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1. Introduction 
Physical multimorbidity, commonly defined as the coexistence of two or more long-term health 

conditions, represents one of the most significant challenges facing the National Health Service (NHS) in 

England. Individuals living with multiple conditions experience poorer health outcomes, lower quality of 

life, and greater healthcare utilisation. The burden of multimorbidity is expected to increase substantially 

over coming decades, with the largest increases projected in the most socioeconomically deprived 

communities (Head et al., 2024). Reducing health inequalities has therefore become a central priority of the 

NHS, particularly following the establishment of Integrated Care Systems under the Health and Care Act 

2022. 

Psychological distress is also a growing public health concern. Using nationally representative data 

from England, Jackson et al. (2023) reported a 46% increase in severe psychological distress between 2020 

and 2022, particularly among younger and more disadvantaged groups. Existing evidence suggests that 

psychological distress is associated with a greater risk of developing physical multimorbidity (Arias-de la 

Torre et al., 2021), while multimorbidity itself is substantially more prevalent among individuals living in 

deprived areas (Knies and Kumari, 2022; Head et al., 2024). 

While previous research has demonstrated associations between psychological distress and physical 

multimorbidity, and separately established strong socioeconomic gradients in multimorbidity prevalence, 

relatively little evidence has examined whether area deprivation modifies the relationship between 

psychological distress and physical multimorbidity within a contemporary English population. 

Understanding this relationship may help identify groups at elevated risk of both mental and physical ill 

health and inform NHS commissioning and public health policy aimed at reducing health inequalities. 

Using data from the Health Survey for England (HSE) 2022, this study examines the association 

between psychological distress, measured using the 12-item General Health Questionnaire (GHQ-12), and 

physical multimorbidity among adults in England and investigates whether this association varies across 

levels of area deprivation. The research question addressed is: How is psychological distress associated with 

physical multimorbidity among adults in England, and does this relationship vary across levels of area 

deprivation? 

2. Descriptive Statistics 
This analysis uses data from the Health Survey for England (HSE) 2022, a repeated cross-sectional 

survey of adults living in private households in England, commissioned by NHS England and made 

available through the UK Data Service (Study Number 9469). The rationale for dataset selection is provided 

in Appendix A.0. Following restriction to adults aged 16 and over and complete-case selection across all 

analytical variables, the final analytical sample comprises 4,735 respondents (Appendix B.1). 

Descriptive statistics are estimated using the HSE 2022 interview weight (wt_int), which adjusts for 

unequal selection probabilities and differential non-response to improve representativeness of the English 

adult population. Weighting has little effect on estimates of psychological distress, with GHQ-12 caseness 



 

changing only marginally from 17.2% unweighted to 17.4% weighted. In contrast, multimorbidity 

prevalence falls from 23.8% to 20.3% after weighting and mean condition count from 0.87 to 0.76, 

indicating that the analytical sample slightly over-represents individuals with higher physical condition 

burdens (Table C.2). Consequently, weighted estimates are reported throughout the descriptive analysis. 

Psychological distress is measured using the GHQ-12 continuous score (0–12), while physical 

multimorbidity is measured using the number of grouped longstanding condition categories reported by 

respondents (0–6). Area deprivation is captured using the Index of Multiple Deprivation (IMD) 2019 

quintile, where quintile 1 represents the least deprived areas and quintile 5 the most deprived. The weighted 

mean GHQ-12 score is 1.65, with 58.1% of respondents scoring zero and 17.4% meeting the caseness 

threshold of score ≥ 4, indicating probable psychological distress. Physical multimorbidity is also common, 

with 20.3% of respondents reporting two or more longstanding condition categories and a weighted mean 

condition count of 0.76. The weighted sample is broadly distributed across demographic and socioeconomic 

groups, with 51.4% female respondents, 46.4% employed in managerial or professional occupations, and 

41.2% holding degree-level qualifications (Table C.1). To account for potential confounding, the analysis 

includes demographic, socioeconomic, lifestyle, and geographic control variables. Full variable definitions 

are provided in Table A.1. Detailed coding decisions are documented in Appendix A, while justification for 

control variable selection is provided in Appendix A.9. 

Substantial differences in physical health burden are observed across levels of psychological distress. 

Respondents reporting no distress have a mean condition count of 0.59, rising to 0.78 among those with mild 

distress and 1.27 among those with probable distress. Similarly, multimorbidity prevalence increases from 

15.3% to 21.0% and 36.1% respectively (Table C.5b). Among the conditions examined, the largest 

gradients are observed for arthritis and rheumatism, which increase from 6.2% among respondents with no 

distress to 12.5% among those with probable distress, and asthma, which rises from 3.8% to 7.2% (Table 

C.5a; Figure C.6.1). 

A clear socioeconomic gradient 

is also evident. The prevalence 

of probable psychological 

distress increases from 15.0% in 

the least deprived quintile to 

22.6% in the most deprived 

quintile (Figure C.6.2). 

Physical multimorbidity follows 

a similar pattern, with mean 

condition count rising from 0.62 

to 0.99 and multimorbidity 

prevalence increasing from 15.6% to 27.6% across the deprivation distribution (Table C.5c). 



 

Figure 1 (above) presents the central descriptive finding of the study. Across all deprivation 

quintiles, individuals experiencing probable psychological distress report substantially higher physical 

condition counts than those without distress. The highest burden is observed among adults with probable 

distress living in the most deprived areas, who report an average of 1.66 condition categories, compared 

with 0.54 among adults reporting no distress in the least deprived areas. The absolute gap between distress 

groups widens from 0.49 conditions in quintile 1 to 0.94 in quintile 5, largely reflecting the higher baseline 

burden of physical illness observed in more deprived communities. Together, these descriptive findings 

provide preliminary evidence of an association between psychological distress and physical multimorbidity, 

while suggesting that deprivation may further compound this burden. 

3. Methods and Results 
The outcome variable, physical condition count (condlcnt), is a non-negative integer ranging from 0 

to 6. Descriptive analysis indicated substantial overdispersion in the outcome distribution, with a 

variance-to-mean ratio of 1.54 (mean = 0.759, variance = 1.333), violating the Poisson assumption of 

equality between the mean and variance. A formal likelihood ratio test confirmed that the negative binomial 

model provided a significantly better fit than the equivalent Poisson specification (LR = 122.68, p < 0.001), 

with the estimated dispersion parameter α = 0.304 significantly greater than zero (Appendix F.1). Negative 

binomial regression was therefore used throughout. The primary explanatory variable is psychological 

distress, measured using the GHQ-12 score, while area deprivation is captured using IMD quintiles. 

Demographic, socioeconomic, lifestyle, and geographic controls were included to account for potential 

confounding, with full variable definitions provided in Table A.1. 

Four nested models were estimated. Model 1 includes GHQ-12 score only. Model 2 adds 

demographic controls (sex, age group, and ethnicity). Model 3 incorporates the full set of demographic, 

socioeconomic, lifestyle, geographic, and deprivation-related controls and serves as the preferred 

specification. Model 4 extends Model 3 by introducing GHQ-12 × IMD interaction terms to assess whether 

the association between psychological distress and physical multimorbidity differs across levels of area 

deprivation. All models were estimated on the complete-case sample (N = 4,735) without survey weights, 

consistent with the objective of estimating associations rather than population prevalence. Coefficients are 

reported as incidence rate ratios (IRRs), where values greater than one indicate a higher expected physical 

condition count. 

The association between psychological distress and physical multimorbidity is positive, statistically 

significant, and highly stable across all model specifications. In the fully adjusted model (Model 3), each 

one-point increase in GHQ-12 score is associated with a 9.7% increase in the expected physical condition 

count (IRR = 1.097, 95% CI [1.085, 1.108], p < 0.001). The estimated effect remains remarkably consistent 

across specifications, with the IRR equal to 1.097 in both the unadjusted model (Model 1) and the fully 

adjusted model (Model 3), and only modestly higher in Model 2 (IRR = 1.110). This suggests that the 

observed association is not substantially explained by the demographic, socioeconomic, lifestyle, or 



 

geographic characteristics included in the analysis. Table 1 presents the key coefficients from the preferred 

specification, while full regression results are reported in Appendix D.1. 

 
Variable IRR 95% CI p 

GHQ-12 score 1.097 [1.085, 1.108] <0.001*** 

IMD Q2 (ref: Q1) 1.148 [1.031, 1.279] 0.012* 

IMD Q3 (ref: Q1) 1.067 [0.951, 1.197] 0.268 

IMD Q4 (ref: Q1) 1.144 [1.016, 1.287] 0.026* 

IMD Q5 (ref: Q1) 1.253 [1.105, 1.419] <0.001*** 

Model fit 

N 4,735 

Log-likelihood -5,658.00 

AIC 11,404.10 

α (dispersion) 0.304 
Table 1: Main Regression Results from the Preferred Negative Binomial Model (Model 3) 

 

Area deprivation is independently associated with higher levels of physical multimorbidity. Relative 

to respondents living in the least deprived areas, those living in the most deprived quintile report a 25.3% 

higher expected condition count after adjustment for all controls (IRR = 1.253, 95% CI [1.105, 1.419], p < 

0.001). A general deprivation gradient is observed across the IMD distribution, with respondents in more 

deprived areas tending to experience higher expected condition counts than those in the least deprived areas. 

These findings indicate that both psychological distress and area deprivation contribute independently to 

physical multimorbidity. 

Several control variables are also significantly associated with physical condition count. Age exhibits 

the strongest gradient, with respondents aged 75 years and over reporting almost three times the expected 

condition count of those aged 16–24 (IRR = 2.736, p < 0.001). Current smokers have a 24.3% higher 

expected condition count than never-smokers (IRR = 1.243, p < 0.001), while respondents in routine and 

manual occupations report a 14.6% higher expected condition count than those in managerial and 

professional occupations (IRR = 1.146, p = 0.008). Non-drinkers also report significantly higher condition 

counts than lower-risk drinkers (IRR = 1.193, p < 0.001), which may reflect the well-documented sick 

quitter effect whereby individuals reduce or cease alcohol consumption following deteriorating health. 

To examine whether deprivation modifies the relationship between psychological distress and 

physical multimorbidity, GHQ-12 × IMD interaction terms were introduced in Model 4. None of the 

interaction coefficients were statistically significant (all p > 0.60). Consistent with this finding, both the 

likelihood ratio test (LR χ²(4) = 1.21, p = 0.877) and Wald test (Wald χ²(4) = 1.21, p = 0.877) failed to reject 

the null hypothesis that all interaction terms are jointly equal to zero (Appendix D.2). The interaction model 

also produced a higher AIC than the preferred specification (11,410.9 versus 11,404.1), indicating no 

improvement in model fit. Model 3 is therefore retained as the preferred specification. Together, these results 



 

suggest that psychological distress and area deprivation operate largely as independent predictors of physical 

multimorbidity, with deprivation increasing the overall burden of physical illness without significantly 

altering the strength of the distress–multimorbidity association. 

Average marginal predictions from Model 3 further illustrate this pattern (Appendix E). At a 

GHQ-12 score of zero, predicted condition counts range from 0.643 in the least deprived quintile to 0.805 in 

the most deprived quintile. At the maximum GHQ-12 score of 12, predicted condition counts increase to 

1.941 and 2.432 respectively. This represents an increase of approximately 1.30 conditions in the least 

deprived areas and 1.63 conditions in the most deprived areas. The predictions therefore demonstrate that 

both psychological distress and area deprivation are associated with substantially higher expected 

multimorbidity burdens, with the highest burden observed among individuals experiencing both severe 

distress and high deprivation. 

Three robustness checks support the stability of the main findings. First, ordinary least squares 

regression produced a positive and statistically significant association between GHQ-12 score and physical 

condition count (β = 0.102, p < 0.001). Second, logistic regression using a binary multimorbidity indicator 

yielded an odds ratio of 1.177 (95% CI [1.149, 1.205], p < 0.001). Third, inclusion of nurse-measured BMI 

in the subset of respondents with valid BMI data (N = 3,293) resulted in only a modest change in the 

GHQ-12 coefficient (IRR = 1.087 compared with 1.097 in the main model). Collectively, these findings 

suggest that the observed association between psychological distress and physical multimorbidity is robust 

to alternative model specifications, outcome definitions, and additional adjustment for BMI (Appendix F). 

Given the cross-sectional nature of the HSE 2022 data, the results should be interpreted as 

associations rather than causal effects. Reverse causality remains plausible, as individuals with a greater 

burden of physical illness may also experience higher levels of psychological distress. 

4. Limitations 
Several limitations should be considered when interpreting the findings of this study. The most 

important is the cross-sectional design of the HSE 2022, which precludes causal inference. While the 

analysis identifies a robust association between psychological distress and physical multimorbidity, the 

direction of this relationship cannot be established. Reverse causality is plausible, as individuals living with 

multiple longstanding conditions may experience poorer mental health as a consequence of their physical 

illness burden. The true relationship is likely to be bidirectional, and longitudinal data would be required to 

establish temporal ordering and move closer to causal identification. 

The analytical sample is also affected by systematic missingness. The two largest sources of sample 

loss were missing GHQ-12 responses (1,617 observations, 20.9% of the adult sample) and missing 

equivalised household income data (1,068 observations, 21.9%). As shown in Appendix B.2, respondents 

with missing GHQ-12 data were younger, more likely to live in deprived areas, and reported fewer physical 

conditions than those with valid responses. Consequently, complete-case analysis may underrepresent 

certain population groups and introduce selection bias. Although survey weights were used for descriptive 



 

statistics, they do not fully address the systematic pattern of GHQ-12 non-completion, and the estimated 

association may therefore differ from that observed in the full target population. 

Residual confounding also remains possible. Although the analysis adjusts for a wide range of 

demographic, socioeconomic, lifestyle, and geographic characteristics, other relevant determinants of both 

psychological distress and physical multimorbidity were not available within the dataset. These include 

factors such as social support, housing conditions, healthcare utilisation, and early-life health circumstances. 

Body mass index (BMI), an established predictor of multimorbidity, could not be included in the primary 

specification because valid nurse-measured BMI data were unavailable for a substantial proportion of 

respondents. However, sensitivity analysis suggested that inclusion of BMI did not materially alter the 

estimated GHQ-12 effect (Appendix F.4). Both key variables are also subject to self-report bias, as the 

GHQ-12 does not capture clinically diagnosed mental health conditions and physical condition count may be 

affected by differential reporting behaviour across demographic groups. 

Finally, the HSE samples adults living in private households and therefore excludes institutionalised 

populations, including care-home residents and long-term hospital patients. These groups are likely to 

experience higher levels of both psychological distress and physical multimorbidity than the general 

population. As a result, the findings may not fully generalise to the most clinically vulnerable segments of 

the English population. Despite these limitations, the consistency of findings across multiple model 

specifications, interaction analyses, marginal prediction exercises, and robustness checks provides 

confidence that the observed association between psychological distress and physical multimorbidity is 

statistically robust and substantively meaningful. 

5. Conclusion 
This study finds that higher levels of psychological distress are consistently associated with greater 

physical multimorbidity among adults in England. Each one-point increase in GHQ-12 score is associated 

with a 9.7% higher expected physical condition count after full adjustment, with the finding stable across all 

model specifications and robustness checks. Area deprivation independently compounds this burden, with 

residents of the most deprived communities reporting 25.3% higher expected condition counts than those in 

the least deprived areas. Crucially, the strength of the distress–multimorbidity association does not vary 

significantly across deprivation levels, suggesting that adults experiencing psychological distress face 

elevated physical health risk across the full deprivation distribution, not only in the most disadvantaged 

areas. For NHS Integrated Care Boards, this finding supports the case for embedding psychological distress 

screening within physical health pathways for adults with longstanding conditions, regardless of area 

deprivation. While causal conclusions cannot be drawn from cross-sectional data, the findings suggest that 

psychological distress may serve as an important marker of broader physical health vulnerability and could 

help inform strategies to identify individuals at greater risk of multimorbidity and reduce the burden of 

long-term conditions. 
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7. Appendices 

 
Note on code: All variable construction, analysis, and output code referenced in this appendix is provided in 

the accompanying R Notebook. The R Notebook sections are labelled to match the corresponding appendix 

sections, such as Appendix A.1 and Appendix B.2, for ease of navigation. 

 

Appendix A: Variable Construction 

 

Table A.1: Summary of Constructed Analysis Variables 

 

Appendix A.0: Dataset Selection 

The primary dataset used in this analysis is the Health Survey for England (HSE) 2022, a repeated 

cross-sectional survey of adults residing in private households in England, commissioned by NHS England 

and made available through the UK Data Service (Study Number 9469). The HSE was selected because it 

contains all variables required to address the research question within a single nationally representative 

dataset. In particular, it includes a validated measure of psychological distress (GHQ-12), detailed 

information on longstanding health conditions, and the Index of Multiple Deprivation (IMD) 2019 quintile. 

This combination allows direct examination of the relationship between psychological distress, physical 

multimorbidity, and area deprivation. The HSE also provides survey weights to support representative 

descriptive analysis and contains a sufficiently large sample to support multivariable regression modelling 

after applying exclusion criteria. 

Several alternative datasets were considered, including Understanding Society. While Understanding 

Society contains a broad range of health and socioeconomic measures and has been used extensively in UK 

health inequalities research, the HSE was preferred because it provides more detailed information on 

longstanding physical health conditions and includes a pre-derived condition count measure (condlcnt) 

directly aligned with the study outcome. In addition, the HSE includes linked IMD information and 

established health measures within a single survey wave, allowing the research question to be addressed 

using a consistent cross-sectional analytical framework. Given the study's focus on contemporary 



 

associations between psychological distress, multimorbidity, and deprivation in England, the HSE 2022 was 

considered the most appropriate dataset. 

 

Appendix A.1: GHQ-12 Psychological Distress Score 

Psychological distress was measured using the 12-item General Health Questionnaire (GHQ-12), a 

validated screening instrument included in the Health Survey for England (HSE) 2022 self-completion 

questionnaire. The HSE provides derived GHQ variables, which were retained without modification. 

Three GHQ-based variables were used in the analysis. The primary exposure variable was the 

continuous GHQ-12 score (ghq12scr), ranging from 0 to 12, with higher scores indicating greater 

psychological distress. For descriptive analyses, a grouped GHQ variable (ghqg2) was used, categorising 

respondents into no distress (score = 0), mild distress (score = 1–3), and probable psychological distress 

(score ≥ 4). A binary caseness indicator (ghq) was also used, where scores of 4 or above were classified as 

probable psychological distress, consistent with the standard GHQ-12 threshold used in UK population 

health research. 

Following data cleaning, 6,112 respondents had valid GHQ-12 scores and 1,617 observations 

(20.9%) contained missing values. Valid scores ranged from 0 to 12, with no observations outside the 

expected range. 

 

Appendix A.2: Physical Condition Count 

Physical health status was measured using condlcnt, a pre-derived HSE variable recording the 

number of grouped longstanding condition categories reported by each respondent. Conditions are grouped 

into broad ICD-based disease categories by HSE and the variable was used as the primary outcome measure 

throughout the analysis. 

A binary multimorbidity indicator (multimorbid) was additionally derived and coded as 1 where 

condlcnt ≥ 2 and 0 otherwise. This variable was used only in robustness analyses. 

Six individual condition indicators (compexp1, compexp3, compexp4, compexp6, compexp7, and 

compexp9) representing diabetes, IHD/stroke/angina, hypertension, COPD/bronchitis, asthma, and 

arthritis/rheumatism were retained for descriptive analyses only. These variables were not included in 

regression models because they represent component conditions underlying the aggregate condition count 

measure. 

 

Appendix A.3: Area Deprivation — IMD Quintile 

Area-level socioeconomic deprivation was measured using the Index of Multiple Deprivation 2019 

(IMD 2019), provided in HSE as the derived variable qimd19. The IMD is England’s official measure of 

relative area deprivation and combines information across multiple domains, including income, 

employment, education, health, crime, housing, and the living environment. 



 

Respondents were assigned to deprivation quintiles based on their area of residence, with Quintile 1 

representing the least deprived areas and Quintile 5 representing the most deprived areas. The variable was 

treated as a categorical measure throughout the analysis. As the IMD is derived from area-level 

characteristics, it should be interpreted as a measure of neighbourhood deprivation rather than individual 

socioeconomic circumstances. 

 

Appendix A.4: Demographics 

Three demographic control variables were included in the analysis: sex, age, and ethnicity. 

Sex was measured using the HSE variable Sex and coded as male or female, with male used as the reference 

category in regression models. 

Age was measured using the derived variable ag16g10, which groups respondents into seven age 

bands (16–24, 25–34, 35–44, 45–54, 55–64, 65–74, and 75+ years). The youngest age group (16–24 years) 

was used as the reference category. Exact individual ages were removed from the safeguarded dataset for 

disclosure control purposes. 

Ethnicity was measured using the derived variable origin2, which classifies respondents into five 

broad ethnic groups: White, Black, Asian, Mixed/multiple ethnic background, and Any other ethnic group. 

White ethnicity was used as the reference category in regression models. 

 

Appendix A.5: Socioeconomic Status 

Three variables were included to capture different dimensions of socioeconomic position: household 

income, occupational social class, and educational attainment. 

Household income was measured using the HSE-derived variable eqv5, which classifies respondents 

into quintiles of equivalised household income. Equivalisation adjusts household income for household size 

and composition to improve comparability across households. The lowest income quintile was used as the 

reference category in regression models. Observations coded as -90 (“age of household member refused”) 

were treated as missing. 

Occupational social class was measured using the National Statistics Socio-economic Classification 

(NS-SEC) variable nssec3, which groups respondents into managerial and professional occupations, 

intermediate occupations, and routine/manual occupations. Managerial and professional occupations were 

used as the reference category. Observations coded as 99 (“Other”) were treated as missing. 

Educational attainment was measured using the derived variable topqual3, representing the 

respondent’s highest qualification level. Categories ranged from degree-level qualifications to no formal 

qualifications. Degree-level qualifications were used as the reference category in regression models. 

 



 

Appendix A.6: Lifestyle 

Smoking status was measured using cigst1_19, a derived HSE variable recording cigarette smoking 

history across four categories: never smoked, used to smoke occasionally, used to smoke regularly, and 

current smoker. 

Alcohol consumption was measured using totalwug2_22, a derived HSE variable classifying 

respondents into risk groups based on weekly alcohol consumption using the revised 2022 HSE alcohol 

guidelines: non-drinker or not drunk in the last 12 months, lower-risk drinker (up to 14 units per week), 

increased-risk drinker, and higher-risk drinker. 

 

 

Appendix A.7: Geography 

​ Geographic location was measured using GOR1, a pre-derived HSE variable identifying 

respondents’ Government Office Region of residence within England. The variable comprises nine regions: 

North East, North West, Yorkshire and The Humber, East Midlands, West Midlands, East of England, 

London, South East, and South West. No missing values were recorded for this variable in the full adult 

sample (N = 7,729). 

 

Appendix A.8: BMI Variable Consideration 

Body mass index (BMI) was initially considered for inclusion as a control variable because of its 

documented association with both psychological distress and physical health outcomes. The HSE-derived 

variable bmisrg3 classifies respondents as underweight/normal weight, overweight, or obese. 

However, BMI was excluded from the final analytical model due to substantial missingness. Of the 

7,729 adult respondents, 5,260 (68.1%) had missing BMI information. Inclusion of BMI would have 

reduced the analytical sample from 4,735 to 1,075 observations, representing a loss of 77.3% of the 

regression sample. BMI was therefore excluded to preserve statistical power and sample representativeness. 

 

Appendix A.9: Justification for Control Variable Selection 

Control variables were selected to capture key demographic, socioeconomic, lifestyle, and 

geographic factors that may confound the relationship between psychological distress and physical 

multimorbidity. 

Demographics. Sex, age group, and ethnicity are included because both psychological distress and 

physical multimorbidity vary substantially across demographic groups. Age is particularly important given 

its strong association with longstanding illness and multimorbidity, while sex and ethnicity are associated 

with differences in both mental and physical health outcomes. 

Socioeconomic status. Equivalised household income quintile, NS-SEC occupational classification, 

and educational attainment capture complementary dimensions of socioeconomic position, including 



 

material resources, occupational status, and human capital. All three are independently associated with 

mental and physical health and help distinguish the effects of individual socioeconomic circumstances from 

area-level deprivation. 

 

Lifestyle factors. Smoking status and alcohol consumption risk group are included because health 

behaviours are associated with both physical illness burden and psychological distress, making them 

potential confounders of the relationship of interest. 

Geography. Government Office Region captures geographic variation in population health, 

healthcare access, and service provision that is not fully captured by IMD quintile alone. Including regional 

controls helps account for broader contextual differences across England. 

Together, these variables account for major individual and contextual factors identified in the 

literature as determinants of both psychological distress and physical multimorbidity, improving the validity 

of the estimated association between the two outcomes. 

 

 

Appendix B: Sample Construction and Missingness 
 

Appendix B.1: Sample Construction 

​ The analytical sample was constructed using complete-case analysis, retaining respondents with 

valid values for all variables included in the main regression model. The full HSE 2022 dataset contained 

9,122 observations. Restriction to adults aged 16 years and over yielded an initial sample of 7,729 

respondents. Complete-case selection was then applied across all analytical variables, resulting in a final 

analytical sample of 4,735 respondents. Table B.1 summarises the sequential sample selection process. 

 

 

Table B.1: Sequential Sample Construction 

 



 

Appendix B.2: Missing Data Analysis 

​ Table B.2 reports missingness rates for all analytical variables in the adult sample (N = 7,729). 

GHQ-12 and equivalised household income had the highest rates of missing data, at 20.9% and 21.9% 

respectively. All other variables had missingness below 7%, with IMD quintile, sex, age, and region 

containing no missing values. 

Tables B.3 and B.4 compare selected characteristics between respondents with and without valid 

GHQ-12 and income data. Respondents missing GHQ-12 data were slightly younger (mean age band 4.22 

vs 4.50), more deprived (mean IMD 2.91 vs 2.84), more ethnically diverse (mean origin2 1.32 vs 1.23), and 

had fewer recorded physical conditions (mean 0.71 vs 0.88) than respondents with valid GHQ-12 responses. 

Respondents missing income data were slightly older (mean age band 4.61 vs 4.40) and more deprived 

(mean IMD 3.00 vs 2.81) than respondents with valid income data. 

These comparisons indicate some observable differences between respondents with complete and 

incomplete data. The implications of these patterns for the analytical sample are considered in the limitations 

section. 

 

 

 

 

 

Table B.2: Variable Missingness Rates (Adult Sample, N=7,729) 

 

 



 

Table B.3: Characteristics by CHQ-12 Response Status 

 

 

Table B.3: Characteristics by Income Response Status 

 

Appendix C: Descriptive Statistics 
 

Appendix C.1: Sample Characteristics  

Table C.1 presents weighted descriptive statistics for the analytical sample (N = 4,735). Panel A 

reports weighted means and weighted standard deviations for the two continuous study variables. Panel B 

reports weighted percentages for all categorical variables. All estimates use the HSE 2022 interview weight 

(wt_int) to account for survey design and differential non-response. 

 

 

Table C.1: Sample Characteristics 

 

Panel A: Continuous Variables 

 

Demographic 
Variables 

Weighted 
% 

Socioeconomic 
Variables 

Weighted 
% 

Health & Outcome 
Variables 

Weighted 
% 

Sex  Income quintile  GHQ-12 caseness  

    Male 48.6%     Q1 Lowest 
($\le$£19,180) 

16.2%     Score 0-3 (no 
caseness) 

82.6% 

    Female 51.4%     Q2 
(£19,181-£27,705) 

19.2%     Score 4+ (distress) 17.4% 

Age group      Q3 
(£27,706-£42,763) 

19.1% Multimorbidity (2+ 
cond) 

 



 

    16-24 7.7%     Q4 
(£42,764-£66,901) 

22.1%     No (0-1 conditions) 79.7% 

    25-34 17.7%     Q5 Highest 
(>£66,901) 

23.5%     Yes (2+ conditions) 20.3% 

    35-44 17.0% Education  Smoking status  

    45-54 16.4%     Degree or 
equivalent 

41.2%     Never smoked 53.8% 

    55-64 17.6%     Higher ed below 
degree 

12.8%     Ex-occasional 
smoker 

8.5% 

    65-74 13.6%     A Level 
equivalent 

17.2%     Ex-regular smoker 25.4% 

    75+ 10.0%     O Level 
equivalent 

15.4%     Current smoker 12.3% 

Ethnicity      NVQ1/CSE 2.5% Alcohol risk  

    White 87.6%     Foreign/other 0.5%     Non-drinker 14.9% 

    Black 3.1%     No qualification 10.4%     Lower risk 58.9% 

    Asian 6.2% NS-SEC      Increased risk 21.0% 

    Mixed/multiple 2.2%     
Managerial/professio
nal 

46.4%     Higher risk 5.3% 

    Any other 0.9%     Intermediate 21.6%   

IMD quintile      Routine/manual 32.0%   

    Q1 (Least 
deprived) 

24.1%     

    Q2 22.2%     

    Q3 20.5%     

    Q4 17.9%     

    Q5 (Most 
deprived) 

15.2%     

 



 

Panel B: Categorical Variables 

 

Appendix C.2: Weighted vs Unweighted Comparison 

Table C.2 compares weighted and unweighted estimates for key variables in the analytical sample. 

The largest difference is observed for multimorbidity prevalence, which falls from 23.8% unweighted to 

20.3% weighted, a difference of 3.5 percentage points. Mean condition count shows a similar pattern, falling 

from 0.867 unweighted to 0.759 weighted. GHQ-12 caseness and the IMD quintile distribution are largely 

unaffected by weighting. Income quintile shows a modest upward shift in the highest quintile after 

weighting (+2.6 percentage points), suggesting slight underrepresentation of higher-income households in 

the analytical sample. Overall, the comparison indicates that weighting has a meaningful effect on estimates 

of physical health burden but relatively little effect on the distribution of psychological distress or 

deprivation. 

 

 

Table C.2: Weighted vs Unweighted Comparison 

 

Appendix C.3: GHQ-12 Distribution 

​ Table C.3 and Figure C.3 summarise the distribution of GHQ-12 psychological distress scores in the 

analytical sample. The distribution is heavily right-skewed (skewness = 2.04), with 58.1% of respondents 

scoring zero and a weighted mean of 1.65. The median score is 0. Probable psychological distress (score ≥ 

4) was recorded in 17.4% of the weighted sample. Figure C.3 presents the weighted frequency distribution. 

 



 

 

Table C.3: GHQ-12 Summary Statistics (Analytical Sample, N = 4,735) 

 

 

 

Figure C.3: Distribution of GHQ-12 Psychological Distress Scores 

 

Appendix C.4: Condition Count Distribution 

​ Table C.4 presents summary statistics for the physical condition count in the analytical sample. The 

distribution is right-skewed (skewness = 1.42), with 52.5% of respondents reporting zero conditions. The 

weighted mean condition count is 0.759 and the median is 0. The variance-to-mean ratio of 1.538 (mean = 

0.867, variance = 1.333) indicates overdispersion, providing empirical justification for the use of negative 

binomial regression in preference to Poisson. Weighted multimorbidity prevalence (2+ conditions) was 

20.3%. Figure C.4 presents the weighted frequency distribution. 

 



 

 

Table C.4: Physical Condition Count Summary Statistics (Analytical Sample, N = 4,735) 

 

 

Figure C.4: Distribution of Physical Condition Count 

 

Appendix C.5: Condition Prevalence by CHQ Group 

Table C.5a presents weighted prevalence of six selected physical conditions by GHQ-12 distress 

group. Table C.5b presents weighted mean condition count and multimorbidity prevalence by GHQ-12 

distress group. Table C.5c presents weighted mean condition count and multimorbidity prevalence by IMD 

deprivation quintile. Together these tables describe how physical condition burden varies across 

psychological distress categories and area deprivation levels prior to regression adjustment. 

 



 

 
Table C.5a: Weighted Prevalence of Selected Physical Conditions by GHQ-12 Group (%) 

 

 

Table C.5b: Weighted Mean Condition Count and Multimorbidity Prevalence by GHQ-12 Group 

 

 

Table C.5c: Mean Physical Condition Count and Multimorbidity Prevalence by Area Deprivation Quintile 

(Weighted, N = 4,735) 

 

 

Appendix C.6: Figures 

Figure C.6.1 presents a heatmap of weighted prevalence for six selected physical conditions by 

GHQ-12 distress group. Figure C.6.2 presents weighted prevalence of probable psychological distress 

(GHQ-12 score ≥ 4) by IMD deprivation quintile. 

 



 

Figure C.6.1: Physical Condition Prevalence by Psychological Distress Level Adults Aged 16+ in England 

 

 

Figure C.6.2: Prevalence of Probable Psychological Distress by Area Deprivation 

 

Appendix D: Regression Results 
 

Appendix D.1: Full Regression Results 

Table D.1a presents model fit statistics for the four negative binomial regression models estimated in 

the analysis. Model fit improves substantially as additional covariates are introduced, with the log-likelihood 

increasing from −5,976.9 in Model 1 to −5,658.0 in Model 3. The estimated dispersion parameter (α) 

declines from 0.60 to 0.30 across specifications, indicating that part of the observed overdispersion is 

explained by demographic, socioeconomic, lifestyle, geographic, and deprivation-related factors. Model 3 

achieves the lowest AIC and BIC values and is therefore retained as the primary specification. 

Table D.1b shows the estimated association between psychological distress and physical 

multimorbidity across progressively adjusted models. The GHQ-12 coefficient remains positive, statistically 

significant, and highly stable across all specifications. In the fully adjusted model (Model 3), each one-point 

increase in GHQ-12 score is associated with a 9.7% increase in the expected physical condition count (IRR 

= 1.097, p < 0.001), controlling for demographic, socioeconomic, lifestyle, geographic, and 

deprivation-related factors. The persistence of the coefficient across models suggests that the association 

between psychological distress and physical multimorbidity is not solely explained by observed confounding 

factors. 

Model 4 introduces interaction terms between GHQ-12 score and IMD quintile to assess whether the 

association between psychological distress and physical multimorbidity varies across levels of area 

deprivation. None of the interaction terms are statistically significant (p > 0.60 in all cases), providing no 

evidence that the relationship differs systematically across deprivation quintiles. This finding suggests that 

psychological distress is associated with higher physical multimorbidity throughout the deprivation 

distribution, while deprivation independently contributes to higher overall condition counts. 



 

Full coefficient tables for all four models are presented in Tables D.1c–D.1f, with reference 

categories stated for all dummy variables. 

 

Table D.1a Model Fit Statistics 

 

Table D.1b: GHQ-12 Coefficient Across Progressive Model Specifications 

 

 
N=4,735  Log-lik=-5976.887  AIC=11959.773  BIC=11979.161  Alpha=0.6017 

Table D.1c: Full Regression Coefficients — Model 1 (GHQ-12 Only) 

 

 
N=4,735  Log-lik=-5748.746  AIC=11525.492  BIC=11615.971  Alpha=0.3884 

Table D.1d: Full Regression Coefficients — Model 2 (GHQ-12 + Demographics) 

 



 

 
N=4,735  Log-lik=-5658.049  AIC=11404.098  BIC=11688.459  Alpha=0.3041 

Table D.1e: Full Regression Coefficients — Model 3 (Full Controls, Preferred Specification) 

 



 

 

 
N=4,735  Log-lik=-5657.445  AIC=11410.889  BIC=11721.101  Alpha=0.3035 

Table D.1f: Full Regression Coefficients — Model 4 (Full Controls + GHQ-12 × IMD Interaction) 

 

 

Appendix D.2: Interaction Terms and Tests of Effect Modification 

Table D.2a presents the interaction model examining whether the association between psychological 

distress and physical multimorbidity varies across levels of area deprivation. In Model 4, the GHQ-12 

coefficient represents the estimated association within the least deprived quintile (IMD Q1), while the 

interaction terms capture any additional effect in the remaining deprivation quintiles. 

The estimated association between psychological distress and physical multimorbidity remains 

positive and statistically significant in the reference group (IRR = 1.098, p < 0.001). However, none of the 



 

interaction terms are statistically significant, with all confidence intervals including unity. The estimated 

interaction effects are also substantively small, ranging from −0.9% to +0.9% relative to the reference 

quintile. These findings provide no evidence that the relationship between psychological distress and 

physical multimorbidity differs across levels of area deprivation. 

Table D.2b formally evaluates effect modification using likelihood ratio and Wald tests. Both tests 

fail to reject the null hypothesis that all interaction terms are jointly equal to zero (LR χ²(4) = 1.21, p = 

0.877; Wald χ²(4) = 1.21, p = 0.877). Model comparison statistics further support this conclusion, as the 

interaction model produces a higher AIC than the main-effects model (11,410.9 versus 11,404.1). 

Collectively, these results indicate that adding interaction terms does not improve model fit and that the 

association between psychological distress and physical multimorbidity is broadly consistent across 

deprivation quintiles. 

The interaction analysis therefore suggests that psychological distress and area deprivation operate 

largely as independent predictors of physical multimorbidity. While residents of more deprived areas 

experience higher overall condition counts, the strength of the association between psychological distress 

and physical multimorbidity does not appear to vary systematically across the deprivation distribution. 

 

 

Table D.2a: GHQ-12 × IMD Quintile Interaction Coefficients — Model 4 

 

 
H₀: All GHQ-12 × IMD interaction terms jointly equal zero. Failure to reject H₀ indicates no evidence of effect 

modification by area deprivation. 

Table D.2b: Tests of Joint Significance of GHQ-12 × IMD Interaction Terms 

 

 

 

 



 

 

Appendix E: Marginal Effects 
 

Appendix E.1: Predicted Condition Count Table 

Table E.1 presents average marginal predicted condition counts from the preferred negative binomial 

specification (Model 3). Predictions are generated by setting GHQ-12 score and IMD quintile to specified 

values for all respondents, while retaining each respondent’s observed values for all other covariates. This 

approach provides adjusted predicted condition counts that reflect the empirical covariate distribution of the 

analytical sample, rather than holding all controls at their mean values. 

 

Predicted physical condition counts increase steadily with higher GHQ-12 scores across all 

deprivation levels. In the least deprived quintile (IMD Q1), the predicted condition count rises from 0.64 at 

GHQ-12 score 0 to 1.94 at GHQ-12 score 12. In the most deprived quintile (IMD Q5), the corresponding 

increase is from 0.81 to 2.43. The absolute increase associated with moving from GHQ-12 score 0 to 12 is 

therefore larger in more deprived areas, rising from 1.30 conditions in Q1 to 1.63 conditions in Q5. 

The predicted values also show that area deprivation is associated with a higher baseline burden of 

physical conditions at every level of psychological distress. For example, at the GHQ-12 caseness threshold 

of 4, the predicted condition count is 0.93 in IMD Q1, 0.99 in IMD Q3, and 1.16 in IMD Q5. At GHQ-12 

score 12, the equivalent predictions are 1.94, 2.07, and 2.43 respectively. These results are consistent with 

the main regression findings: psychological distress is associated with higher expected condition counts 

across the full deprivation distribution, while deprivation shifts the overall level of physical health burden 

upward. 

Tables E.1a and E.1b provide the full and condensed prediction matrices used to illustrate these 

adjusted relationships. 

 

 
Predictions from Model 3 (negative binomial regression, unweighted, N=4,735). All other covariates retained at observed individual values. 

IMD Q1 = least deprived, IMD Q5 = most deprived. GHQ-12 caseness threshold = score ≥ 4.You said: e. 

Table E.1a: Average Marginal Predicted Physical Condition Count by GHQ-12 Score and IMD Quintile 

 

 



 

 
Predictions from Model 3 (negative binomial regression, unweighted, N=4,735). All other covariates retained at observed individual values. 

GHQ-12 score of 4 corresponds to the standard caseness threshold for probable psychological distress (Goldberg et al., 1997). 

Table E.1b: Average Marginal Predicted Physical Condition Count — Condensed 

 

 

Appendix E.2: Marginal Effects Figure 

Figure E.2 visualises the average marginal predicted condition counts reported in Table E.1. The 

figure is based on the preferred negative binomial specification (Model 3), with predictions generated across 

the full GHQ-12 score range for respondents living in the least deprived, middle, and most deprived IMD 

quintiles. All other covariates are retained at their observed individual values. 

The figure shows a clear upward relationship between psychological distress and predicted physical 

condition count. Across all three deprivation groups shown, predicted condition counts increase steadily as 

GHQ-12 score rises. The vertical line at GHQ-12 score 4 marks the caseness threshold for probable 

psychological distress. At this threshold, predicted condition counts are already higher in more deprived 

areas, with the most deprived quintile consistently positioned above the least deprived quintile across the full 

distress distribution. 

The curves are broadly parallel because Model 3 does not include GHQ-12 × IMD interaction terms. 

This reflects the main regression finding that psychological distress is associated with higher expected 

physical condition counts across deprivation groups, while area deprivation shifts the overall level of 

condition burden upward. Figure E.2 therefore supports the interpretation that distress and deprivation are 

both associated with greater physical multimorbidity, but that there is limited evidence of effect modification 

by deprivation. 



 

 

Figure E.2: Adjusted Physical Condition Count by GHQ-12 Score and Area Deprivation 

 

 

Appendix F: Robustness Checks 
 

Appendix F.1: Poisson versus Negative Binomial — Likelihood Ratio Test 

To formally justify the use of negative binomial regression over Poisson, a likelihood ratio test was 

conducted comparing the two specifications using the same covariates as Model 3. The negative binomial 

model produced a substantially higher log-likelihood (−5,658.0 versus −5,719.4 for Poisson) and a lower 

AIC (11,404.1 versus 11,524.8). The likelihood ratio statistic of 122.68 (df = 1, p < 0.001) decisively rejects 

the Poisson specification in favour of the negative binomial. The estimated dispersion parameter α = 0.304 is 

significantly greater than zero, confirming the presence of overdispersion. The GHQ-12 IRR under Poisson 

(1.092) is consistent with the negative binomial estimate (1.097), indicating that the main finding is not 

sensitive to the choice between these two count models. Full output is provided in the code submission. 

 

Appendix F.2: OLS Robustness Check 

Ordinary least squares regression was estimated using the same dependent variable and covariates as 

Model 3. The GHQ-12 coefficient is 0.102 (95% CI [0.092, 0.113], p < 0.001), indicating that each 

one-point increase in GHQ-12 score is associated with approximately 0.10 additional longstanding condition 

categories. This is directionally consistent with and of comparable magnitude to the negative binomial IRR 

of 1.097. The OLS R-squared is 0.184, indicating that the model explains approximately 18% of the 

variance in physical condition count. The consistency of findings across OLS and negative binomial 

specifications supports the robustness of the main association. Full output is provided in the code 

submission. 

 



 

Appendix F.3: Logistic Regression — Binary Multimorbidity Outcome 

​ To assess sensitivity to the choice of outcome variable, logistic regression was estimated using a 

binary multimorbidity indicator (1 if condlcnt ≥ 2, 0 otherwise) in place of the continuous condition count. 

The GHQ-12 odds ratio is 1.177 (95% CI [1.149, 1.205], p < 0.001), indicating that each one-point increase 

in GHQ-12 score is associated with a 17.7% increase in the odds of multimorbidity after full adjustment. 

This finding is consistent in direction and statistical significance with the negative binomial result, 

confirming that the association between psychological distress and physical multimorbidity holds regardless 

of whether multimorbidity is operationalised as a count or a binary indicator. Full output is provided in the 

code submission. 

 

Appendix F.4: BMI Sensitivity Analysis 

Body mass index (BMI) was excluded from the primary specification due to 68.1% missingness in 

the self-reported BMI variable. To assess whether omission of BMI materially confounds the main 

association, Model 3 was re-estimated on the subsample of respondents with valid nurse-measured BMI data 

(N = 3,293, representing a 30.5% reduction from the main analytical sample). On this subsample, the 

GHQ-12 IRR without BMI is 1.093, compared with 1.097 in the main model, indicating that the subsample 

produces a consistent estimate. When nurse-measured BMI is added as an additional control, the GHQ-12 

IRR falls modestly to 1.087, while BMI itself is positively and significantly associated with condition count 

(IRR = 1.034, p < 0.001). The negligible change in the GHQ-12 coefficient following BMI adjustment 

suggests that the main association is not materially confounded by BMI. Full output is provided in the code 

submission. 
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