given the highest priority as the presence of a product code in this file
indicated that a prescription was actually issued by the GP.1'3 The second priority was given
to the Immunisation files that provided information about both the vaccine type (zoster) and
additional information on whether the vaccine was advised, refused or given (the ‘status’
field). Finally, medical codes from the Clinical, Referral or Test files were used. After
excluding individuals with conflicting vaccination information on a given date (Figure 5-1),

receipt of zoster vaccination during the study period was first ascertained by the presence of
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Patients with conflicting codes on the same date i.e. if zoster vaccine codes
and codes for refusal/declining/did not attend/no consent co-exited | |Patients excluded from the study

l

Patients without any conflicting zoster vaccination codes on the same date

Patients with presence of a product code for zoster vaccine in the Therapy file

'

Patients without zoster vaccine code in the Therapy file but with an

immunisation type code for zoster vaccine and the status field was "given’ —»

> oo ]

A4
Patients without zoster vaccination information from the Therapy and
Immunisation files but with zoster vaccination medical codes in the Clinical, —
Referral or Test files

Figure 5-1 Algorithm for determining zoster vaccination status in Clinical Practice Research Datalink
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a relevant code in the Therapy file, as described in the algorithm. For patients without
vaccination information from the Therapy file, the Immunisation file was then examined for
the relevant immunisation type codes with the immunisation status field recorded as "given’
to assign vaccination status. Finally, the Clinical, Referral or Test file records of the
remaining participants were examined for the presence of specific zoster vaccine medical

codes (Figure 5-1) to categorise individuals as vaccinated.

The association of socio-demographic factors with zoster vaccine uptake was assessed
using a logistic regression model. The reasons why a logistic regression model was used for
these analyses and the results are discussed in Chapter 8 in form of a research paper

(submitted for publication).

5.3 Other covariates

In the two analyses for objectives 3 and 4, conducted to ascertain the association between
socio-demographic factors and outcome of interest (zoster disease burden and zoster
vaccine uptake respectively), the reasons why other covariates needed to be considered,
follow. Firstly, in the zoster disease burden analyses, certain chronic conditions and
immunosuppressive conditions/therapies that are risk factors for zoster were considered as
a priori potential mediators of the relationship between socio-demographic factors and zoster
disease incidence. Secondly, in the zoster vaccine uptake analyses, the study population
consisted of individuals eligible to receive this live vaccine (Section 3.5.3). In order to
identify eligible participants, individuals with certain immunosuppressive conditions or taking
immunosuppressive therapies, which are contraindications for zoster vaccine administration
had to be identified and excluded from the study. Additional covariates for the vaccine
uptake analysis comprised a past history of zoster and administration of seasonal influenza
vaccine. In Chapters 7 and 8, the rationale for using these covariates in these two analyses
is further discussed. In this section, | provide the details of how these variables were

determined in the linked electronic health data.

The immunosuppressive conditions and therapies which are contraindications to zoster
vaccine administration were identified based on the UK Green Book guidance.®® Chronic

conditions that increase the risk of zoster were identified from a previous UK study.*® The
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covariates were identified using medical codes in CPRD (Section 3.2), and using ICD-10
codes in HES Admitted Patient care data (Section 3.3). For some hospital-based
procedures (described in the relevant sections below), OPCS codes (Section 3.3.1) were
also utilised to identify certain immunosuppressive conditions in HES data. The code lists
were provided by Prof. Sara Thomas. | examined the entire records of the patients for the
presence of these codes at any point prior to the end of follow-up. The only exceptions to
this were the two covariates utilised in the zoster vaccine uptake analyses: (a) for past
history of zoster, | looked for the relevant code present at any point before the start of follow-
up, and (b) for seasonal influenza vaccine uptake- | ascertained relevant codes during the
zoster vaccine uptake study period (2013-2015). Individuals with chronic conditions
(described in Section 5.3.1 below) were considered to have the condition from the date of
the first recording of the code in either the CPRD or HES dataset; if codes for chronic
conditions were identified in both CPRD and HES data, the earliest date of recording was
used. For immunosuppressive conditions and therapies, | devised algorithms and criteria to
ascertain periods of immunosuppression during the study period (details to follow in
Sections 5.3.2 and 5.3.3). Following the common convention when routinely collected
health data are utilised for research, individuals without a relevant code were assumed not
to have that condition or treatment. Further details for these covariates are provided below in

Sections 5.3.1-5.3.5.

5.3.1 Chronic conditions

The chronic conditions that increase the risk of zoster were identified from a previous study
and included: rheumatoid arthritis, systemic lupus erythematosus, inflammatory bowel
disease, chronic obstructive pulmonary disease, asthma, chronic kidney disease and
diabetes.*® Both CPRD (Clinical, Referral and Test files) and HES data were used to identify

these conditions using medical codes and ICD-10 codes, respectively (Appendix 13).

5.3.2 Immunosuppressive conditions

Based on the UK Green Book guidance, the following immunosuppressive conditions, in
which zoster vaccination is contraindicated, were identified: haematopoietic and lymphoid

tissue malignancies, human Immunodeficiency virus (HIV) infection, other cellular immune
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deficiency and solid organ transplant.®° The details of how these conditions were identified in
CPRD (Clinical, Referral and Test files) and hospitalisation data, and the criteria used for

determining the duration of immunosuppression are provided below.

A) Haematopoietic and lymphoid tissue malignancies including haematopoietic

stem cell transplant

This included leukaemia, lymphoma, myeloma, other plasma cell dyscrasias and
haematopoietic stem cell transplant.®° Individuals with these conditions were identified using
both medical codes and ICD-10 codes (Appendix 14) in CPRD and HES data. OPCS codes
(to identify procedures carried out during hospitalisation, Section 3.3.1) were also used to
identify haematopoietic stem cell transplant in the Procedures file of HES data. The list of
OPCS codes used is provided in the Appendix 14. Following each diagnostic or procedure
record, individuals with any of these conditions were considered to be immunosuppressed

for a period of 24 months.*6:

B) HIV, other cellular immune deficiency and solid organ transplant

Individuals with these conditions were identified in both the CPRD and HES data, using
medical and ICD-10 code lists (Appendix 15), respectively. The OPCS code list was also
used to identify individuals with solid organ transplants (Appendix 15). Individuals with
cellular immune deficiency (e.g. Di George syndrome, Wiskott - Aldrich syndrome), with HIV
infection or with a solid organ transplant were considered to be immunosuppressed from the

date of the first appearance of the code, as these are life-long conditions.

5.3.3 Immunosuppressive medications

As described for the immunosuppressive conditions, the UK Green Book also provides
criteria for certain immunosuppressive treatments during which the administration of zoster
vaccine is contraindicated.®® These immunosuppressive treatments (Table 5-1) included
chemotherapy, radiotherapy, specific high doses of oral or injectable corticosteroids and
other immunosuppressive agents (thiopurine medications, Disease Modifying Anti-rheumatic

Drugs (DMARDS), non-biological immune modulating agents and biological therapies). The
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details of how | identified these medications in the linked CPRD data and criteria used for

defining the duration of immunosuppression are provided below.

A) Immunosuppressive chemotherapy and radiotherapy

As for other conditions described in previous sections, individuals undergoing

immunosuppressive chemotherapy and/or radiotherapy were identified in the Clinical,

Referral and Test files of CPRD using medical codes (Appendix 16); and using ICD-10

codes and OPCS codes (Appendix 16) in HES data. Study participants with these codes

were considered to be immunosuppressed for a period of three months before the first

documented prescription in the general practice, as these therapies are initiated in hospital.

Individuals on these medications were also categorised as immunosuppressed for one year

after each record instead of the recommended duration 6 months in the UK Green Book to

account for potential recording delays in GP data for any hospital-based treatments .5°

Table 5-1 Immunosuppressive medications: defining dose criteria and period of

immunosuppression

Immunosuppressive
medications

Immunosuppressive
dose

Duration of
immunosuppression
prior to first
documented script*

Duration of
immunosuppression
after every script

chemotherapy and
radiotherapy

Corticosteroids >40 mg/daily for >7 3 months 3 months
days or >20mg/ daily
for >14 days

Methotrexate >3.57 mg/day or 3 months 3 months
>25mg per week

Azathioprine 250mg/daily* 3 months 3 months

6-mercaptopurine 245mg/daily” 3 months 3 months

Other Any dose 3 months 3 months

immunosuppressants

such as tacrolimus,

sirolimus

Other DMARDs such|Any dose 3 months 3 months

as ciclosporin,

mycophenolate,

leflunomide

Biological therapy, Any dose 3 months 12 months

* these treatments might be initiated in hospital prior to the first documented record in primary care #* UK Green
Book and British Society of Gastroenterology guidance (as described in the text) DMARD disease modifying anti-

rheumatic drugs
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B) High dose corticosteroids and other immunosuppressive therapies

Individuals on immunosuppressive treatment were identified using code lists (product codes)
from the Therapy files of CPRD (Appendix 17). | classified the product codes in these code
lists into specific therapeutic categories to apply the specific immunosuppressive dose
criteria (Table 5-1). The immunosuppressive dose of corticosteroids was defined as >40mg
of prednisolone/day for >7 days or >20mg of prednisolone/day for >14 days; for
methotrexate, doses of >25mg/week were considered immunosuppressive (Table 5-1).5°
The immunosuppressive doses for azathioprine and 6-mercaptopurine were defined as
=50mg/day and 45mg/day respectively, based on the recommendations from the UK Green
Book and the British Society of Gastroenterology. ¢ 53 Other immune-modulating drugs
such as tacrolimus, ciclosporin, etc. were considered to be immunosuppressive irrespective
of the doses used. As with chemotherapy and radiotherapy, patients on these therapies
were considered to be immunosuppressed for a period 3 months prior to the first
documented script in primary care based on assumption that the therapy was typically
initiated in a hospital setting (Table 5-1). Patients on any dose of biological therapy (e.g.
anti-tumour necrosis factor agents such as alemtuzumab, ofatumumab and rituximab) were
considered to be immunosuppressed for one year after each prescription.®° For the
remaining medications, patients were considered to be immunosuppressed for a period of 3

months following each prescription (Table 5-1).%°

5.3.3.1 Data management to obtain information for immunosuppressive medications

from the therapy files in CPRD

Apart from the product codes and generic drug codes, the Therapy file in CPRD data also
includes data fields which provide additional information about a given prescription. These
data field can be used to estimate the dose and duration for each prescription which are

unavailable in CPRD data.*® These data fields include:

0] Product name: provides the name of the product including the dose (for example
prednisolone tablets 5 mQ)
(ii) Text identifier: This field provides information from the free text associated with

the record in form of numeric values, which are interpreted by CPRD. A value of
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0 indicates there is no free text available for that record. This field consists of
actual prescribing information i.e. how many tablets are to be taken by the
patient, for example, “take one daily”. This data provides information on numeric
daily dose, as described below under (jii).

(i) Numeric daily dose: This data field provides information about the numeric daily
dose of each drug, which describes the total number of doses of the prescribed
product to be taken by a patient per day. CPRD uses an algorithm based on
information obtained from text identifier (described in (ii), above) to provide
information in this field. To illustrate this with an example, if the free text
associated with a record was “one tablet twice a day”, the numeric daily dose
provided for that record will be 2.

(iv) Total quantity: the total quantity of the prescribed product for that prescription as
entered by the GP.

(V) Other fields: these include the number of treatment days and the number of

product packs prescribed for a particular prescription.

The information on the number of treatment days and the numeric daily dose was
required to apply the dose and duration criteria for defining the immunosuppressive
phase of specific therapies. However, the data for numeric daily dose and number of
treatment days were missing for ~>30% of the prescriptions for oral corticosteroids and
other immunosuppressive medications (Appendix 18). | modified a technique called “hot
decking’ which was developed by Forbes et al for cleaning the prescription data for
immunosuppressive agents and imputing the missing values for numeric daily dose.*¢ In
this technique, the missing values for the numeric daily dose are replaced by the median
numeric daily dose of the chosen group of records. These groups of records could be
from the same patient (intra-patient) or from different patients (inter-patients) sharing
common characteristics such as the same age group, gender, and drug dosage. These
records are selected based on an algorithm in which missing values for the numeric
daily dose are first replaced by the median values from intra-patient observations; if
these were unavailable the median values from records of patients sharing common

characteristics are utilised (inter-patient values) (Figure 5-2).%% | adapted this algorithm
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in two ways. Firstly, changes in the information governance policies of CPRD [personal
communication via email CPRD Knowledge Team] led to unavailability of the data for
free text (described in (ii) above) when the numeric value of the text identifier was
=2100,000 . This had implications for the data management. Secondly, to reflect temporal
changes in prescribing and to capture prescribing practices of practice staff members, |
used two additional criteria (in addition to age-groups, gender and dosage) to define
groups of patients sharing the same characterises and use their median values for
numeric daily doses from these inter-patient observations. These additional criteria
included observations with prescriptions issued within two years of each other (a 2-year
calendar period) and prescriptions issued by same member of staff (using the staff
identifier available in the Therapy file) (Figure 5-2). Applying this adapted algorithm, the
missing numeric daily doses were sequentially replaced by the median numeric daily

dose value from the chosen stratum, as detailed in Figure 5-2.
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Missing data for NDD in the Therapy file records

\4
Use median NDD of records for same patient, same dose in mg and same
guantity

\4

NDD still missing: Use median NDD of records for same patient, same dose

. . Intra-patient
in mg and same quantity group* P

observations

\4
NDD still missing: Use median NDD of records for same patient and same dose in mg

A\ 4
INDD still missing: Use median NDD of records for same 5-year age-groups, gender,
dose in mg, quantity, staff identification number and 2-year calendar period

A
NDD still missing: Use median NDD of records for same 5-year age-groups, gender,
dose in mg, quantity and staff identification number

A4
NDD still missing: Use median NDD of records for same 5-year age-groups, gender,
dose in mg and quantity

| Inter-patient
v observations
NDD still missing: Use median NDD of records for same 5-year age-groups, gender,
dose in mg, quantity group*, staff identification number and 2-year calendar period

A
NDD still missing: Use median NDD of records for same 5-year age-groups, gender,
dose in mg, quantity group* and staff identification number

\4
NDD still missing: Use median NDD of records for same 5-year age-groups, gender,
dose in mg and quantity group*

NDD numeric daily dose: number of tablets/day *binary variable (low/high): cut off was the

median quantity (56 tablets for oral corticosteroids and 28 tablets for other immunosuppressant
drugs)

Figure 5-2 Algorithm# for imputing missing values of numeric daily dose

#Modified from*®
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5.3.4 Seasonal influenza vaccine uptake

For the zoster vaccine uptake study (objective 4), | also examined the co-administration of
zoster vaccine with seasonal influenza vaccine, as GPs were encouraged to administer zoster
vaccine at the same as time as seasonal influenza vaccine (Section 1.2.6),”? although zoster
vaccine could continue to be administered outside the seasonal influenza season. Seasonal
influenza vaccine uptake was identified during the influenza vaccination campaign season
(September-March)® of the corresponding years of the zoster vaccine uptake study (2013/14
and 2014/15). Similar to zoster vaccine, the uptake of seasonal influenza vaccine was
identified in the CPRD data by utilising specific product codes in the Therapy file, immunisation
type codes in the Immunisation file and medical codes in the Clinical, Referral and Test files
(Appendix 19). The information for seasonal influenza vaccine code was first extracted using
the Therapy file (as described for zoster vaccine uptake in Section 5.2.2). The Immunisation
file, for individuals with no vaccination information from the Therapy file, was examined for the
presence of specific immunisation type codes and the status field had to be “given’ (Section
3.2.1) to categorise these individuals as vaccinated for seasonal influenza. Amongst
individuals without seasonal influenza immunisation information in either the Therapy or
Immunisation files, the vaccination status was determined based on information obtained from

the presence of specific medical codes from the Clinical, Referral and Test files.

5.3.5 Past history of zoster

To examine whether the association of zoster vaccine uptake with social factors varied with
prior history of zoster (as a potential partial mediator for some social factors such as
ethnicity, as discussed in Chapter 8), 15 155 individuals with a prior zoster history were

identified as described in Section 3.5.2.
5.4 Chapter summary

This final chapter of the Methods section has detailed the data algorithms that | developed
and/or adapted and applied to the linked electronic health data to ascertain the two outcome
variables of interest for objectives 3 and 4 of the thesis, namely incident zoster and zoster

vaccine uptake, respectively. The definitions and data algorithms to identify the key
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covariates in the analyses for objectives 3 and 4, comprising selected chronic conditions

and immunosuppressive conditions/therapies, have also been outlined.

The next chapter (Chapter 6) is the first of the three chapters comprising the Results section
of the thesis and presents the findings of the cross-sectional study conducted to meet the
second objective (Section 1.5.2): to develop methodology for the ascertainment of socio-
demographic factors in linked electronic health records, and to assess their availability in

these data.
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Results section

The Results section of this thesis has three chapters: Chapters 6-8, which present the

findings of the three observational studies to meet objectives 2-4 of this thesis (1.5.2).

Chapter 6 presents the finding of the cross-sectional study (the first observational study)
conducted to investigate the completeness, timeliness and representativeness of recording

of socio-demographic factors of interest in the linked CPRD data (objective 2).

Chapter 7 presents the findings from the cohort study (the second observational study),
which describe the association of socio-demographic factors with zoster disease incidence

in England using the methodology developed and presented in Chapter 6.

Chapter 8 presents the findings of the third observational study: a cohort study that
investigated zoster vaccination inequalities amongst older individuals in England by

determining the socio-demographic factors associated with zoster vaccine uptake.

All these three chapters are presented in a journal article format with brief abstract,
background, methods, results, discussion and overall conclusion sections. Any additional

results or discussions follow the journal article in the relevant chapter.
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Chapter 6. Quality and completeness of recording
of social factors in linked electronic health records:

a cross-sectional study

6.1 Introduction

This chapter forms the first of the three chapters included in the Results section of this
thesis. It reports the findings of the cross-sectional study conducted to meet the second
objective of this thesis: to assess the methodology for ascertainment of socio-demographic
factors (including those identified from the systematic review (chapter 2)) and assess their
availability in the linked electronic health records. The details of this work, published in the

journal PLOS ONE, are presented in the next section.

The detailed methodology for determining the socio-demographic factors of interest was
presented previously (Chapter 4). The paper presented in this current chapter reports the
results of the analyses to assess among 59,1037 older individuals the completeness of
recording of socio-demographic factors, including: the extent to which linked data improved
completeness; timeliness of recording for factors that might change with time (such as
marital status, living arrangements or residence); and the representativeness of the results
compared with data from the English 2011 Census. The paper is followed by supplementary
material for the published paper (Section 6.3); further discussion on how immigration status
was determined in these data and the implications of this (Section 6.4), and how data from

the family number variable were utilised (Section 6.5).
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Abstract

Identification and quantification of health inequities amongst specific social groups is a pre-
requisite for designing targeted healthcare interventions. This study investigated the record-
ing of social factors in linked electronic health records (EHR) of individuals aged >65 years,
to assess the potential of these data to identify the social determinants of disease burden
and uptake of healthcare interventions. Methodology was developed for ascertaining social
factors recorded on or before a pre-specified index date (01/01/2013) using primary care
data from Clinical Practice Research Datalink (CPRD) linked to hospitalisation and depriva-
tion data in a cross-sectional study. Social factors included: religion, ethnicity, immigration
status, small area-level deprivation, place of residence (including communal establishments
such as care homes), marital status and living arrangements (e.g. living alone, cohabita-
tion). Each social factor was examined for: completeness of recording including improve-
ments in completeness by using other linked EHR, timeliness of recording for factors that
might change over time and their representativeness (compared with English 2011 Census
data when available). Data for 591,037 individuals from 389 practices from England were
analysed. The completeness of recording varied from 1.6% for immigration status to ~80%
for ethnicity. Linkages provided the deprivation data (available for 82% individuals) and
improved completeness of ethnicity recording from 55% to 79% (when hospitalisation data
were added). Data for ethnicity, deprivation, living arrangements and care home residence
were comparable to the Census data. For time-varying variables such as residence and liv-
ing alone, ~60% and ~35% respectively of those with available data, had this information
recorded within the last 5 years of the index date. This work provides methods to identify
social factors in EHR relevant to older individuals and shows that factors such as ethnicity,
deprivation, not living alone, cohabitation and care home residence can be ascertained
using these data. Applying these methodologies to routinely collected data could improve
surveillance programmes and allow assessment of health equity in specific healthcare
studies.
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Introduction

Health inequity is defined as unjust differences in health status amongst different social
groups, and may be explained by the distribution of social determinants of health.[1] Health
inequities not only exist between countries, but are apparent within a country.[2] In the UK,
reducing health inequities is a statutory requirement and is a common theme in the area of
health improvement in the Public Health Outcome Framework.[3-6] In order to attain health
equity, it is vital that the disadvantaged individuals are identified to quantify the problem and
formulate targeted public health interventions. Increase in life expectancy has led to an aging
population, and globally the proportion of individuals aged >60 years is projected to nearly
double by 2050 from ~12% in 2013.[7, 8] The higher prevalence of chronic diseases in this age
group is associated with greater disability and requirement for long-term care, necessitating
changes in health and social care delivery.[9, 10] The effect of ageing on future health expendi-
ture will depend on health expectancy: a measure that takes both life expectancy and disability
into account.[11, 12] A 2015 systematic review reported associations of social factors such as
gender, ethnicity, and socioeconomic position (including education) with inequalities in
healthy life expectancy amongst older individuals.[13] Similarly, amongst individuals aged 50—
65 years, social class, education, wealth and income were found to be associated with all three
indicators of health expectancies: disability-free, illness-free and healthy life expectancy.[9]
Living alone is also known to be associated with higher morbidity and mortality.[14] Uptake
of preventative measures such as vaccination amongst older individuals has been shown to be
lower amongst immigrants, individuals of certain ethnicities, and those living alone.[15, 16]

One of the recommendations by the World Health Organisation’s (WHO) Commission on
Social Determinants of Health (CSDH) in 2008 was setting of global and national equity sur-
veillance systems to monitor health inequities routinely.[17] Surveillance programmes in the
UK lack detailed information about social factors.[18] However, these factors potentially could
be ascertained using routinely collected electronic health records (EHR). This provides an
opportunity to utilise routinely collected data to improve surveillance programmes and to
assess health inequities in specific studies.

The Clinical Practice Research Datalink (CPRD) is the world’s largest primary care data-
base, comprising anonymised patient information from ~7% of the UK population and includ-
ing >79 million person-years of follow-up cumulatively.[19, 20] These EHR comprise not
only data relating to primary care consultations, but also records of referrals to and feedback
from secondary care.[21] Data in CPRD are representative of the UK population and are qual-
ity assured at both patient and general practice level.[20, 21] In England, linkage of the CPRD
data at the individual level (from ~75% of English practices that consent to linkages) is avail-
able for hospitalisation data (Hospital Episode Statistics, HES)[22] and deprivation data (e.g.
quintiles of Index of Multiple deprivation (IMD) score).[21, 23] For deprivation data, the link-
age is made at the lower layer super output areas (LSOA) level, which covers a population of
1000-3000.[23] The completeness and quality of recording of one social factor in the CPRD,
namely ethnicity, have been assessed by Mathur et al using data up to 2012 and focusing chiefly
on the time during which GPs were financially incentivised to record the ethnicity of newly
registered patients.[24] This study showed that in linked CPRD-HES data, completeness of
recording reached 90% in newly registered patients. However, this analysis did not include
assessment of recording specifically for older patients in CPRD, and was not extended to
examine completeness after incentivisation was withdrawn in 2011.[25] In the UK, EHR have
also been utilised to study cohabitation and care home residence,[26-28] but these studies did
not provide information on timeliness or representativeness of recording of these factors and
did not utilise linked hospitalisation data. To our knowledge, simultaneous investigation of the
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quality and completeness of recording in CPRD of the social determinants of disease burden
or healthcare usage in older populations have not yet been undertaken.

This study aimed to investigate the utility of the CPRD and linked databases in ascertaining
social factors that are potential determinants of disease burden and inequitable healthcare
interventions targeted towards older individuals, to discuss challenges associated with using
routinely collected data and to supplement and enhance existing surveillance methods with
the overarching goal of informing interventions to reduce health inequities.

Methods
Data source and study date

This was a cross-sectional study using CPRD data linked to HES data and deprivation data
(IMD 2010) in England. It investigated the historical recording of social factors among indi-
viduals aged >65 years, actively registered with a CPRD practice on a randomly chosen index
date (1st January 2013), to allow assessment of both completeness and timeliness of recording
of social factor data. Active registration on 01/01/2013 was determined by ensuring that
patients’ start dates (the later of their registration date with the practice or the date the practice
reached CPRD-defined quality criteria[21]) fell before the index date and their end dates (the
earliest of their transfer out date, date of death or practice last collection date) were after the
index date.

CPRD data are supplied in ten different files,[19] of which eight (patient, practice, clinical,
consultation, additional clinical details, immunisation, referral and test files) were used for this
study (S1 Table). These files include information about patients’ demography, lifestyle factors,
clinical details, feedback from secondary care, therapy and laboratory results, stored in form of
medical, therapy and other codes used by the GP practice staff.[21]

Social factors examined

In this study, social factors relevant at an individual level and informed by the conceptual
framework of the WHO’s CSDH,[1] were examined in CPRD and included: religion, ethnicity,
immigration status, deprivation based on LSOA of each individual’s residence,[23] living
arrangements (living alone and cohabitation), residence (place of residence and homelessness)
and marital status.

Lists of medical codes (S2 Table) for each factor were compiled by searching the CPRD’s
Read code dictionary [21] for specific and broader text terms (using wild card searches)
encompassing all social factors of interest. This was an iterative process that subsequently
included a hierarchical search of the Read codes identified. The number of codes identified for
these factors ranged from 86-465 (S2 Table). Further information (S1 Table) was accrued
from other sources within the dataset as follows: the consultation files provided codes (‘consul-
tation type’) on where the consultation took place and thus patients’ residence (for example in
a care home), while the patient files provided information regarding patients’ marital status
and their family number.[29] The latter variable can identify individuals sharing the same
household and therefore can be used to get information for living arrangements (living alone,
cohabitation), marital status and care home status. Similarly, the additional clinical details files
provided coded information (‘entity type’) about residence, living alone and marital status.
The linked hospitalisation data from HES provided additional information for ethnicity and
residence, whilst the deprivation data provided deprivation scores for individuals’ LSOA as
IMD quintile. The multiple code lists thus generated were discussed amongst the three of the
authors (AJ, SLT and AJvH). These code lists were then utilised to systematically search for the
Read codes in the clinical, immunisation, referral and test files. Additional information was
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sought from consultation type and entity types in the consultation and additional clinical
details files respectively and also from the patient file and from linked HES and deprivation
data. Some factors also provided information about another social factors: for example an indi-
vidual coded as living alone was deemed not to be cohabiting, whereas an individual residing
in a care home was considered not to be living alone.

The following example illustrates how information for social factors was assimilated. Type
of residence (whether a patient lived in their own home, in sheltered accommodation, or in a
care home) can be recorded in numerous way in both CPRD and HES. In CPRD, this informa-
tion can be determined using the medical codes within multiple files as described above, using
the entity type 132 for residence in the additional clinical details file, from the consultation file
(e.g. “nursing-home visit”) and from the family number (as described below); residence data
are also potentially available in HES by using information about individual’s location prior to
hospital admission.

Exposure variables definition and categorisation

The code lists for the social factors of interest (religion, ethnicity, living arrangements (includ-
ing living alone and cohabitation), immigration status, deprivation, residence (including place
of residence and homelessness) and marital status) are presented in S2 Table. Ethnicity codes
were those recommended for use by the Quality and Outcomes Framework, as used by Mathur
et al.[24] Family number was used to derive additional information by modifying approaches
used in previous studies,[27, 28, 30] as follows. Two adults, living in a household size of two or
three, were identified as cohabiting (adults living in a couple) if the age difference between the
couple was <15 years and age difference between the other household occupants and those liv-
ing in a couple was >15 years. Couples identified as cohabiting were also allocated ‘partner-
uncategorised’ category for marital status. Individuals from household size of two or more
were identified as not living alone. Based on previous studies [26, 31, 32] care home was
defined as a household with >3 individuals aged >65 years and if their total count was more
than individuals aged <65 years. In sensitivity analyses households with >3 individuals aged
>65 years and <3 individual aged <50 years were defined as a care home.

Religion was categorised into eight categories (Buddhists, Christians, Hindus, Jews, Mus-
lims, Sikhs, Others and no religion (atheists)) to ensure comparability with Census data.[33]
We hypothesised that certain minority religions might be more likely to be coded by GPs, and
explored this by categorising one religion (Muslim) as a binary (yes/no) variable. Ethnicity was
categorised in five groups: White, South Asian, Black, Others and Mixed as per the UK 2011
Census.[34]

Living alone and cohabitation were coded as binary variables (yes/no). Immigration status,
a binary variable (immigrant/ not immigrant) was defined using: i) country of birth informa-
tion and (to increase completeness of ascertainment) ii) codes for the first language spoken (S2
Table).

Place of residence had four categories: living in a care home, sheltered accommodation,
other places of residence (e.g. prison, hospice, hostel, welfare home) and living in a household.
Care home status was also considered as a binary (yes/no) variable, on the assumption that
being in a care home might be more completely recorded by GPs than other places of resi-
dence (e.g living in a household). Homelessness was also a binary variable.

Relationship status was characterised by using following seven categories: single, married/
civil partnership, widow/er, divorced, separated, partner-other (e.g. common-law husband/
wife) and partner (uncategorised). As the last category was non-specific, an algorithm was
developed to obtain more specific marital status information. If the ‘partner uncategorised’
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status was preceded by any of the following three categories: 1) Single/engaged 2) Married/
civil partnership and 3) Partner-other category, the ‘partner uncategorised’ category was
updated to that of the earlier observation.

Deprivation status is a composite score of 38 indicators for seven domains of deprivation
(income, health and disability, employment, education and training, housing, living environ-
ment and crime).[23] These indices are available at the small area level (LSOA) as quintiles:
quintile one representing the least deprived to quintile five representing the most deprived.[23]

Analysis

For the purposes of recording, the social factors that were likely to change with time (e.g. mari-
tal status, living alone status) were treated as time-varying exposure variables whereas ethnic-
ity, religion and immigration status were deemed to be time-invariant.

In CPRD the event date (the date the event occurred as recorded by the GP) was used to
ascertain when the factor was recorded in relation to the index date. If the event date was miss-
ing then the system date (the date when the event was recorded on the GP system) was used
for these observations.[19] For information extracted from the patient files (such as marital
status, family number), which does not include event dates, a conservative estimate of the date
of recording was taken, using the date the patient registered with the practice[19], and the hos-
pital admission date was utilised for HES data.[22]

All mentions of each factor of interest were identified within a patient’s linked records.
Observations providing discordant information for a factor on the same date for a patient
were excluded and the social factor recorded nearest the index date was used.

As family number provided information for social factors indirectly, and the date of record-
ing this variable was unclear, information from family number was used only when data for a
particular social factor were unavailable from other sources in CPRD or HES for that patient.

For each social factor, the following information was analysed:

(a) Completeness of recording and contribution from linkages. Completeness was
described as the percentage of total patients who had data available: i) within CPRD and ii)
within CPRD linked to HES, to investigate the extent to which use of the linked data increased
completeness. For time-varying variables, completeness was determined in the period before
or on the index date (taking the value nearest the index date). However, for time-invariant var-
iables such as country of birth, ethnicity and religion, completeness of recording included both
the period before and after the index date. For ethnicity, we further investigated completeness
of recording by GPs over time by plotting completeness against year of registration with the
general practice. We also assessed the contribution of family number by looking at complete-
ness with and without family number data.

(b) Representativeness. The representativeness of the recorded data was investigated by
comparing the distribution of each social factor amongst those with non-missing data with the
distribution recorded in the 2011 Census (data from England for individuals aged >65 years).
When applicable, we also considered the binary version of multi-category variables (i.e. care
home status instead of the four-category variable for residence, and Muslim religion). For all
binary variables, (immigration status, care home status, Muslim religion, homelessness, living
alone, and cohabitation status) we assessed representativeness assuming that those without a
code did not have the attribute, and thus compared the distribution of each factor among the
entire study population to the Census data.

(c) Timeliness. For the time-varying factors, the duration between index date and the
record nearest to the index date was calculated. Factors recorded more than five years before
the index date were not considered timely.
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Ethics approval

All data were anonymised prior to receipt by the authors. Approval for this study was obtained
from the Independent Scientific Advisory Committee of the Medicines and Healthcare prod-
ucts Regulatory Agency (Ref: 15_253) and the Research Ethics Committee of the London
School of Hygiene and Tropical Medicine (reference:10524). The original Independent Scien-
tific Advisory Committee protocol was made available to the reviewers of this paper.

Data were analysed using Stata-14 software (StataCorp, College Station, TX, USA).

Results

The study population comprised 591,037 patients from 389 GP practices in England. More
than half of the study participants (55%) were females, and 53% were aged between 65-74
years at the index date, with ~14% aged >85 years. The median age for women was 75.5 years
(interquartile range (IQR): 69.5-82.5 years) whilst for men it was 73.5 years (IQR: 68.5-79.5
years). Information for one or more time-invariant social factors was available for~92% (n =
541,197) of the study population, while 75% (n = 444,827) had data for one or more time-vary-
ing social factors. Overall, ~98% (n = 578,410) had information for one or more social factors.
Further details of the overall pattern of completeness is given in S3 Table; only 45 patients
(<0.01%) had data for all seven social factors included in this study while ~21% (n = 123,450)
had information for three social factors: ethnicity, IMD and living alone. The system date was
used to replace missing event date for only 0.4% (n = 2,219) of the study population (54
Table). The maximum number (n = 456; <0.1%) of patients were excluded due to discordant
information recorded on the same date (S4 Table) were for the factor: living alone.

Completeness of recording for individual social factors, and contribution
from linkages

Completeness of recording for all social factors was better for females and amongst the oldest
individuals (aged >85 years) for all factors except for religion, immigration status and IMD
score (Table 1). Of the seven social factors ascertained, recording for deprivation data and eth-
nicity were the most complete, at ~82% (n = 486,426) and ~80% (n = 469,557) respectively
(Table 1). The recording of ethnicity over time showed an increase in completeness in the year
2006 (when incentivisation was introduced) with a slight downward trend in 2011 and 2012
(Fig 1).

The most incompletely recorded social factor was immigration status which available for
only 4,187 (0.7%, data not shown) of the study population when country of birth codes were
used alone. However, the additional use of ‘first language’ codes with country of birth codes
more than doubled the information, to 1.6% (n = 9,713) of the study population (Table 1).

Religion was the second most poorly recorded factor, available for only 2.6% (n = 15,449) of
study individuals (Table 1). Data on place of residence was recorded for 10.3% of the popula-
tion, whereas living alone (yes/no) and marital status were recorded for nearly a third of the
study population (29.2% and 27.2%, respectively).

The contribution of data from linked datasets to completeness of recording was particularly
important for ethnicity, which showed a ~45% improvement (increasing from ~55% to ~80%,
Table 1) after including linked hospitalisation data, and for IMD data (which was only avail-
able as linked data). For other social factors, there was hardly any evidence of improvement in
completeness of recording from the linked data compared to using CPRD alone (Table 1).

The utilisation of family number in providing information for individuals who had no data
for living alone, cohabitation, care home residence and marital status in either CPRD or HES
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Table 1. Proportion of individuals with information on social factors available in Clinical Practice Research Datalink and Hospital Episodes Statis-
tics: Age, sex and database distribution (N = 591037).

Study Codes available for social factors in CPRD and linked data: proportion* (95% confidence interval)
population
stratified (N)
Marital Living arrangements Residence Religion |Ethnicity | IMD Immigration
status codes codes status codes
codes Cohabitation Living alone | Place of Homeless
(yes/no) codes |(yes/no) residence (yes/no)
codes codes codes
Age groups in
years (N)
65-69 (183382) | 26.10% 21.50% 26.60% 4.60% 4.60% 2.40% 76.90% 82.50% | 1.60%
(25.9- (21.4-21.7) (26.426.8) | (4.5-4.6) (4.5-4.7) (2.3-2.5) |(76.7-77.1) | (82.3— | (1.5-1.7)
26.3) 82.7)
70-74 (131552) | 25.90% 21% 26.60% 5.70% 5.70% 2.70% 80% 82.60% | 1.80%
(25.7- (20.8-21.2) (26.4-26.9) | (5.6-5.9) (5.6-5.9) (2.6-2.8) |(79.8-80.2) | (82.4— |(1.8-1.9)
26.2) 82.8)
75-79 (109628) | 27.10% 21.40% 27.80% 8.20% 8.20% 2.90% 80.10% 82.30% | 1.80%
(26.8— (21.1-21.6) (27.5-28) | (8.1-8.4) (8.1-8.4) (2.8-3) (79.8-80.3) | (82— (1.7-1.9)
27.3) 82.5)
80-84 (84473) 28.70% 21.80% 30.30% 13.10% 13.20% 2.70% 81.10% 82% 1.60%
(28.429) | (21.5-22) (30-30.6) | (12.9-13.4) |[(12.9-13.4) |(2.5-2.8) |(80.9-81.4)|(81.8- |(1.5-1.7)
82.3)
85-89 (51278) 30.80% 24.30% 37.70% 25.20% 25.30% 2.60% 82.40% 82% 1.40%
(30.4— (23.9-24.6) (37.3-38.1) | (24.8-25.6) (24.9-25.7) (2.5-2.8) |(82.1-82.7) | (81.6— | (1.3-1.5)
31.2) 82.3)
>90 (30724) 29.50% 23.40% 43.90% 38.20% 38.30% 2.50% 80.70% 81.60% | 0.97%
(29-30) (22.9-23.9) (43.3-44.4) | (37.7-38.7) (37.8-38.9) (2.3-2.7) |(80.2-81.1) | (81.1— | (0.9-1.1)
82)
Gender (N)*
Males (264752) | 22.80% 19.60% 24.40% 8.20% 8.30% 2.50% 79.30% 82.30% | 1.50%
(22.6-23) | (19.5-19.8) (24.3-24.6) |(8.1-8.3) (8.2-8.4) (2.5-2.6) |(79.2-79.5) | (82.2— | (1.5-1.6)
82.5)
Females 30.80% 23.50% 33.10% 11.90% 11.90% 2.70% 79.60% 82.30% | 1.70%
(326283) (30.6-31) | (23.4-23.6) (32.9-33.2) | (11.8-12) (11.8-12.1) | (2.6-2.7) | (79.4-79.7) | (82.2— | (1.7-1.8)
82.4)
Database (N)
CPRD database | 27.20% 21.80% 29% 10% 10.10% 2.60% 55.40% 1.6%
only (591037) | (o7 1 (21.6-21.9) (28.9-29.2) | (10.0-10.1) | (10.0-10.1) | (2.6-2.7) | (55.3-55.5) (1.6-1.7)
27.3)
CPRD & Linked 29.20% 10.30% 10.30% 79.40% 82.30%
data (591037) (29.1-29.3) |(10.2-10.3) | (10.2-10.4) (79.3-79.5) | (82.2—
82.4)

* row percentages IMD index of multiple deprivation CPRD Clinical Practice Research Datalink
# 2 individuals had indeterminate gender

https://doi.org/10.1371/journal.pone.0189038.t001

showed that there was much higher completeness of recoding for living alone (70% versus
29%), cohabitation (60% versus 22%) and marital status (60% versus 27%) when information
from family number was included (S3 Table, S4 Table and S5 Table). In contrast, family num-
ber contributed little to the completeness of recording of care home residence (11% versus
10%), irrespective of definitions used (S4 Table).
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Fig 1. Patients with ethnicity records in Clinical Practice Research Datalink and Hospital Episode
Statistics over time. Abbreviations: CPRD Clinical Practice Research Datalink HES Hospital Episode
Statistics.

https://doi.org/10.1371/journal.pone.0189038.9001

Representativeness

Amongst those with ethnicity data available, (Table 2), White ethnicity was recorded for the
majority (~95%) and the ethnic composition of the study population was comparable to the
English Census data[34] (Fig 2). In contrast, amongst the small number of individuals with
available data on religion, 85% (n = 13,074) were recorded as Christians (Table 2), with an
over-representation of the minority religion categories in CPRD (Table 2) compared to Census
data[33], for example Muslim (3.1% in CPRD versus 1.3% in the Census), Hindu (2.5% versus
0.8%), Jewish (1.6% versus 0.7%) and Sikh (1.1% versus 0.4%). When Muslim religion was
considered as a binary variable, using the entire study population as the denominator and
assuming those without a code were non-Muslim, there was appreciable under-recording of
Muslim status (n = 481, 0.1%) compared to English Census (1.3%).[33]

Similarly, among those with data on immigrant status, there was marked over-representa-
tion of immigrants (n = 7,866, ~81% of the total) among those with recorded data (Table 2),
but under-representation when immigrant status was considered as a binary variable (1.3% of
the total study population (Fig 3) compared to 9.9% non-UK born individuals in the English
Census).[35]

For living arrangements, amongst those with available data, the proportion of individuals
recorded as living in a household (~50%, Table 2) was under-reported in CPRD compared to
English Census data (in which ~96% of people aged >65 years were recorded as living in
household) and living in a care home was over-reported (~48%) compared to Census (3.2%).
[36, 37] However, once care home residence was categorised as a binary yes/no variable, repre-
sentativeness improved markedly; in the total study population, 4.9% of individuals were cate-
gorised care home residents compared to 3.2% in the English Census data (Fig 3).[37]

The data from EHR for marital status amongst those with non-missing data were also not
comparable to the Census data, [38-40] with 68% being recorded as married or in a civil part-
nership, compared to 55.9% in the Census data. Data were comparable for the sub-categories
of: ‘single’ (4.5% versus 5.5% in the Census) and ‘separated’ (1.3% versus 1.2%), but there were
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Table 2. Social factors in Clinical Practice Research Datalink: Recording and categorisation.

Social factors recorded* and their categorisation
(N = Total number with information available)

Marital status
(N=160812)

Living arrangements: Cohabitation (N = 128573)

Living arrangements: living alone
CPRD (N = 171625); CPRD & linked data
(N =172590)

Residence: place
CPRD (N =59263); CPRD & linked data (N = 60638)

Residence: homelessness
CPRD (N =59435); CPRD & linked data (N = 60809)

Religion
(N =15449)

Ethnicity
CPRD (N = 327420); CPRD & linked data
(N =469557)

Index of Multiple Deprivation (N = 486426)

Immigration status (N = 9713)

* Total study population = 591037 CPRD Clinical Practice Research Datalink IMD
# Due to very small numbers in ‘Partner: other’ category the data are combined with ‘Partner: uncategorised’

https://doi.org/10.1371/journal.pone.0189038.t002

Single
Married/Civil
Widow/er
Divorced
Separated

Partner uncategorised/

other®
No
Yes
No
Yes

Care home
Sheltered
Household
Others

No

Yes
Christian
Buddhist
Hindu
Jewish
Muslim
Sikh

Other

No religion
White
South Asian
Black
Other
Mixed
Least deprived

2

3

4

Most deprived
Not immigrant
Immigrant

CPRD only N (%)*

7291 (4.5%)
108921 (67.7%)
30459 (18.9%)
7446 (4.6%)
2100 (1.3%)
4595 (2.9%)

14666 (11.4%)
113907 (88.6%)
165914 (96.7%)
5711 (3.3%)

28318 (47.8%)
1001 (1.7%)
29371 (49.5%)
573 (1%)
59342 (99.8%)
93 (0.2%)
13074 (84.6%)
40 (0.3%)

389 (2.5%)
249 (1.6%)
481 (3.1%)
169 (1.1%)
31(0.2%)
1016 (6.6%)
311466 (95.1%)
7688 (2.4%)
4686 (1.4%)
2727 (0.8%)
853 (0.3%)

No information from

CPRD

1847 (19%)
7866 (81%)

CPRD & linked data N (%)*

No further information from linked
data

No further information from linked
data

166896 (96.7%)

5694 (3.3%)

28876 (47.6%)
1272 (2.1%)
29296 (48.3%)
1194 (2%)
60717 (99.8%)
92 (0.2%)

No further information from linked
data

449668 (95.7%)
9316 (2%)

5483 (1.2%)
4045 (0.9%)
1045 (0.2%)
119826 (24.6%)

126957 (26.1%)
101068 (20.8%)
81978 (16.9%)
56597 (11.6%)

No further information from linked
data

small number of individuals in both these sub-categories, making it difficult to draw any

conclusions.
The number of individuals with a code indicating that they were homeless was also very

small, representing just 0.02% (n = 92) of total study population. There were no corresponding

data in the 2011 Census, but data for statutory homelessness and homelessness prevention and
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Fig 2. Comparing ethnicity recording (denominator: Those with available data) in electronic health
records with English Census 2011. Abbreviations: CPRD Clinical Practice Research Datalink HES Hospital
Episode Statistics.

https://doi.org/10.1371/journal.pone.0189038.9002

relief data (2013) from local authorities in England for individuals aged >65 years showed that
the proportion of homeless individuals accepted for assistance was 0.01%,[41] providing a
minimum estimate of the true proportion of homeless individuals (as not all would have been
accepted for assistance).

Amongst those with available data, individuals categorised as those not living alone and as
cohabiting were both over-represented in the data (96.7% and 88.6% respectively, Table 2).
When considered as a binary variable using the entire study population as denominator, these
factors were under-represented (28% and 19% respectively) compared to the Census data
(68.5% and 58.6%, respectively).[39, 40] However, when information from family number was
added, the percentage of those not living alone (68.9%) or cohabiting (52.2%) were fairly com-
parable (68.5% and 58.6% respectively) to the Census data (Fig 3).[39, 40]

For deprivation (Table 2), the data showed a slightly lower proportion of study population
from the two most deprived quintiles of IMD status, suggesting that older patients in the prac-
tices consenting for linkage with deprivation data tended to be from more affluent areas. This
is in contrast to a previous study which suggested that overall, including patients of all ages,
those in linked CPRD IMD data are comparable to the UK population.[42]

Timeliness

The recording of time-varying social factors in relation to the index date varied considerably
(Fig 4). Amongst those who had information available, 34.7% of individuals had data on
whether they lived alone recorded within 5 years of the index date if data from family number

e, notliving alone & cohabitation

Percentage: Religion

are home residency

Percentage: immigration status,

~ denominator=total study population (591037)

Fig 3. Comparing recording of immigration status, care home residence, not living alone,
cohabitation and religion in electronic health records and English Census 2011. Abbreviations CPRD
Clinical Practice Research Datalink HES Hospital Episode Statistics FN family number.

https://doi.org/10.1371/journal.pone.0189038.g003
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*data from family number analysis excluded

https://doi.org/10.1371/journal.pone.0189038.g004

was not included, but this decreased to about 20% if family number data were also considered
(Fig 4 and S1 Fig). The equivalent percentages for marital status, without and with family num-
ber data were 19.5% and 13.5%, respectively. (Fig 4 and S2 Fig). Little difference (58.8% versus
59.5%) was observed for recording of residence within this defined period for analyses includ-
ing and excluding family number (Fig 4 and S1 Fig).

The equivalent figures for timeliness when the entire study population (n = 591037) was
considered, varied from 3.7% for cohabitation status to 14.2% for living alone data (including
use of family number, S3 Fig).

Discussion and conclusions

This study presents the methodology for ascertaining social factors utilising one of the largest
collections of primary care EHR in the world. This involved drawing up detailed code lists, uti-
lising multiple files within CPRD and in the linked hospitalisation data to maximise ascertain-
ment, and devising algorithms to time-update variables and to deal with discordant recording.
Wide variation in the completeness of recording of social factors was noted, ranging from
1.6% for immigration status to ~82% for deprivation. Overall, the completeness for recording
was better amongst females and older individuals, perhaps reflecting a higher consultation
rates amongst this demographic group.[43]

The influence of GP incentivisation on completeness of recording of social factors was evi-
dent in the recording of ethnicity, an important factor for describing disease burden and for
ascertaining health inequities. In 2006 GPs were incentivised to record ethnicity for all newly
registered patients[44] and in year 2008 this was extended for all registered patients including
the recording of first language spoken.[45] However, this incentivisation was withdrawn on 31
March 2011[25] and we found signs of a downward trend in ethnicity recording from 2011
onwards. The ethnicity data from the present study were available for 79% of the study popula-
tion and when compared to Census data, were found to be representative of the English popu-
lation. These results are comparable to an earlier study that reported ethnicity recording in
CPRD and linked data for all age groups combined, which found completeness of recoding to
be ~78% and ethnicity composition comparable to UK Census.[24]
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Immigration status and religion were poorly recorded in these data, and living arrange-
ments were also sub-optimally recorded. Among those with data, a higher than expected pro-
portion were of minority religion, immigrant status or living in a care home, suggesting that
GPs are more likely to record these specific social characteristics. When these factors were con-
sidered as binary variables (present or absent) in the entire study population, comparison with
Census data suggested that care home status may indeed be well recorded. This is perhaps not
surprising, as these individuals may be fragile and have higher healthcare needs, necessitating
more attendances and interventions. In contrast, being of Muslim religion or an immigrant
appeared to be under-recorded. However, our use of “first language” codes may have preferen-
tially captured immigrants from specific countries, whilst under-ascertaining English-speaking
individuals born in countries such as the Republic of Ireland, North America, Australasia and
the Caribbean, who comprised of ~34% of non-UK born individuals in the 2011 Census.[35]
This under-ascertainment may be exacerbated for individuals who moved to the UK many
decades previously. Thus, CPRD data may be better for capturing recent arrivals to the UK
who are not native English speakers. Homelessness was also under-recorded in these datasets,
representing just 0.02% (n = 92) of total study population. Although the proportion of home-
less individuals registered with GP has increased (63% in 2002 to 90% in 2014), the poor
recording of homelessness status in these data is likely to reflect difficulties encountered by
homeless individuals in accessing GP services.[46, 47]

Our findings show that completeness of recording was enhanced by use of multiple sources
within datasets, as well as use of linked data. Living in a care home was recorded by GPs in
the clinical, referral and test files, consultation data, additional clinical details and could be
inferred from the family number, with additional information provided in the hospital data.
Similarly, living arrangements such as cohabitation and living alone, the latter an important
indicator of morbidity and mortality,[14, 48] were well captured for the study population
(~60% and 70%, respectively) when Read code and family number data from CPRD and HES
data were combined. Other studies have utilised family number to identify care home resi-
dence[26] and cohabitation status.[27, 28, 49] We found that addition of data from family
number improved completeness and representativeness of recording of whether a patient lived
alone or cohabited, but at the potential expense of timeliness of recording and misclassifica-
tion. The family number variable is generated by the general practice software when a patient
registers with a GP or moves address, assigning the same number to individuals with the same
address (Personal communications via email CPRD Knowledge Centre). As the date of updat-
ing family number is not captured directly, we took the patient’s registration date as a conser-
vative estimate of when these data were recorded. Patients can move in or out of households
and this information may not be captured by the practice, and patients sharing households
may be registered at different practices, so that cohabitation status and living alone may be
wrongly assigned. For this reason, we used family number to supplement information only
when it was unavailable from other sources.

Other social characteristics of patients may have been misclassified in these routinely col-
lected medical records—either due to mis-recording or because patients’ status changed over
time and this was not updated. Even factors considered time-invariant in this study may not nec-
essarily have been so; for example, individuals may change their religion. A further point is that
the codes used for determining social factors in general practice have not been validated except
for ethnicity.[50] We could not examine other social factors that may be associated with uptake
of healthcare interventions and health inequities but that were not recorded in these data, such
as education, income, housing, social class, social relationships and cultural beliefs.[1, 51]

The significance of determining social factors in assessing the quality of healthcare and
value-based payments to healthcare providers have been recognised, for example in a 2017
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report published in the United States.[51, 52] A rise in multi-morbidity and frailty amongst
older individuals due to population ageing will also increase the need for assessing social fac-
tors for delivering equitable healthcare. The CPRD database is used internationally for a wide
range of public health studies, and HES includes nation-wide data used extensively for
National Health Service (NHS) based research in the UK. Our methods will be thus of interest
to researchers using these data. The underlying methods of this study could also be adapted for
use in other UK primary care databases. The broader methodological approach utilised in this
study such as to investigate the timeliness and the representativeness of these factors in elec-
tronic health data by comparing to a national standard such as Census data should be general-
izable to other countries with EHR. Our study shows that linked general practice data can be
used to ascertain individuals’ ethnicity, deprivation status, care home residence, and whether
they live alone. However, other factors such as religion and immigration status are incom-
pletely captured and as mentioned earlier some relevant social characteristics are not recorded
in these data. Improvement in completeness and quality of recording of these factors could be
achieved by GP incentivisation and use of unambiguous codes. The effect of GP incentivisa-
tion was evident in the recording of ethnicity in CPRD which increased from ~30% in the
period prior to incentivisation to >80% during the period of incentivisation.[24] A similar
approach could be used for other social factors that are currently poorly captured in these
data. Increasing health care providers” awareness about the role of social factors in disease bur-
den and uptake of interventions should also help to improve recording of these factors. Link-
ages of general practice records with other population based data such as the Census could
also greatly enhance the availability of information on social factors.
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6.3 Supplementary material to the published paper 2

S1 Table- Sources of information for social factors in linked Clinical Practice Research Datalink

Social factors CPRD data files HES Deprivation
data
Patient file |Patient file |Consultation file |Clinical file Additional Immunisation file |Referral file Test file
clinical details
(family
number)
Religion - - - Medcodes - Medcodes Medcodes Medcodes - -
Ethnicity - - - Medcodes - Medcodes Medcodes Medcodes Ethnos -
variable

Immigration status |- - - Medcodes - Medcodes Medcodes Medcodes - -
IMD - - - - - - - - - Yes
Type of residence |- Yes Consultation Medcodes Entity Type: Medcodes Medcodes Medcodes Admisorc -
including Type:30 & 31 132 variable
homelessness
Living alone/ Derived Yes Consultation Medcodes Entity Type: Medcodes Medcodes Medcodes Admisorc -
cohabitation from Type:30 & 31 132 variable

marital

status
Marital status Marital Yes - Medcodes Entity Type: Medcodes Medcodes Medcodes - -

status 98

CPRD Clinical Practice Research Datalink HES Hospital Episodes Statistics IMD index of multiple deprivation
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S2 Table- Code lists for social factors

Codelists are available in this thesis as Appendices 4-10.

S3 Table- Pattern of completeness for social factor recording (N=591,037(100%)).

Social factors

Source: CPRD & HES
Number of patients with
complete information N
(%)

Source: CPRD and
HES (including
family number)
Number of patients
with complete
information N (%)

All eight social factors

Living arrangements: living alone (yes/no)
Living arrangements: cohabitation (yes/no)
Marital status

Residence: place

Ethnicity

IMD

Immigration status

Religion

45 (0.01%)

53 (0.01%)

Six social factors (excluding religion and immigration status)
Living arrangements: living alone (yes/no)

Living arrangements: cohabitation (yes/no)

Marital status

Residence: place

Ethnicity

IMD

13042 (2.2%)

22477 (3.8%)

Five social factors (additionally excluding residence)
Living arrangements: living alone (yes/no)

Living arrangements: cohabitation (yes/no)

Marital status

Ethnicity

IMD

81583 (13.8%)

222600 (37.7%)

Four social factors (additionally excluding marital status)
Living arrangements: living alone (yes/no)

Living arrangements: cohabitation (yes/no)

Ethnicity

IMD

84974 (14.4%)

246609 (41.7%)

Three social factors (additionally excluding cohabitation)
Living arrangements: living alone (yes/no)

Ethnicity

IMD

123450 (20.9%)

290912 (49.2%)

CPRD Clinical Practice Research Datalink HES Hospital Episodes Statistics IMD index of multiple deprivation
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S4 Table- Time varying social factors and data source: discordant information on the same date and missing event dates (total study population

591,037(100%)).

Social factors and source of their information Number of patients (%) Number of patients (%) Number of patients (%) Missing event date
with information on social | excluded due to with information on social | replaced with system
factor prior to dropping discordant information factor after dropping date#
discordant information recorded on same date discordant information Number of patients
recorded on same date recorded on same date (%)

Living arrangements Living alone (yes/no) (CPRD & HES) 173046 (29.3%) 456 (0.1%) 172590 (29.2%) 1812 (0.3%)

Living alone (yes/no) (CPRD only) 172085 (29.1%) 460 (0.1%) 171625 (29%) 1812 (0.3%)
Living alone (yes/no) (CPRD, HES & FN) | 413694 (70%) 456 (0.1%) 413238 (69.9%) 1812 (0.3%)
Cohabitation (yes/no) (CPRD & HES) 128641 (21.8%) 68 (0.01%) 128573 (21.8%) 1916 (0.3%)
Cohabitation (yes/no) (CPRD only) 128641 (21.8%) 68 (0.01%) 128573 (21.8%) 1916 (0.3%)
Cohabitation (yes/no) (CPRD, HES & FN) | 356870 (60.4%) 68 (0.01%) 356802 (60.4%) 1916 (0.3%)

Marital status Marital status (CPRD only) 160963 (27.2%) 151 (0.03%) 160812 (27.2%) 2061 (0.3%)

Marital status (CPRD, HES & FN) 351432 (59.5%) 151 (0.03%) 351281 (59.4%) 2061 (0.3%)

Residence Residence: place (CPRD & HES) 60811 (10.3%) 173 (0.03%) 60638 (10.3%) 61 (0.01%)

Residence: place (CPRD only) 59437 (10.1%) 174 (0.03%) 59263 (10%) 61 (0.01%)
Residence: place (CPRD, HES & FN)~ 65140 (11%) 173 (0.03%) 64967 (11%) 61 (0.01%)
Residence: place (CPRD, HES & FN)* 64876 (11%) 173 (0.03%) 64703 (10.9%) 61 (0.01%)
Residence: homelessness (CPRD & 60813 (10.3%) 4 (<0.001%) 60809 (10.3%) 64 (0.01%)
HES)

Residence: homelessness (CPRD) 59439 (10.1%) 4 (<0.001%) 59435 (10.1%) 64 (0.01%)

CPRD Clinical Practice Research Datalink HES Hospital Episodes Statistics FN Family number
# Overall, event date was missing for 2219 (0.4%) patients
~ 1% criteria for care home residence using family number: households with 23 individuals aged 265 years who were in the majority compared to those aged <65 years

*2nd criteria for care home residence using family number: households with >3 individuals aged =65 years, <3 individuals aged <50 years and those aged 265 years were in the majority
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S5 Table- Additional information obtained from using family number

Social factors

Information from CPRD
(including family number) &,
HES (number of patients with
data available)

Total study population
591,037 (100%)

Information from CPRD
(excluding family number)& HES
Total study population
591,037(100%)

Frequency (%) Missing | Frequency (%) Missing
data data
Living alone No 407544 (69%) 177799 | 166896 (28.2%) 418447
(30.1%) (70.8%)
Yes 5694 (1%) 5694 (1%)
Cohabitation No 48445 (8.2%) 234235 | 14666 (2.5%) 462464
(39.6%) (78.2%)
Yes 308357 (52.2%) 113907 (19.3%)
Residence: place  Care home 33205 (5.6%) 526070 | 28876 (4.9%) 530399
(89%) (89.7%)
Sheltered 1272 (0.2%) 1272 (0.2%)
Household 29296 (5%) 29296 (5%)
Others 1194 (0.2%) 1194 (0.2%)
Marital status Single 7291 (1.2%) 239756 | 7291 (1.2%) 430225
(40.6%) (72.8%)
Married/Civil 108921 (18.4%) 108921 (18.4%)
Widow/er 30459 (5.2%) 30459 (5.1%)
Divorced 7446 (1.3%) 7446 (1.3%)
Separated 2100 (0.3%) 2100 (0.4%)
Partner 195064 (33%) 4595 (0.8%)
uncategorised/other”

*Due to very small numbers in "Partner: other’ category the data are presented combined with “Partner:

uncategorised’

CPRD Clinical Practice Research Datalink HES Hospital Episodes Statistics
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S1 Fig- Timeliness of recording of living alone and residence: comparing data from Clinical Practice Research Datalink (CPRD) and Hospital

Episodes Statistics (HES) with data obtained from CPRD, HES and family number
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S2 Fig- Timeliness of recording of cohabitation and marital status: comparing data from Clinical Practice Research Datalink (CPRD) and Hospital

Episodes Statistics (HES) with data obtained from CPRD, HES and family number
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S3 Fig- Proportion of total study population (n=591,037) with recording of time-

varying social factors within 5 years of index date (01/01/2013)
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6.4 Determining immigration status in CPRD data

As outlined previously in Chapter 4 (Section 4.3.4), | initially assessed immigration status
based on medical codes for country of birth. To increase the assessment of immigration
status, | expanded the code list to include “first language” codes to identify individuals born
in countries where English was not the first language. This was done because the GPs were
incentivised to record first language for all registered patients between 2008-2011.138 139
When immigration status was determined based only on country of birth medical codes,
information was available for only 0.7% (n= 4187) of the study population (Table 6-1). The
completeness of recording of immigration status increased to 1.6% (n= 9713) with the
additional use of first language codes with country of birth codes (Table 6-1). As shown in
Table 6-1, among the 9713 individuals with information on immigration status (using the
wider definition comprising both country of birth and language codes), 7866 (81%) had a
code for being an immigrant, while 19% (n=1847) had a code for being a non-immigrant. |
considered that a GP was more likely to record that a patient was an immigrant than record
that a patient was non-immigrant. Based on this assumption, as described in the published
paper (Section 6.2), immigration status was considered as a binary variable for the entire
study population: individuals with a country of birth code as immigrants or with first language
code for languages other than English were categorised as immigrants while the rest of the
study population was categorised as non-immigrants. Based on this binary categorisation
and using the entire study population as denominator, of the total study population of
591037 individuals: 7866 (1.3%) individuals were categorised as immigrants and the

remaining 583171 (98.7%) individuals were categorised as non-immigrants.
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Table 6-1 Ascertainment of immigration status in CPRD GOLD data based on country
of birth and language codes

Age group (study Total number of Immigration status Immigration status

participants) individuals information based on information based on
only country of birth country of birth and
codes N (row %) language codes N (row %)

65-70 years 183382 1333 (0.7) 2938 (1.6)

70-75 years 131552 1001 (0.8) 2422 (1.8)

75-80 years 109628 815 (0.7) 1982 (1.8)

80-85 years 84473 562 (0.7) 1349 (1.6)

85-90 years 51278 325 (0.6) 723 (1.4)

>90 years 30724 151 (0.5) 299 (1)

Total 591037 4187 (0.7)* 9713* (1.6)

As described in text: # Of these 4187 individuals with available information: 2336 (55.8%) and 1851 (44.2%) were
coded as immigrants and non-immigrants, respectively *Of these 9713 individuals with available information 7866
individuals (81%) and 1847 (19%) were coded as immigrants and non-immigrants respectively

As mentioned in the published paper (Section 6.2), the proportion of individuals identified as
immigrants (1.3%) in the study was lower compared to the 2011 English Census data in
which 9.9% individuals aged 265 years were recorded as non-UK born.*>? The use of
language codes could have preferentially captured data from immigrants who moved to the
UK from non-English speaking countries but captured fewer individuals who migrated to the
UK in early childhood if these individuals considered English as their first language. The
language codes could have also under-ascertained individuals born in countries other than
UK where English is the first language such as the Republic of Ireland, United States of
America, Canada or Australia, and those who registered with their GPs after 2011 when
incentivisation for first language recording was withdrawn. The effect of under ascertainment
of immigration status on its association with zoster disease burden and zoster vaccine

uptake are further discussed in Chapters 7 and 8.
6.5 Family number

The use of family number (discussed in detail in Chapter 4: Section 4.3) contributed to the
availability of data for living alone, cohabitation and marital status. This is illustrated in the
supplementary material to the published paper (S4 Table): in comparison to data available
from CPRD (excluding family number) and/or HES, the additional use of family number

increased the completeness of recording for living alone (29% versus 70%), cohabitation
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(22% versus 60%) and marital status (27% versus 59%). However, data obtained from using
family number was less timely compared to the information obtained from using CPRD
GOLD and HES data without family number. This is because it is unclear how often the
family number is updated with changes in patient’s address as discussed previously in
Section 4.4.3.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>