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Life course socioeconomic status,
chronic pain, and the mediating
role of allostatic load: findings
from the midlife in the

United States

Yunlong Liang*

Institute for Social and Economic Research, University of Essex, Colchester, United Kingdom

Introduction: Low socioeconomic status (SES) has been linked to chronic pain
(CP); however, the mechanisms by which SES over the life course influences
downstream CP outcomes remain unclear.

Methods: This study utilizes data from the Midlife in the United States (MIDUS)
survey, a prospective sample of community-dwelling individuals (N=781), to
investigate the chain of risk additive model of SES in relation to CP. Additionally,
the study examines the mediating role of allostatic load (AL) in the relationship
between life course SES and CP. Confirmatory factor analysis was employed to
capture the multidimensionality of life course SES and path analysis was used
to examine the direct and indirect effects on CP. AL was computed by quartile-
based summation and by latent class analysis.

Results: Results indicated lower SES in MIDUS 2 was associated with greater
high-interference CP odds in MIDUS 3 (OR=1.069, 95% CI=1.006-1.136, P < 0.05)
and no association was found between distal SES and levels of CP interference.
Similarly, no significant relationship was observed between SES and the number
of CP locations. Additionally, no additive effects of SES were found, and AL did
not present mediation effects on the association between life course SES and
CP.

Discussion: The present study emphasizes the importance of directly proximal
effects of SES on CP, underscoring the need for equitable distribution of
health resources and the implementation of policies focused on diminishing
socioeconomic inequalities. Further research is needed to examine alternative
pathways by which proximal SES impact CP.
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1 Introduction

Chronic pain (CP) is pain that lasts or recurs for more than three months (1). In 2019 in
the United States, over fifty million adults experienced CP and twenty-four million people
endured work and life limitations brought about by high-impact pain (2). This prevalence of
CP has been on an increasing trend (3, 4). CP not only impairs an individual’s health and
economic status but also affects social relationships (5). Additionally, it imposes a significant
burden on the public health system and diminishes societal productivity (2). Individuals’
socioeconomic status (SES) is recognized as a fundamental cause of chronic diseases (6, 7).
CP exhibits a disproportionately distribution across different SES groups (8). However, there
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is a paucity of research exploring the association between life course
SES and the odds of having CP, as well as the underlying mechanisms
mediating this relationship.

1.1 Background

1.1.1 Life course SES and CP

Life course epidemiology proposes several interrelated models for
the origin of chronic diseases. Firstly, there may exist a critical or
sensitive period during which risk exposures occurring in this window
may have significant impacts on downstream health outcomes (9).
Notably, critical periods emphasize the plasticity of biological
development, especially in childhood, where risk exposure can
irreversibly alter physiological structures (10), and these changes
independently affect health outcomes. Risk exposures during a
sensitive period may have a greater impact on health outcomes than
at other times (9), but do not involve permanent biological changes.

Besides, life course SES involves influence pathways, where early
SES directly or indirectly affects subsequent SES, thereby jointly
influencing the risk of later diseases. Therefore, some scholars posit
that the chain of risk additive model might better fit the transmitting
effects of life course SES (11). The chain of risk additive model not
only allows for the detection of the direct effects of exposures at
different times but also for examining the mediating effects of later
exposures and the cumulative effects in the risk chain (11).

Recent life course studies identified significant associations
between SES indicators and CP (12, 13). Despite significant
associations from other life course studies (14-16), the measures
overlooked the duration of pain and its impact on daily life. Moreover,
there was insufficient control for early confounders, especially for
those relate to health selection of SES (17) and was a lack of
consideration for downstream effects of previous SES on subsequent
SES. Furthermore, the current study evaluated additive effects using a
cumulative score, which assumed equivalent impacts of SES at
different periods on CP.

Finally, single indicators were used as proxies for SES, which did
not consider the covariance to comprise SES as a whole and might fail
to capture the complex interplay between these SES indicators. Also,
subjective SES is an often-overlooked yet unique dimension in
measuring SES in CP research (8), as subjective SES reflects the socio-
psychological coping resources people have in response to objective
SES. Low subjective SES, such as perceived economic hardship and
daily financial worries, is not only a stressor in itself but also limits
capacity to manage stress (18, 19). Over time, individuals frequently
experiencing low subjective SES may become more vulnerable to
stressors, thereby increasing the likelihood of experiencing pain (19).

1.1.2 AL as a potential mediator in the association
between life course SES and CP

The current body of research on SES and CP lacks an examination
of intermediary mechanisms and researchers have suggested
dysregulated stress response could connect life course SES with CP
(8). Allostatic load (AL) describes the biological consequences of an
organism’s continuous adaptation to prolonged and repeated stress
(20, 21). The biological cost of chronic stress initially manifests in
alterations of the hypothalamic-pituitary-adrenal (HPA) axis. A
normal HPA axis, through its reactive hormonal secretion, prepares
the organism for stress response (22). However, prolonged activation
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of the HPA axis, leading to over-secretion of glucocorticoids and
catecholamines, may eventually disrupt the production of substances
necessary for maintaining the normal functioning of downstream
physiological systems. This disruption can result in anomalies in
biomarkers from multiple physiological systems (20).

Over the past decades, an abundance of research on SES and AL has
emerged, consistently indicating that lower SES is associated with higher
levels of AL (23, 24). Furthermore, CP correlates with chronic stress and
may be accompanied by abnormalities in several biological systems. For
instance, there is often dysfunction in the HPA axis, the autonomic
nervous system, and the immune system among CP patients (25, 26).
Given a high overlap in biological dysregulation between CP and AL, such
as an inability to habituate to repeated stressors, failure to shut off stress
responses, and altered or inefficient responses to stress, ultimately leading
to increased compensatory responses at the cellular level to other
mediators, some scholars suggest that CP may be a AL disease (27).
Recent population-based studies have found a cross-sectional relationship
between CP and AL (28-30).
operationalization of AL is the summation method. This approach failed

However, the predominant
to differentiate driven pattern of AL and overlooked interaction between
AL biomarkers. Latent Class Analysis (LCA) may offer a solution to these
methodological shortcomings (31).

The primary aim of this study was to examine the prospective
association between SES and CP by integrating SES across the life
course into the chain of risk additive model. Therefore, the study
employed path analysis to detect the direct effects of SES on
prospective CP within the chain of risk additive model, the indirect
and additive effects of SES at different periods (see Figure 1A), and the
mediating effect of AL (see Figure 1B).

2 Methods
2.1 Data

This research utilized data from the Midlife in the United States
(MIDUS) study. It encompassed three primary survey waves and a
biomarker project. The MIDUS main survey is a national longitudinal
study on individual social status, psychological profiles, and biological
processes of aging, begun between 1995-1996 and followed 7,108
non-institutionalized Americans aged 25 to 74 in the contiguous
United States. The MIDUS 2 and MIDUS 3 main surveys followed the
original respondents and collected data through phone interviews and
self-administered questionnaires between 2004-2006, and 2013-2014,
respectively. A total of 1,255 respondents participated in the
Biomarker Project of MIDUS 2 conducted from 2004 to 2009 with 201
non-probability samples of the Milwaukee project. Samples meeting
the subsequent criteria were incorporated into the final analysis: (1)
samples that completed one baseline survey, two MIDUS follow-up
surveys and participated in the biomarker program; (2) samples that
provided complete information on the AL and CP information
(Details in Figure 2). The MIDUS is publicly accessible secondary
data, and both verbal consent and written consent were obtained from
the participants. More details of the study are available on the MIDUS
website.!

1 Available at: http://midus.wisc.edu/, Accessed on October 2, 2022.
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FIGURE 1
(A) Chain of risk additive model of SES. (B) Chain of risk additive model of SES with AL.

2.2 Measures

2.2.1 Dependent variable: chronic pain in MIDUS
3

Assessing the level of pain interference and the number of CP
sites, as opposed to simply reporting the presence of CP, can provide
valuable insights into the intensity of pain, its impact on daily
activities, and the extent of pain distribution across the body, which
are crucial for devising effective pain interventions (32, 33).
Respondents were first asked “Do you have chronic pain, that is do
you have pain that persists beyond the time of normal healing and has
lasted from anywhere from a few months to many years?”; if so, they
were then asked about CP interference. A pain interference index was
generated by a mean score of how much pain interfered with
respondents’ activity, mood, relations, sleep, and enjoyment, ranging
from 0 to 10 (34). Then, the CP interference index was further
categorized into no pain, low interference pain (<4), and high
interference pain (>4) as a categorical variable based on the Brief Pain
Inventory Subscale cutpoint (35, 36). In addition, if respondents
reported having CP, they were asked about the location of the pain,
including head, neck, back, arms, legs, shoulders, hips, knees, and
other sites. The pain sites were summed up to an index and then
categorized it into no pain, 0-2 sites, or 3 or more sites as a
categorical variable.

2.2.2 Allostatic load — potential mediator

AL biomarkers were collected from the MIDUS 2 Biomarker
Project. Followed by previous studies (20, 31, 37-39), AL was
constructed by seven physiological systems and 27 biomarkers (shown
in Table 1). High-risk quartiles of biomarkers were used to compute
AL (40). DHEA-S and cortisol in the upper or lower 25" quartiles
were regarded as at high risk. When HFHRV, LFHRV, RMSSD, and
SDRR strength fell within their lower 25" quartile ranges, they were
at high risk. Other biomarkers falling into their upper 25" quartile
were assigned to the high-risk range. Meanwhile, biomarkers in their
high-risk quartiles were coded as 1; otherwise, 0. Then, an AL index
was computed by summing up biomarker risk scores, which
theoretically would range from 0 to 27.

Then, LCA was used to capture the phenotypes of AL (package
“poLCA” in R). The binary biomarkers were fitted into 1-7 clusters,
and the selection of the optimum number of cluster was based on
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log-likelihood, Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), entropy, and interpretability of
classification. Regarding entropy, an ideal value is close to 1, and above
0.8 is acceptable (41). As for AIC and BIC, lower values indicate a
better fit (42). However, BIC tends to favor simpler models in larger
samples due to its complexity penalty, while AIC may lean toward
more complex models. Given these considerations, seeking points of
inflection or plateauing for BIC and AIC can balance model
complexity against the risk of overfitting (42). Also, the classification
should be meaningful from a clinical or a biological perspective (42).
5,000 iterations were set to generate convergent estimation for each
LCA model.

2.2.3 Socioeconomic status — exposure of
interest

The indicator selection and operationalization of SES were based
on previous research (37, 43, 44). To refine the operationalization of
SES, the study employed both subjective and objective SES indicators
and measured SES through confirmatory factor analysis. There were
three SES periods: childhood, adulthood in MIDUS 1 and MIDUS 2.
Each SES indicator was recoded into an index ranging from 0 to 2,
where 0 represented high SES conditions, 1 represented middle SES
conditions, and 2 signified the low SES conditions (Details see
Table 2).

2.2.4 Covariates
The selection of covariates was based on previous literature and
existing knowledge (12, 13, 28, 37).

2.2.4.1 Time invariant variables

gender, ethnicity, whether the individual lived with an alcoholic
and smoker during childhood, whether the individual lived with their
biological parents, parental health.

2.2.4.2 Time variant variables in MIDUS 1 and in MIDUS 2
age, marital status, physical activity index, smoking and drinking
status, and multimorbidity. Physical activity index was also adjusted,
computing by the moderate and vigorous activity index at MIDUS 1
and the light, moderate, and vigorous activity index at MIDUS 2.
Smoking status was categorized into non-smokers, former smokers,
and current smokers. Alcohol intake status was categorized into
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Respondents at MIDUS 1 main
survey
(N=7108)

Excluded at MIDUS 2 main survey (n=2145):

Deceased/unconfirmed deceased (n=470)
Refusal (n=832)

Unable to interview (n=122)
Non-working number (n=721)

Respondents at MIDUS 2 main
survey
(N=4963)

A

Respondents at MIDUS 2
Biomarker Project

(N=1054)

Excluded at MIDUS 2 Biomarker Project (n=109):

Deceased (n=30)

Physically and mentally unable to interview (n=14)
Refusal (n=10)

Unable to interview (n=14)

Withdrawals from study or out of sample (n=2)
Not at field (n=29)

Non-working number (n=10)

A\

Respondents at MIDUS 3 main survey
(N=945)

> o

Excluded (n=164):

Missing AL data (n=100)
Missing CP data (n=64)

A

Respondents at MIDUS 3 main survey
(N=781)

FIGURE 2
Flowchart for eligible sample.

non-drinkers or those who rarely drink, light drinkers, and moderate
or above drinkers. The chronic condition index (45) greater than 2 was
coded as multimorbidity. Time-invariant variables were accounted for
in each pair of associations, and both current and preceding wave
confounders were adjusted for in the prospective analysis linking the
current wave to a subsequent wave.

2.3 Statistical analyses

All analyses were conducted using R Studio ‘Lavaan’ package and
structural equation modeling (SEM) was used. First, confirmatory
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factor analysis was employed to measure latent variables for SES and
to assess the efficacy of the single SES indicators used in measuring
SES as a whole. Then, path analysis was used to examine the chain of
risk additive model. Full information maximum likelihood (FIML)
method was applied to all models to handle missingness because it
was found efficient under the assumptions of data being missing
completely at random or missing at random (46). Additionally, the
standard errors and chi-square test statistics in this method are robust
to non-normality. A comprehensive assessment of each model fit can
be achieved by simultaneously evaluating a set of specified indices.
Generally, the comparative fit index (CFI) greater than 0.95 is
considered acceptable fit and less than 0.90 is perceived as poor fit and
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TABLE 1 High-risk values for AL biomarkers.

Biomarker High risk quartile

Hypothalamic pituitary adrenal axis
DHEA-s (ug/dL) <51 or>141
Urine cortisol (pg/g) <6.70r>19
Sympathetic nervous system
Urine epinephrine (ug/g) >2.464
Urine norepinephrine (ug/g) >32.964
Urine Dopamine (ug/g) >182.964
Parasympathetic nervous system
High-frequency HRV <55.9
Low-frequency HRV <103.4
RMSSD <12.02
SDRR (ms) <23.27
Cardiovascular
Resting heart rate (bpm) >79.8
Resting SBP (mmHg) >144
Resting DBP (mmHg) >82
Metabolic-glucose
Fasting glucose >105
Hemoglobin Alc% >6.242
HOMA-IR >4.36
Metabolic-lipids
Triglycerides (mg/dL) >156
WHR >0.965
BMI >33.028
LDL cholesterol (mg/dL) >127
HDL cholesterol (mg/dL) <43
Inflammation
CRP (mg/L) >3.655
IL6 (pg/mL) >1.23
TNF-a (pg/mL) >2.51
Fibrinogen (mg/dL) >399
E-Selectin (ng/mL) >51.88
ICAM-1 (ng/mL) >335.185
Blood Fasting IGF1 (Insulin-like
Growth Factor 1) (ng/mL) 217

Tucker-Lewis Index (TLI) greater than 0.90 indicates good fitting
models. The root mean square error of approximation (RMSEA) less
than 0.08 is considered acceptable fit (47, 48).

3 Results
3.1 Descriptive statistics

Table 3 presents the baseline characteristics of the analytic sample.
CP was reported as non-interfering by 62.7% of participants, while
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24.6% experienced low interference and 12.7% high interference pain.
Regarding pain locations, 23.8% reported 1-2 pain sites, and 13.4% had
pain in three or more locations. A majority of the participants were
married (71.4%), presenting a diverse range of smoking statuses, with
57.5% being ex-smokers, and 60.1% classified as moderate to heavy
drinkers. Lastly, the prevalence of multiple chronic conditions was
nearly evenly divided among the participants, with 50.9% affirming
their presence. Further information for SES indicators stratified by CP
measures has shown in Appendix Tables A2, A3.

Appendix Table A1 presents the fit statistics for latent class
model with 1-7 clusters, the 3-cluster model was considered the
optimal clustering. Despite the continuous reduction in AIC and
BIC, along with the progressive improvement in log-likelihood,
the enhancement in the fitness of the model with 4 and 5 clusters
was rather moderate. On the other hand, the 3-cluster model
exhibited the best entropy, suggesting a good classification.
Additionally, the 3-cluster model had an ample number of
observations within each cluster and presented meaningful
separation. Therefore, the 3-cluster model was adopted, and the
3 classes were labeled as ‘baseline’ as the biomarkers were in low
levels of dysregulation, as ‘parasympathetic dysregulation’ and as
‘metabolic dysregulation’ (see Appendix Figure Al).

3.2 SEM results

Table 4 displays the estimates for continuous latent SES variables,
with higher values denoting greater social disadvantage. The robust
model fit indices, with a Chi-square of 188.354 at 78 degrees of
freedom, a robust CFI of 0.969, a TLI of 0.952, and a RMSEA of 0.043,
suggest a well-fitting model that accurately captures the covariances
of SES indicators from childhood through adulthood.

Table 5 shows the estimated effects of the chain of risk additive
model on SES and CP. The findings suggested that previous SES
exerted a subsequent direct effect on later SES. Furthermore, only the
SES measured in MIDUS 2 significantly increased the odds in having
high CP interference in MIDUS 3 (OR=1.069, 95%CI =1.006, 1.136,
p<0.05). Nevertheless, existing evidence did not demonstrate an
additive effect of prior SES on CP in MIDUS 3 as there were no
significant indirect effects of SES on CP. Table 6 shows results of the
mediation analysis for AL. No indirect effects were found, indicating
that AL did not mediate the association between latent SES and CP.

The study subsequently conducted sensitivity analyses to assess the
robustness of the significant direct effects of the SES latent variable in
MIDUS 2 on CP in MIDUS 3. Firstly, to mitigate the impact of retirement
on SES and CP, as well as the influence of escalating multimorbidity in later
life on CP, supplementary SEM for participants aged below 65 was
conducted. The results continued to be significant. Additionally,
respondents who reported an absence of a female or male head in their
family for most of their childhood were excluded and the findings
remained significant.

4 Discussion

Using MIDUS data, this study investigated the prospective
association between life course SES and CP outcomes. Our findings
demonstrated the SES latent variable in MIDUS 2 increased odds of
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TABLE 2 Operationalization for SES indicators.

SES indicators

0 (Least disadvantaged)

SES categories and values assigned

1 (Medium)

10.3389/fpubh.2024.1365105

2 (Most disadvantaged)

Childhood SES (MIDUS 1, retrospective)

Highest level of parental education
Bachelor’s degree or more
(father’s and mother’s)

High school/GED/some college

Less than high school

1. A lot better off,
2. Somewhat better off,
3. A little better off

Financial level growing up

4. Same as average family

5. A little worse off,
6. Somewhat worse off,

7. A lot worse off

1. Managerial and professional specialty

occupations,
Father’s occupation (Census 1980
2. Technical, sales and administrative
classification)*
support occupations,

3. Service occupations

1. Operators, fabricators and
laborers,
2. Farming, forestry and fishing

occupations

1. Precision production, craft and repair
occupations,
2. Experienced unemployed not classified by

occupations

Adulthood SES (MIDUS 1 & MIDUS 2)

Income-to-needs ratio adjusted for
Affluent/adequate-income
family size and year

Low-income

Poor/extreme poverty

Highest level of education Bachelor’s degree or more

High school/GED/some college

Less than high school

Rating of current financial situation Best

Medium

Worst

Money to meet needs More than enough money

Just enough money

Not enough money

Difficulty to pay monthly bills Not at all difficult

Not very difficult/somewhat difficult

Very difficult

1. Managerial and professional specialty
Occupation (Census 1980
classification for MIDUS 1, Census
1990 classification for MIDUS 2)*

occupations,
2. Technical, sales and administrative

support occupations,

3. Service occupations

1. Operators, fabricators and
laborers,
2. Farming, forestry and fishing

occupations

1. Precision production, craft and repair
occupations,
2. Experienced unemployed not classified by

occupations

*Noting that if a father never worked due to disability, addiction, or mental issues, they were classified as unemployed. If they did not work for other reasons like raising children at home, the
mother’s occupation represented the father’s when childhood occupation variable was constructed. "Noting that if the current employment status of a respondent was unemployed,
permanently disabled, never worked, or due to other reasons, they were classified as unemployed. If they were temporarily laid off, on maternity or sick leave, or retired, their occupation was
represented by their last held position. If they were a homemaker or a part-time student, their spouse or partner’s occupation was represented. The occupation of a full-time student was

represented by their father’s occupation.

having high-interference CP in MIDUS 3. However, this study did not
demonstrate an additive SES effect on the odds of having
CP. Specifically, both childhood SES and SES in MIDUS 1 did not
impact CP, and no association was found regarding their indirect
effects. Also, the effects of SES on CP were not mediated by AL.

During MIDUS 2 survey, the average age of participants was
54years (SD=10.91), with the latent SES variable in this age group
being associated with increased pain interference odds in MIDUS 3.
At the time of MIDUS 3 survey, the average follow-up age was 63 years
(SD=10.912). Previous studies have identified a significant association
between home ownership and CWP in a similar age group (12).
Therefore, the current study may partly support the hypothesis that
midlife SES constitutes a sensitive period influencing odds in having
CP in later life. Nonetheless, this study did not observe a prospective
association between SES in MIDUS 1 (mean age 45 years, SD=10.93)
and the odds of CP in MIDUS 3. On one hand, although previous
research found that financial hardships at the age of 43 are linked to
CWP at age 68 (12), thereby elucidating the distinct impact of single
SES indicators on CP, this approach did not adequately capture the
complex interplay between these factors. Moreover, it fails to reflect
the multidimensional nature of SES (8).

On the other hand, the different results compared to birth cohort
studies might be attributed not only to the age heterogeneity among
MIDUS 1 respondents but also to the fact that a two-decade time span
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potentially diminishes the influence of SES. Shorter data collection
intervals could heighten the sensitivity of CP to SES effects (13).
Therefore, the interpretation of the age-sensitive period warrants
caution, as a portion of the significant effect observed in MIDUS 2 SES
may be ascribed to proximal effects. Comparable recency effects have
been documented in life course SES studies concerning other chronic
diseases. For example, a study using the Wisconsin Longitudinal Study
(WLS) found that proximal SES, directly affected mortality in later life
(49). Another study used a 27-year prospective cohort from northern
Sweden and found only recent SES was predictive of AL in the total
sample and in the male sample (50).

In the sensitivity analysis, this study found no association between
SES among respondents aged over 65years at MIDUS 2 and the odds
of having CP at MIDUS 3, aligning with findings from prior research
(12). With advancing age, the predominance of aging and associated
geriatric diseases emerges as key pathogenic mechanisms in CP
among older people (51) and the explanatory power of SES in
accounting for variations in reporting CP diminishes. Research that
collects CP information in younger cohorts can offer more profound
insights into the relationship between SES and CP. On the other hand,
research suggests that more severe cases of CP are linked with shorter
follow-up periods due to decease attrition (52). Therefore, mortality
related to CP potentially underestimates the severity of CP as
individuals age. Future research could be enhanced by employing
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TABLE 3 Baseline characteristics of the analytic sample.

Variable N Mean/% SD
CP variables in MIDUS 3
Pain interference 781
No pain 490 62.70%
High interference pain 99 12.70%
Low interference pain 192 24.60%
The number of pain
locations 781
No pain 490 62.70%
1-2 186 23.80%
3+ 105 13.40%
Childhood covariates (collected in MIDUS 1)
Lived with smoker
' 781
growing up
No 230 29.40%
Yes 551 70.60%
Lived with alcoholic
during childhood 780
No 611 78.30%
Yes 169 21.70%
Live with biological
781
parents
No 157 20.10%
Yes 624 79.90%
Mothers health at age 16 757
Excellent 153 20.20%
Very good 263 34.70%
Good 197 26.00%
Fair 80 10.60%
Poor 38 5.00%
Deceased 26 3.40%
Fathers health at age 16 740
Excellent 156 21.10%
Very good 244 33.00%
Good 182 24.60%
Fair 81 10.90%
Poor 38 5.10%
Deceased 39 5.30%
MIDUS 1 covariates
Gender 781
Male 351 44.90%
Female 430 55.10%
Ethnicity 766
White 717 93.60%
Non-White 49 6.40%
Age 781 44.964 10.93
(Continued)
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TABLE 3 (Continued)

Variable N Mean/% SD
Marital status 781
Divorced & Separated
& Widowed & NM 2 28.60%
Married 558 71.40%
Physical activity 761 4.922 1.034
Smoking status 781
Current smoker 101 12.90%
Ex-smoker 449 57.50%
non-Smoker 231 29.60%
Drinking status 781
Moderate + Drinker 469 60.10%
Light Drinker 247 31.60%
Non-drinker or rarely
drink 65 8.30%
Multimorbidity 766
No 376 49.10%
Yes 390 50.90%

longitudinal assessments of CP and stratifying participants based on
their follow-up duration until attrition. Such an approach would help
ascertain whether life course SES is related to widening disparities in
the odds of reporting CP.

Contrary to the findings of this study, earlier research has
suggested that experiencing financial hardship at the ages of 43,
and between 60 and 64, can have cumulative effects (12).
However, this significance was largely due to the financial
hardship experienced at age 43. This summation approach might
inadvertently overstate the relatively minor association of
financial hardship with the 60-64 age group. Also, financial
hardship exhibited a more pronounced effect at the age of 43 than
its cumulative impact observed between the ages of 43 and 60-64.
Therefore, the cumulative effect remains unclear. Utilizing path
analysis, this study was able to separately quantify the effects of
subsequent exposures (53), thus overcoming the strict assumption
that every increase in score at different times has an equal
impact on CP.

Another result inconsistent with previous studies is that this study
did not find an association with the number of CP sites. CWP
measured in previous studies was defined according to the criteria of
the American College of Rheumatology (ACR), which included pain
in contralateral body quadrants and the axial skeleton persisting for
more than three months (13). The definition of CWP according to
ACR criteria may signify a more severe condition potentially resulting
in a stronger correlation.

Although prior studies have highlighted the potential
mediating role of AL, this research did not demonstrate a
mediating effect of AL in the prospective association between
SES and CP. Similarly, a cross-sectional study in the United States
found no mediating effect of AL between SES and CP (30).
However, their definition of pain accorded with acute rather than
chronic conditions, potentially diminishing mediation effects of
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TABLE 4 Confirmatory factor analysis for SES latent variables.

10.3389/fpubh.2024.1365105

Latent factor

Childhood SES MIDUS 1 SES MIDUS 2 SES

Indicator Indicator Indicator

Father education 0.215 Income-to-needs ratio 0.383 Income-to-needs ratio 0.239

Mother education 0.497 Education 0.259 Education 0.184

Financial level growing up 0.479 Occupation 0.161 Occupation 0.156

Father occupation 0.492 Rate current financial situation 0.483 Rate current financial situation 0.720
Money to meet needs 0.489 Money to meet needs 0.823
How difficult to pay monthly bills 0.552 How difficult to pay monthly bills 0.551

Chi square = 188.354; df =78; Robust CFI=0.969; Robust TLI=0.952; Robust RMSEA =0.043. SF denotes standardized factor loadings.

TABLE 5 Estimated effects of chain of risk additive model on SES and CP.

SES->Low interference = SES->High interference SES->1-2 pain SES->3+ pain
pain pain locations locations
Direct effects Estimate (95%CI) Estimate (95%CI) Estimate (95%CI) Estimate (95%CI)
Childhood SES->M1 SES 0.207 (0.03, 0.383)* 0.277 (0.051, 0.502)* 0.238 (0.042, 0.434)* 0.304 (0.082, 0.525)**

Childhood SES->M2 SES

—0.073 (—0.202, 0.056)

—0.044 (—0.375, 0.287)

—0.061 (—0.253, 0.131)

—0.072 (—0.391, 0.247)

M1 SES->M2 SES

0.656 (0.197, 1.114)**

1.493 (0.752, 2.233)***

0.927 (0.415, 1.438)***

1.43 (0.681, 2.178)***

OR (95%CI)

OR (95%CI)

OR (95%CI)

OR (95%CI)

Childhood SES->Pain

0.98 (0.931, 1.031)

1.007 (0.958, 1.057)

0.991 (0.938, 1.046)

1.005 (0.956, 1.055)

MI SES->Pain

1.02 (0.958, 1.086)

0.927 (0.813, 1.057)

0.957 (0.873, 1.05)

1.038 (0.936, 1.152)

M2 SES->Pain

0.984 (0.948, 1.021)

1.069 (1.006, 1.136)*

1.034 (0.975, 1.097)

1.002 (0.944, 1.062)

>Pain

Mediation pathway Indirect effects (SE) Indirect effects (SE) Indirect effects (SE) Indirect effects (SE)
Childhood SES->M1 SES-

0.136 (0.080) 0.414 (0.203)* 0.221 (0.114) 0.435 (0.197)*
>M2 SES
Childhood SES->M1 SES-

0.001 (0.002) —0.003 (0.011) —0.002 (0.004) 0.000 (0.002)

Childhood SES->M2 SES-

>Pain

0.004 (0.007)

—0.021 (0.021)

—0.010 (0.012)

0.012 (0.017)

Childhood SES->M1 SES-
>M2 SES->Pain

—0.002 (0.003)

0.028 (0.020)

0.007 (0.009)

0.001 (0.013)

M1 SES->M2 SES->Pain

—0.011 (0.012)

0.100 (0.058)

0.031 (0.033)

0.002 (0.042)

Model fitting
Chi square 803.465 788.034 780.727 782.668
df 473 473 473 439
CFI 0.955 0.951 0.958 0.950
TLI 0.944 0.939 0.947 0.938
RMSEA 0.033 0.035 0.032 0.036

#p<0.05, *¥p <0.01, ***p <0.001. SE, denotes standard error. The bold values denote statistical significance.

AL. Acute pain often results from specific diseases or injuries  exploring CP subtypes and alternative intermediate mechanisms,

(54) and may not involve the same chronic stress-related  including psychosocial and health behavioral factors (8).
pathways as CP. Furthermore, the CP measures utilized in this This study has following additional advantages. Firstly, by integrating
study assessed a general CP profile of the participants, wherein ~ both primary and secondary biological indicators of chronic stress
specific CP subtypes may not be associated with the dysregulation  response to construct AL, it may enhance the measurement’s validity. This
of the chronic stress response (55). Therefore, a general measure  study not only employed the classic summative method for
of CP could obscure the potential correlation between AL and CP  operationalizing AL but also utilized LCA to capture the interrelations

specific to chronic stress (56). Future research may benefit from  among AL biomarkers. By integrating AL phenotypes into the mediation
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TABLE 6 Chain of risk additive model on SES and CP with AL (quartile-based summation and LCA-based phenotypes).

With allostatic load
(quartile-based
summation)

Mediation pathway

SES->Low interference

pain

Indirect effects (SE)

SES->High

interference pain

Indirect effects (SE)

SES->1-2 pain
locations

Indirect effects (SE)

10.3389/fpubh.2024.1365105

SES->3+ pain
locations

Indirect effects (SE)

Childhood SES->M1 SES->AL-

0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.001)
>Pain
Childhood SES->M1 SES->M2

0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
SES->AL->Pain
Childhood SES->M2 SES->AL-

0.000 (0.001) 0.001 (0.002) 0.000 (0.002) 0.002 (0.004)
>Pain
Childhood SES->AL->Pain 0.000 (0.001) 0.000 (0.001) 0.000 (0.001) 0.001 (0.001)
M1 SES->M2 SES->AL->Pain 0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
M1 SES->AL->Pain 0.000 (0.001) 0.000 (0.001) 0.000 (0.001) —0.001 (0.003)
M2 SES->AL->Pain 0.000 (0.001) 0.001 (0.002) 0.000 (0.001) 0.001 (0.003)

With allostatic load
(metabolic
dysregulation driven)

Mediation pathway

Childhood SES->M1 SES->AL-

SES->Low

interference pain

Indirect effects (SE)

SES->High

interference pain

Indirect effects (SE)

SES->1-2 pain
locations

Indirect effects (SE)

SES->3+ pain
locations

Indirect effects (SE)

>Pain

0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
>Pain
Childhood SES->M1 SES->M2

0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
SES->AL->Pain
Childhood SES->M2 SES->AL-

—0.002 (0.003) 0.001 (0.001) —0.001 (0.002) 0.001 (0.002)

Childhood SES->AL->Pain 0.001 (0.002) 0.000 (0.001) 0.001 (0.002) 0.000 (0.001)
M1 SES->M2 SES->AL->Pain 0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
M1 SES->AL->Pain 0.000 (0.002) 0.000 (0.001) 0.000 (0.001) 0.000 (0.001)
M2 SES->AL->Pain —0.002 (0.003) 0.001 (0.001) —0.001 (0.002) 0.001 (0.002)

With allostatic load
(parasympathetic
dysregulation driven)

Mediation pathway

SES->Low
interference pain

Indirect effects (SE)

SES->High
interference pain

Indirect effects (SE)

SES->1-2 pain
locations

Indirect effects
(SE)

SES->3+ pain
locations

Indirect effects
(SE)

Childhood SES->M1 SES->AL->Pain 0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.001)
Childhood SES->M1 SES->M2 SES-

AL Pain 0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
Childhood SES->M2 SES->AL->Pain 0.000 (0.000) 0.000 (0.002) 0.000 (0.002) 0.001 (0.003)
Childhood SES->AL->Pain 0.000 (0.002) 0.000 (0.000) 0.000 (0.002) 0.000 (0.001)
M1 SES->M2 SES->AL->Pain 0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
M1 SES->AL->Pain 0.000 (0.001) 0.000 (0.000) 0.000 (0.001) —0.001 (0.003)
M2 SES->AL->Pain 0.000 (0.000) 0.000 (0.001) 0.000 (0.002) 0.001 (0.002)

#p<0.05, *¥p<0.01, ***p <0.001. SE, denotes standard error.

analysis, the study may provide a comprehensive assessment. Finally, the
prospective nature of this study allows for the inclusion of early
confounders, thereby minimizing potential confounding effects and
establishing a temporal sequence in the relationship between SES and CP.

There are limitations in the present study. Although the
demographic and health characteristics of the biomarker sample

Frontiers in Public Health

closely align with those of the national survey sample (57), the analytic
sample demonstrates an underrepresentation of ethnic minorities.
Racial disparities in health outcomes are a profound concern in the
United States (58). The increasing disparity in the prevalence and
treatment of CP among ethnic minorities, driven by structural factors
such as discrimination and the chronic stress of socioeconomic
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disadvantage, calls for attention (59). Thus, future studies can
prioritize the inclusion of minority ethnic groups to address this gap.
Also, the association between SES and CP may be influenced by
attrition bias, as participants with more SES disadvantages at baseline
were more likely to drop out. This could lead to an underestimation
of the true impact of SES on CP outcomes (see Appendix Table B1).
Furthermore, childhood indicators were measured retrospectively,
which are subject to recall bias. However, the impact of this bias might
be minimal. Studies validating the concordance of childhood SES
indicators in MIDUS, using sibling and twin samples, have shown that
recall measures were generally reliable (60). Nonetheless, employing
prospective indicators for childhood conditions is recommended for
future research. While SEM was employed to assess SES, certain
variables showed variability in their factor loadings. This variability
underlines the potential to refine SES indicators within the model,
aiming for more accurate and representative measures in future
research. Finally, employing repeated measures of SES and CP might
more accurately track the dynamic interplay between these variables.

5 Conclusion

In a community-dwelling sample of US adults, proximal SES was
associated with high-interference CP. The finding emphasizes
equitable health resources distribution and policies aimed at reducing
socioeconomic disparities, which in turn could alleviate the burden of
CP in lower SES groups. The lack of indirect effects of AL highlights
the complexity of CP’s etiology and necessitates a multifaceted
approach to research and treatment. Future research could explore
other biological, psychological, or social factors that might mediate
the relationship between proximal SES and CP to improve the efficacy
of interventions for individuals suffering from CP.
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