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Abstract

Background. Cardiometabolic diseases are strongly socially patterned, with individuals of lower
socioeconomic position experiencing a disproportionate burden of metabolic disorders. Obesity
has been proposed as a potential explanatory factor that may partly account for the association
between social disadvantage and adverse cardiometabolic profiles. This study aimed to evaluate
whether obesity may partly explain the observed associations between socioeconomic position
and multiple cardiometabolic outcomes. Methods. A cross-sectional study was conducted in
3108 working-age adults undergoing occupational health examinations in the Balearic Islands,
Spain. Socioeconomic position was assessed using educational attainment and occupational
category. Cardiometabolic outcomes included obesity, FLI-defined probable steatotic liver dis-
ease (FLI > 60), insulin resistance, atherogenic risk, and metabolic syndrome. Multivariable
logistic regression models with sequential adjustment were performed. Additional models
evaluated attenuation after inclusion of obesity. Mediation analyses were conducted using
bootstrapping methods. Results. A clear socioeconomic gradient was observed across all
cardiometabolic outcomes, with higher prevalence among individuals with lower educational
attainment (p for trend < 0.001). In fully adjusted models, lower educational level remained
significantly associated with obesity (OR 1.61; 95% CI 1.18-2.21), whereas associations with the
remaining cardiometabolic outcomes were substantially attenuated after adjustment. Inclusion
of obesity reduced effect estimates for FLI-defined probable steatotic liver disease (FLI > 60),
insulin resistance, atherogenic risk, and metabolic syndrome by approximately 53-72%. Ex-
ploratory mediation analyses suggested that obesity was associated with approximately 28%
attenuation of the association with estimated steatotic liver disease risk and 8% attenuation
of the association with insulin resistance. Conclusions. Socioeconomic inequalities in car-
diometabolic risk were evident across multiple metabolic domains. Obesity was associated with
substantial attenuation of several downstream cardiometabolic associations and may represent
an important explanatory factor associated with the observed socioeconomic differences in
metabolic health, particularly for estimated steatotic liver disease risk. However, the magnitude
of these associations varied across outcomes, and the cross-sectional design precludes causal
interpretation. These findings support the importance of addressing obesity within its broader
social context as a potential strategy to reduce metabolic health inequalities among employed
working-age adults.
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1. Introduction

Cardiometabolic diseases remain the leading cause of morbidity and mortality
worldwide, accounting for a substantial proportion of global disability and healthcare
burden [1-5]. Despite advances in prevention and clinical management, the prevalence
of these disorders continues to rise across both high-income and transitioning popula-
tions, reflecting the complex interplay between biological, behavioural, and environmental
determinants [6,7].

There is extensive evidence indicating that cardiometabolic health follows a clear
socioeconomic gradient [8-10]. Individuals with lower socioeconomic position consistently
exhibit higher prevalence of obesity, type 2 diabetes, and cardiovascular disease, as well as
poorer metabolic profiles overall [11,12]. These inequalities persist across different health-
care systems and geographical contexts, suggesting that access to medical care alone is in-
sufficient to eliminate disparities in health outcomes [13]. Educational attainment has been
identified as one of the most robust indicators of socioeconomic position in epidemiological
research because it reflects long-term access to resources, health literacy, and opportunities
for adopting healthy behaviours [14-18]. Lower educational levels have been consistently
associated with obesity, insulin resistance, and adverse metabolic profiles [19,20]. Although
behavioural factors such as diet, physical activity, and smoking contribute to these associa-
tions, they do not fully explain the observed socioeconomic gradients [21,22], suggesting
the involvement of broader structural and contextual determinants [23].

Obesity occupies a particularly important position within this framework. Excess
adiposity is highly prevalent and is strongly associated with downstream metabolic dis-
turbances, including insulin resistance, hepatic steatosis, systemic inflammation, and
atherogenic dyslipidaemia [24,25]. From an epidemiological perspective, obesity is also
socially patterned, with higher prevalence consistently observed among individuals with
lower socioeconomic position [26,27]. This dual relationship, as both a correlate of social
disadvantage and a marker of adverse metabolic health, supports the hypothesis that
obesity may represent an important explanatory factor that could partly account for the
association between socioeconomic position and broader cardiometabolic risk [28].

Cardiometabolic abnormalities frequently cluster within individuals, reflecting inter-
connected biological processes and shared upstream determinants [29-31]. This clustering
has been associated with increased risk of cardiovascular events, type 2 diabetes, and
premature mortality [32]. However, many epidemiological studies continue to evaluate iso-
lated outcomes, which may underestimate the complexity of cardiometabolic dysfunction
and limit the identification of key pathways underlying socioeconomic inequalities [33].
In addition, life-course socioeconomic exposures may contribute to long-term metabolic
trajectories and persistent cardiometabolic inequalities [34-37].

Despite the growing literature on socioeconomic inequalities in cardiometabolic health,
it remains unclear whether these associations operate independently across metabolic
domains or are largely influenced by potential explanatory factors. Clarifying this issue
may improve current conceptual models and help identify more effective prevention
strategies [38,39].

Therefore, the present study aimed to examine the association between educational
attainment, considered the primary indicator of socioeconomic position in the present
analyses, and multiple cardiometabolic outcomes within a multidimensional framework.
Occupational category was included as a complementary descriptive indicator of socioe-
conomic circumstances. In particular, we sought to evaluate whether obesity may partly
explain the observed associations between socioeconomic disadvantage and downstream
metabolic dysfunction and to quantify the extent to which adjustment for obesity attenuates
these associations.

https://doi.org/10.3390 /medsci14030382


https://doi.org/10.3390/medsci14030382

Med. Sci. 2026, 14, 382

30f17

2. Methods
2.1. Study Design and Setting

A cross-sectional study was conducted using data from a cohort of working-age adults
who underwent routine occupational health examinations in the Balearic Islands, Spain.
These assessments were performed within workplace health surveillance programmes
and included standardised collection of sociodemographic, anthropometric, clinical, and
laboratory data. The study was conducted in accordance with the Declaration of Helsinki
and approved by the Research Ethics Com-mittee of the Balearic Islands (protocol code
IB 4383/20 PI; approval date: 6 October 2020). The study was designed and reported in
accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) recommendations for observational research [38].

2.2. Study Population

Eligible participants were men and women aged 18 to 65 years with complete informa-
tion on socioeconomic indicators, anthropometric measurements, lifestyle variables, and
cardiometabolic outcomes. A total of 3266 individuals underwent routine occupational
health examinations during the study period. Of these, 158 participants were excluded
because of missing socioeconomic information (1 = 28), missing anthropometric measure-
ments (n = 34), missing laboratory data required for the definition of cardiometabolic
outcomes (1 = 61), or missing lifestyle variables, including smoking status, physical activity,
and Mediterranean diet adherence (1 = 35). The final analytical sample therefore comprised
3108 participants. The participant selection process is summarised in Figure 1.

Participants undergoing routine occupational health
examinations
(n=3266)

Excluded: (n=158)
Missing socioeconomic information (n= 28)
Missing anthropometric measurements(n= 34)
Missing laboratory data required for cardiometabolic outcomes (n= 61)
Missing lifestyle variables (n=35)

Final analytical sample include in the study
(n=3108)

Figure 1. STROBE flow diagram.

2.3. Socioeconomic Variables

Socioeconomic position was assessed using two complementary indicators: educa-
tional attainment and occupational category. Educational level was classified into three
ordinal categories according to the highest level completed: higher education, intermediate
education, and primary education or no formal education. This categorisation was selected
to capture long-term socioeconomic gradients in a manner consistent with previous analy-
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ses of this cohort. Because educational attainment represents a stable indicator established
early in adulthood and is less susceptible to reverse causation by health status than occupa-
tional position, it was selected as the primary socioeconomic indicator for the multivariable
regression analyses. Occupational social class was used mainly to characterise the study
population and to examine descriptive socioeconomic gradients.

Occupational category was coded from participants” usual job titles and grouped
into broader categories reflecting the social and functional structure of employment. For
analytic purposes, occupations were further collapsed into manual and non-manual groups,
following approaches derived from modified occupational classification frameworks based
on the International Standard Classification of Occupations and widely used in occupational
epidemiology [39].

2.4. Clinical, Anthropometric, and Laboratory Assessment

All examinations were performed by trained occupational health personnel under
standardised conditions. Body weight and height were measured with participants bare-
foot and wearing light clothing, and body mass index (BMI) was calculated as weight in
kilograms divided by height in metres squared. Waist circumference was measured using
standard anatomical landmarks and interpreted according to internationally accepted rec-
ommendations for central adiposity assessment [40,41]. Blood pressure was measured by
trained occupational health personnel using an automated OMRON M3 sphygmomanome-
ter (Omron Healthcare, Kyoto, Japan) after participants had been seated and resting for at
least five minutes. Three measurements were obtained at one-minute intervals, and the
average of the final two readings was used for analysis.

Venous blood samples were obtained after an overnight fast and analysed in certified
laboratories. Biochemical measurements included fasting plasma glucose, triglycerides,
total cholesterol, high-density lipoprotein cholesterol, and gamma-glutamyl transferase.
These parameters were used to derive the predefined cardiometabolic indices.

2.5. Cardiometabolic Outcomes

Cardiometabolic risk was evaluated across five prespecified domains.

Obesity was defined as BMI > 30 kg/m?, according to established adult classification
criteria [40].

Probable steatotic liver disease was assessed using the Fatty Liver Index (FLI). Par-
ticipants with FLI values > 60 were considered to have a high probability of steatotic
liver disease in epidemiological terms. Because imaging studies or liver biopsy were not
available, FLI > 60 was used as an epidemiological proxy and should not be interpreted as
a clinical diagnosis of MASLD [42].

Insulin resistance was primarily defined using the triglyceride-glucose (TyG) index,
with values > 8.8 considered indicative of insulin resistance. The metabolic score for insulin
resistance (METS-IR) was also calculated as a complementary marker of insulin resistance;
however, the binary insulin resistance outcome used in all tables and regression analyses
was defined exclusively according to the TyG threshold. Both indices have shown good
performance in population-based settings where direct clamp-based assessment is not
feasible [43,44].

Atherogenic risk was assessed through lipid-based indices reflecting the balance
between pro-atherogenic and anti-atherogenic lipoprotein fractions. The atherogenic index
of plasma (AIP) was calculated as the logarithm of the triglyceride-to-HDL cholesterol
ratio, and values > 0.24 were considered high risk. The total cholesterol/HDL cholesterol
ratio was also examined as a complementary lipid marker [45].
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Metabolic syndrome was defined according to the American Heart Association/National
Heart, Lung, and Blood Institute update of the NCEP ATP IlI criteria, requiring the presence
of at least three of the following abnormalities: increased waist circumference, elevated
triglycerides, reduced HDL cholesterol, elevated blood pressure, and impaired fasting
glucose [46].

All cardiometabolic outcomes were analysed as binary variables in order to facilitate
comparability across regression models and to preserve consistency with the preceding
manuscripts from the same research line.

2.6. Lifestyle Variables and Additional Covariates

Smoking status was obtained during the clinical interview and categorised as current
smoker, former smoker, or never smoker. Physical activity was assessed with the short
form of the International Physical Activity Questionnaire (IPAQ-SF), a widely validated
instrument for international epidemiological use [47]. Participants were classified according
to standard IPAQ thresholds and, for the main adjusted models, were additionally grouped
into physically active versus insufficiently active categories.

Dietary quality was evaluated using the 14-item Mediterranean Diet Adherence
Screener (MEDAS-14), originally developed in the PREDIMED framework and subse-
quently validated in Spanish adults. In the main analysis, adherence was dichotomised as
low versus adequate according to conventional cut-off values used in previous studies [48].

Age and sex were included as core covariates in all models. Diabetes was included as a
clinical covariate because of its strong association with multiple cardiometabolic outcomes
and its potential role as a marker of overall metabolic burden. However, because diabetes
may also lie on the pathway linking socioeconomic position and cardiometabolic dysfunc-
tion, additional sensitivity analyses excluding diabetes from the fully adjusted models
were performed to assess the robustness of the findings. Lifestyle variables were treated as
explanatory or intermediate variables rather than purely demographic descriptors.

2.7. Statistical Analysis

Continuous variables were summarised as mean and standard deviation, whereas
categorical variables were expressed as absolute frequencies and percentages. Baseline
characteristics were compared across educational categories using analysis of variance for
continuous variables and chi-square tests for categorical variables.

The prevalence of each cardiometabolic outcome was estimated according to educa-
tional level and occupational category. Tests for linear trend across educational categories
were performed by modelling educational attainment as an ordinal variable.

To evaluate the association between socioeconomic position and each cardiometabolic
outcome, separate multivariable logistic regression models were fitted for obesity, prob-
able steatotic liver disease (FLI > 60), insulin resistance, atherogenic risk, and metabolic
syndrome. Odds ratios (ORs) and 95% confidence intervals (95% Cls) were calculated.

A sequential adjustment strategy was applied in order to examine how the association
changed after progressive inclusion of demographic, behavioural, and clinical variables:

Model 1: crude model.

Model 2: adjusted for age and sex.

Model 3: additionally adjusted for smoking status and physical activity.

Model 4: additionally adjusted for diabetes.

Additionally, tests for linear trend were performed by modelling educational level as
an ordinal variable in the regression analyses.

Given the conceptual focus of the present article, an additional exploratory model
was used for downstream metabolic outcomes to assess the extent to which inclusion of
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obesity attenuated the associations observed for MASLD, insulin resistance, atherogenic
risk, and metabolic syndrome. This step was intended to evaluate the extent to which
inclusion of obesity was associated with attenuation of the observed associations between
socioeconomic disadvantage and downstream cardiometabolic outcomes, rather than as
a competing independent endpoint. The percentage attenuation of OR estimates across
models was examined descriptively to support interpretation of the sequential analyses.
This approach was used to facilitate interpretation of the sequential attenuation analyses.

2.8. Mediation Analysis

Exploratory mediation analyses were conducted to examine whether obesity could
potentially account for part of the observed association between educational level and
downstream cardiometabolic outcomes. Educational level was specified as the exposure
variable, obesity (BMI > 30 kg/ mz) as the mediator, and each cardiometabolic outcome as
the dependent variable.

Regression-based mediation models were fitted using the PROCESS macro for
SPSS [49] (version 4.2; Andrew F. Hayes, Ohio State University), corresponding to a simple
mediation model (Model 4). All mediation models were adjusted for age, sex, smoking
status, physical activity, Mediterranean diet adherence, and diabetes, consistent with the
fully adjusted regression models.

Indirect effects were estimated using non-parametric bootstrapping with 5000 resam-
ples and bias-corrected 95% confidence intervals. Total effects represented the overall asso-
ciation between educational level and each outcome before inclusion of obesity, whereas
direct effects represented the association after accounting for obesity.

Because the outcomes were binary, mediation effects were estimated on the log-odds
scale and subsequently exponentiated for presentation as odds ratios.

The mediated proportion was calculated as:

Proportion mediated (%) = [(Total effect — Direct effect)/Total effect] x 100.

Because the mediation models were estimated on the log-odds scale, the proportion
mediated was derived from the corresponding regression coefficients (log-ORs) rather than
from the exponentiated odds ratios. Therefore, the reported mediation percentages cannot
be directly reconstructed from the OR estimates alone.

Because exposure, mediator, and outcomes were measured simultaneously, these
analyses were considered exploratory and hypothesis-generating and were not intended to
establish a causal mediation pathway.

All analyses were performed using IBM SPSS Statistics version 30.0 (IBM Corp.,
Armonk, NY, USA). Statistical significance was set at a two-sided p-value < 0.05.

Multicollinearity among covariates was assessed using variance inflation factors (VIFs)
and tolerance statistics. All VIF values were low (range: 1.025-1.114), and all tolerance
values exceeded 0.89, indicating no evidence of problematic multicollinearity among the
variables included in the regression models.

3. Results
3.1. Participant Characteristics

A total of 3108 participants were included in the analysis. The mean age of the study
population was 43.9 £ 9.8 years, and 1889 participants (60.8%) were men. Educational
attainment was distributed as follows: 1042 participants (33.5%) had higher education,
1126 (36.2%) had intermediate education, and 940 (30.2%) had primary or no formal educa-
tion. Manual occupations were reported by 1451 participants (46.7%). The overall preva-
lence of obesity, insulin resistance, probable steatotic liver disease, atherogenic risk, and
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metabolic syndrome was 15.8%, 23.9%, 19.8%, 17.6%, and 14.6%, respectively. Table 1 sum-
marises the baseline characteristics of the study population according to educational level.

Table 1. Baseline characteristics of the study population according to educational level.

. Higher Education Intermediate Primary/No
Variable (n =1042) Education (n =1126)  Education (1 = 940) p-Value
Age (years), mean (SD) 41.2 (9.3) 43.8 (9.7) 46.5 (10.2) <0.001
Male sex, n (%) 612 (58.7) 676 (60.0) 601 (63.9) 0.041
Manual occupation, 1 (%) 318 (30.5) 521 (46.3) 612 (65.1) <0.001
Current smokers, 1 (%) 248 (23.8) 301 (26.7) 294 (31.3) <0.001
Physically active, 11 (%) 672 (64.5) 651 (57.8) 472 (50.2) <0.001
High Mediterranean diet
adherence, 1 (%) 598 (57.4) 564 (50.1) 403 (42.9) <0.001
BMI (kg/m?), mean (SD) 25.6 (3.8) 26.8 (4.1) 28.1 (4.6) <0.001
Obesity, 11 (%) 120 (11.5) 185 (16.4) 186 (19.8) <0.001
Insulin resistance, 1 (%) 198 (19.0) 274 (24.3) 271 (28.8) <0.001
Probable steatotic liver disease
(ELI > 60), 11 (%) 156 (15.0) 233 (20.7) 225 (23.9) <0.001
Atherogenic risk, 1 (%) 142 (13.6) 206 (18.3) 198 (21.1) <0.001
Metabolic syndrome, 1 (%) 108 (10.4) 169 (15.0) 176 (18.7) <0.001

Individuals with lower educational attainment were older, more frequently engaged in
manual occupations, and exhibited less favourable lifestyle profiles, including higher smok-
ing prevalence, lower physical activity, and poorer adherence to the Mediterranean diet.

A clear gradient was also observed for anthropometric and metabolic variables,
with progressively higher body mass index and higher prevalence of all cardiometabolic
outcomes—including obesity, insulin resistance, probable steatotic liver disease (FLI > 60),
atherogenic risk, and metabolic syndrome—across decreasing educational categories (all
p for trend < 0.001).

3.2. Prevalence of Cardiometabolic Outcomes

The prevalence of cardiometabolic outcomes across educational categories is presented
in Table 2.

Table 2. Prevalence of cardiometabolic outcomes according to educational level.

Higher Intermediate Primary/No

Outcome Education (%) Education (%) Education (%) p for Trend
Obesity 115 16.4 19.8 <0.001
Insulin resistance 19.0 24.3 28.8 <0.001
Probable steatotic liver disease (FLI > 60) 15.0 20.7 23.9 <0.001
Atherogenic risk 13.6 18.3 21.1 <0.001
Metabolic syndrome 104 15.0 18.7 <0.001

A clear and consistent socioeconomic gradient was observed across all cardiometabolic
outcomes. The prevalence increased progressively with decreasing educational level
for obesity, insulin resistance, probable steatotic liver disease (FLI > 60), atherogenic
risk, and metabolic syndrome. Tests for linear trend were statistically significant for all
outcomes (p for trend < 0.001), indicating a progressive socioeconomic gradient across
educational categories.

When stratified by occupational category, individuals in manual occupations also
exhibited a higher prevalence of cardiometabolic risk factors, although the gradient was
less pronounced compared with educational level.
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3.3. Association Between Educational Level and Obesity

The association between educational level and cardiometabolic outcomes was assessed
using multivariable logistic regression models (Table 3).

Table 3. Association between educational level and cardiometabolic outcomes: multivariable logistic

regression models.

Outcome Educational Level Model 1 OR Model 2 OR Model 3 OR Model 4 OR
(95% CI) (95% CI) (95% CI) (95% CI)
Obesity Intermediate 151 (1.18-1.93)  1.42(1.10-1.83)  1.36 (1.05-1.76)  1.34 (1.03-1.74)
Primary /no 1.89 (1.46-2.45)  1.72(1.32-2.24)  1.63(1.24-2.13)  1.61 (1.18-2.21)
education
Insulin resistance Intermediate 136 (1.08-1.71) 128 (1.01-1.62)  1.18 (0.92-1.50)  1.12 (0.87-1.45)
Primary /no 1.69 (1.33-2.15)  1.52(1.18-1.96)  1.34(1.03-1.74)  1.21 (0.93-1.59)
education
Probable steatotic
liver disease Intermediate 133 (1.03-1.71)  1.25(0.97-1.61)  1.15(0.89-1.49)  1.10 (0.85-1.43)
(FLI > 60)
Primary/no 1.61(1.24-2.10)  1.45(1.10-1.90)  1.28 (0.97-1.69)  1.18 (0.89-1.57)
education
Atherogenic risk Intermediate 139 (1.07-1.80)  1.31(1.00-1.71)  1.20 (0.92-1.58)  1.15(0.87-1.52)
Primary /no 1.68 (1.28-2.21)  1.50(1.13-1.98)  1.33(1.00-1.77)  1.24 (0.93-1.66)
education
Metabolic Intermediate 152 (1.16-2.00)  1.41(1.07-1.86)  1.28 (0.97-1.70)  1.22 (0.92-1.63)
syndrome
Primary/no 197 (1.49-2.61)  1.73(1.29-2.31)  1.48(1.10-2.00)  1.32 (0.97-1.81)
education

Model 1: crude. Model 2: adjusted for age and sex. Model 3: additionally adjusted for smoking status and
physical activity. Model 4: additionally adjusted for diabetes. Reference category: higher education.

In crude analyses, lower educational attainment was associated with higher odds
of all cardiometabolic outcomes. Progressive adjustment attenuated these associations,
particularly after inclusion of behavioural and clinical variables. In fully adjusted models,
the association with obesity remained statistically significant, whereas associations with
the remaining cardiometabolic outcomes were substantially attenuated.

3.4. Attenuation After Inclusion of Obesity

When obesity was included in the regression models for downstream cardiometabolic
outcomes, a marked attenuation of associations was observed.

The inclusion of obesity resulted in a substantial reduction in the odds ratios for
probable steatotic liver disease (FLI > 60), insulin resistance, atherogenic risk, and metabolic
syndrome, with attenuation percentages ranging from approximately 53% to over 72%,
depending on the outcome. These findings were consistent across sensitivity analyses.
Sensitivity analyses excluding diabetes from the fully adjusted models yielded materially
similar results, indicating that adjustment for diabetes did not substantially influence the
observed associations (Supplementary Table S1).

After accounting for obesity, the associations between educational level and these
cardiometabolic outcomes were substantially attenuated, suggesting that adiposity may
partly explain some of the observed relationships between socioeconomic position and
metabolic dysfunction. However, because all variables were measured simultaneously,
these findings should not be interpreted as evidence of a causal pathway.

To further explore the potential role of obesity as a possible explanatory factor, ad-
ditional models including obesity were fitted for downstream cardiometabolic outcomes
(Table 4).
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Table 4. Attenuation of the association between educational level and cardiometabolic outcomes after
inclusion of obesity.

OR Model 4 OR Model 5

Outcome (Without Obesity)  (with Obesity) ~° ‘Aftenuation
Insulin resistance 1.21 (0.93-1.59) 1.08 (0.82-1.43) 62%
Probable steatotic liver o
disease (FLI > 60) 1.18 (0.89-1.57) 1.05 (0.78-1.41) 72%
Atherogenic risk 1.24 (0.93-1.66) 1.10 (0.82-1.48) 58%
Metabolic syndrome 1.32 (0.97-1.81) 1.15 (0.84-1.57) 53%

Model 4: adjusted for age, sex, smoking status, physical activity and diabetes. Model 5: Model 4 additionally
adjusted for obesity (BMI > 30 kg/m?). Attenuation (%) was calculated as [(OR Model 4 — OR Model 5)/(OR
Model 4 — 1)] x 100 and represents the percentage reduction in the excess odds ratio after inclusion of obesity in
the model.

The inclusion of obesity in the regression models resulted in a substantial attenuation of
the associations between educational level and cardiometabolic outcomes. The magnitude
of attenuation ranged from approximately 53% to 72%, depending on the outcome.

After accounting for obesity, the associations were no longer statistically significant for
any of the downstream cardiometabolic domains. These findings indicate that adjustment
for obesity was associated with substantial attenuation of the observed socioeconomic
gradients in cardiometabolic risk.

The progressive attenuation of the associations after inclusion of obesity is illustrated

in Figure 2.
Outcome Model 0dds Ratio (95% CI) OR (95% CI) Attemation sftes
adding obesity (%)
Model 1 Crude ——8—— 2.23(1.85-2.69) -
Obesity i s
" (R — » i
(central ntermediate)  Model & Fully adjusted 1.61 (1.18-2.21)
Model 5+ Obesity® —l— 1.58 (1.15-2.18) 2%
Probable steatotic | Crude —— 1.93 (1.58-2.36) -
liver disease | Fully adjusted’ — 1.18 (0.89-1.57) -
(FLI 260)
5+ Obesity? +——l——— 1.05 (0.78-1.41) 72%
A\ Model 1 Crude - - 1.64 (1.34-2.01) -
((}y) Insulin resistance  Model 4 Fully adjusted’  +————— 1.21 (0.93-1.59) -
- Model 5+ Obesity?  +—{———— 1.08 (0.82-1.43) 62%
Model 1 Crude = 1.72 (1.40-2.12 s
@ Atherogenic risk Model 4  Fully adjusted’ ] 1.24 (0.93-1.66 -
Model 5+ Obesity? = 1.10 (0.82-1.48) 58%
[y Model 1 Crude r —i * 2.05 (1.68-2.49) -
@ Metabolic syndrome  Model 4 Fully adjusted’ ' - 1.32 (0.97-1.81) =
Model5 + Obesity?  +—f—M— 1.15 (0.84-1.57) 53%
05 1 15 2 25 3
Lower odds Higher odds
B Model 1: Crude (unadjusted) ! Adjusted for age, sex, smoking status, alcohol consumption and physical activity.
B Model 4: Fully adjusted (age, sex, smoking, akcohol, physical activity) 2 Obesity (BMI 230 kg/m?) added to the fully adjusted model
B Model 5: Model 4 + Obesity (BMI 230 kg/m?) Attenuation (%) = Percentage reduction in the odds ratio after addition of obesity

to the fully adjusted model.

Figure 2. Forest plot of the associations between lower educational attainment and cardiometabolic
outcomes before and after adjustment for obesity.

Forest plot showing odds ratios (ORs) and 95% confidence intervals (95% Cls) for the
association between primary/no education versus higher education (reference category)
and cardiometabolic outcomes across sequential regression models. Model 1: crude model.
Model 4: adjusted for age, sex, smoking status, physical activity and diabetes. Model 5:
Model 4 additionally adjusted for obesity (BMI > 30 kg/m?). Attenuation (%) represents
the percentage reduction in the excess odds ratio after inclusion of obesity in the fully
adjusted model. Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass
index; FLI, Fatty Liver Index.
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3.5. Mediation Analysis

To further explore the potential role of obesity as a possible contributor to the observed
associations, mediation analyses were conducted (Table 5).

Table 5. Mediation analysis of the association between educational level and cardiometabolic out-
comes through obesity.

Total Effect Direct Effect Indirect Effect %

Outcome OR(95%CD  OR(95%CD  OR(95%CD  Mediated

Probable steatotic

liver disease 1.18 (0.89-1.57) 1.05(0.78-1.41)  1.12 (1.05-1.20) 28%
(FLI > 60)
Insulin resistance  1.21 (0.93-1.59)  1.08 (0.82-1.43)  1.08 (1.02-1.14) 8%

Total effect: association between educational level and outcome without inclusion of obesity. Direct effect:
association after inclusion of obesity in the model. Indirect effect: effect mediated through obesity. Percentage
mediated was calculated using the underlying regression coefficients (log-ORs) derived from the mediation
models and therefore cannot be reproduced directly from the exponentiated odds ratios shown in the table.

Exploratory mediation analyses suggested that obesity may account for part of the
observed association between educational level and estimated steatotic liver disease risk,
representing approximately 28% of the total association. A smaller proportion of the
association with insulin resistance (approximately 8%) was also statistically compatible
with an indirect effect through obesity. However, mediation analyses rely on assumptions
regarding the temporal ordering of exposure, mediator, and outcome that cannot be verified
in a cross-sectional design. Therefore, these findings should be interpreted as a statistical
decomposition of the observed associations and considered hypothesis-generating rather
than evidence of a confirmed causal mediating relationship.

These findings are compatible with the hypothesis that adiposity may be asso-
ciated with the observed relationship between socioeconomic position and hepatic
metabolic dysfunction, while additional mechanisms are likely to contribute to other
cardiometabolic domains.

3.6. Additional Analyses

In sex-stratified analyses, the association between lower educational level and obe-
sity appeared more pronounced in men than in women, although the direction of the
associations was consistent across both sexes.

No statistically significant interaction between educational level and sex was observed
for any of the cardiometabolic outcomes (p for interaction > 0.05).

4. Discussion
4.1. Principal Findings

The present study provides a comprehensive evaluation of the association be-
tween socioeconomic position and cardiometabolic risk across multiple metabolic do-
mains. The findings demonstrate a consistent socioeconomic gradient across all car-
diometabolic domains, with lower educational attainment associated with a less favourable
cardiometabolic profile.

However, when accounting for behavioural and clinical factors, and particularly
after the inclusion of obesity in the models, the associations with most downstream car-
diometabolic outcomes were substantially attenuated. In contrast, the association be-
tween educational level and obesity remained robust across all models. Furthermore,
mediation analyses indicated that obesity accounted for a meaningful proportion of the
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association with probable steatotic liver disease (FLI > 60) and, to a lesser extent, with
insulin resistance.

Taken together, these findings suggest that obesity may represent an important ex-
planatory factor associated with attenuation of the observed socioeconomic gradients in
cardiometabolic risk, rather than simply an isolated metabolic condition. However, the
cross-sectional design does not permit confirmation that obesity lies on the causal pathway
between socioeconomic disadvantage and downstream metabolic abnormalities.

4.2. Comparison with Previous Literature

The observed socioeconomic gradient in cardiometabolic risk is consistent with a large
body of epidemiological evidence showing that individuals with lower socioeconomic
position experience a disproportionate burden of metabolic disorders [50-52]. Previous
studies have reported similar associations for obesity, type 2 diabetes, and cardiovas-
cular disease across diverse populations and healthcare systems, reinforcing the notion
that these inequalities are structurally embedded rather than solely driven by individual
behaviours [53,54].

In line with our findings, educational attainment has been identified as a particularly
strong and stable indicator of socioeconomic position in relation to metabolic health [55,56].
Lower educational levels have been associated with higher prevalence of obesity and
adverse metabolic profiles, even after adjustment for lifestyle factors, suggesting the in-
volvement of additional pathways beyond behavioural risk factors [57-59].

The role of obesity as a potential explanatory factor in the relationship between socioe-
conomic position and cardiometabolic outcomes has been increasingly recognised. Several
studies have suggested that excess adiposity may contribute to the association between
upstream social determinants and downstream metabolic alterations, including insulin
resistance and hepatic steatosis [60-62]. Our results extend this evidence by quantifying
the extent to which adjustment for obesity attenuates these associations within a multi-
dimensional framework, highlighting a particularly relevant association with probable
steatotic liver disease (FLI > 60). Given the cross-sectional design, these analyses should
be considered exploratory and hypothesis-generating rather than confirmatory evidence
of mediation.

At the same time, the attenuation of associations for other cardiometabolic outcomes
after adjustment for obesity suggests that not all metabolic domains are equally influ-
enced by this pathway. This is consistent with emerging evidence indicating that car-
diometabolic risk is shaped by multiple overlapping mechanisms, including inflammation,
hormonal regulation, and environmental exposures, which may operate independently or
interactively [63,64].

4.3. Potential Mechanisms

Several mechanisms may underlie the observed association between obesity and
socioeconomic gradients in cardiometabolic risk. Individuals with lower educational attain-
ment are more likely to be exposed to obesogenic environments characterised by limited
access to healthy foods, reduced opportunities for physical activity, and higher levels of
chronic stress [65,66]. Chronic psychosocial stress associated with socioeconomic disad-
vantage may also promote metabolic dysregulation through neuroendocrine pathways,
including activation of the hypothalamic—pituitary—adrenal axis and increased cortisol
secretion [67]. These mechanisms may contribute to excess adiposity and adverse metabolic
profiles, although the present findings cannot determine the temporal sequence of these
relationships. From a behavioral perspective, individuals with lower educational attain-
ment are more likely to be exposed to obesogenic environments characterised by limited
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access to healthy foods, reduced opportunities for physical activity, and higher levels of
chronic stress [65,66]. These factors contribute to positive energy balance and long-term
weight gain.

In addition, chronic psychosocial stress associated with socioeconomic disadvantage
may promote metabolic dysregulation through neuroendocrine pathways, including activa-
tion of the hypothalamic—pituitary—adrenal axis and increased cortisol secretion [67]. These
processes are known to favour visceral fat accumulation and insulin resistance, thereby
amplifying cardiometabolic risk.

Biologically, excess adiposity is strongly associated with systemic inflammation, lipid
abnormalities, and ectopic fat deposition, particularly in the liver, which may explain
the greater attenuation observed for probable steatotic liver disease (FLI > 60) in our
study [68,69]. The clustering of these metabolic alterations further supports the notion that
obesity is closely interconnected with multiple cardiometabolic processes, although our
findings do not establish a causal mediating role.

4.4. Clinical and Public Health Implications

The findings of this study have important implications for both clinical practice
and public health strategies. First, they suggest that interventions aimed at reducing
cardiometabolic inequalities should prioritise the prevention and management of obesity,
particularly among socioeconomically disadvantaged groups.

Second, the results highlight the limitations of approaches focused exclusively on
individual lifestyle modification, as these may fail to address the broader structural de-
terminants of obesity. Policies targeting food environments, urban planning, education,
and social inequalities are likely to be necessary to achieve meaningful reductions in
cardiometabolic risk at the population level [70,71].

Finally, the observation that obesity was associated with attenuation of several down-
stream cardiometabolic associations reinforces the need for integrated approaches address-
ing multiple components of metabolic risk, rather than focusing on individual risk factors
in isolation. Longitudinal studies are required to determine whether obesity truly mediates
these relationships over time.

4.5. Strengths and Limitations

This study has several strengths. It is based on a relatively large and well-characterised
population of working-age adults, with standardised assessment of sociodemographic,
behavioural, and metabolic variables. The use of multiple cardiometabolic outcomes allows
for a more comprehensive evaluation of metabolic health compared with single-outcome
approaches. In addition, the sequential modelling strategy and mediation analysis provide
insight into potential pathways underlying the observed associations.

However, several limitations should be acknowledged. The cross-sectional design
precludes causal inference, and the observed mediation effects should be interpreted with
caution. Furthermore, mediation analyses assume a temporal ordering between exposure,
mediator, and outcome that cannot be verified in the present cross-sectional study:.

Another important limitation is the potential mathematical overlap between obesity
and some of the analysed cardiometabolic outcomes. The Fatty Liver Index incorporates
body mass index and waist circumference, METS-IR includes body mass index in its
calculation, and metabolic syndrome includes central obesity as one of its diagnostic
components. Therefore, part of the attenuation observed after adjustment for obesity may
reflect shared or overlapping components between the exposure and outcome definitions
rather than a true biological mediating process. Consequently, these findings should be
interpreted cautiously and regarded as hypothesis-generating.
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Socioeconomic position was assessed using educational level and occupational cate-
gory, which, although widely used, may not fully capture all dimensions of social disad-
vantage. Residual confounding cannot be excluded, particularly for unmeasured factors
such as income, early-life conditions, or environmental exposures. Finally, the use of surro-
gate markers for some cardiometabolic outcomes, although validated in epidemiological
settings, may introduce some degree of misclassification.

Although alcohol consumption was considered in the analyses, information regarding
chronic liver disease, viral hepatitis, and hepatotoxic medication use was not available.
Consequently, residual confounding in the analyses of FLI-defined probable steatotic liver
disease cannot be completely excluded.

In addition, information regarding the use of antihypertensive, lipid-lowering, and
glucose-lowering medications was not available. Because these therapies may influence
several cardiometabolic outcomes and risk estimates, residual confounding related to
medication use cannot be completely excluded.

In addition, the study population consisted exclusively of working-age adults par-
ticipating in routine occupational health surveillance programmes. Consequently, unem-
ployed individuals, retired adults, persons with severe illness, and those outside formal
employment were not represented. This may have introduced a healthy worker effect
and occupational selection bias, potentially leading to an underestimation or distortion of
the true socioeconomic gradients in cardiometabolic risk. Therefore, caution is warranted
when generalising these findings to the broader adult population.

Although both educational attainment and occupational social class were assessed, the
multivariable analyses focused primarily on education because it is generally considered
a more stable indicator of socioeconomic position across the life course and less prone
to health-related occupational selection. Consequently, potential associations specific to
occupational social class may not have been fully captured.

Because several cardiometabolic outcomes were relatively common, odds ratios may
have overestimated the magnitude of some associations. Future studies could consider
alternative approaches, such as robust Poisson regression and prevalence ratios, as comple-
mentary sensitivity analyses.

5. Conclusions

In conclusion, this study demonstrates that socioeconomic inequalities in car-
diometabolic risk are strongly patterned across multiple metabolic domains. Obesity
emerged as the most consistent and robustly associated outcome and was associated with
substantial attenuation of several downstream cardiometabolic associations, particularly
for probable steatotic liver disease (FLI > 60). These findings are compatible with the hy-
pothesis that obesity may partly explain some of the observed socioeconomic differences in
cardiometabolic health, although the cross-sectional design precludes causal interpretation.
Addressing obesity within its broader social context may therefore represent a potential
strategy to reduce health inequalities among employed working-age adults and may inform
preventive strategies in occupational health settings; however, longitudinal studies are
needed to clarify the temporal and causal relationships underlying these associations.
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/ /www.mdpi.com/article/10.3390 /medsci14030382/s1, Table S1: Sensitivity analyses excluding
diabetes from the fully adjusted models.
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