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epigenetic ageing?

Amy Clair @ ," Emma Baker

ABSTRACT

Background Numerous aspects of housing are
associated with health. However, the pathways between
housing and health, particularly the psychosocial
elements of housing, are less well understood. Epigenetic
information alongside social survey data offers an
opportunity to explore biological ageing, measured using
DNA methylation, as a potential pathway through which
housing affects health.

Methods We use data on housing and DNA
methylation from the UK Household Longitudinal Study,
linked with prior survey responses from the British
Household Panel Survey, covering adults in Great Britain.
We explore the association between epigenetic ageing
and housing circumstances, both contemporary and
historical, using hierarchical regression.

Results We find that living in a privately rented home
is related to faster biological ageing. Importantly, the
impact of private renting (coefficient (SE) 0.046 years
(0.011) vs owned outright, p<0.001) is greater than

the impact of experiencing unemployment (coefficient
0.027 years (0.012) vs employed, p<0.05) or being a
former smoker (coefficient 0.021 years (0.005) vs never
smoker, p<0.001). When we include historical housing
circumstances in the analysis, we find that repeated
housing arrears and exposure to pollution/environmental
problems are also associated with faster biological
ageing.

Conclusion Our results suggest that challenging
housing circumstances negatively affect health through
faster biological ageing. However, biological ageing

is reversible, highlighting the significant potential for
housing policy changes to improve health.

INTRODUCTION

Housing is an important social determinant of
health.! Numerous aspects of housing, tangible and
intangible, are linked with health, both physical and
mental. New health indicators linked with social
survey data offer the opportunity to expand our
understanding of the relationship between housing
and health. Recently, DNA methylation measures of
biological ageing have been proposed as a means
to understand the mechanisms that underpin social
differences in health. In this paper, we explore
whether a person’s housing circumstances are
related to biological ageing.

Estimating biological age(ing)

There is a significant variation in the health of
people of the same chronological age.> Comparison
between biological and chronological age has the
potential to shed light on health differences and

," Meena Kumari

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Links between housing circumstances and
aspects of health are well established.

= What is less well understood are the pathways
between the two.

WHAT THIS STUDY ADDS

= Housing circumstances—specifically private
renting, repeated housing arrears and exposure
to pollution—are associated with faster
biological ageing.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings demonstrate the potential
epigenetic impacts of housing.

= Compared with other social determinants,
such as unemployment, housing problems are
associated with a greater impact on ageing,
indicating that improving housing should be a
target of health interventions.

their causes, with particular relevance to under-
standing the social determinants of health. Since
at least the 1980s, the potential for a biomarker of
biological age or biological pace of ageing has been
proposed.®*

DNA methylation-based measures have been
suggested as the most promising indicators of
biological ageing in terms of validity and predictive
power.® * DNA methylation is an epigenetic mecha-
nism that occurs when a methyl group attaches onto
DNA at the CS position of the cytosine-forming
5-methylcytosine, potentially affecting gene expres-
sion.” Because DNA methylation changes with age,
methylation is regarded as ‘a fundamental mecha-
nism that drives human ageing’.? Using algorithm-
derived weighted averages of methylation levels
at different CpG sites, the so-called ‘epigenetic
clocks’ produce estimates of biological age, called
DNA methylation age (DNAmAge).’ © 7 Research
using these measures shows they have strong links
with mortality® and morbidity.* In particular, posi-
tive age acceleration is associated with disease and
death. 3¢’

Previous work has examined the ability of
epigenetic measures of biological ageing to predict
mortality or disease” independent of chronological
age. An emerging body of work uses the epigenetic
measures as an outcome rather than a predictor
to explore whether social factors and individual
behaviours affect biological ageing (for example see
previous work”). This work has linked accelerated
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Table 1 Weighted proportions, contemporary housing variables,
complete cases

Table 2 Historical housing circumstances from final 10 years of BHPS
survey, proportions, complete cases

Variable Categories Proportions
Tenure Owned outright 0.403
Owned with mortgage 0.387
Social rent 0.138
Private rent 0.069
Other 0.003
Building type Detached 0.303
Semi-detached 0.340
Terrace 0.263
Flat 0.090
Other 0.003
Receive housing benefit No 0.964
Yes 0.036
Has central heating Yes 0.954
No 0.046
Rural/urban Urban 0.723
Rural 0.277
Housing cost burden (spend No 0.973
over 1/3 of income on housing, yeg 0.027
income below median)
Housing payment arrears 2+  No 0.951
months late with payment) Yes 0.050
Overcrowded (less than one No 0.949
bedroom per person/couple) Yes 0.051
Moving desires and Want to stay, expect to stay 0.673

expectations Want to move, expect to move  0.069

Want to stay, expect to move 0.020
Want to move, expect to stay 0.237

Values may not sum to 1 due to rounding.

ageing with a number of social and structural factors, including
cumulative lifetime stress, income, education,” employment
status, socioeconomic position and mobility,' '! and financial
pressure.'* DNAmAge measures may therefore help to explain
the mechanisms underlying the relationship between housing
and health, particularly given that housing circumstances are
themselves indicators of socioeconomic position,' although not
typically included in indicators of socioeconomic position in
DNAmAge analyses."!

Housing and health

Concerns about the impacts of housing on health have a long
history (for example see previous works!* %), Early work was
typically concerned with the physical conditions of housing,
such as crowding and cold, but over time research increasingly
came to include the non-tangible aspects of housing, such as
affordability and security.! More recently, research investigating
the links between housing and health has emphasised the over-
lapping and intertwined nature of housing issues'®'” and the way
that these may influence health.

Capturing overlapping aspects of housing can be challenging,
but housing tenure is a potentially effective latent variable, at
least in countries such as the UK that have highly distinct tenures
in terms of policy treatment. Housing tenure refers to the legal
means in which a person or household inhabits their home. In
the UK, there are three main tenures, each representing roughly
one-third of English households (in 2011/2012): outright owner-
ship, mortgaged ownership and rental. Within the rental tenure,

Weighted
proportion
experiencing issue
at some point

Does your Damp walls, floors, foundation, etc 0.286
accommodation have  shortage of space 0.559
ey s el Noise from neighbours 0.390
problems?
Other street noise 0.489
Too dark, not enough light 0.235
Lack of adequate heating facilities 0.193
Condensation 0.397
Leaky roof 0.219
Rot in window frames or floors 0.305
Pollution, grime or other 0.260
environmental problems caused by
traffic or industry
Reported Housing payment difficulties 0.249
experiencing... (problems paying for housing for over
1 year)
Housing payment arrears 0.069
Moving desires mismatch* 0.654
No central heating 0.207

*Reported wanting to move but expecting to stay, or wanting to stay but expecting to
move.
BHPS, British Household Panel Survey.

approximately half rent from a private landlord (private rent)
and half from a local housing authority or association (social
rent).'® Other tenure types include shared ownership and rent-
free accommodation.

Housing policies, particularly regarding enforcement of
housing standards, financial support, and security of tenure,
mean that people’s housing experiences vary considerably
depending on their housing tenure. Across three of the four
aspects of housing precariousness' '—affordability, security (both
of which broadly relate to the psychosocial qualities of housing)
and quality (which broadly relates to the physical/material char-
acteristics of housing)—private renting in the UK compares
considerably worse than other tenures. Private renting is highly
insecure, average quality is lower, and costs are highest—both
in terms of absolute rents and rents as a proportion of income
(although it should be noted that conditions for private renters
in Scotland and Wales are likely improved following changes to
standard tenancies that occurred after the data used here were
collected).

There are many potential causal mechanisms through which
the material and psychosocial characteristics of housing may
influence health and therefore biological ageing. Summaries are
available elsewhere,' 2° but briefly, physical housing conditions
are linked to health via exposure to things such as cold, mould,
crowding and injury hazards, while psychosocial aspects of
housing are linked to health via stress and stigma.

METHODS

Data

The UK Household Longitudinal Study (UKHLS) is a longi-
tudinal panel survey which covers a representative sample of
approximately 40000 UK households. It began in 2009 when
it replaced the British Household Panel Survey (BHPS) which
had been running since 1991. The UKHLS began with a new
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Table 3 Weighted proportions for control variables, complete cases

Variable Categories Proportions
Sex Male 0.469
Female 0.531
Longstanding illness/ No 0.590
disability Yes 0.410
Smoking status Never smoked 0.399
Former smoker 0.402
Current smoker up to 10 p/d 0.064
Current smoker 11-20 p/d 0.109
Current smoker 21+ p/d 0.026
BMI Under 18.5 0.005
18.5 and below 25 0.294
25 and below 30 0.415
30 and below 40 0.249
40 and above 0.038
Employment status Employed 0.539
Unemployed 0.034
Retired 0.331
Maternity/caring 0.061
Student/other 0.008
Long-term sick/disabled 0.028
Region North East 0.054
North West 0.116
Yorkshire & Humber 0.123
East Midlands 0.097
West Midlands 0.090
East of England 0.096
London 0.075
South East 0.117
South West 0.111
Wales 0.055
Scotland 0.062
Highest qualification Degree 0.166
Other higher degree 0.100
A-level, etc 0.198
GCSE, etc 0.251
Other qualification 0.130
No qualification 0.154
Born in the UK Yes 0.967
No 0.033
Subjective financial Living comfortably 0.275
situation Doing alright 0.358
Just about getting by 0.287
Finding it quite difficult 0.058
Finding it very difficult 0.021
Age-standardised income  Lowest 0.269
quartile 2 0.241
3 0.240
Highest 0.251
Age Mean age of 55.4 years, Min. 28

Values may not sum to 1 due to rounding.
BMI, body mass index; GCSE, General Certificate of Secondary Education.

sample, absorbing the BHPS sample in wave 2. Extensive efforts
have been made to harmonise the BHPS and UKHLS data-
sets, enabling linkage across datasets. Both the BHPS and the
UKHLS contain considerable information about individuals and
households, including housing details. Between 2010 and 2012

(corresponding to waves 2 and 3 of the UKHLS), separate nurse
visits were conducted to collect additional health information
including blood samples from survey respondents, approxi-
mately 5 months after main UKHLS survey response. Logistical
issues meant that Northern Ireland was not included in the nurse
visit component.”! Blood samples were analysed resulting in a
number of health indicators, including six measures of biolog-
ical age calculated by the UKHLS team from DNA methylation
data.”*

Given our interest in both historical and contemporary
housing experiences on health, our sample is the 1420 survey
respondents originally from the BHPS sample for whom blood
samples and methylation data are available. Their methylation
data are linked to the corresponding UKHLS survey (wave 3) and
survey responses from BHPS waves 9-18 (years 1999-2008).*'
Eligibility for blood sampling was based on their full participa-
tion in the corresponding UKHLS survey and respondents were
required to be over the age of 16 years, have completed the
UKHLS survey in English and not be pregnant. Of those eligible
for blood sample collection from the BHPS sample, 56.6% took
part. DNA methylation of collected blood samples was restricted
to those of white ethnicity.

Measuring biological age(ing)
Many different approaches to DNAmAge have been developed.
These can be split into first-generation approaches (often called
clocks) and second-generation approaches. First-generation
clocks such as the Horvath,>* Hannum ez al,> and Lin et al’s** %’
are based on prediction of chronological age. However, accu-
rate prediction of chronological age is not necessarily the main
goal of many analyses.” Second-generation measures, including
the DNAm PhenoAge*® and DunedinPoAm,® are instead trained
on clinical biomarkers in order to predict phenotypic, rather
than chronological, age. In particular, the DunedinPoAm clock
is designed to indicate a person’s pace of ageing—to calculate
‘rate’ of ageing rather than ‘state’ of ageing. Those deemed to
be ageing faster using DunedinPoAm have been found to have
worse physical and cognitive functioning, as well as other indi-
cators of ageing, 7 years after DNA data collection.®

Given our interest in whether housing difficulties potentially
cause people to biologically age faster than those not experi-
encing housing difficulties, the potentially transient nature of
such effects® as well as the cross-sectional nature of our DNA
methylation measure, we focus on the DunedinPoAm measure.
DunedinPoAm also appears to be associated with subjective
health to a greater extent than alternative epigenetic measures,
but retains the link with objective measures such as mortality
and morbidity.®

DNA was extracted from UKHLS blood samples and DNA
methylation was measured using the Illumina Infinium Human-
MethylationEPIC BeadChip kit (Illumina, San Diego, California,
USA). The DunedinPoAm algorithm was calculated from these
data as previously described in Bao et al.'’

Predictor variables

As in Clair and Hughes,"” we consider all possible housing
elements available in the data to reflect the varied and complex
role housing plays in people’s lives. We include both material
elements of housing: tenure, building type, receipt of housing
benefit (financial support available to renters), presence of
central heating (as a proxy for adequate warmth which is not
asked in wave 3 of the UKHLS), whether the home is an urban
or rural area; and psychosocial elements: housing cost burden,
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Figure 1  Flowchart showing study design.

payment arrears, an indicator of overcrowding, and an indicator
of moving expectations and preferences. Unfortunately, the
UKHLS does not include any variables relating to the physical
qualities of the home that are suitable for this analysis; however,
some were included in the BHPS questionnaires and are
included in our historical analysis. Variables relating to contem-
porary housing circumstances and their weighted proportions
are shown in table 1, and those relating to historical housing
circumstances in table 2.

For the historical housing circumstances, we pooled the
responses from the last 10 years of the BHPS survey for each
respondent, and transformed responses into a binary variable
indicating whether or not each respondent had experienced the
following issues at any point during that time.

Control variables

We control for factors associated with housing and DNAmAge
in our analysis. As noted above, previous analysis has found
associations between DNAmAge measures and sex, nationality,
education level, socioeconomic position, diet, cumulative stress,
financial hardship, urban environments, socioeconomic posi-
tion, body mass index and smoking.’ * #'* 3% Importantly,
pace of ageing increases as chronological age increases,® making
it necessary to control for chronological age. Many of these
factors, such as socioeconomic position and age, are also asso-
ciated with housing circumstances. These control variables are
taken from the main survey prior to blood sample collection.
Weighted proportions are shown in table 3.

We also account for blood cell composition and processing
batch in our analysis.* 2! Analysis was conducted using Stata V.17.
Weights were applied to account for unequal selection proba-
bilities and stratification adjusted for using the SVY command.
Analysis was run on complete cases (n=1312, or 92.4% of avail-
able sample, see online supplemental material tables A1-A3 and
associated text for an overview of missing cases). We present
linear associations between the individual housing variables and
pace of ageing before presenting models which include multiple
housing variables (see figure 1). Coefficients represent the speed
of ageing in years: a coefficient of 0.5 would indicate a person
ageing faster than expected: by 1.5 years, or 18 months, per
year. Conversely, a negative coefficient would indicate slower
ageing.

RESULTS

Table 4 gives the results for the housing variables in the regression
models predicting biological ageing measured using Dunedin-
PoAm, full results can be found in online supplemental mate-
rials, table A4. A likelihood-ratio test indicated that a multilevel
model nesting individuals within households did not provide
better model fit than a regression model. The weighted mean

Investigation of
individual contemporary
housing issues

Investigation of
individual historical
housing issues

Regression model
including multiple
contemporary housing
issues

Regression model
including contemporary
and historical housing
issues

of DunedinPoAm for the retained sample was 1.029 (SE 0.004,
SD 0.079).

We first explore the relationships between DunedinPoAm
and individual housing characteristics, controlling for cell
count and batch numbers, as well as age, sex, longstanding
illness and smoking status. When looking at housing circum-
stances in isolation, of the contemporary housing variables,
only tenure, building type and central heating are significant
at p<0.05. Renting, living in a flat or terrace and not having
central heating are all associated with faster ageing relative
to their reference categories. In terms of historical housing
experiences, experiencing inadequate heating, a leaking roof,
housing payment difficulties or housing payment arrears are
significant.

Model 1 (column 2 of table 4) includes all contemporary
housing experience predictor variables simultaneously. It shows
statistically significantly faster biological ageing among private
renters compared with those in outright ownership (0.045,
p<0.001). With the inclusion of other housing variables in the
model, the presence of central heating or living in a flat are no
longer statistically significant.

In model 2, the historical housing variables are added.
The coefficients for the contemporary variables are largely
unchanged. Of the historical housing circumstances, reporting
experiencing housing payment arrears was associated with faster
ageing, whereas with the inclusion of other variables having
experienced inadequate heating, leaking roof and payment diffi-
culties were no longer statistically significant. Exploration of
why historical, but not contemporary, experience of arrears is
linked with biological ageing suggests that the result is driven
by people who had reported multiple experiences of arrears,
suggesting that repeated experience of arrears was the source of
this finding. Having lived in a dwelling with pollution, grime or
other environmental problems was also statistically significant.
Interestingly, having reported condensation was associated with
slower ageing. Further investigation suggests that variables for
inadequate heating and damp are likely controlling out the nega-
tive effects associated with condensation, leaving the conden-
sation variable to reflect the better housing and health of those
able to adequately heat their homes resulting in condensation
during cold weather.

For context, we find that the effect of living in a privately
rented home on biological ageing is substantially greater than
experiencing unemployment. The analysis suggests that living
in a privately rented home (0.046 year) has an almost twofold
greater impact on ageing than being unemployed (0.027 year),
and that unemployment is similar in its effect on ageing to having
experienced repeated rent arrears (0.025 year).
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Table 4 Regression models predicting pace of ageing, housing variables 2
Individual housing variable Model 1: Contemporary  Model 2: Contemporary and g_

models housing historical housing =}

Tenure (ref. Owned outright) Owned with mortgage 0.008 0.007 0.009 8
(0.006) (0.006) (0.006) g

Social rent 0.013* 0.002 0.000 %

(0.007) (0.007) (0.007) Z

Private rent 0.047*** 0.045*** 0.046*** T

(0.010) (0.010) (0.011) S

Other ~0.068 —0.075" -0.077 5

(0.042) (0.043) (0.046) =

Receive housing benefit (ref. No) Yes 0.007 —0.004 —0.008 a
(0.010) 0.009) 0.009) 2

Housing cost burden (ref. No) Yes 0.015 0.000 —0.002 %
(0.012) (0.012) (0.013) 3

Property type (ref. Detached) Semi-detached 0.008" 0.004 0.003 g‘
(0.005) (0.005) (0.005) n

Terrace 0.011* 0.004 0.004 '5

(0.005) (0.006) (0.006) =

Flat 0.033*** 0.017" 0.016" ®

(0.008) (0.009) (0.008) T

Other 0.008 —0.001 —0.002 ?3'

(0.019) (0.024) (0.025) S

Housing payment arrears (ref. No) Yes 0.017 0.009 0.004 > B
(0.012) (0.013) (0.013) =IN

Central heating (ref. Yes) No 0.024** 0.017 0.015 ; 8
(0.010) (0.011) (0.012) o

Overcrowding (ref. No) Yes 0.014 0.012 0.009 Mo
(0.011) (0.011) (0.012) Co

Rural/urban (ref. Urban) Rural —0.006 —-0.002 —0.006 § 8
(0.005) (0.005) (0.005) TS

Moving desire/ expectation Want move, expect move 0.005 —0.009 —-0.008 =< 8—
(ref. Want to stay, expect to stay) (0.008) (0.007) (0.007) Y @
Want stay, expect move 0.009 -0.015 -0.015 % 8

(0.012) (0.011) (0.012) a8

Want move, expect stay 0.006 0.006 0.007 Qg

(0.005) (0.005) (0.005) 28

Ever report damp 0.009 0.007 8 %
(0.006) (0.005) 28

Ever moving desire mismatch 0.001 0.000 g 8
(0.005) (0.004) = =

Ever report space shortage 0.003 0.001 §
(0.005) (0.005) =

Ever report noise from neighbours 0.000 —0.006 '§
(0.005) (0.004) ‘%

Ever report street noise —0.002 —0.009' %
(0.005) (0.005) g

Ever report inadequate light 0.004 —-0.001 =
(0.005) (0.005) o

Ever report inadequate heat 0.021*** 0.013" i
0.007) 0.007) S

Ever report no central heating 0.008 —0.002 g
(0.006) (0.006) 8

Ever report condensation —0.003 —-0.013** g_
(0.004) (0.005) o

Ever report leaky roof 0.013** 0.009 =
(0.006) (0.007) 'N

Ever report rot 0.006 0.001 QS
(0.005) (0.005) S

Ever report pollution/environmental problems 0.010" 0.013* "C’
(0.005) (0.005) z

Ever report housing payment difficulties 0.015** —0.002 r<|-|
(0.006) (0.007) py)

@

Continued j

o

T
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Table 4 Continued

Individual housing variable

Model 1: Contemporary  Model 2: Contemporary and

models housing historical housing
Ever report housing payment arrears 0.033*** 0.025*
(0.012) (0.012)
Constant Included 0.691** 0.631**
(0.241) (0.226)

Models include blood cell composition and batch number (coefficients not shown).
1p<0.10; *p<0.05; **p<0.01; ***p<0.001, weighted n=901.

DISCUSSION

In this paper, we have explored the potential of biological ageing
to shed light on the mechanisms underlying associations between
housing and health. We find that renting privately, having expe-
rienced (repeated) payment arrears or living in a home affected
by pollution is associated with faster ageing. Perhaps most
notable, and robust (discussed below), is the faster ageing iden-
tified among private renters. Despite the stigmatisation of the
tenure, social renting, with its lower cost and greater security of
tenure, was not found to differ from outright ownership in terms
of association with biological ageing once additional housing
variables were included in the model. We posit that this may
be related to the psychosocial benefits of additional security of
tenure provided to social tenants. Our findings are consistent
with existing understanding of epigenetic ageing, that ‘stress-
induced acceleration of epigenetic aging may contribute to the
long known link between psychological stress and aging-related
disease phenotypes™ and demonstrate a pathway by which
housing circumstances can ‘get under the skin’ with real and
significant consequences for health.

As with any analysis, there are several limitations to our find-
ings. It should be noted that DNA methylation-derived measures
of ageing are relatively new and therefore comparatively poorly
understood, while the choice of DNAmAge measure can affect
results.” However, second-generation approaches have been
found to outperform first-generation clocks, *¢ with Duned-
inPoAm, used here, outperforming other second-generation
approaches.”” Tt is also a developing area. For example, an
update to DunedinPoAm, DunedinPACE,*” has recently been
developed but is not yet available in the UKHLS.

It is also important to note that although the broader survey
data are longitudinal, the DNA methylation data used here are
cross sectional. However, future collection rounds are planned
which will enable greater understanding of housing circum-
stances over the life course and effects on biological ageing.*®
The contemporary housing information from the UKHLS does
not include any measures of housing quality, and so we must rely
on historical circumstances of conditions and housing tenure.
The S-month gap between the main survey and the nurse survey/
blood collection resulted in a loss to follow-up and means that
housing circumstances may have been different when DNA
methylation data were collected compared with when the survey
responses were collected. The DNA methylation data also cover
only white, European respondents, meaning that we are unable
to consider the significant ethnic inequality in housing circum-
stances that exists in Britain. We are also unable to include chil-
dren in our analysis. We also note that we have included a large
number of variables in our analysis. We have included many
control variables to take into account the findings of previous
research and ensure that any associations with housing are accu-
rate. We also include all potential housing characteristics to
account for the wide-ranging and varied role of housing in health.

Nonetheless, we recognise that this increases the risk of type I
error. Applying the Bonferroni correction to account for the 23
housing variables results in a statistical significance threshold of
p<0.00217, and of the housing variables only the coefficient
for private renting is significant at this level. However, that the
private renting coefficient remains significant at this very conser-
vative level demonstrates the robustness of this finding.
Nonetheless, our analysis has produced some interesting
and useful findings. Our finding that tenure is associated with
faster ageing measured by DunedinPoAm at nearly half the rate
of that associated with current smoking and twice that with
obesity suggests that our results may have clinical significance.
The significant role played by tenure and arrears in our analysis
highlights the role of psychosocial factors linking housing with
health via biological ageing. Research suggests that ‘epigenetic
mechanisms are an important interface through which the body
interprets and responds to stressful experiences’.® It is likely
that many of the physical housing conditions which were not
significant in our analysis here influence health via a different
mechanism. It is also possible that contemporary, rather than
historical, housing conditions are important for pace of ageing.
However, all these factors are policy amenable. What it means
to be a private renter is not set in stone but dependent on policy
decisions, which to date have prioritised owners and investors
over renters. Policies to reduce the stress and uncertainty asso-
ciated with private renting, such as ending ‘no-fault’ (Section
21) evictions, limiting rent increases and improving conditions
(some of which have happened in parts of the UK since these
data were collected) may go some way to reducing the negative
impacts of private renting. Greater support with housing costs
and restrictions on increasing housing costs may protect people
from housing arrears and its health consequences. DNA meth-
ylation is reversible, suggesting that improving or changing the
conditions for people with faster biological ageing can correct
this, and health effects be mitigated or reversed.’ 2° 3! Therefore,
housing policy changes can improve health. These findings are
likely to be relevant to housing and health outside of Britain,
particularly to countries with similar housing policies.

Twitter Amy Clair @amyclair503 and Emma Baker @_HealthyCities_
Acknowledgements We would like to thank the BHPS and UKHLS respondents.

Contributors AC generated the idea for the paper and conducted the analysis.
AC, EB and MK drafted the text, contributed to the interpretation of the results and
critical revisions of the paper. AC is the paper guarantor.

Funding This research was supported by the National Health and Medical
Research Council Centre of Research Excellence in Healthy Housing (APP1196456)
(AC and EB) and by the Economic and Social Research Council (ES/T014083/1,
ES/M008592/1 and ES/S012486/1) (MK). Understanding Society is an initiative
funded by the Economic and Social Research Council (ES/M008592/1) and various
Government Departments, with scientific leadership by the Institute for Social

and Economic Research, University of Essex, and survey delivery by NatCen Social
Research and Kantar Public.

Competing interests None declared.

Clair A, et al. J Epidemiol Community Health 2024;78:40-46. doi:10.1136/jech-2023-220523 45

yBuAdod Ag palosloid “A¥vHgl1 3AIVIAAY
40 ALISHIAINN 1B €202 ‘0T 48quwiaoaq uo /wod fwg yasly/:dny woly papeojumod "£20Z 1890100 0T U0 £25022-£202-Y23l/9ETT 0T Se paysiignd 1s1y :yieaH Anunwwo |oiwapid3 ¢


https://twitter.com/amyclair503
https://twitter.com/_HealthyCities_
http://jech.bmj.com/

Original research

Patient consent for publication Not applicable.

Ethics approval This study used secondary analysis of data available to
researchers via the UK Data Service. The UKHLS has received ethical approval from
the University of Essex Ethics Committee. Participation in the survey is voluntary and
informed consent is given before taking part. Approval for the collection of biosocial
data by trained nurses in waves 2 and 3 was received from the National Research
Ethics Service.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access
repository. This work uses Understanding Society: Waves 1-11, 2009-2020 and
Harmonised BHPS: Waves 1-18, 1991-2009 (SN: 6614) and Understanding Society:
Waves 2 and 3 Nurse Health Assessment, 2010-2012 (SN: 7251). Colchester: These
datasets are available to researchers through the UK Data Service (https:/beta.
ukdataservice.ac.uk/datacatalogue/series/series?id=2000053#!/access-data) subject
to registration.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Amy Clair http://orcid.org/0000-0001-5739-183X
Emma Baker http://orcid.org/0000-0002-9390-0491
Meena Kumari http://orcid.org/0000-0001-9716-1035

REFERENCES

1 Shaw M. Housing and public health. Annu Rev Public Health 2004;25:397-418.

2 Fransquet PD, Wrigglesworth J, Woods RL, et al. The epigenetic clock as a predictor
of disease and mortality risk: a systematic review and meta-analysis. Clin Epigenet
2019;11:62.

3 Horvath S, Raj K. DNA methylation-based biomarkers and the epigenetic clock theory
of ageing. Nat Rev Genet 2018;19:371-84.

4 Jylhava J, Pedersen NL, Hagg S. Biological age predictors. EBioMedicine
2017;21:29-36.

5 Moore LD, Le T, Fan G. DNA methylation and its basic function.
Neuropsychopharmacol 2013;38:23-38.

6 Belsky DW, Caspi A, Arseneault L, et al. Quantification of the pace of biological aging
in humans through a blood test, the DunedinPoAm DNA methylation algorithm. Elife
2020;9:e54870.

7 Quach A, Levine ME, Tanaka T, et al. Epigenetic clock analysis of diet, exercise,
education, and lifestyle factors. Aging (Albany NY) 2017;9:419-46.

8 Oblak L, van der Zaag J, Higgins-Chen AT, et al. A systematic review of biological,
social and environmental factors associated with epigenetic clock acceleration.
Ageing Res Rev 2021;69:101348.

9 Palma-Gudiel H, Fafianas L, Horvath S, et al. Psychosocial stress and epigenetic aging.
Int Rev Neurobiol 2020;150:107-28.

10 Bao Y, Gorrie-Stone T, Hannon E, et al. Social mobility across the lifecourse and DNA
methylation age acceleration in adults in the UK. Sci Rep 2022;12:22284.

11 Hughes A, Smart M, Gorrie-Stone T, et al. Socioeconomic position and
DNA methylation age acceleration across the life course. Am J Epidemiol
2018;187:2346-54.

12 Simons RL, Lei MK, Beach SRH, et a/. Economic hardship and biological
weathering: the epigenetics of aging in a U.S. sample of black women. Soc Sci Med
2016;150:192-200.

22

24

25

26

27

30

31

32

33

34

35

36

37

38

39

Dunn JR. Housing and inequalities in health: a study of socioeconomic dimensions of
housing and self reported health from a survey of Vancouver residents. J Epidemiol
Community Health 2002;56:671-81.

Britten RH. The relation between housing and health. Public Health Reports (1896-
1970) 1934;49:1301.

Chadwick E. Report to Her Majesty’s Principal Secretary of State for the Home
Department from the Poor Law Commissioners, on an Inquiry into the sanitary
condition of the labouring population of Great Britain. London: HMSO, 1842.
Available: https://wellcomecollection.org/works/vgy8svyj/items?canvas=5

Baker E, Lester L. Multiple housing problems: a view through the housing niche lens.
Cities 2017;62:146-51.

Clair A, Reeves A, McKee M, et al. Constructing a housing precariousness measure for
Europe. Journal of European Social Policy 2019;29:13-28.

Gov.uk. Trends in tenure. 2022. Available: https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/1088765/FT1101_Trends_
in_tenure.ods

Clair A, Hughes A. Housing and health: new evidence using biomarker data. J
Epidemiol Community Health 2019;73:256—62.

Rolfe S, Garnham L, Godwin J, et al. Housing as a social determinant of health and
wellbeing: developing an empirically-informed realist theoretical framework. BMC
Public Health 2020;20:1138.

Institute for Social and Economic Research. Understanding society: waves 2-3 nurse
health, ‘epigenetic clocks’ derived from DNA methylation, 2010-2012, user guide,
version 1. Colchester: University of Essex, 2021.

Institute for Social and Economic Research. Understanding society: waves 1-11, 2009-
2020 and harmonised BHPS: waves 1-18, 1991-2009. UK data service. SN: 661416th
Edition. Colchester: University of Essex, 2022.

Institute for Social and Economic Research and National Centre for Social Research.
Understanding society: waves 2 and 3 nurse health assessment, 2010- 2012. UK data
service. SN:72513rd Edition. University of Essex, 2022.

Horvath S. DNA methylation age of human tissues and cell types. Genome Biol
2013;14:R115.

Hannum G, Guinney J, Zhao L, et al. Genome-wide methylation profiles reveal
quantitative views of human aging rates. Mol Cell 2013;49:359-67.

Lin Q, Weidner Cl, Costa IG, et al. DNA methylation levels at individual age-
associated CpG sites can be indicative for life expectancy. Aging (Albany NY)
2016;8:394-401.

Lin Q, Wagner W. Epigenetic aging signatures are coherently modified in cancer. PLoS
Genet 2015;11:1005334.

Levine ME, Lu AT, Quach A, et al. An epigenetic biomarker of aging for LifeSpan and
healthspan. Aging (Albany NY) 2018;10:573-91.

Poganik JR, Zhang B, Baht GS, et al. Biological age is increased by stress and restored
upon recovery. Systems Biology [Preprint] 2022.

Dugué P-A, Bassett JK, Joo JE, et al. Association of DNA methylation-based biological
age with health risk factors and overall and cause-specific mortality. Am J Epidemiol
2018;187:529-38.

Galea S, Uddin M, Koenen K. The urban environment and mental disorders: epigenetic
links. Epigenetics 2011;6:400-4.

Simons RL, Ong ML, Lei M-K, et al. Shifts in lifestyle and socioeconomic
circumstances predict change—for better or worse—in speed of epigenetic
aging: a study of middle-aged black women. Social Science & Medicine
2022;307:115175.

Zannas AS. Editorial perspective: psychological stress and epigenetic aging — what
can we learn and how can we prevent. J Child Psychol Psychiatry 2016;57:674-5.
Zannas AS, Arloth J, Carrillo-Roa T, et al. Lifetime stress accelerates epigenetic aging in
an urban, African American cohort: relevance of glucocorticoid signaling. Genome Biol
2015;16:266.

KimY, Huan T, Joehanes R, et al. Higher diet quality relates to decelerated epigenetic
aging. Am J Clin Nutr 2022;115:163-70.

Yousefi PD, Suderman M, Langdon R, et al. DNA methylation-based predictors of
health: applications and statistical considerations. Nat Rev Genet 2022;23:369-83.
Belsky DW, Caspi A, Corcoran DL, et al. Dunedinpace, a DNA methylation biomarker
of the pace of aging. Elife 2022;11:¢73420.

Kumari M, Baghal TA, Benzeval M. A framework for the re-collection of biomarkers in
understanding society at wave 16.2022.

Cunliffe VT. The epigenetic impacts of social stress: how does social adversity become
biologically embedded Epigenomics 2016;8:1653-69.

46 Clair A, et al. J Epidemiol Community Health 2024;78:40-46. doi:10.1136/jech-2023-220523

yBuAdod Ag palosloid “A¥vHgl1 3AIVIAAY
40 ALISHIAINN 1B €202 ‘0T 48quwiaoaq uo /wod fwg yasly/:dny woly papeojumod "£20Z 1890100 0T U0 £25022-£202-Y23l/9ETT 0T Se paysiignd 1s1y :yieaH Anunwwo |oiwapid3 ¢


https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000053#!/access-data
https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000053#!/access-data
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5739-183X
http://orcid.org/0000-0002-9390-0491
http://orcid.org/0000-0001-9716-1035
http://dx.doi.org/10.1146/annurev.publhealth.25.101802.123036
http://dx.doi.org/10.1186/s13148-019-0656-7
http://dx.doi.org/10.1038/s41576-018-0004-3
http://dx.doi.org/10.1016/j.ebiom.2017.03.046
http://dx.doi.org/10.1038/npp.2012.112
http://dx.doi.org/10.7554/eLife.54870
http://dx.doi.org/10.18632/aging.101168
http://dx.doi.org/10.1016/j.arr.2021.101348
http://dx.doi.org/10.1016/bs.irn.2019.10.020
http://dx.doi.org/10.1038/s41598-022-26433-2
http://dx.doi.org/10.1093/aje/kwy155
http://dx.doi.org/10.1016/j.socscimed.2015.12.001
http://dx.doi.org/10.1136/jech.56.9.671
http://dx.doi.org/10.1136/jech.56.9.671
http://dx.doi.org/10.2307/4581354
http://dx.doi.org/10.2307/4581354
https://wellcomecollection.org/works/vgy8svyj/items?canvas=5
http://dx.doi.org/10.1016/j.cities.2016.10.001
http://dx.doi.org/10.1177/0958928718768334
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1088765/FT1101_Trends_in_tenure.ods
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1088765/FT1101_Trends_in_tenure.ods
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1088765/FT1101_Trends_in_tenure.ods
http://dx.doi.org/10.1136/jech-2018-211431
http://dx.doi.org/10.1136/jech-2018-211431
http://dx.doi.org/10.1186/s12889-020-09224-0
http://dx.doi.org/10.1186/s12889-020-09224-0
http://dx.doi.org/10.5255/UKDA-SN-6614-17
http://dx.doi.org/10.5255/UKDA-SN-6614-17
http://dx.doi.org/10.5255/UKDA-SN-7251-5
http://dx.doi.org/10.5255/UKDA-SN-7251-5
http://dx.doi.org/10.1186/gb-2013-14-10-r115
http://dx.doi.org/10.1016/j.molcel.2012.10.016
http://dx.doi.org/10.18632/aging.100908
http://dx.doi.org/10.1371/journal.pgen.1005334
http://dx.doi.org/10.1371/journal.pgen.1005334
http://dx.doi.org/10.18632/aging.101414
http://dx.doi.org/10.1093/aje/kwx291
http://dx.doi.org/10.4161/epi.6.4.14944
http://dx.doi.org/10.1016/j.socscimed.2022.115175
http://dx.doi.org/10.1111/jcpp.12535
http://dx.doi.org/10.1186/s13059-015-0828-5
http://dx.doi.org/10.1093/ajcn/nqab201
http://dx.doi.org/10.1038/s41576-022-00465-w
http://dx.doi.org/10.7554/eLife.73420
http://dx.doi.org/10.2217/epi-2016-0075
http://jech.bmj.com/

	Are housing circumstances associated with faster epigenetic ageing?
	Abstract
	Introduction﻿﻿
	Estimating biological age(ing)
	Housing and health

	Methods
	Data
	Measuring biological age(ing)
	Predictor variables
	Control variables

	Results
	Discussion
	References


