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Non-technical summary

Understanding the causes of change in society and health, and their consequences for different
population groups is fundamental to research and good government. Understanding Society is a
unique study for enabling such research as it collects wide ranging information about people’s lives
annually for people of all ages and from everyone in the household. Adding objective measures of
health (biomarkers) to the Study, on a regular basis, will significantly add to opportunities for
‘biosocial’ research to better understand the two-way relationship between society and health.

Specifically, the following features of Understanding Society, and the interactions between them,
make it particularly valuable for biosocial research:

¢ Household panel - many health issues strongly relate to a person’s home circumstances and
intra-household relationships, and thus there are significant potential benefits to studying
health within household units.

e Large ethnic minority sample - there is significant and growing interest in better
understanding health issues within ethnic minorities, and the study has advantages in terms
of sample size and/or representation across age groups and geographic distribution over
comparable data resources.

e Rich longitudinal social data - there is substantial research potential in linking the social
trajectories captured within the study’s data over time to the physical health of participants
at different points in time. The rich and continuous data collection also supports analyses of
natural policy experiments (e.g. different policies or interventions implemented across
devolved administrations or at different times) or unanticipated societal events (e.g. the
pandemic).

Understanding Society was funded by ESRC to collect biomarker data at waves 2/3 and has recently
been funded to re-collect biomarker data at wave 16. This working paper outlines a framework of
four possible research themes that such a biomarker data collection could support:

e Understanding the biological pathways that connect society and health.

e Prevalence of undiagnosed/sub-clinical measures in different social groups.

e Measuring impacts associated with macro-change in society (including unforeseen

events).

e National representativeness/benchmarking.
It explains why Understanding Society is an effective study through which to support research under
each theme and identifies which of the proposed biomarkers to be included in wave 16 will
contribute to each theme.
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Foreword

Catherine Bromley, Deputy Director of Data Strategy and Infrastructure, ESRC

Understanding Society is a key part of ESRC’'s commitment to enable biosocial research. The 2019 ESRC
Delivery Plan included a long-term ambition for its infrastructure investments to enable “ground-
breaking research to provide new insights into how behavioural, environmental and biosocial factors
interact to produce different outcomes for individuals and society”. ESRC funded biomarker collection in
Waves 2 and 3 of Understanding Society and invited the team to include proposals for biomarker
collection in their proposals for Wave 16. The commissioning panel that reviewed the Wave 16 proposal
(in October 2021) agreed in principle with biomarker collection but recommended an extended review
period for the study team to develop a broader vision for biomarker collection in Understanding
Society.

ESRC established a Task and Finish group to advise the Understanding Society team. The group included
individuals with expertise from across the spectrum of biosocial research, with individuals from both
predominantly social and medical backgrounds. There were significant users of Understanding Society,
and individuals with substantial experience running other data infrastructures which have collected
biological data.

The review process highlighted how the following features of Understanding Society, and the
interactions between them, make it particularly valuable for biosocial research:

o Household panel - many health issues strongly relate to a person’s home circumstances and
intra-household relationships, and thus there are significant potential benefits to studying
health within household units.

e Large ethnic minority sample - there is significant and growing interest in better understanding
health issues within ethnic minorities, and the study has advantages in terms of sample size
and/or representation across age groups and geographic distribution over comparable data
resources.

e Rich longitudinal social data - there is substantial research potential in linking the social
trajectories captured within the study’s data to the physical health of participants at different
points in time. The rich and continuous data collection also supports analyses of natural policy
experiments (e.g. different policies or interventions implemented across devolved
administrations or at different times) or unanticipated societal events (e.g. the pandemic)

From this a framework four high-level research themes were identified that a biomarker data
collection in Understanding Society could support:

e Understanding the biological pathways that connect society and health.

e Prevalence of undiagnosed/sub-clinical measures in different social groups.

e Measuring impacts associated with macro-change in society (including unforeseen events).
e National representativeness/benchmarking.

This working paper outlines the framework, approved by ESRC’'s Management Board in July 2022, and
explains why Understanding Society is an effective study through which to support each theme. It
identifies which themes each of the proposed biomarkers might contribute to and the expected sample
sizes for both the overall population and ethnic minority groups.



Introduction

Understanding Society is a nationally representative sample, taking a range of measurements across the
entire adult age range and from everyone in the household over time. This makes it unique as a
resource for the academic community. In particular, the addition of biological information has afforded
a range of interdisciplinary research. Biomarkers were first collected in the study during Waves 2/3 and
the repeat collection of biological data will enable the research community to capitalise on the features
of Understanding Society and its rich, detailed and repeat measurement of the social environment in
the UK in a number of ways.

There are four main objectives to collecting biomarkers as part of Understanding Society. These are
briefly outlined next. The complete list of biomarkers proposed to be collected in Wave 16, including to
which objective each biomarker addresses, a brief rationale, whether it was previously collected at
Waves 2/3, the longitudinal relevance, and whether it is an innovative or established measure, is
presented immediately after in Table 1. This is then followed by a more in-depth narrative for each
objective.

Objective A: Understanding the biological pathways that connect society and health

e Whatitis: The social environment and health interact in a bi-directional manner over time such
that both can be explanatory factors for outcomes in the other. Social science and health
researchers need extensive, high-quality data on both the environment and biology to best
understand these associations. Such evidence can inform broad strategies to improve public
health and reduce health inequalities as well as promote and maintain a productive workforce.

e How Understanding Society contributes: The study captures detailed information about the
social environment and health, including biomarkers, across the lifespan and intergenerationally
within families. The longitudinal core includes annual collection of extensive data on multiple
facets of life with additional data provided through a number of administrative record linkages.
Biomarker data was also previously collected at Waves 2/3. The biomarkers collected at Wave
16 will provide indicators of a variety of important health outcomes that may be influenced by
people’s preceding social environment and/or influence their subsequent social trajectories and
health. Biomarker and social data will be useful for both cross-sectional and longitudinal
analyses.

e Relevant biomarkers: All biomarkers suggested for collection at wave 16 in Understanding
Society are collected to enable researchers to address this purpose. For example, we are
proposing cardiovascular factors. Much work has been conducted to understand the minimum
biological components needed to assess the “allostatic load’, which includes metabolic markers,
inflammatory markers, neuroendocrine markers and blood pressure. Measurement of DNA
methylation would enable a recalculation of biological age to calculate within person
‘accelerated age’.
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Objective B: Prevalence of undiagnosed condition/sub-clinical measures in different

social groups

e What it is: The extent of health conditions in the population is not fully identified because in
many instances conditions are undiagnosed and/or people are unaware of their symptoms.
More research is needed about the extent of these health conditions (at any stage of diagnosis)
for different parts of the population and across the entire lifespan in order to design effective
prevention and early detection strategies. Understanding the groups that are more likely to
have undiagnosed conditions, and factors associated with this, will enable the targeting of
prevention policies.

e How Understanding Society contributes: Including biomarkers that indicate health conditions
can identify the prevalence of diseases, including undiagnosed/untreated or poorly controlled
cases, in a large representative sample. Understanding Society includes participants from sizable
numbers of a variety of subgroups across all life stages with a longitudinal design capturing
ageing. The nature of this sample allows for studies of prevalence of disease in sub groups of
the population not frequently studied, how prevalence changes as people age and over time
and track and compare longer term social and health outcomes by diagnosis or treatment
status.

e Relevant biomarkers: Markers that are used in clinical practice such as total cholesterol, Blood
pressure and HbA1c, for the categorisation of diabetes, markers of kidney function and liver
function tests are relevant here. Genetic and DNA Methylation data.
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Objective C: Measuring impacts associated with macro-change in society

What it is: Society is constantly changing, including unforeseen events, which can have a direct
impact on changes in living conditions and health. By capturing the social environment and
health of individuals before, during and after these changes emerge, researchers can establish
the pathways that societal developments can have on biology.

How Understanding Society contributes: The longitudinal design and the large representative
sample of the UK makes the study best placed to capture the immediate and long term impacts
these societal changes on health through inclusion of biomarkers to the extensive social survey
data. Capturing a multitude of biomarkers longitudinally, Understanding Society tracks and can
make population level inferences of the impact of societal changes on health outcomes. Having
before and after indicators through the longitudinal design allow for stronger claims of
causality.

Relevant biomarkers: Cardiovascular risk factors such as adiposity, blood pressure,
inflammatory markers, kidney markers to examine change in inequalities (for example) and
microbiome to see if it related to COVID exposure.
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Objective D: National representativeness/benchmarking

e Whatiitis: The provision of data that is used as a benchmark for similar biomarkers collected in
other studies or clinical settings helps contextualise smaller specialised studies and promotes
the uptake in usage of biomarkers. The benefits of benchmarking are only possible because
Understanding Society is representative of the whole population.

e How Understanding Society contributes: The national and representative nature of the study
enables it to be positioned as a benchmark for biomedical studies or routinely held clinical data,
and there is precedence for it being used in this way. The extensive nature of the data includes
measurements of risk factors for disease which provides population-level understanding of
these biomarkers. Understanding Society also is at the forefront of setting these benchmarks for
emergent measures as it incorporates new biomarkers as the study progresses. This includes
newer measures such as polygenic scores or from the microbiome.

e Relevant biomarkers: clinical risk factors: cardiovascular, kidney markers, liver function tests,
genetic markers and microbiome data.
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Table 1: Proposed Wave 16 biomarkers

Biomarker Objectives | Rationale Measured Relevance of | Established/
in Waves change Innovative?®
2/3
Blood pressure AB,C,D Associated with | Y Blood Established
a variety of pressure
social trajectories
exposures: e.g. are patterned
Socio economic by social
position (SEP) position and
(1). Component are associated
of metabolic with mortality
syndrome (2) (5)
and allostatic
load (3).
Associated with
cardiovascular
disease and a
variety of
morbidities (4)
Adiposity (Body Mass ACD Associated with | Y Trajectories in | Established
Index derived from a variety of adult
height and weight, waist social adiposity is
circumference) exposures: e.g. patterned by
SEP (6), adverse social factors
childhood particularly in
events (7); childhood
unemployment (11).
(8) occupational
stress (9)
Component of
metabolic
syndrome (2)
and allostatic
load (3).
Associated with
cardiovascular
disease and a
variety of
morbidities (10)
Blood samples (listed in order of priority)
Total and HDL A,B,C,D Measures of fat | Y Change in Established
cholesterol, in the blood, these and the
Triglycerides associated with cardiovascular
a variety of risk factors
social above inform
exposures: e.g. risk prediction
SEP (12), over and
occupational above single
stress (13). measures (15)
Component of
metabolic




syndrome (2)
and allostatic
load (3).
Associated with
cardiovascular
disease and a
variety of
morbidities (14)

HbA1c (glycated AB,C,D Used to Demographic, | Established
haemoglobin) categorise disease risk
Diabetes. Type factors,
2 diabetes is environmental
socially and
patterned (16) psychosocial
Component of factors are
allostatic load associated
(3) with change in
Associated with HbA1lc (18)
mortality and a
variety of
morbidities (17)
C-Reactive Protein A,C,D Inflammatory Differences in | Established
marker. Socially CRP levels
patterned (19), raised over
associated with time by social
a number of position (21),
outcomes associated
including with frailty
mental health, (22)
cardiovascular
disease and
cancer (20).
Dehydroepiandrosterone | A,C,D Hormones Trajectories Established
(DHEAS) associated with associated
ageing, with
components of functioning
allostatic load, (24)
associated with
frailty and
cardiovascular
disease (23)
Testosterone, Steroid AC,D Hormone Trajectories in | Established

Hormone Binding
Globulin

associated with
frailty, type 2
diabetes and
cardiovascular
disease (25)

total and
bioavailable
hormone
levels
associated
with age and
with various
morbidity
outcomes and
mortality (26)




Creatinine ACD Measurement Y Progression of | Established
of kidney kidney disease
function, which associated
is patterned by with mortality
SEP (27), and (29)
associated with
cardiovascular
disease and a
variety of
morbidities (28)
Ferritin, Haemoglobin AD Reflect iron Y Changes will Established
stores and track changes
anaemia, which in diet and
are associated other
with diet and behaviours
with a variety of and health
health conditions.
outcomes (30)
Liver function tests A,C,D Reflects Y Changes will Established
(alkaline phosphatase, exposures such track changes
alanine transferase, as alcohol in behaviours
gamma glutamyl intake and poor and liver
transpeptidase, bilirubin) diet. function more
broadly
Vitamin D (25- AD Nutritional N Innovative for UKHLS
hydroxyVit-D) biomarker
associated with
a variety of
health
outcomes.
DNA for Illumina Global A,B,D Supplement Proposed Innovative (for some
Screening array * earlier supplement disciplines and
measures taken | for new population groups and
from DNA sample having trios)
collected from members
White European | (which will
groups increase
trio sets)
and ethnic
groups
[llumina EPIC array ACD Developedinto |Y Longitudinal longitudinal data is
(methylation)* biomarkers of data leads to innovative for all,
age (31) that improvement | methylation data is
are socially in biomarker innovative in social
patterned (32) development | sciences
and associated (33)
with mortality
(as reviewed in
(31)
Stool sample AC,D Microbiome a N Innovative
new frontier in
then the




understanding
the biology of
human health,
associated with
the
environment to
a greater extent
than with
genetics (34).

*we will keep abreast of developments in technology and price and use a newer array should this one
be superseded.

Innovation in Understanding Society

DNA extraction for genome wide work and methylation measurements in a wider range of participants:
The addition of genetic data will serve to contribute to on-going efforts that are incorporating different
ethnicity data to their studies. The collection and extraction of DNA from new members such as the
Wave 14 boost, and those that have reached 16+ between Wave 3 and Wave 16 will serve to
significantly increase the family groups with genetic data, which is particularly relevant to genetic
studies that seek to examine social phenotypes and outcomes in a causal framework as they are
susceptible to bias due to familial confounding (35)

Vitamin D (25-hydroxyVit-D): Measurement was supported by the research community as it captures
dietary, outdoor and other lifestyle behaviours (36)although there is diverse evidence on its utility (37).
Measurement is being included but if blood samples are less than anticipated it is a low priority
measure.

Microbiome: Itis plausible that gut microbiome may play a role in the pathways that mediate the
association of the social environment as health as evidence suggests associations with the psychosocial
environment (38) and social relationships (39). We propose the collection, measurement of the
composition of the gut microbiota in a subset of participants. Collection of the microbiome will help the
community establish whether this is a measure with strong potential to provide insights into novel
pathways that may play a role in social inequalities in health.

Objective A) Understanding the Biological Pathways that connect

society and health

Of particular interest to social researchers are the mechanisms by which the environment ‘gets under
the skin’; social scientists also view the ways in which health influences people’s social and economic
circumstances vital for research. There is a continuous and adaptive two-way interaction between the
environment and biology throughout the lifespan. Understanding Society captures detailed information
about the social and physical environment from participants across the adult lifespan and from other
sources, such as administrative records. There are several broad pathways that are of interest. The
physical environment, for example pollution or occupational toxin exposure and stressful exposures due
to social and economic experiences, manifests itself in different biological processes, which with
repeated experiences, can lead to long term biological damage, so-called ‘allostatic load’. In turn health
may influence people’s ability to work, and having objective measures such as biomarkers enables
researchers to eliminate the possibility of subjectivity bias. In the body of work created from data
collected at Wave 2/3 (2010-2013), biomarker data have been used individually or in combination and
association with the environment. Examples of individual biomarker analyses include a use of
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methylation algorithms that represent biological age describing ‘accelerated age’ in mid-life in those
exposed to early life disadvantage (40) and disadvantaged social position across the lifespan (19) and
poor housing and higher inflammatory markers (41). In combination, outputs have used the
longitudinal data available in the survey to examine changes in labour market status to examine
whether staying out of the labour market is better for allostatic load than getting a poor quality job (42).
Further living in a disadvantaged neighbourhood (43) was examined in relation to allostatic load, an
index comprising markers of multiple physiological systems.

This work serves to pinpoint the association of the social and physical environment with biomarkers

that range from genomic to wider physiological measurements. Repeat assessment of measures of

biomarkers would strengthen previously reported cross sectional associations and enable analysis of
within person change in both the social environment and biology.

We are proposing two new or innovative measures to the Study that would serve to provide new
biological pathways by which the environment is associated with health. Vitamin D levels are impacted
by light exposure and diet, are patterned by SEP (44) and geography (45). Vitamin D data will provide
an insight into diet and sun seeking/outdoor behaviour to complement other data available in the
study. Recently the microbiome has emerged as a further mechanism that may underpin the
association of the social environment and health (46). Methods to collect and measure the microbiome
are new and require some development in longitudinal population survey settings, but promise to put
Understanding Society at the forefront of studying associations of the social experience and health and
the methodological tools to do this.

Relevant biomarkers: All biomarkers suggested for collection at Wave 16 in Understanding Society are
collected to enable researchers to address this purpose (see Table 1, below for complete list). The table
provides a rationale for each proposed measure and/or biomarker. Much work has been conducted to
understand the minimum biological components needed to assess the allostatic load, which includes
metabolic markers, inflammatory markers, neuroendocrine markers and blood pressure: we are
proposing height, weight, total cholesterol, waist circumference, DHEAs, CRP and diastolic and systolic
blood pressure. Measurement of DNA methylation would enable a recalculation of biological age to
calculate within person ‘accelerated age’.

Objective B) Prevalence of undiagnosed condition/sub-clinical

measures in different social groups

Understanding Society has collected biomarkers that are related to specific disease outcomes such as
total cholesterol, which is a cardiovascular risk factor and glycated haemoglobin (HbA1C) for the
assessment of diabetes. Including such measures in longitudinal surveys enables the identification of
the prevalence of diseases in different sub groups of the population and how this changes as people age
and over time. Compared to many resources, Understanding Society includes participants from a
number of life stages, it is the full population with complete coverage in the UK. Thus, there is the
ability to examine different parts of the UK with sample sizes that should enable sub-group analyses
(see Table 2, below, for expected sample sizes for biomarkers). For example, changes in policy and
health service provision means that there are a varying number of untreated people in the population.
Data from earlier waves of Understanding Society suggests that men and people aged 55-64 and people
living alone are at increased risk of untreated hypertension (47), while analysis of HbAlc data suggested
an increased risk of untreated diabetes in those with less education. Re-collection of these data will
provide insight into the which groups remain at risk for undiagnosed or untreated disease. Additional
analyses have described mismatches between self- report smoking and the biomarker of smoking by
socio-economic position with implications for the contribution of smoking and health inequalities as
mis-match rates are higher in those with more advantaged social position.
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The collection of biological data in Understanding Society represents one of only a handful of studies
with the potential to provide information from large and representative minority ethnic groups. This
was not done at wave 2/3. An example of potential cross-sectional analyses afforded by the
measurement of HbA1lc, for example, at wave 16 include a description of diabetes (48mmol/mol or
over) in immigrant and ethnic minority groups and associations with measures and experiences such as
racism not collected in other studies. Our forecasted sample size in each group enables researchers to
address questions such as whether associations of racism and health vary in different ethnic groups.
We plan to collect genetic information from ethnic minority groups which will serve to contribute to on-
going consortium efforts that are incorporating different ethnicity data to their studies as seen recently
for genome-wide association studies (GWAS) of lipids that found increasing diversity resulted in
substantial improvements in fine-mapping functional variants and portability of polygenic prediction
(48).

Adding genetic data from the immigrant and ethnic minority boost samples (which was not done at
Waves 2/3) will provide valuable data to investigate the health of different groups. This was mentioned
by a significant number of users across all fields and would create wide ranging novel multidisciplinary
research opportunities. A very strong ambition articulated by a significant subgroup of users, especially
genetic epidemiologists, is the unique position Understanding Society would be in if we genotyped DNA
from minority ethnic groups. Most existing molecular genetic studies are restricted to individuals of
white European descent. This reduces the discoveries that can be made, limits generalizability to other
ancestral groups, and raises serious issues of justice about who research is conducted for. This is
increasingly recognised as a problem, and genotyping arrays have been developed that are much more
inclusive. Such genotyping now needs to be carried out on diverse populations and given Understanding
Society’s population coverage and immigrant and ethnic minority boost samples, we could make a
hugely important contribution to research in this field.

The household design of Understanding Society has enabled analyses (49) that used our methylation
data to develop a biomarker for smoking and suggests that there are minimal biological signals with
‘passive smoking’ in the household. Further, the collection of biomarker data in all adults in the house
enable analyses such as those that suggested that there is spousal concordance in adiposity,
cardiovascular and diabetes risk. In this work, the length of the spousal relationship is not associated
with biomarkers. This observation is from self-reported data and would be strengthened by repeated
biomarker information captured many years apart (50).

Relevant biomarkers: Total cholesterol, Blood pressure and HbA1c, for the categorisation of diabetes,
markers of kidney function and liver function tests are relevant here. Genetic and Methylation data.

Objective C) Measuring impacts associated with macro-changes in

society

COVID-19 is an extreme example of a possibly unexpected event changing society, but new events that
can impact both society and health happen are common (and frequently unexpected). Capturing both
social and biomarkers longitudinally, Understanding Society will be able to track the impact these
changes have on the relation between social and health outcomes. Having before and after indicators
allow for stronger claims of causality these events have on the relation between social and health
outcomes. Understanding Society collects a wide variety of social and other information annually which
uniquely will enable the creation of detailed and rich histories and trajectories of these factors before
and after the collection of biomarker data.

In Wave 16 (2024-2026) it is anticipated that population health will be altered as a consequence of the
pandemic. With response to the pandemic, we anticipate that population level disability will be higher
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overall and in younger age groups in the post pandemic period than in the pre-pandemic period and
thus will the study be able to examine these associations with greater precision than we were
previously able. For example, we have collected information on individual experiences in the pandemic,
including infection and antibody levels. It might be expected that the virus impacts guts, kidneys, lungs
and heart, given where the mediating receptor is expressed (51) and we might anticipate that
measurement of these systems will provide any long term associations in the post pandemic era. In
particular, the study would potentially be able to examine questions such as which of these systems are
important for outcomes such as early retirement or unemployment in working age populations. Repeat
measurement of these biomarkers will enable us to understand, for example the increase in subclinical
disease in the light of the change health care provision following the pandemic. Analysis of biomarker
data from Wave 2/3 quantified health service use prior to the pandemic (52), which we anticipate
would be different in the light of greater population ill-health in the post pandemic era.

Further subsequent social and economic conditions of the country will be different to those in wave 2/3
(2010-2013) and our study will enable an examination of the differences in associations in the two time
points. For example, a priori one might expect income volatility to be higher in the mid-2020s than in
2010, by having repeat measures of biomarkers at wave 16 of Understanding Society , researchers can
examine whether great volatility has different associations with cardiovascular disease (53), cognition
(54). We additionally expect that associations might vary in the context of different economic
environments.

Relevant biomarkers: Cardiovascular risk factors, adiposity, blood pressure, inflammatory markers,
kidney markers to examine change in inequalities (for example) and microbiome to see if it related to
COVID exposure.

Objective D) National representativeness/benchmarking

The national and representative nature of the study enables it to be positioned as a benchmark to
biomedical studies and clinically collected data. There is precedence for the use of Understanding
Society in this and other ways that capitalise on the unique features of the study. Thus, methylation
clocks measured in blood have been compared to these clocks in other tissues (55) and clinical sample
sets (56). A repeat measurement of methylation data to calculate the methylation clocks will provide
innovation in the study and also a new insight into the expected individual level changes across the
adult age range.

Alongside the value of repeating biomarkers already collected, we should look to innovative
measurement to stay at the forefront of bio-social research. Understanding Society intends to provide
such innovative data to the researchers through the collection of gut microbiome, which has been
implicated in a variety of diseases and conditions such as depression, anxiety, dementia, obesity and
metabolic syndrome. Recent evidence suggests that the environment plays a greater role in shaping gut
microbiota than genetics and thus the association of environmental and social factors with the gut
microbiota requires further investigation. However, to date studies that collect gut microbiota are
typically small, clinical or composed of volunteers and therefore limit generalisability. Microbiome
sampling has been conducted in very biased groups, for example in the UK volunteers to the ‘mapmygut
(ZOE - Understand how your body responds to food (joinzoe.com))’ and US ‘American gut project Home
- The Microsetta Initiative (ucsd.edu)’. These have been shown to be unrepresentative in that their
participants are disproportionately white, female and healthy. A recent review reported that of the
studies that used community based recruitment only 4 of 71 studies used population-based random
sampling design (34). There has therefore been a call for the introduction of microbiota collection to
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large, representative, richly phenotyped studies to understand the full complexity of previously
described associations. There are also key co-variates that are largely not accounted for in this field. We
have the opportunity to provide data to this research community on social and environmental factors
that may or may not be confounding or playing a role in analyses. A successful collection will provide the
basis of an expanded future roll out, providing both methodological knowledge and also a unique
insight into population health. For example, evidence suggests that the microbiome is clustered in
households (57) and our data will provide an opportunity to add further insight into these observations.
Collection of these data in Understanding Society will provide information that will also enable
population inference.

Relevant biomarkers: all biomarkers, in particular clinical risk factors, biomarkers of ageing (epigenetic
clocks), and where data are available from unrepresentative groups (microbiome).

Sample Sizes

Our overall sample estimates, and estimates for specific subgroups, were provided in the Wave 16
response to reviewers and are reproduced in Table 2 below. We anticipate some n=16,000 participants
with blood analytes will be well powered to address cross-sectional questions, for example, of
inequality between the top 10% and the bottom 10% of the distribution of any socioeconomic indicator,
or between two regions each making up about 10% of the sample. A sample size of 10,000 total as we
will have with measures of blood pressure or anthropometry in wave 2/3 and wave 16, (1,000 per 10%
subgroup) has power of 95% to detect as significant at the 5% level a difference between group means
of 16% of the standard deviation of any continuous unimodal outcome variable. This corresponds to a
difference between group means of approximately 4% of the range of measurements in the entire
population (assuming the range approximates to 4SD). Studies report 1.6-2cm increase in waist
circumference over ten years, in groups under the age of 70, which is greater than 0.1SD with similar
differences in the most advantaged and disadvantaged SEP (58). We anticipate a substantial number of
ethnic minority participants; sample size estimates by ethnic groups and biomarkers are shown in Table
3. While absolute numbers are lower than those in UK Biobank, our participants will be drawn from all
age groups and regions of the UK. We will have a greater number of ethnic minority participants than
other national surveys, such as Health Survey for England (HSE). For example, in 2019 (the most recent
data available), the HSE had 1007 Asian respondents (of any background) and 345 Black respondents.
Understanding Society expects 3472 Asian and 1285 Black respondents at wave 16. Similarly, the
National Diet and Nutrition survey collects Vitamin D information from across the age ranges but this is
limited to less than 2,000 adults in total and thus the data available in Understanding Society from
ethnic minority participants would provide substantial additional insight than previously possible. Our
study would also be one of the largest of studies available with repeat measures of methylation using
the EPIC array.
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Table 2 Forecast samples sizes for key bio-measures at Wave 16 (from response to Wave 16 reviewers’
comments)

Measures Wave2/3 biomarker data Wave 16 forecast total Wave 16 forecast
collection sample size* (those who took wave
2/3)

Sample issued 35,875 42,000

Actual/Forecast number of interviews

Web interview 17,408
Face-to-face interview 20,699 18,327
Total sample 20,699 35735 11,000
BP and anthropometry, 19,871 - 20,245 21,432 10,716

varies by measure

Blood analyte 13,107 16,000 8,000
Genetics data 9,500 (genome data for 6,640 Total across w2/3 and
White Europeans only) w16= 16,640

Will add 500 Ethnic
Minorities (DNA already
extracted)

Epigenetic data 3,654 2,500 1,800

Metagenomic data 2,000

*This was a follow up to the main interview for 0.81 of the GPS sample and the BHPS sample only, spread over two
waves.
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Table 3. Forecast samples for Ethnic Minority numbers by Biomarkers

Measures
Bloods
Indian
Pakistani
Bangladeshi
Caribbean
African

Total

Adiposity
Indian
Pakistani
Bangladeshi
Caribbean
African

Total

Blood Pressure
Indian
Pakistani
Bangladeshi
Caribbean
African

Total

Microbiome
Indian
Pakistani
Bangladeshi
Caribbean
African

Total

Expected n
590

560
290
240
280

1960

Expected n
605

578
300
254
294

2031

Expected n
630

604
312
265
307

2118

Expected n
71

68
35
30
35

239
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