Supplementary Methods and Variable Coding
1. Study design and analytic sample
This was a secondary cross-sectional analysis of the Measuring Loneliness in England (INTERACT) online survey. The current analysis used the harmonised survey exports covering responses collected between 1 March and 31 July 2023. The eligible analytic cohort comprised 124,175 respondents who provided consent, completed the survey and were not identified as duplicate response records. Fully adjusted models used complete cases for the outcome, perceived neighbourhood social capital and all model covariates (N=116,111; 93.5% of the eligible cohort). No imputed estimates were used.
Direct identifiers and contact fields were removed before creation of the analysis dataset. Household size was retained for descriptive reporting but was not included in the regression models. Recruitment source and survey year were also not included as covariates in the final manuscript models.
2. Loneliness outcomes
2.1 UCLA three-item loneliness scale (UCLA-3)
Participants were asked: (1) 'How often do you feel that you lack companionship?', (2) 'How often do you feel left out?', and (3) 'How often do you feel isolated from others?'. Responses were scored 1 for 'Hardly ever or never', 2 for 'Some of the time' and 3 for 'Often'. A total score was calculated only when all three items were observed, producing a score from 3 to 9, with higher values indicating greater loneliness. All seven possible total scores were retained as ordered categories. UCLA-3 was the primary outcome and was analysed using multivariable ordered logistic regression with heteroskedasticity-robust standard errors.
2.2 Direct Measure of Loneliness (DMOL)
Participants were asked, 'How often do you feel lonely?'. Responses were coded 1='Never', 2='Hardly ever', 3='Occasionally', 4='Some of the time' and 5='Often or always'. The full 1-5 score was analysed as a continuous secondary outcome using multivariable linear regression with heteroskedasticity-robust standard errors. Coefficients represent adjusted mean-score differences on the 1-5 scale.
3. Perceived neighbourhood social capital
Seven neighbourhood items were rated as 'Strongly disagree', 'Disagree', 'Agree' or 'Strongly agree'. Responses were initially coded 0-3. Items 4 and 7 were negatively worded and reverse-scored. After direction was harmonised, each item was dichotomised: responses consistent with higher social capital ('Agree' or 'Strongly agree' after reverse scoring) were coded 1 and the remaining responses were coded 0. The seven binary items were summed only when all seven were observed, producing an index from 0 to 7. The score was entered as a continuous explanatory variable, so the reported main coefficient represents the adjusted change in loneliness associated with a one-point increase.
Supplementary Methods Table A. Items used to construct perceived neighbourhood social capital
	Item
	Survey statement
	Direction

	1
	People around here are willing to help their neighbours
	Positive

	2
	This is a close-knit, or 'tight', neighbourhood where people generally know one another
	Positive

	3
	If I had to borrow £30 in an emergency, I could borrow it from a neighbour
	Positive

	4
	People in this neighbourhood generally don't get along with each other
	Negative; reverse-scored

	5
	People in this neighbourhood can be trusted
	Positive

	6
	If I were sick I could count on my neighbours to shop for groceries for me
	Positive

	7
	People in this neighbourhood do not share the same values
	Negative; reverse-scored


4. Personal network resources
Friendship resources were measured by the question, 'How many FRIENDS did you see or hear from in the last month?'. Kin resources were measured by the corresponding question referring to RELATIVES. Both variables used six categories: 0 (none), 1, 2, 3-4, 5-8 and 9 or more. Categorical versions were used for main-effect adjustment, with zero as the reference category.
For the prespecified moderation analyses, friend and relative categories were assigned trend scores of 0, 1, 2, 3.5, 6.5 and 9. The values for 3-4 and 5-8 were category midpoints; the lower bound was used for the open-ended 9-or-more category. The trend-coded moderator replaced its categorical representation in the corresponding interaction model.
Intimate partnership was derived from the six-category marital-status variable. 'Married / civil partnership' and 'In a domestic relationship' were coded as married/cohabiting=1; single, divorced, widowed and other responses were coded 0 for the partnership interaction. The main-effects models retained the six marital-status categories, with single as the reference group.
5. Covariate definitions
Supplementary Methods Table B. Covariate coding and reference groups
	Variable
	Source/construct
	Analytic coding
	Reference

	Age
	Age in years
	Continuous; values outside 18-110 were treated as missing
	Continuous

	Gender
	Self-reported gender
	Female; male; other/prefer not to say
	Female

	Ethnicity
	Self-reported ethnic group/background
	White; Asian/Asian British; Black/African/Caribbean; Mixed/Multiple; White and Black Caribbean; Other
	White

	Education
	Highest level of education
	Secondary school; A-level/college; university degree or higher
	Secondary school

	Employment
	Employment status
	Full-time; part-time; self-employed; student; unemployed; retired; unpaid carer; volunteer; other
	Full-time

	Disability
	Self-reported disability
	No; yes; prefer not to say
	No

	Long-term condition
	Any long-term health condition
	No; yes; prefer not to say
	No

	Pet ownership
	Any pets
	No; yes
	No

	Children
	Any children
	No; yes
	No

	Marital status
	Marital/relationship status
	Single; married; partnered; divorced; widowed; other
	Single

	Friends
	Friends seen or heard from in past month
	0; 1; 2; 3-4; 5-8; 9 or more
	0

	Relatives
	Relatives seen or heard from in past month
	0; 1; 2; 3-4; 5-8; 9 or more
	0


6. Statistical models
The fully adjusted main models included continuous perceived neighbourhood social capital, age, gender, ethnicity, education, employment, disability, long-term health condition, pet ownership, having children, six-category marital status, six-category friend count and six-category relative count. UCLA-3 was analysed using ordered logistic regression and DMOL using linear regression. Heteroskedasticity-robust standard errors were used throughout.
Moderation was assessed in six separate models: social capital by friend-count trend, social capital by relative-count trend and social capital by married/cohabiting status, each fitted for UCLA-3 and DMOL. In a model where the main social-capital coefficient was inverse, a positive interaction indicated that the inverse association weakened as friend or relative count increased, which was interpreted as a pattern consistent with resource substitution. A negative interaction indicated that the inverse association strengthened as the moderator increased, or among married/cohabiting respondents, which was interpreted as a pattern consistent with resource multiplication.
All tests were two-sided. P<0.05 was treated as a conventional reference threshold and was not used as the sole basis for interpretation. No multiplicity adjustment was applied. Model results were interpreted using effect direction, magnitude, confidence intervals, consistency across UCLA-3 and DMOL, and the study's cross-sectional design. Ordered-logit coefficients are reported on the log cumulative-odds scale; negative values indicate lower cumulative odds of greater loneliness. Linear-regression coefficients represent adjusted differences in the mean DMOL score.
7. Missing data and software
Primary analyses used complete cases. A respondent was included in a fully adjusted model only when the relevant outcome, perceived neighbourhood social capital, age, gender, ethnicity, education, employment, disability, long-term condition, pet ownership, children, marital status, friend count and relative count were all observed. Because UCLA-3 and DMOL were complete in the eligible analytic cohort, both fully adjusted models contained N=116,111. Analyses were conducted in Stata 15.1.
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