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Multimorbidity is associated 
with the income, education, 
employment and health domains 
of area‑level deprivation in adult 
residents in the UK
Gundi Knies1 & Meena Kumari2*

Evidence suggests that there are social inequalities in multimorbidity, with a recent review indicating 
that area levels of deprivation are consistently associated with greater levels of multimorbidity. 
Definitions of multimorbidity, the most common of which is the co-occurrence of more than one long 
term condition, can include long term physical conditions, mental health conditions or both. The most 
commonly used measure of deprivation in England and Wales is the Index of Multiple Deprivation 
(IMD), an index of seven different deprivation domains. It is unclear which features of IMD may be 
mediating associations with multimorbidity. Thus, there may be associations because of the individual 
characteristics of those living in deprived areas, characteristics of the areas themselves or overlap 
in definitions. Data from over 25,000 participants (aged 16+) of Understanding Society (Wave 10, 
1/2018–3/2020) were used to understand the most salient features of multimorbidity associated with 
IMD and whether physical or mental conditions are differentially associated with the seven domains 
of IMD. 24% of participants report multimorbidity. There is an increased prevalence of multimorbidity 
composed of only long-term physical conditions in the most deprived decile of deprivation (22%, 95% 
CI[19,25]) compared to the least deprived decile (16%, 95% CI[14,18]). Mental health symptoms but 
not reporting of conditions vary by decile of IMD. Associations with multimorbidity are limited to 
the health, income, education and employment domains of IMD. We conclude that multimorbidity 
represents a substantial population burden, particularly in the most deprived areas in England and 
Wales.

Social inequalities in mortality persist in high-income countries with universal health care, but the mechanisms 
by which these inequalities are generated remain unclear. The importance of multimorbidity is increasingly being 
recognised1, particularly at older ages2, but it is not uncommon for an individual to experience multimorbidity 
before old age3. About 15–25% of children and adolescents have a chronic physical health condition4,5, and there 
is a strong link between chronic physical illness and mental health problems, including among adolescents6. 
There is also a rapid rise in the prevalence of poor mental health among young people, rates in England having 
increased from 11.4% in 1999 to 15.3% in 2017; in 2017, 6.3% of young people met the criteria for two or more 
mental disorders7. It is, therefore, likely that multimorbidity is on the rise in all age groups.

Evidence suggests that there are social inequalities in multimorbidity2. A recent review of the literature of 
the association of household and area-level social determinants of health suggested that the most robust and 
consistent associations were found for area-level deprivation, measured using the Index of Multiple Deprivation 
(IMD), the official measure of relative deprivation at small scales in England and Wales8. It is unclear which 
features of IMD may be mediating these associations. Thus, there may be associations because of the individual 
characteristics of those living in deprived areas, characteristics of the areas themselves or overlap in definitions. A 
recent report examining the role of health behaviours in the association of area-level socioeconomic disadvantage 
suggested that these lifestyle factors only partially mediated these association9.

OPEN

1Institute of Rural Studies, Johann Heinrich Von Thünen-Institut, Bundesallee 64, 38116  Braunschweig, 
Germany. 2Institute for Social and Economic Research (ISER), University of Essex, Wivenhoe Park, Colchester CO4 
3SQ, UK. *email: mkumari@essex.ac.uk

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-022-11310-9&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |         (2022) 12:7280  | https://doi.org/10.1038/s41598-022-11310-9

www.nature.com/scientificreports/

Better monitoring of multimorbidity and timely interventions might help to improve population health. 
However, there are several gaps in the literature.

Firstly, the definition of multimorbidity is unclear, and researchers have adopted many ways of defining 
multimorbidity. Thus, multimorbidity has been created as a simple score of the number of conditions. Previously 
this count has varied from 3 to 130 and is often limited by data availability. The most common way to define 
multimorbidity is the presence of more than one chronic condition10.

More recently, mental and physical multimorbidity has been separated in analyses and reveals different pat-
terns by age with deprivation11. While an association of multimorbidity by IMD might be expected, it is unclear 
whether the physical or mental condition components of multimorbidity drive these associations.

Secondly, it is unclear whether multimorbidity reflects the health domain of IMD. Using the 2004 IMD, previ-
ous research suggested that studies of health inequalities should not include the health domain in the IMD12 due 
to the potential of ‘mathematical coupling’13, “a phenomenon whereby two variables will inevitably correlate if one 
contains or shares, directly or indirectly, all or part of the other”14. Specifically, the health domain of IMD uses 
a count of the number of people suffering from anxiety disorders and an estimate of the number of years of life 
expectancy lost due to ill health15. The income and employment domains of IMD, too, may be closely linked to 
multimorbidity because individuals with severe health problems have a lower labour market attachment and are 
entitled to social security payments16, which are the characteristics captured in these domains of area-level dep-
rivation. With mental health issues on the rise, the extent of mathematical coupling warrants a re-examination.

We aim to use data available in Understanding Society to address the following aims:

(a)	 To describe the association of multimorbidity with IMD
(b)	 To understand which are the most salient features of multimorbidity associated with IMD; physical or 

mental conditions
(c)	 To examine whether multimorbidity, physical or mental conditions are differentially associated with the 

seven domains of IMD.

Methods
Study sample and design.  Data are from Understanding Society (UKHLS)17, a longitudinal, nationally 
representative study of UK households. The study was established in 2009 and all adult household members are 
interviewed annually. Interviews are computer-assisted and take place over a 24 months fieldwork period. We 
use data from the latest (tenth) round of annual interviews in which participants were interviewed in person 
in their home or on-line. For more detailed information about the Understanding Society design, see the study 
user guide18. All participants in our survey gave oral consent at each wave of data collection. Participants were 
enrolled only after informed consent was provided. Overall, 28,523 individuals aged 16 years or older living in 
England and Wales participated. The University of Essex Ethics Committee has approved all data collection on 
Understanding Society main study. All methods were carried out in accordance with the approved guidelines and 
regulations.

Variables and measurement.  Our key outcome variables are based on the respondents’ self-reports of 
whether a medical doctor had ever told them they had any of a series of listed chronic conditions, see Table 1.

We computed various morbidity measures. Firstly, a simple count of the total number of conditions a par-
ticipant has been diagnosed with ranging from a possible 0–36 for women (men: 0–35), and separate scores for 
physical conditions (max score women: 28, men: 27) and mental conditions (max score: 8). Next, we created three 
multimorbidity indicator variables. The first multimorbidity indicator considers multimorbid those with two or 
more physical conditions; the second considers those with any two or more health conditions (i.e., physical or 
mental conditions). As some of the listed conditions tend to co-occur or are known under different names by 
different cohorts of people, we also grouped conditions into nine broader groups (see Table 1). Therefore, the 
maximum possible score is nine, and we consider participants with scores of two or above multimorbid.

To explore the potential under-reporting of mental conditions in a face-to-face interview and non-diagnosing 
of mental health issues, particularly in more deprived areas, we draw on the GHQ-12, which is collected as part of 
a questionnaire completed by the participant. The GHQ-12 is designed to capture depressive and anxiety symp-
toms and a widely used non-psychotic psychological distress measure with excellent psychometric properties19. 
Each item has four response categories on a Likert scale ranging from ‘not at all’ to ‘much more than usual’. Those 
responding to an item as ’rather more’ or ’much more than usual’ are scored as1 and those responding as ’not at 
all’ or ’no more than usual’ are scored as [0]; negatively worded items are reverse-coded. Scores are summed and 
range from 0 to 12. Psychological distress ’caseness’ is defined as a score of 4 or above20.

The main covariate of interest is the 2019 Index of Multiple Deprivation (IMD)15. The IMD is a measure of 
relative area disadvantage along seven weighted domains of deprivation (2019 weights in italics): Income dep-
rivation (22.5%), Employment deprivation (22.5%), Education, skills and training deprivation (13.5%), Health 
deprivation and Disability (13.5%), Crime (9.3%), Barriers to housing and services (9.3%), and Living environ-
ment deprivation (9.3%). We use deciles of the 2019 IMD and its seven constituent indicators. The lower the 
decile, the higher the relative (domain) deprivation in the neighbourhood.

Area deprivation is not observed directly in the study but available at the spatial scale of 2011 Lower Super 
Output Areas (LSOA) through geographical data linkage drawing on the postcode of survey participants’ 
addresses and the Office for National Statistics Postcode Directory (ONSPD)21. LSOA are official spatial report-
ing units designed to refer to localities that local people conceive as neighbourhoods; they are socio-economically 
homogeneous and have an average population of 600 households (~ 1500 people).
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We also consider the participants’ living environment beyond its relative deprivation level using the Office 
for National Statistics (ONS)’ Classification of Workplace Zones (COWZ) 2011. There are 60,709 Workplace 
Zones (WZs) in the UK, and the classification describes the characteristics of the working population in those 
areas based on a cluster analysis that draws on 48 characteristics collected in the 2011 census22. Like the IMD, 
this classification is available through geographical data linkage using the ONSPD.

In addition, a broad range of social and demographic factors are collected in the Understanding Society study, 
and we use the following: Age, sex (women and men), ethnicity (White British, Caribbean/African Black, Indian, 
Pakistani, Bangladeshi, Other Asian, Other), social class of the main job (NS-SEC 8, but with the not currently 
employed population differentiated into the categories ‘retired’, ‘longstanding health condition or disability and 
‘other’ based on the main economic activity status).

All participants with complete information on chronic health conditions, socio-demographics and neighbour-
hood characteristics are included in the analysis (N = 24,520). For detailed variable and sample descriptions, see 
Supplementary Table S1 online. In the statistical analysis, we use the individual response weights for 2018/19 
provided with the study data and adjust standard errors for clustering and stratification to account for unequal 
selection and response probabilities.

Table 1.   List of chronic health conditions surveyed in Understanding Society. 

Chronic health conditions Group

Physical conditions

1 Asthma 

Respiratory
2 Emphysema 

3 Chronic bronchitis 

4 Chronic Obstructive Pulmonary Disease (COPD) 

5 Congestive heart failure 

Cardiovascular

6 Coronary heart disease 

7 Angina 

8 Heart attack or myocardial infarctions 

9 Stroke

10 Bowel/colorectal cancer 

Cancers

11 Lung cancer 

12 Breast cancer (females only) 

13 Prostate cancer (males only) 

14 Liver cancer

15 Skin cancer or melanoma 

16 Other cancer

17 High blood pressure/hypertension

Obesity related
18 Type 2 diabetes

19 Gestational diabetes (females during pregnancy) 

20 Other diabetes

21 Osteoarthritis 

Arthritis22 Rheumatoid arthritis 

23 Other arthritis 

24 Hypothyroidism or an under-active thyroid 
Autoimmunity

25 Type 1 diabetes 

26 Any kind of liver condition 

Other chronic condition
27 Multiple Sclerosis 

28 HIV

29 Other longstanding/chronic condition 

Mental conditions

30 Epilepsy 

Psychiatric conditions31 Psychosis or schizophrenia 

32 Bipolar disorder or manic depression 

33 Anxiety 

Other mental health 
conditions

34 Depression 

35 An eating disorder 

36 Post-traumatic stress disorder (PTSD) 

37 Other emotional, nervous or psychiatric problem 
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Results
Prevalence of multimorbidity and association with neighbourhood deprivation.  Multimorbid-
ity is a phenomenon that affects 24% of the population aged 16 years or older living in England and Wales; 76% 
of the population have been diagnosed with either none or one condition (Table 2). 18% of the population (rep-
resenting 75% of the multimorbid population) have multiple physical conditions only, 1% have multiple mental 
conditions only, and 5% have a mixed conditions-profile. On average, the population has less than one of the 
35 listed health conditions, with the average number of physical conditions exceeding the average number of 
mental conditions (0.84 compared to 0.13, respectively).

We find that a similar population share is affected by multimorbidity when we use an alternative classification 
where the 35 health conditions are first grouped into types. According to this classification, 79% of the popula-
tion are not classified as multimorbid. 13% have been diagnosed with two, and 8% with three or more of the 
nine types of conditions. We do not observe substantial differences in the socio-demographic characteristics of 

Table 2.   Multimorbidity in England and Wales 2018/19. Population estimates for England and Wales. 
Standard errors adjusted for clustering and stratification. 1 The nine types of conditions are: respiratory, cancers, 
arthritis, obesity related, cardiovascular, other mental health conditions, psychiatric conditions, autoimmunity, 
and other chronic health condition. Source: Understanding Society (2020), Wave 10, linked with ONSPD (Nov 
2020) and various indicators of neighbourhood disadvantage in 2019 at the 2011 LSOA level.

Mean

95% 
Confidence 
Interval

Number of chronic health conditions 0.98 0.96 1.01

… By type of condition:

Physical conditions 0.85 0.83 0.87

Mental conditions 0.13 0.12 0.14

No multimorbidity (0 or 1 conditions) 0.76 0.75 0.76

Multimorbidity (> 1 condition) 0.24 0.24 0.25

… By physical/mental conditions mix

Only physical conditions 0.18 0.18 0.19

Only mental conditions 0.01 0.01 0.02

Mixed 0.05 0.04 0.05

Multimorbidity by type of conditions1

No chronic conditions 0.50 0.49 0.51

One type of conditions 0.29 0.28 0.30

Two types of conditions 0.13 0.12 0.14

Three or more types of conditions 0.08 0.08 0.09

Number of observations 24,520

Table 3.   Multimorbidity by deciles of Index of Multiple Deprivation (IMD 2019). Population estimates for 
England and Wales. Standard errors adjusted for clustering and stratification. Number of observations in each 
model: 24,520. Source: Understanding Society (2020), Wave 10, linked with ONSPD (Nov 2020) and Index of 
Multiple Deprivation (2019) at the LSOA 2011 level.

Deciles

Multimorbidity (> 1 
conditions)

Multimorbidity by physical/mental conditions mix

Physical conditions 
only

Mental conditions 
only Mixed

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

1st (most deprived) 0.29 0.26 0.32 0.22 0.19 0.25 0.02 0.01 0.03 0.05 0.04 0.07

2nd 0.27 0.24 0.30 0.20 0.18 0.23 0.01 0.01 0.02 0.05 0.04 0.06

3rd 0.26 0.23 0.29 0.18 0.16 0.21 0.02 0.01 0.02 0.06 0.05 0.08

4th 0.24 0.22 0.26 0.19 0.17 0.21 0.01 0.00 0.01 0.04 0.03 0.05

5th 0.26 0.23 0.28 0.18 0.16 0.20 0.02 0.01 0.02 0.06 0.04 0.07

6th 0.24 0.22 0.27 0.18 0.16 0.20 0.02 0.01 0.03 0.04 0.03 0.05

7th 0.25 0.22 0.27 0.19 0.17 0.21 0.02 0.01 0.03 0.04 0.03 0.05

8th 0.22 0.20 0.24 0.17 0.15 0.19 0.01 0.01 0.02 0.04 0.03 0.05

9th 0.22 0.20 0.24 0.17 0.15 0.19 0.01 0.01 0.01 0.04 0.03 0.06

10th (least deprived) 0.21 0.19 0.23 0.16 0.14 0.18 0.01 0.01 0.02 0.04 0.03 0.04

Total 0.24 0.24 0.25 0.18 0.18 0.19 0.01 0.01 0.02 0.05 0.04 0.05
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those defined as multimorbid on these different measures. Henceforward, we will focus our empirical analysis 
on the more straightforward count measure.

Table 3 reports the population share with multimorbidity overall and split by physical and mental health 
conditions mix, by deciles of neighbourhood deprivation.

The prevalence of multimorbidity is higher only in the most deprived (bottom) decile of the neighbourhood 
deprivation distribution compared to the least deprived (top) decile of the neighbourhood deprivation distri-
bution. Multimorbidity of only physical conditions is considerably more prevalent in the 10% most deprived 
neighbourhoods than in the 30% least deprived neighbourhoods. There is no association between neighbour-
hood deprivation and multimorbidity of only mental conditions or a mix of physical and mental conditions.

A

B

Figure 1.   Multimorbidity rates by decile of neighbourhood deprivation domains. Panel (A) Health & disability, 
Employment, and Income domain. Panel (B) Education, Crime, Housing & Services, and Living Environment 
domain. Notes: Population estimates for England and Wales. Number of observations in each model: 24,520. For 
detailed results, see Supplementary Table S2 online. Source: Understanding Society (2020), Wave 10, linked with 
ONSPD (Nov 2020) and Index of Multiple Deprivation (2019) at the LSOA 2011 level.
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Figure 1 shows the multimorbidity rates for each decile of the seven neighbourhood deprivation domains. 
Panel A presents the domains that we suspected might be closely linked to IMD and multimorbidity due to 
definitional overlap. Panel B presents the respective figures for domains where we did not suspect a close link.

The results suggest that the domains in Panel A closely track IMD rates across deciles, particularly at the 
bottom 30% and top 20% of the distribution. The distribution of the income domain resembles that of the IMD 
the most. By contrast, none of the domains in Panel B track IMD rates across deciles.

Socioeconomic and demographic correlates of multimorbidity and multivariate regressions of 
multimorbidity on neighbourhood deprivation.  Multimorbidity also varies by population character-
istics (for detailed results, see Supplementary Table S2 online). While older people have higher multimorbidity 
rates in general, rates of multimorbidity involving only mental health conditions are more prevalent among 
younger age cohorts (that is, 2–3% compared to < 1% in older cohorts). The rates of multimorbidity involving 
only physical health conditions are the same as those for mental health only among age cohorts younger than 
40 (that is, 2–5%).

Multimorbidity rates are highest among the White British population compared to their ethnic minority 
counterparts. Although there is not generally an association between multimorbidity and the social class of the 
current occupation, rates of multimorbidity are clearly higher among those who are out of the labour force—be 
it that they are retired (43%) or that they have longstanding health condition or disability (65%). Moreover, the 
long-term sick and disabled have higher rates of multimorbidity involving only mental health conditions (7%).

Finally, there are some associations between multimorbidity and place, that is, the retail and occupational 
environment in which participants live. We find that multimorbidity rates are particularly high among those 
living in busy urban retail centres, compared to those living in cosmopolitan metro-suburban mixed areas and 
those living in independent professional metropolitan service areas. Those living in retail areas also have elevated 
rates of mixed multimorbidity compared to those living in primarily residential suburban areas, ‘servants of 
society’-areas, and those living in cosmopolitan metro-suburban mixed areas.

Next, we performed logistic regressions of two multimorbidity measures on neighbourhood deprivation 
overall and domains of neighbourhood deprivation. The first multimorbidity measure, presented in the top 
half of Table 4, considers only physical conditions. In contrast, the second measure considers both physical and 
mental conditions (presented in the bottom half of Table 4). As coefficients from logistic regressions do not lend 
themselves to straightforward interpretation, we report relative marginal effects. Relative marginal effects (ME) 
express by how many percentage points the average probability would change if the explanatory characteristic 
changes by a unit, holding all else constant. For categorical variables, MEs express how much the probability 
would change if we were to observe a discrete change away from the base category. The baseline predicted prob-
ability of multimorbidity, calculated at the mean of the explanatory variables, and the population means provide 
a reference point for whether or not the MEs are small or large.

Table 4.   Logistic regressions of multimorbidity on deciles of neighbourhood deprivation (IMD 2019 and 
domains). Marginal Effects (ME). Population estimates for England and Wales. Standard errors adjusted for 
clustering and stratification. All estimates that reach statistical significance (p < 0.05) in italics; estimates in bold 
are statistically significant at p < 0.001. Source: Understanding Society (2020), Wave 10, linked with ONSPD 
(Nov 2020) and Index for Multiple Deprivation 2019 at the LSOA 2011 level.

Multimorbidity (physical conditions 
only)

Unadjusted Adjusted

MeanPr(y) = 1 ME t-stat N Pr(y) = 1 ME t-stat N

IMD 0.208 −0.007 (−5.25) 24,520 0.157 −0.011 (−8.94) 24,520 5.70

Health and disability domain 0.208 −0.008 (−5.88) 24,520 0.157 −0.011 (−8.46) 24,520 5.67

Employment domain 0.208 −0.009 (−6.86) 24,520 0.156 −0.013 (−9.92) 24,520 5.59

Income domain 0.208 −0.008 (−5.85) 24,520 0.156 −0.013 (−10.02) 24,520 5.66

Education domain 0.208 −0.009 (−6.27) 24,520 0.156 −0.012 (−9.73) 24,520 5.59

Crime domain 0.209 −0.001 (−0.97) 24,520 0.158 −0.006 (−4.39) 24,520 5.77

Barriers to housing & services domain 0.209 0.002 (1.24) 24,520 0.158 −0.000 (−0.29) 24,520 5.63

Living environment domain 0.209 0.003 (2.45) 24,520 0.158 0.001 (0.99) 24,520 5.67

Multimorbidity (physical and mental 
conditions)

Unadjusted Adjusted

MeanPr(y) = 1 ME t-stat N Pr(y) = 1 ME t-stat N

IMD 0.244 −0.008 (−5.26) 24,520 0.211 −0.012 (−7.90) 24,520 5.70

Health and disability domain 0.244 −0.008 (−5.87) 24,520 0.211 −0.011 (−7.35) 24,520 5.67

Employment domain 0.244 −0.010 (−6.76) 24,520 0.211 −0.013 (−8.77) 24,520 5.59

Income domain 0.244 −0.008 (−5.80) 24,520 0.211 −0.014 (−8.91) 24,520 5.66

Education domain 0.244 −0.009 (−6.12) 24,520 0.211 −0.012 (−8.50) 24,520 5.59

Crime domain 0.245 −0.002 (−1.37) 24,520 0.212 −0.006 (−4.06) 24,520 5.77

Barriers to housing & services domain 0.245 0.002 (1.75) 24,520 0.212 0.000 (0.15) 24,520 5.63

Living environment domain 0.245 0.002 (1.71) 24,520 0.212 0.000 (0.30) 24,520 5.67
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The models predict a multimorbidity rate of 21% when only physical conditions are considered and when 
estimates are not adjusted for socioeconomic and demographic factors; the respective figure is 16% in adjusted 
models. Other things being equal, a move from one decile of neighbourhood deprivation to the next decile 
reduces the probability to be multimorbid by 0.007 percentage points. Effect strengths for the health, income and 
employment domains and the education domain are in the same ballpark and of equal statistical significance. 
Effect sizes in models adjusting for individual characteristics are slightly larger, albeit this is only revealed at a 
precision of 3 decimal points. Interestingly, the effect of crime reaches statistical significance in these models.

Shifting the focus to the predictions of multimorbidity when physical and mental conditions are considered, 
the models predict a multimorbidity rate of 24% in the unadjusted and 21% in adjusted models. The patterns 
in effect sizes match those observed for the physical-conditions-only multimorbidity measure. Overall, the 
precision of the estimates is somewhat reduced, owing to the overall greater socioeconomic and demographic 
heterogeneity in the multimorbid population suffering from mental conditions.

Examining the extent of unreported or undiagnosed mental health conditions and their asso‑
ciation with neighbourhood deprivation.  Participants interviewed online reported a larger number of 
mental conditions on average than those interviewed face-to-face, controlling for age (results not reported). We 
do not find any difference in the reporting rates of chronic physical conditions, indicating that there may be an 
issue with under-reporting or undiagnosed mental conditions.

Analyses were repeated using a common mental disorder assessment collected in self-completion from all 
participants to examine whether there is an association between not reporting any diagnosed mental health issues 
and psychological distress caseness assessed by the GHQ. We report the results in Table 5.

We find that having a high GHQ score is associated with having more physical and mental health conditions 
on average. Moreover, there is an association between not reporting any mental conditions and having a high 
GHQ score, controlling for age. There is no association between not reporting any chronic physical conditions 
and having a high GHQ score.

We also find that there is an association between not reporting mental conditions and living in more deprived 
neighbourhoods. The panel nature of the survey data allowed us to confirm that these results hold when we exam-
ine a subgroup of the sample who had a high GHQ score in the last year and in the current year. This group may 
be considered more likely to have a chronic mental health issue that may not yet have been medically diagnosed.

Discussion
We confirm that multimorbidity, defined as the presence of more than one long term condition, is associated 
with the Index of Multiple Deprivation in a large representative study of England and Wales. However, while 
the strong association of multimorbidity with area-level deprivation has been recognised23–25, other aspects of 

Table 5.   Regressions examining the associations between not reporting diagnosed health conditions and 
having a high GHQ-12 score or persistently high GHQ-12 score. Notes: Population estimates for England 
and Wales. Standard errors (SE) adjusted for clustering and stratification. All estimates that reach statistical 
significance (p < 0.05) in italics; estimates in bold are statistically significant at p < 0.001.Models analysing 
persistently high GHQ-12 score use information collected in Wave 9, and longitudinal weights are applied to 
account for unequal repeat response probabilities. Source: Understanding Society (2020), Wave 10, linked with 
ONSPD (Nov 2020) and Index for Multiple Deprivation 2019 at the LSOA 2011 level.

Panel A: Linear regression of the number of chronic health conditions on reporting a high GHQ-12

High GHQ-12 score Persistently high GHQ-12 score

Any conditions Physical conditions Mental conditions Any conditions Physical conditions Mental conditions

b-coef SE b-coef SE b-coef SE b-coef SE b-coef SE b-coef SE

Age 0.03 (41.70) 0.03 (46.97) −0.00 (−4.98) 0.03 (41.50) 0.03 (46.65) −0.00 (−4.03)

High GHQ-12 score 0.69 (19.13) 0.42 (14.28) 0.28 (14.52)

Persistently high GQH-12 score 0.74 (18.35) 0.45 (13.94) 0.29 (14.03)

Number of observations 23,385 23,385 23,385 21,160 21,160 21,160

R-squared 0.153 0.182 0.050 0.159 0.187 0.053

Panel B: Logistic regressions of decile of IMD on not having reported any diagnosed health conditions / no diagnosed physical health conditions / no diagnosed mental health 
conditions but having a high or persistently high GQH-12 score. Marginal effects

High GHQ-12 score Persistently high GHQ-12 score

No conditions
No physical 
conditions

No mental 
conditions No conditions

No physical 
conditions

No mental 
conditions

ME SE ME SE ME SE ME SE ME SE ME SE

Age −0.00 (−19.94) −0.00 (−21.80) −0.00 (−8.75) −0.00 (−11.41) −0.00 (−13.20) −0.00 (-5.05)

IMD decile 0.00 (0.04) −0.00 (−0.33) −0.01 (−4.49) −0.00 (−1.67) −0.00 (−1.86) −0.00 (-4.88)

Number of observations 23.385 23.385 23.385 21.160 21.160 21.160

- with high GHQ score 4.571 4.571 4.571 3.911 3.911 3.911

- with outcome = 1 1.937 2.200 3.776 725 861 1.529
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our findings are new or less well described. Firstly, the associations were restricted to multimorbidity defined 
by long-term physical conditions and not multimorbidity that includes long-term mental conditions. Secondly, 
associations were limited to the health, income, education and employment domains of IMD, potentially sug-
gesting that these associations may reflect some overlap in the definition.

While we confirm previous associations of physical multimorbidity with area level deprivation, the mental 
health multimorbidity findings are unexpected: firstly, we observe lower levels of mental health issues than we 
might have expected, and secondly, several studies suggest that we should expect to see an association with 
deprivation (e.g., 11,23). Most of the earlier studies use hospital or GP records while we are using self-report. It 
may be that we genuinely observe fewer people who have been diagnosed with mental health problems in the 
general population than in the population receiving medical treatment. The study design enabled an explora-
tion of whether the number of reported mental and physical health conditions reported varied by whether the 
interview took place face-to-face or online and suggested that those interviewed online reported a larger number 
of mental but not physical health issues. However, the online sample may have varied in other important ways, 
such as being younger or living in a community with access to higher speed internet access. These data support 
the notion that there is some underreporting, specifically of mental health issues.

This is consistent with previous research on mental illness stigma26 and social desirability bias27: Participants 
try to avoid embarrassment and repercussions from disclosing sensitive information to the interviewer28. Non-
reporting of mental conditions may help explain why we find a relatively low prevalence of diagnosed mental 
conditions in our general population sample. It could also underpin the lack of an association between mental 
health and area deprivation: Concerns to reveal sensitive information about mental health conditions may be 
particularly marked among socioeconomically advantaged individuals who tend to hold more negative views 
about mental illness29,30. By contrast, non-accessibility of mental health services and under-diagnosing may play 
a role in the more deprived neighbourhoods31.

Further, results indicate that those who live in deprived neighbourhoods may have a de facto lower likelihood 
to be diagnosed with a mental health issue, e.g., due to the lack of mental health provision. Our data do not allow 
us to throw further light on this.

The strongest associations of multimorbidity and IMD occur with the health, education and income domains. 
The association with health risks a tautology. In the past studies, removing the health domain had little effect on 
either the assignment of areas into their deprivation quintile or the relationship between area-based deprivation 
and health12. Here we see that associations occur independently of the health domain.

Associations of multimorbidity with education and income domain support the notion that deprivation is 
associated with this measure of health. However, mechanisms are unclear. While the prevalence of multimorbid-
ity increases in age and older age groups achieve lower educational attainment levels in England and Wales, our 
observations are unlikely to simply be due to age as analyses were adjusted for age group. The association with 
the income and employment domain may reflect reverse causation, i.e., that mechanisms may relate to earlier 
retirement or reduced labour market attachment in those with poor health16 resulting in apparent associations 
between multimorbidity and residing in deprived areas.

The employment domain of index of multiple deprivation measures the proportion of the working age popula-
tion in an area involuntarily excluded from the labour market and this may include sickness. Importantly, multi-
morbidity may invoke caring responsibility that result in those doing this caring contributing to the proportion 
out of the labour market. Additional mechanisms by which multimorbidity may be associated with income and 
employment domains include an inability of those with poor health to move away from deprived areas. Further 
there may be a mismatch of jobs and individuals and a lack of quality public services32–34. Cross-sectional analyses 
cannot describe the temporal nature of these associations, and longitudinal analyses are better placed to examine 
the impact of retirement due to health and impact on income and or residential mobility35.

Advantages of these analyses include collecting many long-term conditions that adhere to the definition of 
chronic conditions36 in a large population study with detailed information from adults of all ages. However, there 
are a number of potential limitations. We are limited to self-report of long-term conditions as we do not have 
data linked to health services. However, the collection of sub-clinical measures of common mental disorder can 
be considered in our analyses as they enabled us to examine the distribution of common mental disorder and 
thus provides an insight into processes not captured by health services use. We did not examine conditions such 
as pain, which is common23 but may be captured in conditions such as arthritis34. The survey may have missed 
common mental health issues, which are known to be linked to area deprivation such as alcohol dependence 
and drug misuse11, despite an option of ‘other’ mental health issue in the questionnaire. On the other hand, 
these conditions often go undiagnosed and untreated37, hence would be altogether missed in health service use 
records. Overall, mental health multimorbidity had low prevalence (1% in the population; N = 345 cases in the 
sample), and we may not have had enough power to see associations between this type of multimorbidity and 
IMD decile. However, it suggests that currently there may be a lower public health burden in comparison to 
physical multimorbidity. We know that this is changing as there is a literature on the increasing prevalence of 
poor mental health in young people38, and there is a suggestion of more multimorbidity in younger age groups in 
our data. This may further increase in time as evidence suggests that diagnosis of a second mental health condi-
tion following an initial diagnosis is lagged, for example a recent study reported that in those diagnosed with 
a mood disorder under aged 20, were at nearly 40% risk for diagnosis of a neurotic condition within 5 years39.

In conclusion we find that physical multimorbidity represents a substantial population burden, particularly 
in the most deprived areas in England and Wales. Our findings suggest that mental health multimorbidity, which 
may be undiagnosed, may become a public health priority in the future.
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Data availability
All data used in this paper are available for secondary data analysis (subject to access restrictions). The terms of 
the license prevent us from sharing the data directly with members of the public or other researchers. The large 
set of variables included in the data, the population sample frame and the postcodes of the addresses create a 
high risk of disclosing confidential information about individual respondents. To replicate our linked data set 
structure, analysts require secure access to the individual panel data and seek permission to access the exact 
postcodes of the sample members’ addresses in their application. Information on how to access the Understand-
ing Society panel data is provided on the study homepage; see https://​www.​under​stand​ingso​ciety.​ac.​uk/​docum​
entat​ion/​access-​data. They also need to prepare a postcode-level data file containing the neighbourhood data 
and ask for the data to be uploaded to the secure server. To prepare the postcode-level file, analysts require access 
to the Office for National Statistics (ONS) Postcode Directory to extract the LSOA 2011 and Workplace Zone 
identifiers. The Index of Multiple Deprivation 2019 (at the LSOA 2011 level) is available for download from the 
Consumer Data Research Centre (https://​www.​cdrc.​ac.​uk/). To download the ONS Classification of Workplace 
Zones 2011 for England and Wales, visit http://​cowz.​geoda​ta.​soton.​ac.​uk/.

Received: 1 April 2021; Accepted: 12 January 2022

References
	 1.	 Whitty, C. J. M. et al. Rising to the challenge of multimorbidity. BMJ 368, l6964. https://​doi.​org/​10.​1136/​bmj.​l6964 (2020).
	 2.	 Barnett, K. et al. Epidemiology of multimorbidity and implications for health care, research, and medical education: A cross-

sectional study. The Lancet 380, 37–43. https://​doi.​org/​10.​1016/​s0140-​6736(12)​60240-2 (2012).
	 3.	 Taylor, A. W. et al. Multimorbidity - not just an older person’s issue. Results from an Australian biomedical study. BMC Public 

Health https://​doi.​org/​10.​1186/​1471-​2458-​10-​718 (2010).
	 4.	 van der Lee, J. H., Mokkink, L. B., Grootenhuis, M. A., Heymans, H. S. & Offringa, M. Definitions and measurement of chronic 

health conditions in childhooda systematic review. JAMA 297, 2741–2751. https://​doi.​org/​10.​1001/​jama.​297.​24.​2741 (2007).
	 5.	 Van Cleave, J., Gortmaker, S. L. & Perrin, J. M. Dynamics of obesity and chronic health conditions among children and youth. 

JAMA 303, 623–630 (2010).
	 6.	 Pinquart, M. & Shen, Y. Behavior problems in children and adolescents with chronic physical illness: A meta-analysis. J. Pediatr. 

Psychol. 36, 1003–1016. https://​doi.​org/​10.​1093/​jpepsy/​jsr042 (2011).
	 7.	 Clarke, A., Pote, I. & Sorgenfrei, M. Adolescent mental health evidence brief 1: Prevalence of disorders (Early Intervention Founda-

tion, 2020).
	 8.	 Ingram, E. et al. Household and area-level social determinants of multimorbidity: A systematic review. J. Epidemiol. Community 

Health 75, 232–241 (2021).
	 9.	 Katikireddi, S. V., Skivington, K., Leyland, A. H., Hunt, K. & Mercer, S. W. The contribution of risk factors to socioeconomic 

inequalities in multimorbidity across the lifecourse: A longitudinal analysis of the Twenty-07 cohort. BMC Med. 15, 152. https://​
doi.​org/​10.​1186/​s12916-​017-​0913-6 (2017).

	10.	 Johnston, M. C., Crilly, M., Black, C., Prescott, G. J. & Mercer, S. W. Defining and measuring multimorbidity: A systematic review 
of systematic reviews. Eur. J. Pub. Health 29, 182–189. https://​doi.​org/​10.​1093/​eurpub/​cky098.​PMID:​29878​097 (2019).

	11.	 McLean, G. et al. The influence of socioeconomic deprivation on multimorbidity at different ages: A cross-sectional study. Br. J. 
Gen. Pract. https://​doi.​org/​10.​3399/​bjgp1​4X680​545 (2014).

	12.	 Adams, J. & White, M. Removing the health domain from the index of multiple deprivation 2004—effect on measured inequalities 
in census measure of health. J. Public Health 28, 379–383. https://​doi.​org/​10.​1093/​pubmed/​fdl061 (2006).

	13.	 Archie, J. P. Jr. Mathematic coupling of data: A common source of error. Ann. Surg. 193, 296–303. https://​doi.​org/​10.​1097/​00000​
658-​19810​3000-​00008 (1981).

	14.	 Blake, P. G. The problem of mathematical coupling: how can statistical artifact and biological causation be separated when relating 
protein intake to clearance in ‘Predialysis’ and dialysis patients?. Perit. Dial. Int. 17, 431–434. https://​doi.​org/​10.​1177/​08968​60897​
01700​503 (1997).

	15.	 McLennan, D. et al. The English Indices of Deprivation 2019. (Ministry of Housing, Communities and Local Government 
(MHCLG), London, 2019).

	16.	 van den Berg, T., Schuring, M., Avendano, M., Mackenbach, J. & Burdorf, A. The impact of ill health on exit from paid employment 
in Europe among older workers. Occup. Environ. Med. 67, 845–852 (2010).

	17.	 University of Essex, Institute for Social and Economic Research (ISER), NatCen Social Research & Kantar Public. Understanding 
Society: Waves 1-10, 2009-2019. 13 edn, Vol. http://doi.org/10.5255/UKDA-SN-6614-14 (UK Data Service, 2020).

	18.	 Knies, G. Understanding Society: Understanding Society: Waves 1–8, 2009–2017 and harmonised British Household Panel Survey: 
Waves 1–18, 1991–2009. User Guide, https://​www.​resea​rchga​te.​net/​publi​cation/​33783​1264_​Under​stand​ing_​Socie​ty_​The_​UK_​
House​hold_​Longi​tudin​al_​Study_​Waves_1-​8_​User_​Guide (2018).

	19.	 Goldberg, D. P. et al. The validity of two versions of the GHQ in the WHO study of mental illness in general health care. Psychol. 
Med. 27, 191–197. https://​doi.​org/​10.​1017/​s0033​29179​60042​42 (1997).

	20.	 Goldberg, D. & Williams, P. A user’s guide to the General Health Questionnaire. (NFER-Nelson, Windsor, UK, 1988).
	21.	 Office for National Statistics. ONS Postcode Directory. https://​geopo​rtal.​stati​stics.​gov.​uk/​datas​ets/​ons-​postc​ode-​direc​tory-​novem​

ber-​2020 (2020).
	22.	 Office for National Statistics. Classification of Workplace Zones for the UK methodology and variables. https://​www.​ons.​gov.​uk/​

metho​dology/​geogr​aphy/​geogr​aphic​alpro​ducts/​areac​lassi​ficat​ions/​2011w​orkpl​aceba​sedar​eacla​ssifi​cation/​class​ifica​tiono​fwork​
place​zones​forth​eukme​thodo​logya​ndvar​iables (2019).

	23.	 Cassell, A. et al. The epidemiology of multimorbidity in primary care: A retrospective cohort study. Br. J. Gen. Pract. 68, e245. 
https://​doi.​org/​10.​3399/​bjgp1​8X695​465 (2018).

	24.	 Charlton, J., Rudisill, C., Bhattarai, N. & Gulliford, M. Impact of deprivation on occurrence, outcomes and health care costs of 
people with multiple morbidity. J. Health Serv. Res. Pol. 18, 215–223. https://​doi.​org/​10.​1177/​13558​19613​493772 (2013).

	25.	 Li, J. et al. Patterns of multimorbidity and their association with health outcomes within Yorkshire, England: Baseline results from 
the Yorkshire Health Study. BMC Public Health 16, 649. https://​doi.​org/​10.​1186/​s12889-​016-​3335-z (2016).

	26.	 Bharadwaj, P., Pai, M. M. & Suziedelyte, A. Mental health stigma. Econ. Lett. 159, 57–60. https://​doi.​org/​10.​1016/j.​econl​et.​2017.​
06.​028 (2017).

	27.	 Paulhus, D. L. in Measures of personality and social psychological attitudes. Measures of social psychological attitudes, Vol. 1. 17–59 
(Academic Press, 1991).

	28.	 Tourangeau, R. & Yan, T. Sensitive questions in surveys. Psychol. Bull. 133, 859–883. https://​doi.​org/​10.​1037/​0033-​2909.​133.5.​859 
(2007).

https://www.understandingsociety.ac.uk/documentation/access-data
https://www.understandingsociety.ac.uk/documentation/access-data
https://www.cdrc.ac.uk/
http://cowz.geodata.soton.ac.uk/
https://doi.org/10.1136/bmj.l6964
https://doi.org/10.1016/s0140-6736(12)60240-2
https://doi.org/10.1186/1471-2458-10-718
https://doi.org/10.1001/jama.297.24.2741
https://doi.org/10.1093/jpepsy/jsr042
https://doi.org/10.1186/s12916-017-0913-6
https://doi.org/10.1186/s12916-017-0913-6
https://doi.org/10.1093/eurpub/cky098.PMID:29878097
https://doi.org/10.3399/bjgp14X680545
https://doi.org/10.1093/pubmed/fdl061
https://doi.org/10.1097/00000658-198103000-00008
https://doi.org/10.1097/00000658-198103000-00008
https://doi.org/10.1177/089686089701700503
https://doi.org/10.1177/089686089701700503
https://www.researchgate.net/publication/337831264_Understanding_Society_The_UK_Household_Longitudinal_Study_Waves_1-8_User_Guide
https://www.researchgate.net/publication/337831264_Understanding_Society_The_UK_Household_Longitudinal_Study_Waves_1-8_User_Guide
https://doi.org/10.1017/s0033291796004242
https://geoportal.statistics.gov.uk/datasets/ons-postcode-directory-november-2020
https://geoportal.statistics.gov.uk/datasets/ons-postcode-directory-november-2020
https://www.ons.gov.uk/methodology/geography/geographicalproducts/areaclassifications/2011workplacebasedareaclassification/classificationofworkplacezonesfortheukmethodologyandvariables
https://www.ons.gov.uk/methodology/geography/geographicalproducts/areaclassifications/2011workplacebasedareaclassification/classificationofworkplacezonesfortheukmethodologyandvariables
https://www.ons.gov.uk/methodology/geography/geographicalproducts/areaclassifications/2011workplacebasedareaclassification/classificationofworkplacezonesfortheukmethodologyandvariables
https://doi.org/10.3399/bjgp18X695465
https://doi.org/10.1177/1355819613493772
https://doi.org/10.1186/s12889-016-3335-z
https://doi.org/10.1016/j.econlet.2017.06.028
https://doi.org/10.1016/j.econlet.2017.06.028
https://doi.org/10.1037/0033-2909.133.5.859


10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:7280  | https://doi.org/10.1038/s41598-022-11310-9

www.nature.com/scientificreports/

	29.	 Foster, S. & O’Mealey, M. Socioeconomic status and mental illness stigma: The impact of mental illness controllability attributions 
and personal responsibility judgments. J. Mental Health https://​doi.​org/​10.​1080/​09638​237.​2021.​18754​16 (2021).

	30.	 Foster, S. D., Elischberger, H. B. & Hill, E. D. Examining the link between socioeconomic status and mental illness prejudice: The 
roles of knowledge about mental illness and empathy. Stigma Health 3, 139–151. https://​doi.​org/​10.​1037/​sah00​00084 (2018).

	31.	 May, C. et al. Framing the doctor-patient relationship in chronic illness: A comparative study of general practitioners’ accounts. 
Sociol. Health Illn. 26, 135–158 (2004).

	32.	 van Ham, M. & Manley, D. Neighbourhood effects research at a crossroads. Ten challenges for future research introduction. 
Environm. Plan. A 44, 2787–2793. https://​doi.​org/​10.​1068/​a45439 (2012).

	33.	 Galster, G. & Hedman, L. Measuring neighbourhood effects non-experimentally: How much do alternative methods matter?. 
Hous. Stud. 28, 473–498. https://​doi.​org/​10.​1080/​02673​037.​2013.​759544 (2013).

	34.	 Knies, G., Melo, P. C. & Zhang, M. Neighbourhood deprivation, life satisfaction and earnings: Comparative analyses of neighbour-
hood effects at bespoke scales. Urban Stud. https://​doi.​org/​10.​1177/​00420​98020​956930 (2020).

	35.	 Jivraj, S., Murray, E. T., Norman, P. & Nicholas, O. The impact of life course exposures to neighbourhood deprivation on health 
and well-being: A review of the long-term neighbourhood effects literature. Eur. J. Pub. Health 30, 922–928. https://​doi.​org/​10.​
1093/​eurpub/​ckz153 (2019).

	36.	 O’Halloran, J., Miller, G. C. & Britt, H. Defining chronic conditions for primary care with ICPC-2. Fam. Pract. 21, 381–386. https://​
doi.​org/​10.​1093/​fampra/​cmh407 (2004).

	37.	 Public Health England. Adult substance misuse treatment statistics 2019 to 2020: report. https://​www.​gov.​uk/​gover​nment/​stati​
stics/​subst​ance-​misuse-​treat​ment-​for-​adults-​stati​stics-​2019-​to-​2020/​adult-​subst​ance-​misuse-​treat​ment-​stati​stics-​2019-​to-​2020-​
report. (2020). Date consulted: 28.12.2021

	38.	 Ploubidis, G. B., Sullivan, A., Brown, M. & Goodman, A. Psychological distress in mid-life: Evidence from the 1958 and 1970 
British birth cohorts. Psychol. Med. 47, 291–303. https://​doi.​org/​10.​1017/​S0033​29171​60024​64 (2017).

	39.	 Plana-Ripoll, O. et al. Exploring comorbidity within mental disorders among a Danish national population. JAMA Psychiat. 76, 
259–270. https://​doi.​org/​10.​1001/​jamap​sychi​atry.​2018.​3658 (2019).

Acknowledgements
We gratefully acknowledge funding from the University of Essex. Understanding Society is an initiative funded 
by the Economic and Social Research Council (ES/N00812X/1) and various UK Government Departments, with 
scientific leadership by the Institute for Social and Economic Research, NatCen Social Research, Kantar Public. 
MK is funded by the University of Essex and by the Economic and Social Research Council (ES/T014083/1).

Author contributions
G.K. and M.K. conceived and designed the analysis. G.K. prepared the data and performed the statistical analy-
sis. Both authors contributed to interpreting the results, wrote the manuscript, read and approved the final 
manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​11310-9.

Correspondence and requests for materials should be addressed to M.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1080/09638237.2021.1875416
https://doi.org/10.1037/sah0000084
https://doi.org/10.1068/a45439
https://doi.org/10.1080/02673037.2013.759544
https://doi.org/10.1177/0042098020956930
https://doi.org/10.1093/eurpub/ckz153
https://doi.org/10.1093/eurpub/ckz153
https://doi.org/10.1093/fampra/cmh407
https://doi.org/10.1093/fampra/cmh407
https://www.gov.uk/government/statistics/substance-misuse-treatment-for-adults-statistics-2019-to-2020/adult-substance-misuse-treatment-statistics-2019-to-2020-report
https://www.gov.uk/government/statistics/substance-misuse-treatment-for-adults-statistics-2019-to-2020/adult-substance-misuse-treatment-statistics-2019-to-2020-report
https://www.gov.uk/government/statistics/substance-misuse-treatment-for-adults-statistics-2019-to-2020/adult-substance-misuse-treatment-statistics-2019-to-2020-report
https://doi.org/10.1017/S0033291716002464
https://doi.org/10.1001/jamapsychiatry.2018.3658
https://doi.org/10.1038/s41598-022-11310-9
https://doi.org/10.1038/s41598-022-11310-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Multimorbidity is associated with the income, education, employment and health domains of area-level deprivation in adult residents in the UK
	Methods
	Study sample and design. 
	Variables and measurement. 

	Results
	Prevalence of multimorbidity and association with neighbourhood deprivation. 
	Socioeconomic and demographic correlates of multimorbidity and multivariate regressions of multimorbidity on neighbourhood deprivation. 
	Examining the extent of unreported or undiagnosed mental health conditions and their association with neighbourhood deprivation. 

	Discussion
	References
	Acknowledgements


