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A B S T R A C T   

Objectives:  To investigate associations of socioeconomic position (SEP) and obesity with incident osteoarthritis 
(OA), and to examine whether body mass index (BMI) mediates the association between SEP and incident OA. 
Methods:  Data came from the English Longitudinal Study of Ageing, a population-based cohort study of adults 
aged ≥50 years. The sample population included 9,281 people. Cox regression analyses were performed to 
investigate the associations between SEP (measured by education, occupation, income, wealth and deprivation) 
and obesity (BMI ≥30 kg/m2) at baseline and self-reported incident OA. The mediating effect of BMI on the 
relationship between SEP and incident OA were estimated using Structural Equation Models. 
Results: After a mean follow-up time of 7.8 years, 2369 participants developed OA. Number of person-years 
included in the analysis was 65,456. Lower SEP was associated with higher rates of OA (for example, hazard 
ratio (HR) lowest vs highest education category 1.52 (95% confidence interval (CI) 1.30, 1.79)). Obesity 
compared with non-obesity was associated with increased rates of incident OA (HR 1.37 (95% CI 1.23, 1.52)). 
BMI mediated the relationship between a lower SEP and OA (β = 0.005, p < 0.001) and the direct effect was not 
significant (β = 0.004, p = 0.212). 
Conclusions: Strategies to reduce social inequalities and obesity prevalence may help to reduce OA risk.   

Introduction 

Osteoarthritis (OA) is a common form of arthritis globally and it is a 
leading cause of years lived with disability (1]. Although both genetic 
and lifestyle factors play a role in the development of OA [2], obesity is 
considered as one of the main risk factors for the disease [3]. Underlying 
mechanisms for the relationship between obesity and the development 
of OA have been attributed to mechanical stress on load bearing joints 

and adipose tissue releasing pro-inflammatory cytokines leading to joint 
inflammation [4]. 

Socioeconomic position (SEP) is a multifactorial concept referring to 
an individual’s economic and social position within a society, and can be 
measured using multiple indicators, including education, occupation, 
income and deprivation [5]. Whilst all these indicators are interlinked 
(e.g. education is linked to occupation, which in turn is related to in
come level [6]), they each have unique properties and are not 
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interchangeable [6]. A lower SEP has been associated with increased 
risk of OA [7–10] in cross-sectional and retrospective studies. However, 
due to significant limitations of these study designs [11,12], prospective 
longitudinal studies investigating the temporal association between SEP 
and incident OA are needed. 

SEP is considered a distal factor (indirectly affecting health) and the 
association between a lower SEP and OA likely occurs via more proximal 
factors (directly affecting health), such as lifestyle and environmental 
factors [13]. Identifying mediators through which a lower SEP is asso
ciated with incident OA may help to improve targeted prevention stra
tegies. As lower SEP has also been consistently associated with obesity in 
the general population in high-income countries [14–16], obesity (both 
total and central [17]) may therefore be a mediator of the relationships 
between SEP and incident OA. However, this may be different for men 
and women as previous research suggest that the association between 
SEP and obesity differs by gender [17]. 

A recent Mendelian Randomisation study from UK-Biobank reported 
that body mass index (BMI) mediated the relationship between educa
tion and OA (proportion mediated: 23%) [18]. However, UK Biobank is 
a non-representative sample of the UK population [19], a single indi
cator as a proxy for SEP (education) was used and the study design was 
not a prospective longitudinal study. Therefore, the current study aims 
to 1) assess associations of SEP and obesity (both total and central) with 
incident OA, 2) whether these associations differ in sub groups (by 
gender and SEP), and 3) whether BMI mediates any associations 
observed between SEP and incident OA. 

Methods 

Participants and study design 

Data came from the English Longitudinal Study of aeging (ELSA), a 
large longitudinal panel study documenting the health, social and eco
nomic circumstances of adults aged ≥50 years and their partners, living 
in private households in England [20]. The original sample in 2002 and 
refreshment samples in 2006, 2008, 2012 and 2014 (to keep the sample 
representative of the general population) was drawn from the Health 
Survey of England (HSE). This is a yearly cross-sectional survey aiming 
to monitor the health of the general population in England, with a 
multi-stage stratified probability sampling design. The first stage in
cludes a random selection of primary sampling units based on postcodes. 
In the second stage, a random sample of postal addresses were drawn 
from the primary sample units. Participants of HSE who were 50 years or 
older and who agreed to take part in future studies were invited to 
participate in ELSA. 

Participants of ELSA were surveyed every two years from 2002 to 
2019 and, with consent, an additional nurse visit was offered where a 
series of measurements took place [21). Waves refer to different cycles 
of data collection, which includes the follow-up of data collection as well 
as data collection of newly recruited participants in that particular cycle. 
Nine waves have been published so far. 

Participants were eligible for inclusion in the presented analyses if 
they had at least one nurse visit with anthropometric measurements. 
Baseline assessment was defined at the time of first anthropometric 
measurements. Participants who gave a self-reported diagnosis of OA (i. 
e. prevalent cases) at baseline assessment were excluded. 

Written informed consent was obtained from all participants and 
ethical approval was acquired from the NHS Research Ethics Commit
tees under the National Research and Ethics Service. The UK Data Ser
vice provided anonymized data for this study [22]. 

Measurements/instruments 

Exposure variables: obesity and SEP at baseline (waves 2, 4 or 6) 
Height (m), weight (kg) and waist circumference (WC, cm) were 

measured by nurses following standardised protocols in waves 2, 4 and 6 

[21]. The first measurement of total and central obesity for each 
participant was taken as their baseline measure. Total obesity was 
defined by baseline BMI ≥30 kg/m2 and central obesity defined by 
baseline WC ≥102 cm for men or ≥88 cm for women. 

The following variables were used as indicators of SEP: education (no 
qualifications, other, National Vocational Qualification (NVQ) 1/Cer
tificate of Secondary Education (CSE) or other grade equivalent, NVQ2/ 
General Certificate of Education (GCE) O level equivalent (qualification 
normally obtained at age 16 in England), NVQ3/GCE A level equivalent 
(qualification normally obtained at age 18 in England), higher educa
tion/below degree, NVQ4/NVQ5/degree or equivalent), occupation 
(current or most recent) classified using the UK National Statistics So
cioeconomic Classification-5 (NS-SEC5) (semi-routine occupations, 
lower supervisory and technical occupations, small employers and own 
account workers, intermediate occupations, managerial and profes
sional occupations), income quintiles, wealth quintiles (includes non- 
housing and primary housing wealth minus debts) and the Index of 
Multiple Deprivation (IMD) quintiles (based on area-level instead of 
personal data) [23]. The IMD is a measure of relative deprivation of 
small areas in England based on 39 indicators across seven domains of 
deprivation (income; employment; education, skills and training; health 
deprivation and disability; crime; barriers to housing and services; and 
living environment) [23]. IMD 2004, 2007 and 2010 were used for 
waves 2, 4 and 6, respectively. 

Outcome variable: incident OA at follow-up waves (waves 3–9) 
The outcome of interest was incident OA. In each wave, participants 

were asked ‘Has a doctor ever told you that you have (or had) any of the 
following conditions on this card?’. If ‘Arthritis’ was chosen, they were 
then asked ‘Which type or types of arthritis do you have?’, with as 
answer options ‘osteoarthritis’, ‘rheumatoid arthritis’ or ‘some other 
kind of arthritis’. Participants who indicated a diagnosis of OA were 
asked for updates on their condition in subsequent waves, but could not 
report the same diagnosis again; however, they were able to report di
agnoses of other types of arthritis. Participants who did not indicate an 
arthritis diagnosis in previous waves or newly recruited participants 
were asked the original question. 

Covariates / additional variables 
Covariates were identified using directed acyclic graphs. Data on 

covariates were collected at baseline (waves 2, 4 or 6, depending on 
when participants entered the study) and were self-reported, including: 
gender (male, female), age (in years, continuous variable), ethnicity 
(white, non-white), alcohol consumption (less than monthly, 1x/ 
month–4x/week, (almost) every day), smoking status (never smoked, 
ex-smoker, current smoker), and physical activity (sedentary, low, 
moderate, high based on the classification used in the Allied Dunbar 
Survey of Fitness [24]). 

Statistical analysis 

Descriptive statistics were used to describe the baseline sample. Cox 
proportional hazards regression analyses estimated associations be
tween each socioeconomic indicator and incident OA (adjusting for age 
and gender) as well as for obesity and incident OA (adjusting for age, 
gender, smoking status, alcohol consumption, physical activity and SEP 
indicators). Person year follow up was calculated from baseline to either 
a) date of self-reported OA diagnosis, b) loss to follow-up (including non- 
response and death), c) end of follow-up (Wave 9). BMI and WC were 
entered into the models as continuous variables, per 1 kg/m2 increment 
for BMI and 5-cm increment for WC. To investigate whether associations 
differed by gender (or by SEP for the obesity analyses), interaction terms 
between obesity/SEP and gender and obesity and SEP were included in 
the model. The proportional hazard assumption was tested using the 
Schoenfeld residuals test [25], where a p-value of <0.05 indicates the 
proportional hazards assumption holds (Supplementary Table S1). 
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Exposure variables and covariates had missing data (all <5%, except 
for alcohol which had 11%). To account for missing data, multiple 
imputation using chained equations was performed with 10 cycles [26]. 
Moreover, longitudinal survey weights were used to correct for histor
ical non-response, improving the representativeness of the sample [27]. 
These analyses were performed in Stata v14. 

To estimate the mediating effect of BMI on the relationship between 
SEP and incident OA, mediation analyses were performed. A mediator (i. 
e. BMI) is an intermediate variable between an exposure (i.e. SEP) and 
an outcome (i.e. incident OA) [28]. The total effect of SEP on incident 
OA can be divided into the indirect effect (i.e. effect mediated by BMI) 
and direct effect (i.e. effect not explained by BMI). Different statistical 
methods of analysing mediating effects exist, including structural 
equation modelling (SEM) and causal mediation analysis. SEM includes 
path analysis with latent variables [29], where direct and indirect effects 
are measured simultaneously. The advantage of using SEM is that ‘latent 
variables’ can be constructed and these allow multiple observed in
dicators to be captured within one unobserved construct. This is spe
cifically useful for the operationalisation of SEP, since no single 
observed variable can capture SEP in its totality. However, using 
mediation analyses in a SEM approach has been criticised as associations 
between variables represent descriptive rather than causal relationships 
[30]. Causal mediation analysis, using counterfactuals, is an alternative 
approach. The outcome is modelled assigning all participants as first 
exposed and then unexposed, and the causal/total effect is defined as the 
difference between those two predicted outcomes [31,32]. Here, we 
estimated the mediating effect of BMI on the relationship between SEP 
and incident OA using SEM as the main analysis and causal mediation 
analysis as a sensitivity analysis. 

SEM was performed using the lavaan package [33] in R v4.1.1 [34]. 
Using confirmatory factor analysis, SEP was defined as a latent variable 
with education, occupation, wealth and income as indicators. Initially, 
IMD was also added as an observed indicator for SEP; however, as the 
factor loading was non-significant (p < 0.05), it was therefore not 
included in the final model. The following fit indices assessed model fit: 
comparative fit index (CFI) (≥0.95 indicates good fit), root mean square 
error of approximation (RMSEA) (≤0.08 indicates good fit) and stand
ardised root mean square residual (SRMSR) (≤0.08 indicates good fit) 
[35). As the indicators for SEP were non-normally distributed ordinal 
variables, the diagonally weighted least squares estimator was used 
(WLSMV in Lavaan) [36]. Bootstrapping was used to calculate confi
dence intervals around the indirect effects, as recommended by Pesigan 
et al. [37]. As previous research indicated that the association between 
SEP and obesity differs by gender [17], stratified analyses were per
formed. Causal mediation analysis was performed using the R package 
for Causal Mediation Analysis [38] for each SEP indicator individually. 

Results 

Description of the cohort 

Of the people who had at least one nurse visit at waves 2, 4 or 6 (n =
11,848), 2567 people were excluded due to having prevalent OA at 
baseline, resulting in a final sample of 9281 participants. Number of 
person-years included in the analysis was 65,456. After a mean follow- 
up of 7.8 years, 2369 participants (25.5% of the sample) developed OA. 
Table 1 presents the characteristics at baseline for those who developed 
OA and those who did not. Those who developed OA were more often 
women, older, had a lower education and higher total and central 
obesity rates at baseline compared with those who did not develop OA. 

Associations between socioeconomic position and incident osteoarthritis 

Participants with lower SEP were more likely to develop OA than 
those with higher SEP (Table 2). For example, the HR of the lowest vs 
highest education category was 1.52 (95% CI 1.30, 1.79)). Formal tests 

of interaction between SEP indicators and gender/obesity were not 
statistically significant (0.08 ≤ p ≤ 0.89) except for between gender and 
deprivation (p = 0.014). Stratified analyses (Supplementary Table S2) 
showed that the relationship between higher deprivation and incident 
OA was stronger for men (most vs least deprived HR 1.89 (95% CI 1.46, 
2.46)) than women (HR 1.33 (95% CI 1.07, 1.64)). 

Associations between obesity and incident osteoarthritis 

Total and central obesity were both associated with incident OA and 
these associations were maintained after adjustment for covariates, 
including SEP indicators (Table 3). Risk of OA incidence increased by 
1% for each 1 kg/m2 increase in BMI and increased by 3% for each 5 cm 
increase in WC. There was no evidence of gender or SEP differences in 

Table 1 
Baseline characteristics of the sample, stratified by those who developed OA and 
those who did not.   

Total cohort (N = 9281) 

Non-OA cases (N = 6912)N 
(%) 

OA cases* (N =
2369)  
N (%) 

Gender (female,%) 3295 (47.7%) 1468 (62.0%) 
Age (mean (SD)) 63.4 (9.8) 64.0 (9.3) 
Ethnic group 
- White 6692 (96.9%) 2308 (97.5%) 
- Non-white 218 (3.2%) 59 (2.5%) 
- Missing 2 (0.0%) 0 (0.0%) 
Education 
- Degree/NVQ4/5 1146 (16.6%) 320 (13.5%) 
- Higher education/below 

degree 
914 (13.2%) 296 (12.5%) 

- A level/NVQ3 566 (8.2%) 154 (6.5%) 
- O level/NVQ2/GCE 1284 (18.6%) 454 (19.2%) 
- CSE/NVQ1 323 (4.7%) 88 (3.7%) 
- Other 531 (7.7%) 222 (9.4%) 
- No qualification 2139 (31.0%) 832 (35.1%) 
- Missing 9 (0.0%) 3 (0.1%) 
Occupation (NS-SEC5) (current or most recent occupation if retired) 
- Managerial/professional 2376 (35.3%) 735 (31.0%) 
- Intermediate 869 (12.9%) 338 (14.3%) 
- Small employers 794 (11.8%) 246 (10.4%) 
- Lower supervisory/ 

technical 
677 (10.1%) 236 (10.0%) 

- Semi-routine 2020 (30.0%) 756 (31.9%) 
- Missing 176 (2.5%) 58 (2.4%) 
Smoking status 
- Never smoked 2695 (39.1%) 913 (38.5%) 
- Ex-smoker 3087 (44.8%) 1093 (46.1%) 
- Current smoker 1116 (16.2%) 357 (15.1%) 
- Missing 14 (2.0%) 6 (0.3%) 
Alcohol consumption 
- Less than monthly 1457 (24.0%) 566 (23.9%) 
- 1x/month–4x/week 3172 (52.2%) 1118 (47.2%) 
- (Almost) every day 1452 (23.9%) 455 (19.2%) 
- Missing 831 (12.0%) 230 (9.7%) 
BMI (mean (SD)) [kg/m2] 27.5 (4.7) 28.7 (5.2) 
- Missing 270 (3.9%) 111 (4.7%) 
WHO BMI categories†
- Underweight 78 (1.1%) 15 (0.6%) 
- Normal weight 2003 (29.0%) 496 (20.9%) 
- Overweight 2869 (41.5%) 959 (40.5%) 
- Obesity 1692 (25.5%) 788 (33.3%) 
WC (mean (SD)) [cm] 95.17 (13.3) 96.6 (13.4) 
- Missing 160 (2.3%) 55 (2.3%) 
Central obesity‡ 3117 (46.2%) 1333 (56.3%) 

BMI, body mass index; cm, centimetres; NS-SEC, National Statistics Socio- 
economic classification; NVQ, National Vocational Qualification; OA, osteoar
thritis; SD, standard deviation; WC, waist circumference. *Characteristics 
defined at baseline, when participants are recruited (not at OA onset) †WHO 
categories defined as: underweight (BMI <18.5 kg/m2), normal weight (BMI 
18.5–24.9 kg/m2), overweight (BMI 25.0–29.9 kg/m2), obese (BMI >30.0 kg/ 
m2). ‡Central obesity defined as: WC ≥102 cm for men or ≥88 cm for women. 
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the associations between total obesity and OA (p-values from tests of 
interaction 0.25 < p < 0.93). 

The mediating effect of body mass index on the relationship between 
socioeconomic position and incident osteoarthritis 

The confirmatory factor analysis indicated a good fit for the defini
tion of the latent variable SEP, using four indicators: education, NS- 
SEC5, wealth quintiles and income quintiles (CFI 0.998, RMSEA 
0.038, SRMR 0.007). The fit indices of the different SEMs are shown in 
Supplementary Table S3. 

The total, direct and indirect effects via BMI of a lower SEP on OA 
incidence in the total population and stratified for women and men are 
shown in Table 4 and Fig. 1 (results for WC are shown in Supplementary 
Table S4). The indirect pathway (i.e. SEP->BMI->OA) was statistically 
significant (0.005 (95% CI 0.004, 0.006), but not the direct effect (0.004 
(95% CI − 0.002, 0.011)). This indicates that BMI mediates the rela
tionship between a lower SEP and incident OA. Causal mediation ana
lyses showed similar results for the separate indicators for SEP 
(Supplementary Table S5). 

Discussion 

In this English study including adults aged >50 years, both total and 
central obesity, as well as a lower SEP at baseline were associated with 
increased rates of OA over an average follow-up of 7.8 years. BMI/WC 
mediated the relationship between a lower SEP and incident OA. There 
were no notable differences between measurements of obesity, i.e. BMI 
or WC. 

The relationships of both total and central obesity with OA have been 
demonstrated previously [3]; however, for central obesity, most studies 
to date were cross-sectional in design and did not adjust for SEP [39,40]. 
This study indicates that there is a longitudinal association for both 
types of obesity independent from SEP, strengthening the view that in 
addition to mechanical stress on joints, inflammation induced by central 
adiposity may also be an important factor in the disease process of 
developing OA [4]. 

Moreover, cross-sectional and retrospective studies have linked a 
lower SEP with OA [7–10]; however, prospective cohort studies were 
lacking. A recent study, only using education as SEP indicator, also 
found a mediating effect of BMI for the association between lower ed
ucation and OA incidence [18]. To our knowledge, ours is the first study 
investigating the mediating effect of BMI on the causal pathway between 
multiple indicators of SEP and the development of OA. We did not find 
gender differences in the associations of individual SEP indicators 
included in the SEM (education/occupation/wealth/income) and 
obesity with incident OA; however, stratified analysis in the SEM indi
cated that the mediated effect (i.e. the indirect effect) was higher in 
women than men. This might be driven by the relationships between 
SEP and obesity, as previous research suggest that the SEP-obesity 
relationship is stronger among women compared with men [17]. 

Notably, we found that the relationship between higher area-level 
deprivation and incident OA was stronger for men than women. This 
may be due to higher rates of manual occupations among men living in 
deprived areas, which is associated with the development of OA in part 
through increased loading on joints and increased risk for joint trauma 
[41]. However, we did not see gender differences for the relationship 
between individual SEP indicators, including occupation, and incident 
OA in our study. This discrepancy may be explained by the fact that the 
IMD is an area-level variable and does not fully capture an individual’s 
experience of deprivation [42]. Further research should investigate 
what specific neighbourhood factors are important for the development 
of OA. 

Our study has limitations. Firstly, the OA diagnosis was self-reported, 
which may lead to recall bias or misclassification. A previous systematic 
review and meta-analysis by Peeters et al. (2015) studied the sensitivity 

Table 2 
Weighted* Cox proportional hazards regression for the associations between 
different SEP indicators and RA/OA incidence.  

Predictors UnadjustedHR (95% 
CI) 

Age and gender adjustedHR 
(95% CI) 

Education 
No qualification 1.86 (1.59, 2.16) 1.52 (1.30, 1.79) 
Other 1.63 (1.33, 2.00) 1.35 (1.10, 1.66) 
NVQ1/CSE 1.28 (0.97, 1.68) 1.23 (0.93, 1.61) 
O level/NVQ2/GCE 1.44 (1.22, 1.70) 1.30 (1.10, 1.54) 
A level/NVQ3 1.08 (0.87, 1.36) 1.05 (0.84, 1.31) 
Higher education/below 

degree 
1.26 (1.05, 1.52) 1.20 (1.00, 1.45) 

Degree/NVQ4/5 ref ref 
Occupation (NS-SEC5) 
Semi-routine 1.47 (1.30, 1.66) 1.28 (1.13, 1.45) 
Lower supervisory/ 

technical 
1.28 (1.07, 1.53) 1.28 (1.07, 1.53) 

Small employers 1.08 (0.91, 1.29) 1.07 (0.90, 1.28) 
Intermediate 1.34 (1.15, 1.55) 1.09 (0.93, 1.27) 
Managerial/ professional ref ref 
Wealth (1=lowest wealth, 5=highest wealth) 
Quintile 1 1.81 (1.54, 2.11) 1.65 (1.41, 1.94) 
Quintile 2 1.50 (1.29, 1.74) 1.44 (1.24, 1.68) 
Quintile 3 1.37 (1.19, 1.59) 1.31 (1.13, 1.52) 
Quintile 4 1.20 (1.04, 1.38) 1.17 (1.01, 1.35) 
Quintile 5 ref ref 
Income (1=lowest income, 5=highest income) 
Quintile 1 1.47 (1.26, 1.71) 1.26 (1.07, 1.47) 
Quintile 2 1.56 (1.35, 1.82) 1.36 (1.16, 1.59) 
Quintile 3 1.42 (1.22, 1.64) 1.29 (1.11, 1.50) 
Quintile 4 1.15 (1.00, 1.33) 1.11 (0.96, 1.28) 
Quintile 5 ref ref 
Index of Multiple Deprivation (1= most deprived, 5= least deprived) 
Quintile 1 1.56 (1.33, 1.84) 1.53 (1.30, 1.80) 
Quintile 2 1.18 (1.01, 1.38) 1.14 (0.98, 1.33) 
Quintile 3 1.16 (1.01, 1.34) 1.13 (0.98, 1.30) 
Quintile 4 1.03 (0.90, 1.18) 0.99 (0.87, 1.14) 
Quintile 5 ref ref 

CI, confidence interval; HR, hazard ratio; NS-SEC, national statistic socio- 
economic classification; NVQ, National Vocational Qualification; OA, osteoar
thritis; ref, reference category. *Longitudinal survey weights were used to cor
rect for historical non-response. Formal tests of interaction between SEP and 
gender/obesity were run but in all cases 0.08<p<0.89 except for gender*IMD (p 
= 0.014). Stratified analyses for this can be found in Supplementary Table S2. 

Table 3 
Weighted* Cox proportional hazards regression for the associations between 
different definitions of obesity and OA.  

Predictors UnadjustedHR (95% 
CI) 

Fully adjustedHR (95% 
CI) 

Total obesity (BMI≥30 kg/m2) 
Obesity 1.54 (1.39, 1.71) 1.37 (1.23, 1.52) 
No obesity ref ref 
Central obesity (WC≥102 cm for men and ≥88 cm for women) 
Central obesity 1.46 (1.33, 1.62) 1.29 (1.17, 1.43) 
No central obesity ref ref 
Continuous 
BMI per 1 kg/m2 

increment 
1.01 (1.00, 1.02) 1.01 (1.00, 1.02) 

WC per 5 cm increment 1.01 (1.00, 1.03) 1.03 (1.01, 1.05) 

CI, confidence interval; HR, hazard ratio; NS-SEC, national statistic socio- 
economic classification; ref, reference category; WC, waist circumference. 
Fully adjusted model for obesity/central obesity: adjusted for gender, age, 
alcohol, smoking, physical activity, education, occupation, wealth, income and 
IMD. *Longitudinal survey weights were used to correct for historical non- 
response. Formal tests of interaction between obesity and gender/SEP were 
run but in all cases 0.08<p<0.97. 
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and specificity of self-reported OA in population-based studies 
compared to medical records or American College of Rheumatology 
(ACR) criteria. This study showed a high sensitivity and specificity for 
self-reported OA (0.75 and 0.89, respectively) [43]. We expect the 
remaining misclassification to be non-differential (i.e. it is equally 
distributed among obese vs non-obese; high vs low SEP); in this case, the 
true effect will be underestimated. Secondly, we only included BMI and 
WC at baseline (i.e. the first point of measurement at either wave 2, 4 or 
6) and we did not take into account change of BMI/WC over time or life 
course effects of high BMI/WC as no early life data on BMI/WC were 
available in this study. However, additional analysis suggested that 
BMI/WC in this study population remained constant over different 
waves (Supplementary Table S6) and adjusting for BMI/WC changes 
over different waves suggested little change to the estimates for the 
relationships of obesity with incident OA (Supplementary Table S7). 
Lastly, this study is only generalizable to the older population (aged ≥50 
years) of England; the associations between SEP, obesity and incident 
OA may be different for a younger population. Risk factors may differ 
between early and later onset OA, for example, the main risk factor for 
early OA is joint injuries [44] whereas for later onset OA this is obesity 
[3]. In addition, recent improvements of educational and occupational 
opportunities, especially for women, may not reflect the social envi
ronment of the ELSA population. 

A strength of this study is that we were able to use nurse-measured 
heights, weights and waist circumferences, reducing social desirability 
bias [45]. Moreover, using a latent variable for SEP in the SEMs, we were 
able to capture SEP indicators reflecting early life (i.e. education), later 
life (i.e. occupation and income) and current life (i.e. accumulated 
wealth) in one measure. However, we cannot be certain that our latent 

variable represents SEP in its entirety and we may have missed other 
important factors not captured in ELSA. For instance, when we included 
IMD, the confirmatory factor analysis for the latent variable ‘SEP’ 
indicated poor fit, indicating that our latent variable is a better measure 
for individual rather than neighbourhood SEP. Including a sensitivity 
analysis using a causal mediation analysis approach increased the 
robustness of our findings. Lastly, the longitudinal data and large sample 
size allowed the study of incidence and more precise estimates. 

OA is not only a debilitating disease for the individual [1], but also 
comes at substantial societal cost, both in terms of loss of productivity 
and healthcare costs [46]. Our research shows that preventing obesity 
may contribute to reducing incident OA and the aforementioned indi
vidual and societal impacts of OA. Further research should focus on 
effective treatment and prevention interventions with the aim to reduce 
obesity. However, social inequalities in health will not be solved by 
focussing on intermediate factors, such as obesity, alone. Public health 
approaches should also focus on improving upstream structural factors 
(e.g. education, occupation, income), which will increase the opportu
nities and reduce the barriers for people to lead healthy lives [47]. 

In conclusion, our results indicate that both SEP and obesity are 
associated with the development of OA in both men and women. BMI 
mediated the relationship between a lower SEP and incident OA. Efforts 
to reduce obesity, specifically in low SEP groups, may help to decrease 
the risk for OA. 

Data access statement 

The anonymised data used in this study is available via the UK Data 
Service (22). 

Table 4 
The total, direct and indirect effect via BMI of SEP on incident OA adjusted for age and gender.   

Total Direct Indirect 

Regression estimate (95% CI) p-value Regression estimate (95% CI) p-value Regression estimate (95% CI) p-value 

Combined 0.009 (0.002, 0.016) p = 0.009 0.004   
(− 0.002, 0.011) 

p = 0.212 0.005 (0.004, 0.006) p<0.001 

Women 0.012 (0.002, 0.023) p = 0.021 0.004   
(− 0.007, 0.015) 

p = 0.463 0.008 (0.006, 0.011) p<0.001 

Men 0.006 (− 0.004, 0.015) p = 0.162 0.005   
(− 0.005, 0.013) 

p = 0.310 0.002 (0.001, 0.003) p = 0.002 

CI, confidence interval; OA, osteoarthritis. Proportion mediated (indirect effect/total effect*100%) not calculated as complete mediation was observed (only the 
indirect effect of BMI was statistically significant). 

Fig. 1. The structural equation model for the relationships between SEP, BMI and incident OA adjusted for age and gender 
*statistically significant (p < 0.05). BMI, body mass index; NS-SEC, national statistics socioeconomic classification; OA, osteoarthritis; SEP, socioeconomic position. 

R. Witkam et al.                                                                                                                                                                                                                                



Seminars in Arthritis and Rheumatism 56 (2022) 152063

6

Declaration of Competing Interest 

The authors declare no conflicts of interest. 

Acknowledgement 

The authors would like to thank participants of The English Longi
tudinal Study of Ageing, as well as the Economic Social Research Council 
and Versus Arthritis for funding this work. Part of this work was pre
sented as a poster at the ACR2021 conference. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.semarthrit.2022.152063. 

References 

[1] Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, et al. The global burden 
of hip and knee osteoarthritis: estimates from the global burden of disease 2010 
study. Ann Rheum Dis 2014;73(7):1323–30. 

[2] Valdes AM, Spector TD. Genetic epidemiology of hip and knee osteoarthritis. Nat 
Rev Rheumatol 2011;7(1):23–32. 

[3] Misra D, Fielding RA, Felson DT, Niu J, Brown C, Nevitt M, et al. Risk of knee 
osteoarthritis with obesity, sarcopenic obesity, and sarcopenia. Arthritis Rheumatol 
2019;71(2):232–7. 

[4] Thijssen E, van Caam A, van der Kraan PM. Obesity and osteoarthritis, more than 
just wear and tear: pivotal roles for inflamed adipose tissue and dyslipidaemia in 
obesity-induced osteoarthritis. Rheumatology 2015;54(4):588–600. 

[5] Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey Smith G. Indicators of 
socioeconomic position (part 1). J Epidemiol Community Health 2006;60(1):7–12. 

[6] Darin-Mattsson A, Fors S, Kåreholt I. Different indicators of socioeconomic status 
and their relative importance as determinants of health in old age. Int J Equity 
Health 2017;16(1):173. 

[7] Callahan LF, Shreffler J, Siaton BC, Helmick CG, Schoster B, Schwartz TA, et al. 
Limited educational attainment and radiographic and symptomatic knee 
osteoarthritis: a cross-sectional analysis using data from the Johnston County 
(North Carolina) Osteoarthritis Project. Arthritis Res. Ther. 2010;12(2):R46. 

[8] Reyes C, Garcia-Gil M, Elorza J, Mendez-Boo L, Hermosilla E, Javaid M, et al. 
Socio-economic status and the risk of developing hand, hip or knee osteoarthritis: a 
region-wide ecological study. Osteoarthritis Cartilage 2015;23(8):1323–9. 

[9] Putrik P, Ramiro S, Orueta JF, Keszei A, Alonso Moran E, Nuño Solinis R, et al. 
Socio-economic inequalities in occurrence and health care costs in rheumatic and 
musculoskeletal diseases: results from a Spanish population-based study including 
1.9 million persons. Clin Exp Rheumatol 2018;36(4):589–94. 

[10] Kiadaliri AA, Gerhardsson de Verdier M, Turkiewicz A, Lohmander LS, Englund M. 
Socioeconomic inequalities in knee pain, knee osteoarthritis, and health-related 
quality of life: a population-based cohort study in southern Sweden. Scand J 
Rheumatol 2017;46(2):143–51. 

[11] Levin KA. Study design III: cross-sectional studies. Evid Based Dent 2006;7(1): 
24–5. 

[12] Talari K, Goyal M. Retrospective studies–utility and caveats. JR Coll Physicians 
Edinb 2020;50(4):398–402. 

[13] Singh-Manoux A, Clarke P, Marmot M. Multiple measures of socio-economic 
position and psychosocial health: proximal and distal measures. Int J Epidemiol 
2002;31(6):1192–9. 

[14] Newton S, Braithwaite D, Akinyemiju TF. Socio-economic status over the life 
course and obesity: systematic review and meta-analysis. PLoS One 2017;12(5): 
e0177151. 

[15] McLaren L. Socioeconomic status and obesity. Epidemiol Rev 2007;29:29–48. 
[16] El-Sayed AM, Scarborough P, Galea S. Unevenly distributed: a systematic review of 

the health literature about socioeconomic inequalities in adult obesity in the 
United Kingdom. BMC Public Health 2012;12:18. 

[17] Witkam R, Gwinnutt JM, Humphreys J, Gandrup J, Cooper R, Verstappen SMM. Do 
associations between education and obesity vary depending on the measure of 
obesity used? A systematic literature review and meta-analysis. SSM - Population 
Health 2021;15:100884. 

[18] Gill D, Karhunen V, Malik R, Dichgans M, Sofat N. Cardiometabolic traits 
mediating the effect of education on osteoarthritis risk: a Mendelian randomization 
study. Osteoarthritis Cartilage 2021;29(3):365–71. 

[19] Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, et al. 
Comparison of Sociodemographic and Health-Related Characteristics of UK 
Biobank Participants With Those of the General Population. Am J Epidemiol 2017; 
186(9):1026–34. 

[20] Steptoe A, Breeze E, Banks J, Nazroo J. Cohort profile: the English longitudinal 
study of ageing. Int J Epidemiol 2013;42(6):1640–8. 

[21] Banks J., Batty, G.D., Coughlin, K., Dangerfield, P., Marmot, M., Nazroo, J., 
Oldfield, Z., Steel, N., Steptoe, Wood, M., Zaninotto, P. English longitudinal study 
of ageing: waves 0-9, 1998-2019. 33rd ed.. In: Service UD, editor.; 2019. 

[22] Service U.D. English longitudinal study of ageing. 
[23] McLennan D, Noble S, Noble M, Plunkett E, Wright G, Gutacker N. The english 

indices of deprivation. 2019. technical report. 2019. 
[24] Council S., Authority H.E. Allied dunbar national fitness survey: main findings. 

Sports council and health education authority London; 1992. 
[25] Schoenfeld D. Partial residuals for the proportional hazards regression model. 

Biometrika 1982;69(1):239–41. 
[26] Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained 

equations: what is it and how does it work? Int J Methods Psychiatr Res 2011;20 
(1):40–9. 

[27] NatCen. User guide to the main interview datasets: waves 1 to 8: NatCen social 
research; 2018. 

[28] Agler R, De Boeck P. On the interpretation and use of mediation: multiple 
perspectives on mediation analysis. Front Psychol 2017;8:1984. 

[29] Nachtigall C, Kroehne U, Funke F, Steyer R. Pros and cons of structural equation 
modeling. Methods Psychological Research Online 2003;8(2):1–22. 

[30] MacKinnon DP, Valente MJ, Gonzalez O. The correspondence between causal and 
traditional mediation analysis: the link is the mediator by treatment interaction. 
Prev Sci 2020;21(2):147–57. 

[31] Nguyen TQ, Schmid I, Stuart EA. Clarifying causal mediation analysis for the 
applied researcher: defining effects based on what we want to learn. Psychol 
Methods 2020. 

[32] Imai K, Keele L, Tingley D. A general approach to causal mediation analysis. 
Psychol Methods 2010;15(4):309–34. 

[33] Rosseel Y. Lavaan: an R package for structural equation modeling. J Stat Softw 
2012;48:1–36. 

[34] Team R.C. R: a language and environment for statistical computing. R Foundation 
for statistical computing; 2021. 

[35] Hooper D, Coughlan J, Mullen M. Structural equation modeling: guidelines for 
determining model fit. Electron J Bus Res Methods 2007;6. 

[36] Li CH. Confirmatory factor analysis with ordinal data: comparing robust maximum 
likelihood and diagonally weighted least squares. Behav Res Methods 2016;48(3): 
936–49. 

[37] Pesigan IJA, Cheung SF. SEM-based methods to form confidence intervals for 
indirect effect: still applicable given nonnormality, under certain conditions. Front 
Psychol. 2020;11:571928. 

[38] Tingley D.Y., T. Hirose, K. Keele, L. Imai, K. . Mediation: R package for causal 
mediation analysis; 2014. 

[39] Abbate LM, Stevens J, Schwartz TA, Renner JB, Helmick CG, Jordan JM. 
Anthropometric measures, body composition, body fat distribution, and knee 
osteoarthritis in women. Obesity 2006;14(7):1274–81. 

[40] Janssen I, Mark AE. Separate and combined influence of body mass index and waist 
circumference on arthritis and knee osteoarthritis. Int J Obes 2005;30(8):1223–8. 
2006. 

[41] Yucesoy B, Charles LE, Baker B, Burchfiel CM. Occupational and genetic risk 
factors for osteoarthritis: a review. Work 2015;50(2):261–73. 

[42] Clelland D, Hill C. Deprivation, policy and rurality: the limitations and applications 
of area-based deprivation indices in Scotland. Local Econ 2019;34(1):33–50. 

[43] Peeters GM, Alshurafa M, Schaap L, de Vet HC. Diagnostic accuracy of self-reported 
arthritis in the general adult population is acceptable. J Clin Epidemiol 2015;68(4): 
452–9. 

[44] Favero M, Ramonda R, Goldring MB, Goldring SR, Punzi L. Early knee 
osteoarthritis. RMD Open 2015;1(Suppl 1):e000062. 

[45] Stommel M, Schoenborn CA. Accuracy and usefulness of BMI measures based on 
self-reported weight and height: findings from the NHANES & NHIS 2001-2006. 
BMC Public Health 2009;9:421. 

[46] Puig-Junoy J, Zamora AR. Socio-economic costs of osteoarthritis: a systematic 
review of cost-of-illness studies. Semin Arthritis Rheum; 2015:531–41. 
Elsevier2015. 

[47] Williams O, Fullagar S. Lifestyle drift and the phenomenon of ’citizen shift’ in 
contemporary UK health policy. Sociol Health Illn 2019;41(1):20–35. 

R. Witkam et al.                                                                                                                                                                                                                                

https://doi.org/10.1016/j.semarthrit.2022.152063
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0001
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0001
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0001
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0002
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0002
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0003
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0003
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0003
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0004
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0004
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0004
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0005
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0005
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0006
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0006
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0006
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0007
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0007
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0007
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0007
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0008
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0008
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0008
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0009
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0009
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0009
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0009
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0010
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0010
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0010
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0010
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0011
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0011
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0012
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0012
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0013
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0013
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0013
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0014
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0014
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0014
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0015
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0016
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0016
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0016
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0017
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0017
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0017
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0017
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0018
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0018
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0018
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0019
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0019
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0019
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0019
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0020
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0020
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0023
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0023
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0025
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0025
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0026
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0026
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0026
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0028
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0028
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0029
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0029
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0030
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0030
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0030
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0031
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0031
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0031
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0032
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0032
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0033
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0033
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0035
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0035
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0036
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0036
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0036
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0037
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0037
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0037
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0039
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0039
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0039
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0040
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0040
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0040
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0041
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0041
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0042
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0042
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0043
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0043
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0043
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0044
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0044
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0045
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0045
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0045
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0046
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0046
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0046
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0047
http://refhub.elsevier.com/S0049-0172(22)00114-7/sbref0047

	Does body mass index mediate the relationship between socioeconomic position and incident osteoarthritis?
	Introduction
	Methods
	Participants and study design
	Measurements/instruments
	Exposure variables: obesity and SEP at baseline ​(waves 2, 4 or 6)
	Outcome variable: incident OA at follow-up waves ​(waves 3–9)
	Covariates / additional variables

	Statistical analysis

	Results
	Description of the cohort
	Associations between socioeconomic position and incident osteoarthritis
	Associations between obesity and incident osteoarthritis
	The mediating effect of body mass index on the relationship between socioeconomic position and incident osteoarthritis

	Discussion
	Data access statement
	Declaration of Competing Interest
	Acknowledgement
	Supplementary materials
	References


