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Chronic pain and its more disabling formhigh-impact chronic pain, defined as pain that limits life or work activitiesreflect a
complex interplay of biological, psychological, and social forces. To illuminate these forces, we analyzed more than a decade
of nationally representative U.S. data from the National Health Interview Survey (2012-2023; N = 56,253 adults, excluding
2022 when pain was not assessed) using survey-weighted logistic regression and multiple-imputation sensitivity analyses. The
analysis shows that chronic pain and HICP arise where health vulnerabilities and social disadvantages converge. Poor or fair
self-rated health, severe obesity, unemployment, smoking, arthritis, and frequent depressive symptoms were consistently linked
to both outcomes, with the associations typically stronger for HICP. Educational attainment followed a more complex pattern:
once socioeconomic and medical factors were controlled, adults with less than a high-school education did not show the expected
elevation in chronic pain risk and, in some comparisons, exhibited lower odds than high-school graduates. These results recast
chronic pain as more than an individual clinical condition. HICP emerges as a marker of cumulative disadvantagewhere biological
risk is amplified by economic insecurity, mental-health burden, and modifiable behaviors such as smoking. Effective responses
therefore require coordinated strategies: integrating mental-health services with pain management, targeting obesity and tobacco
use, and supporting employment and income stability. By identifying the social and behavioral pathways that transform persistent
pain into disabling pain, this study provides evidence for public health and policy interventions aimed at reducing both the human
and economic toll of pain.

Introduction rates of depression, anxiety, poor sleep, and reduced quality of
life®. Chronic pain is a major contributor to morbidity, disability,
and opioid use”. Patients with chronic pain are more likely
to use health care services frequently, including emergency
departments, and often report unmet treatment needs despite
ongoing medical care'l. Chronic pain is also a leading cause
of work loss and functional impairment, often driving early
retirement and long-term disability®. Because chronic pain
causes widespread suffering, social disruption, and economic
strain, understanding its correlates is urgent for improving public
health and quality of life.

Chronic Pain

The US National Center for Health Statistics defines chronic
pain as pain “on most days or every day during the past 3
months”, It is widely recognized as one of the most pressing
public health challenges globally because of its high prevalence,
substantial economic burden, and significant contribution to
years lived with disability®. In the United States alone, chronic
pain affects an estimated 50 million adults. Economically, the
total cost of chronic pain, including health care expenses and
lost productivity, is estimated at $560-$635 billion annually,
which exceeds the combined costs of heart disease, cancer, and
diabetes=. Globally, chronic pain conditions are among the lead-
ing causes of years lived with disability (YLDs), as reported in
the Global Burden of Disease studies?.

High Impact Chronic Pain

A subset of the individual with chronic pain experience High
Impact Chronic Pain (HICP) significantly limiting life or work

While most prevalence data come from cross-sectional sur-
veys, longitudinal studies are relatively scarce. Some research
has suggested that the incidence of new chronic pain cases is
about 8—11% per year, depending on the population and pain
site®™. Chronic pain can be episodic (with bouts and remis-
sions) or continuous, and the distinction is important because
continuous pain is associated with more severe outcomes®.

The burden of chronic pain is substantial. It is linked to higher

activities on most days or every day'. HICP is recognized as
an even more severe public health problem than chronic pain.
Defined by its disabling effects on daily life and work, HICP
leads to disproportionately high health care use, including more
frequent doctor visits, emergency room use, and hospitaliza-
tions”. HICP affects about one in fourteen adults, about 20
million individuals, and limits their ability to work and take part
in daily life! 2,
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Compared to those with non-HICP, individuals with HICP
have poorer physical and mental health, lower quality of life,
and higher rates of depression and anxiety''. Emerging evidence
suggests that individuals with HICP face substantially elevated
risks of mortality and reduced life expectancy. For example, a
prospective cohort study in the UK found that individuals report-
ing widespread chronic pain had a 32% higher risk of all-cause
mortality over a 10-year follow-up period, even after adjusting
for age, sex, and socioeconomic status'V. Similarly, another
study shows that chronic pain, especially when accompanied by
functional limitations or psychological distress, has been signifi-
cantly associated with reduced survival, with a hazard ratio of
1.3 for mortality in individuals with disabling pain compared
to those without pain'l. These findings suggest that HICP is
not only a source of suffering and disability, but also a predictor
of premature death, underscoring its urgency as a public health
priority.

HICP adds additional costs beyond chronic pain: people with
HICP incur higher direct medical costs and greater productivity
losses than those with chronic pain alone'™. These individuals
are more likely to be unemployed, have activity limitations,
and rely on disability benefits®. Thus, while chronic pain is
a major health problem, HICP represents an especially severe
form with amplified costs, disability, and social consequences.
Understanding both conditions and their differences is essential
for targeted interventions and efficient resource allocation.

Literature Review

Many studies have described the prevalence and consequences
chronic pain, and the social factors that shape its distribution.
Studies from Europe and Australia report patterns similar to
those in United States, showing that chronic pain is widespread
and long-lasting across many populations=612.

The burden of chronic pain extends beyond physical discom-
fort. It is linked with depression, anxiety, and sleep problems,
and it often reduces quality of lifel3"14, Pain is also connected
with increased risk of other health conditions, even mortality 10
Sex and gender differences have been well documented, with
women more likely to report severe and long-lasting pain com-
pared to men!>'10,

Economic costs are another key concern. Adults with chronic
pain use more healthcare services and have higher medical
spending than those without pain. Employment challenges cre-
ated by chronic pain are especially pronounced for people with
high-impact pain, who are more likely to face job loss or reduced
work participation 718,

Recent research also highlights the role of lifestyle and behav-
ioral factors. Physical activity is predictive: even small amounts
of light to moderate exercise are associated with lower pain
severity and better function'?. Sleep quality is strongly tied to
pain: poor sleep predicts worsening pain over time, and the rela-

tionship works both ways??*l. Medication use is widespread,

but current guidelines recommend caution with opioids and em-
phasize non-opioid and non-pharmacologic options as first-line
treatments>*. Together, these findings suggest that chronic pain
is not only a medical condition but also a social and behavioral
phenomenon influenced by health systems, policy, and everyday
life. Building on this literature, several key correlates of pain
have been consistently identified across studies.

Established Pain Correlates

Research has identified multiple factors linked to chronic pain,
spanning lifestyle behaviors, health conditions, and social con-
text. Key correlates include physical activity, sleep quality,
medication use, and healthcare utilization, each shaping how
pain is experienced and managed.

People who move more tend to report less chronic pain.
Large population studies show an inverse, dose-response pat-
tern: higher activity links to lower odds and lower severity of
chronic pain®. In older adults with pain, light to moderate
activity done in short 5S-minute bouts is helpful and realistic to
sustain®, Common barriers include fear of making pain worse,
low confidence, and lack of tailored guidance; programs work
better when they address these barriers>.

Sleep and pain also influence each other. Poor sleep raises
the risk and intensity of pain, and pain makes sleep worse. This
bidirectional link is supported by reviews and cohort studies2°.
Better sleep is associated with lower pain over time, and exercise
programs can improve insomnia in people with chronic painZ.

Medication use is another important correlate. Many people
with chronic pain use medicines, but current guidance says to
try non-opioid options first and use opioids only when benefits
clearly outweigh risks, with close follow-up?2. Since 2016, pre-
scriptions for several non-opioid agents (for example, gabapenti-
noids) have risen among adults with pain“®. In national data,
adults with pain have much higher prescription spending than
peers without pain, and opioid use is more common among
those with lower income and public coverage”.

Finally, chronic pain, especially high-impact chronic pain, is
linked to greater healthcare utilization, including more doctor
visits, more emergency department use, more hospital stays, and
higher total medical costs and is concentrated among groups
with social and economic disadvantage=U>1,

Chronic pain reflects the interaction of behaviors, medical
treatment, and social factors. Addressing it requires attention
not only to individual health habits but also to broader systems
that influence care and outcomes.

Research gaps in existing literature on pain

Despite the extensive literature on chronic pain, key knowl-
edge gaps remain, particularly regarding how the correlations of
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chronic pain differ from those of HICP. While numerous studies
have documented that women experience a higher prevalence of
chronic pain than men, less is known about whether this gender
difference exists in HICP populations!>. Moreover, although
some work has examined the sociodemographic and behavioral
risk factors for chronic pain (e.g., age, sex, socioeconomic status,
obesity, smoking), few nationally representative studies have
jointly compared the correlates of chronic pain and HICP.

These gaps leave critical questions unanswered: Do the same
risk factors predict both conditions? Are certain groups dispro-
portionately at risk for developing high-impact forms of chronic
pain? Do gender disparities widen as pain severity increases?

Clarifying these differences matters because understanding
distinct correlates can inform more precise prevention and inter-
vention strategies. For example, if depression and severe obesity
are uniquely tied to HICP, then policies and clinical programs
can prioritize mental health integration and weight management
for those at highest risk of disabling pain. Likewise, recognizing
gender-specific or employment-related disparities can help tailor
support and resource allocation for vulnerable groups.

Filling this research gap

This study aims to fill these gaps by analyzing data from the
National Health Interview Survey (NHIS), a nationally repre-
sentative sample of 56,253 US adults between 2012 and 20232,
Using this dataset, the analysis identifies the sociodemographic,
behavioral, and health-related correlates of both chronic pain
and HICP, with a particular focus on potential gender differ-
ences.

It is hypothesized that while chronic pain and HICP share
several sociodemographic, behavioral, and health-related risk
factors, HICP would exhibit stronger and more consistent asso-
ciations with indicators of psychosocial vulnerabilitysuch as de-
pressive symptoms, unemployment, and severe obesityreflecting
its status as a more disabling and multidimensional condition.

Methods

Study Sample

This study utilized data from the NHIS, a nationally representa-
tive, cross-sectional survey of the noninstitutionalized US pop-
ulation conducted annually by the Centers for Disease Control
and Prevention (CDC)=>. The analytic sample included adults
surveyed between 2012 and 2023 (N = 56,253). The year 2022
was excluded because the NHIS did not assess pain in that wave,
leaving 2012-2021 and 2023 for analysis.

The NHIS employs a complex multistage sampling design
with stratification, clustering, and oversampling of racial/ethnic
minorities to ensure national representation (Centers for Disease
Control and Prevention). Sample weights, strata, and primary

sampling units (PSUs) were accounted for in all analyses to pro-
vide valid variance estimates and population-level inferences=2.

Measures

Chronic pain was defined using the NHIS item, “In the past three
months, how often did you have pain?” with respondents report-
ing pain on most days or every day classified as having chronic
pain, consistent with CDC definitions®#. Operationally, those
selecting “most days” or “every day” were coded as chronic
pain cases. HICP was defined as chronic pain that also limited
life or work activities on most days or every day, meaning re-
spondents were classified as having HICP if they reported both
chronic pain and significant activity limitations. This definition
was based on the NHIS question, “During the past three months,
how often did pain limit your life or work activities?” with
responses of “most days” or “every day” used to define HICP.

Covariates included sociodemographic and health character-
istics: age (19-29, 30-49, 50-64, 65-85, and 85+), sex (male,
female), marital status (never married, married/partnered, sepa-
rated/divorced and widowed), education attainment (less than
high school graduate, at least some college, and high school
graduate or equivalent), and employment status (employed, not
employed, and retired). The “not employed” group included
individuals outside the labor force, such as those reporting dis-
ability, homemaking, attending school, or other reasons for not
working. Poverty level (poor/near poor, low-income, middle-
income, and high-income) was measured using the income-to-
poverty ratio (NHIS variable INCFAMO70N), which provides
family income recoded as a percentage of the Federal Poverty
Level (FPL). The NHIS recodes family income relative to the
FPL using thresholds from the survey year; thus, ratios are
based on the contemporaneous FPL values for each calendar
year (2012-2023, excluding 2022 when pain was not assessed).

Health conditions were defined using NHIS questions asking
whether a doctor or other health professional had ever told the re-
spondent that they had the condition. Specifically: arthritis was
based on ARTHGLUPEV (“Have you ever been told by a doctor
or other health professional that you have some form of arthritis,
rheumatoid arthritis, gout, lupus, or fibromyalgia?”); coronary
heart disease on CHEARTDIEV (“Have you ever been told by a
doctor or other health professional that you had coronary heart
disease?”); diabetes on DIABETICEV (‘“Have you ever been
told by a doctor or other health professional that you have di-
abetes?”); stroke on STROKEYV (“Have you ever been told by
a doctor or other health professional that you had a stroke?”);
hypertension on HYPERTENEV/HYPERTENYR (“Have you
ever been told by a doctor or other health professional that you
had hypertension or high blood pressure?”); and high cholesterol
on CHOLHIGHYR (“During the past 12 months, have you been
told by a doctor or other health professional that your blood
cholesterol level was high?”).
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Depressive symptoms, based on DEPREQ, measured using
the NHIS item, “How often do you feel depressed?” with re-
sponse options: daily, weekly, monthly, a few times a year, and
never. This was a single global measure, not a validated multi-
item scale such as the PHQ-9. These variables were selected
based on prior literature linking them to pain outcomes. Pain
and chronic pain were not assessed in the 2022 NHIS3#,

Supplementary Table S6 lists all the covariates considered in
this study, the associated NHIS question, when it was added, if
it changed recently and how.

Statistical Analyses

The sample was first summarized using weighted proportions
to describe the sociodemographic and health characteristics of
respondents. Next, the prevalence of chronic pain and HICP
was estimated overall and by sociodemographic and health char-
acteristics. Weighted descriptive statistics were then used to
summarize respondent characteristics and to estimate the preva-
lence of chronic pain and HICP across sociodemographic and
health-related subgroups. Prevalence estimates were calculated
with NHIS-supplied sampling weights, and 95% confidence in-
tervals (CIs) were obtained. Design-based chi-square tests were
employed to assess bivariate associations.

For descriptive, survey-weighted prevalence estimates, obser-
vations with missing values on the variable of interest were ex-
cluded within that estimate (design-based estimators with na.rm
= TRUE). For multivariable models, both complete-case and
multiple-imputation (MI) approaches were implemented. For
the primary analysis, records with missingness on the outcome
or any included covariate were excluded prior to model fitting.
In a sensitivity analysis, missing covariate values were imputed
using the mice package, and survey-weighted logistic regres-
sions were re-estimated on the imputed dataset to assess the
robustness of results to missing data. Analytic sample sizes are
reported with each table/figure. Years of survey was included
as a covariate in regression models to account for temporal
changes. For descriptive analyses, prevalence estimates were
calculated by survey year, and temporal patterns were visualized
to highlight shifts in pain burden across the study period.

To identify correlates of pain outcomes, two separate survey-
weighted logistic regression models were fitted: one with
chronic pain as the dependent variable and one with HICP as
the dependent variable. Both models included year, age group,
sex, marital status, educational attainment, employment status,
poverty level, self-rated health, body mass index categories, and
medical and behavioral factors (arthritis, coronary heart disease,
high cholesterol, diabetes, hypertension, stroke, smoking sta-
tus, and frequency of depressive symptoms). All covariates
were entered simultaneously in the models to provide mutually
adjusted estimates, but no formal multicollinearity diagnostics
(e.g., VIF/GVIF) were performed. Odds ratios (OR) with 95%

CIs were reported for all predictors, with reference categories
selected based on theoretical and empirical relevance (e.g., “em-
ployed” for employment, “never” for smoking, “normal weight”
for BMI).

Regression results were presented in formatted tables using
the gtsummary and gt. In addition, a side-by-side Supplementary
Table S9 compares odds-ratio estimates from the complete-case
and multiple-imputation models to demonstrate the robustness
of findings to missing data. Statistical significance was defined
at p < 0.05.

All covariates were entered simultaneously in the survey-
weighted logistic models; odds ratios are interpreted relative
to the following reference categories: Age 50-64; Sex Male;
Marital status Married/Partnered; Education Less than high
school graduate; Employment Employed; Income-to-poverty
Poor/Near Poor (< 125% FPL); Self-rated health Poor; BMI
Underweight; Smoking Never; Depression frequency Never;
Comorbidities (arthritis, CHD, diabetes, stroke, hypertension,
high cholesterol) No; and Survey year 2012.

Software and Computational Environment

All analyses were conducted solely by the author in R ver-
sion 4.5.0 (2025-04-11) on Windows 11 using a fully repro-
ducible R Markdown workflow. Analyses accounted for the
complex NHIS survey design using the survey 4.4-2 and srvyr
1.3.0 packages. Data management and transformation were per-
formed with dplyr 1.1.4 and other tidyverse packages. Regres-
sion outputs were formatted with gtsummary 2.2.0 and gt 1.0.0,
while model tidying was facilitated by broom 1.0.8. Multiple-
imputation sensitivity analyses were implemented with mice
3.16.0 and mitools 2.4 packages. Exact package versions are
documented in Supplementary Table S8. All code and documen-
tation are available from the first author upon request.

Results

Sample Characteristics

The analytic sample comprised 56,253 adults from the National
Health Interview Survey (NHIS). Weighted descriptive statistics
indicate that the sample was broadly representative of the U.S.
adult population across sociodemographic and health character-
istics=4,

The largest age group was 65—-84 years (29,054; 52%), fol-
lowed by 50-64 years (17,511; 31%), 3049 years (5,559; 9.9%),
85 years or older (3,778; 6.7%), and 19-29 years (351; 0.6%).
Males comprised 26,561 (47%) of the sample and females
29,692 (53%). Approximately 27,215 (49%) of respondents
were married or partnered, 6,037 (11%) had never married,
11,519 (21%) were separated or divorced, and 11,061 (20%)
were widowed. Regarding educational attainment, 8,239 (15%)
had less than a high school education, 16,105 (29%) were high
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school graduates or equivalent, and 31,676 (57%) had com-
pleted at least some college. In terms of employment status,
18,207 (33%) participants were employed, 24,818 (44%) were
not employed, and 12,879 (23%) were not in the labor force.
With respect to household income relative to the federal poverty
level (FPL), 10,194 (20%) were classified as poor or near poor
(below 125% FPL), 8,788 (17%) as low income (125-199%
FPL), 15,967 (32%) as middle income (200-399% FPL), and
15,659 (31%) as high income (> 400% FPL).

With respect to smoking status, 28,277 (50%) were never
smokers, 20,161 (36%) were former smokers, and 7,593 (14%)
were current smokers. In terms of depressive symptoms, 29,065
(52%) reported never feeling depressed, 15,144 (27%) reported
depressive feelings a few times per year, 3,826 (6.8%) monthly,
4,052 (7.2%) weekly, and 3,891 (7.0%) daily.

Self-rated health varied considerably: 5,106 (9.1%) reported
poor health, 12,966 (23%) fair health, 20,460 (36%) good health,
13,841 (25%) very good health, and 3,846 (6.8%) excellent
health. Regarding body-mass index categories, 235 (0.4%) were
underweight, 9,910 (18%) of normal weight, 18,673 (33%)
overweight, 13,566 (24%) had Class 1 (mild) obesity, 6,043
(11%) Class 2 (moderate) obesity, and 7,826 (14%) Class 3
(severe) obesity.

Weighted Prevalence of Chronic Pain and HICP by Key Correlates (Sorted by Chronic Pain)
Chronic Pain
HICP
Self-rated HealthExcellent
Arthritis-No
Self-rated HealthVery Good
Depression-Never
Normal weight e 5%
Never smoked =
Underweight
Hypertension-No
Overweight
High Cholestrol-No
Self-rated Health-Good
Diabetes-No
Coronary heart disease-No
Stroke-No
Obesity, Class 1
YHypertension -es

Depression-A few times a year
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High Cl

Diab Yes
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Coronan y heart disease Yes
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Self-rated Health-Fair R s47%
Arthritis-Yes
Depression-Weekly
Depression-Daily
Self-rated Health-Poor’
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Weighted Prevalence (%)

Fig. 1 Weighted prevalence of chronic pain and HICP by key
correlates, NHIS 2012-2023

Reported chronic conditions included 28,718 (51%) who had
ever been told they had arthritis, rheumatoid arthritis, gout,
lupus, or fibromyalgia; 10,360 (19%) who had coronary heart
disease; 41,113 (74%) who had high cholesterol in the past 12
months; 17,261 (31%) who had diabetes; 47,938 (85%) who

had hypertension in the past 12 months; and 5,601 (10%) who
had experienced a stroke.

Adjusted odds ratios for chronic pain and HICP by key correlates
(high - low by Chronic Pain OR, legend top right)
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Fig. 2 Adjusted odds ratios for chronic pain and HICP by key
correlates, NHIS 2012-2023

Prevalence of Chronic Pain and HICP by year

Weighted prevalence estimates and adjusted odds ratios for
chronic pain and HICP by year are presented in Supplemen-
tary Table S1. From 2012 through 2023, chronic pain remained
common among U.S. adults, with fluctuations across survey
years. Prevalence was 33.9% (95% CI: 30.5%, 37.2%) in 2012
and 33.6% (31.8%, 35.3%) in 2013, increasing to 37.0% (34.6%,
39.5%) in 2014 and 37.8% (35.3%, 40.4%) in 2015. A peak
occurred in 2016 at 46.7% (44.0%, 49.4%), followed by 42.5%
(39.7%, 45.2%) in 2017 and 38.6% (36.9%, 40.4%) in 2018.
Prevalence was 39.3% (38.1%, 40.4%) in 2019, 40.2% (38.6%,
41.9%) in 2020, and 38.3% (37.2%, 39.4%) in 2021. In 2023,
chronic pain prevalence was 42.3% (41.2%, 43.4%). Error bars
represent 95% confidence intervals.

HICP (high-impact chronic pain), defined as chronic pain that
limits life or work activities, was measured beginning in 2019.
HICP prevalence was 18.4% (95% CI: 17.5%, 19.3%) in 2019,
17.0% (16.2%, 17.9%) in 2021, and 19.8% (18.9%, 20.8%) in
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2023. Figure [3]displays chronic pain prevalence from 2012 to
2023 alongside HICP prevalence from 2019 to 2023.

Yearly Trends: Chronic Pain & HICP Prevalence with Odds Ratios (95% CI)
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Fig. 3 Yearly trends in prevalence and odds ratios of chronic pain and
HICP

Prevalence and adjusted odd ratios of chronic pain and
HICP by Demographics

Weighted prevalence estimates and adjusted odds ratios for
chronic pain and HICP by sociodemographic subgroups are
presented in Supplementary Table S2.

Age

Age was strongly associated with both chronic pain and HICP
prevalence. Young adults aged 19-29 had the lowest chronic
pain prevalence at 21.2% (95% CI: 15.8%, 26.5%) and HICP
prevalence at 13.5% (6.3%, 20.7%). Adults aged 30-49 reported
chronic pain prevalence of 35.8% (34.2%, 37.3%) and HICP
prevalence of 17.5% (15.8%, 19.1%). Prevalence increased
among those aged 50—64, reaching 41.5% (40.6%, 42.4%) for
chronic pain and 21.3% (20.3%, 22.3%) for HICP. Among adults
aged 65-84, prevalence was 39.0% (38.3%, 39.7%) for chronic
pain and 16.7% (16.0%, 17.3%) for HICP. The highest levels
were observed in adults aged 85 and older, with chronic pain
prevalence of 40.9% (38.9%, 42.8%) and HICP prevalence of
18.7% (16.5%, 20.8%).

In adjusted regression models using adults aged 50-64 as the
reference, adults aged 19-29 had significantly lower odds of
chronic pain (OR = 0.53; 95% CI: 0.37-0.76; p < 0.001) and
lower, non-significant odds of HICP (OR = 0.69; 95% CI: 0.36—
1.30; p = 0.20). Among adults aged 30—49, odds did not differ
significantly for chronic pain (OR = 0.95; 95% CI: 0.86-1.05;
p =0.30) or HICP (OR =0.87; 95% CI: 0.73-1.03; p = 0.10).
Adults aged 65-84 had significantly lower odds of chronic pain
(OR =0.79; 95% CI: 0.74-0.84; p < 0.001) and HICP (OR =
0.62; 95% CI: 0.56-0.69; p < 0.001). Similarly, adults aged
85 and older had reduced odds of chronic pain (OR = 0.79;
95% CI: 0.69-0.89; p < 0.001) and HICP (OR = 0.62; 95% CI:
0.51-0.76; p < 0.001). Figuredillustrates these age-stratified
prevalence estimates and odds ratios for both chronic pain and
HICP.

Age-wise Chronic Pain & HICP: Prevalence with Odds Ratios (95% CI)
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Fig. 4 Prevalence and odds ratios of chronic pain and HICP by Age,
NHIS 2012-2023

Sex

Sex differences in chronic pain and HICP prevalence were
observed in descriptive analyses but were not statistically signifi-
cant in adjusted models. Among males, chronic pain prevalence
was 36.9% (95% CI: 36.2%, 37.6%) and HICP prevalence was
16.5% (15.8%, 17.2%). Among females, chronic pain preva-
lence was 42.0% (41.3%, 42.7%) and HICP prevalence was
20.5% (19.8%, 21.3%). Supplementary Figure 1 displays preva-
lence estimates by sex.

In regression models using males as the reference group,
females had similar odds of chronic pain (OR = 0.99; 95% CI:
0.94-1.05; p =0.7) and HICP (OR = 0.98; 95% CI: 0.90-1.08;
p = 0.7). Supplementary Figure 1 illustrates these sex-stratified
prevalence estimates and odds ratios for both chronic pain and
HICP.

Marital Status

Marital status was associated with variation in chronic pain
and HICP prevalence. Among married or partnered adults,
chronic pain prevalence was 37.3% (95% CI: 36.6%, 37.9%) and
HICP prevalence was 16.5% (15.9%, 17.2%). Adults who were
never married had chronic pain prevalence of 37.2% (35.6%,
38.8%) and HICP prevalence of 20.4% (18.5%, 22.3%). Sepa-
rated or divorced individuals reported the highest chronic pain
prevalence at 47.1% (46.0%, 48.2%) and HICP prevalence of
24.0% (22.7%, 25.3%). Widowed adults had chronic pain preva-
lence of 42.1% (40.9%, 43.2%) and HICP prevalence of 19.5%
(18.3%, 20.7%). Figure [5|displays prevalence and odds ratios
for chronic pain and HICP by marital status.

In adjusted regression models using married/partnered adults
as the reference group, those who were never married had sig-
nificantly lower odds of chronic pain (OR = 0.72; 95% CI:
0.66-0.79; p < 0.001) and HICP (OR = 0.71; 95% CI: 0.61—
0.82; p < 0.001). Separated or divorced adults had similar odds
of chronic pain (OR = 1.06; 95% CI: 0.99-1.13; p = 0.12) and
HICP (OR = 0.92; 95% CI: 0.82-1.03; p = 0.13). Widowed
adults had significantly lower odds of chronic pain (OR = 0.90;
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Fig. 5 Prevalence and odds ratios of chronic pain and HICP by Marital
Status

95% CI: 0.83-0.97; p = 0.006) and HICP (OR = 0.82; 95% CIL:
0.73-0.92; p < 0.001).

These findings highlight notable differences in both chronic
pain and high-impact chronic pain across marital status cate-
gories.

Educational attainment

Educational attainment was associated with variation in
chronic pain and HICP prevalence. Adults with less than a
high school education had the highest prevalence of chronic
pain (45.5%, 95% CI: 44.1%, 46.9%) and HICP (24.6%, 23.1%,
26.2%). Those with a high school diploma or equivalent re-
ported chronic pain prevalence of 42.0% (41.1%, 43.0%) and
HICP prevalence of 20.7% (19.6%, 21.7%). Adults with at least
some college education had the lowest prevalence36.2% (35.5%,
36.8%) for chronic pain and 15.3% (14.7%, 15.9%) for HICP.
Supplementary Figure 2 presents prevalence estimates and odds
ratios by educational attainment.

In adjusted models using high school graduates as the refer-
ence group, adults with less than a high school education had
significantly lower odds of chronic pain (OR = 0.82; 95% CI:
0.75-0.89; p < 0.001) and adults with at least some college edu-
cation had slightly higher odds of chronic pain (OR = 1.04; 95%
CI: 0.98-1.10; p = 0.2). For HICP, using less than a high school
graduate as the reference, adults with a high school diploma
or equivalent had higher odds (OR = 1.26; 95% CI: 1.10-1.43;
p < 0.001) and those with at least some college education had
even higher odds (OR = 1.36; 95% CI: 1.20-1.55; p < 0.001).

These findings highlight substantial gradients in both chronic
pain and high-impact chronic pain prevalence by level of educa-
tion.

Employment status

Employment status was associated with differences in chronic
pain and HICP prevalence. Among employed adults, chronic
pain prevalence was 29.3% (95% CI: 28.5%, 30.1%) and HICP
prevalence was 9.5% (8.8%, 10.2%). Adults who were not em-
ployed had higher prevalence of chronic pain at 45.6% (44.8%,

46.3%) and HICP at 23.7% (23.0%, 24.4%). Those who were
not in the labor force had chronic pain prevalence of 45.1%
(44.0%, 46.2%); HICP estimates were not reported for this
group. Supplementary Figure 3 displays prevalence and odds
ratios by employment status.

In adjusted models using employed adults as the reference,
those who were not employed had significantly higher odds of
chronic pain (OR = 1.26; 95% CI: 1.17-1.36; p < 0.001) and
HICP (OR = 1.88; 95% CI: 1.67-2.11; p < 0.001). Adults not
in the labor force also had elevated odds of chronic pain (OR =
1.41; 95% CI: 1.26-1.58; p < 0.001).

These results indicate markedly higher burdens of both
chronic pain and high-impact chronic pain among adults who
are not employed compared with those who are employed.

Income Level

Income level was associated with differences in chronic pain
and HICP prevalence. Adults in the poor/near poor group (be-
low 125% FPL) had the highest prevalence, with chronic pain
at 54.1% (95% CI: 52.9%, 55.3%) and HICP at 34.6% (33.0%,
36.2%). Those in the low-income group (125-199% FPL) re-
ported chronic pain prevalence of 44.8% (43.5%, 46.1%) and
HICP prevalence of 24.4% (23.0%, 25.9%). Middle-income
adults (200-399% FPL) had chronic pain prevalence of 39.2%
(38.2%, 40.1%) and HICP prevalence of 16.6% (15.7%, 17.5%).
High-income adults (> 400% FPL) reported the lowest preva-
lence, with chronic pain at 30.8% (30.0%, 31.7%) and HICP
at 10.3% (9.6%, 11.0%). Figure [ shows prevalence and odds
ratios by income level.

Income Level: Chronic Pain & HICP (Reference: <125% FPL)
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Fig. 6 Prevalence and odds ratios of chronic pain and HICP by Income
Level

In adjusted models using the middle-income group as the
reference, adults in the poor/near poor group had significantly
higher odds of chronic pain (OR = 1.16; 95% CI: 1.07-1.26;
p < 0.001) and HICP. Those in the low-income group had no
significant difference in chronic pain odds (OR = 1.02; 95%
CI: 0.94-1.10; p = 0.7) but did have significantly higher odds
of HICP (OR = 0.83; 95% CI: 0.73-0.94; p = 0.004). High-
income adults had slightly lower odds of chronic pain (OR =
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0.94; 95% CI: 0.88-1.01; p = 0.090) and significantly lower
odds of HICP (OR = 0.58; 95% CI: 0.51-0.67; p < 0.001).

These findings show a clear income gradient, with the poorest
adults experiencing the highest prevalence and elevated odds of
both chronic pain and high-impact chronic pain.

Prevalence and adjusted odd ratios of chronic pain and
HICP by Behavioral and Psychosocial Factors

Weighted prevalence estimates and adjusted odds ratios for
chronic pain and HICP by behavioral and psychosocial factors
are presented in Supplementary Table S3.

Smoking Status

Smoking status was associated with differences in chronic
pain and HICP prevalence. Among never smokers, chronic
pain prevalence was 33.7% (95% CI: 33.0%, 34.3%) and HICP
prevalence was 14.9% (14.2%, 15.6%). Former smokers re-
ported higher rates, with chronic pain at 43.1% (42.2%, 43.9%)
and HICP at 19.4% (18.5%, 20.2%). Current smokers had the
highest prevalence, with chronic pain at 51.3% (49.9%, 52.7%)
and HICP at 29.5% (27.7%, 31.3%). Supplementary Figure 4
shows prevalence and odds ratios by smoking status.

In adjusted models using never smokers as the reference,
former smokers had significantly higher odds of chronic pain
(OR =1.30; 95% CI: 1.22-1.37; p < 0.001) and HICP (OR =
1.15; 95% CI: 1.04-1.26; p = 0.004). Current smokers also
had significantly elevated odds of chronic pain (OR = 1.46;
95% CI: 1.35-1.59; p < 0.001) and HICP (OR = 1.38; 95% CI:
1.21-1.57; p < 0.001).

Depression
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Fig. 7 Prevalence and odds ratios of chronic pain and HICP by
Depression Frequency
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Depression frequency was strongly associated with both
chronic pain and HICP. Adults who reported never feeling de-
pressed had the lowest prevalence of chronic pain (29.9%; 95%
CI: 29.2%, 30.5%) and HICP (10.8%; 95% CI: 10.2%, 11.4%).
Prevalence increased with depression frequency: 40.3% (39.3%,
41.2%) and 15.9% (15.0%, 16.8%) for those depressed a few

times a year; 51.7% (49.8%, 53.7%) and 29.3% (27.0%, 31.7%)
for those depressed monthly; 62.0% (60.2%, 63.9%) and 38.1%
(35.7%, 40.6%) for those depressed weekly; and the highest
rates among those depressed daily at 72.6% (70.8%, 74.3%)
for chronic pain and 52.7% (50.1%, 55.4%) for HICP. Figure
displays prevalence and odds ratios by depression frequency.

In adjusted models, compared to adults who never reported
depression, those reporting depression a few times a year had
significantly higher odds of chronic pain (OR = 1.42; 95% CI:
1.34-1.51; p < 0.001) and HICP (OR = 1.34; 95% CI: 1.21-
1.48; p < 0.001). Monthly depression was associated with
higher odds of chronic pain (OR = 1.89; 95% CI: 1.70-2.10;
p < 0.001) and HICP (OR = 2.38; 95% CI: 2.04-2.77; p <
0.001). Weekly depression further increased the odds of chronic
pain (OR =2.41; 95% CI: 2.18-2.67; p < 0.001) and HICP (OR
=2.60; 95% CI: 2.26-2.99; p < 0.001). Daily depression was
associated with the highest odds of chronic pain (OR = 3.18;
95% CI: 2.84-3.55; p < 0.001) and HICP (OR =3.73; 95% CI:
3.21-4.33; p < 0.001).

Prevalence and adjusted odd ratios of chronic pain and
HICP by Health Status

Weighted prevalence estimates and adjusted odds ratios for
chronic pain and HICP by health status are presented in Supple-
mentary Table S4.

Self-rated Health
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Fig. 8 Prevalence and odds ratios of chronic pain and HICP by
self-rated health

Self-rated health was strongly associated with chronic pain
and HICP prevalence. Adults reporting excellent health had
the lowest prevalence, with chronic pain at 16.3% (95% CI:
14.8%, 17.7%) and HICP at 3.1% (2.3%, 3.9%). Those with very
good health reported chronic pain prevalence of 23.6% (22.8%,
24.5%) and HICP prevalence of 6.4% (5.7%, 7.0%). For adults
with good health, prevalence was 35.2% (34.4%, 36.0%) for
chronic pain and 12.1% (11.4%, 12.8%) for HICP. Adults rating
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their health as fair reported chronic pain prevalence of 54.7%
(53.6%, 55.8%) and HICP prevalence of 27.9% (26.7%, 29.1%).
The highest levels were seen among those reporting poor health,
with chronic pain prevalence of 74.5% (73.1%, 76.0%) and
HICP prevalence of 55.7% (53.5%, 58.0%). Figure [§]presents
prevalence and odds ratios by self-rated health.

In adjusted models using adults with good health as the ref-
erence, those with poor health had significantly higher odds of
chronic pain (OR = 3.12; 95% CI: 2.81-3.46; p < 0.001) and
HICP (OR = 0.43; 95% CI: 0.38-0.49; p < 0.001, reference
= poor health for HICP models). Adults rating their health as
fair also had elevated odds (OR = 1.71; 95% CI: 1.60-1.83;
p < 0.001 for chronic pain; OR = 0.22; 95% CI: 0.19-0.25;
p < 0.001 for HICP). Conversely, those with very good health
had lower odds of both chronic pain (OR = 0.67; 95% CI: 0.62—
0.71; p < 0.001) and HICP (OR = 0.15; 95% CI: 0.12-0.17;
p < 0.001), and adults with excellent health had the lowest odds
(OR =0.53; 95% CI: 0.47-0.60; p < 0.001 for chronic pain;
OR =0.08; 95% CI: 0.06-0.11; p < 0.001 for HICP).

Obesity Level
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Obesity level was associated with variation in chronic pain
and HICP prevalence. Among adults with normal weight,
chronic pain prevalence was 33.5% (32.4%, 34.7%) and HICP
prevalence was 15.0% (13.9%, 16.2%). Underweight adults re-
ported prevalence of 34.2% (27.3%, 41.2%) for chronic pain and
19.7% (12.1%, 27.2%) for HICP. Overweight adults had chronic
pain prevalence of 34.6% (33.8%, 35.4%) and HICP prevalence
of 15.0% (14.2%, 15.8%). Adults with Class 1 (mild) obesity
reported chronic pain prevalence of 39.7% (38.7%, 40.7%) and
HICP prevalence of 18.2% (17.2%, 19.3%). Those with Class 2
(moderate) obesity reported chronic pain prevalence of 48.3%
(46.7%, 49.9%) and HICP prevalence of 22.8% (21.0%, 24.6%).
Class 3 (severe) obesity was associated with the highest preva-
lence, with chronic pain at 49.9% (48.5%, 51.2%) and HICP at
27.3% (25.7%, 28.9%). Figure [9)shows prevalence and odds
ratios by obesity level.

In adjusted models using adults with underweight as the refer-
ence, normal-weight individuals had no significant difference in
odds of chronic pain (OR = 1.18; 95% CI: 0.81-1.74; p = 0.4)
or HICP (OR =0.92; 95% CI: 0.52-1.63; p = 0.8). Overweight
adults had higher but non-significant odds of chronic pain (OR =
1.33;95% CI: 0.91-1.95; p = 0.14) and HICP (OR = 1.05; 95%
CI: 0.60-1.84; p = 0.9). For Class 1 obesity, odds of chronic
pain were significantly elevated (OR = 1.53; 95% CI: 1.04-2.24;
p = 0.030), while odds of HICP were not (OR =1.21; 95% CI:
0.69-2.13; p = 0.5). Adults with Class 2 obesity had higher
odds of both chronic pain (OR = 1.84; 95% CI: 1.25-2.72;
p = 0.002) and HICP (OR = 1.30; 95% CI: 0.74-2.30; p = 0.4).
Those with Class 3 obesity had the strongest associations, with
odds of chronic pain (OR = 1.80; 95% CI: 1.23-2.65; p = 0.003)
and HICP (OR = 1.55; 95% CI: 0.88-2.73; p = 0.13) compared
to underweight individuals.

Prevalence and adjusted odd ratios of chronic pain and
HICP by Health Conditions (Co-morbidities)

The presence of several chronic health conditions was strongly
associated with both chronic pain and HICP. Several chronic
health conditions were examined for their associations with
chronic pain and HICP. Weighted prevalence estimates and ad-
justed odds ratios for chronic pain and HICP by health condi-
tions are presented in Supplementary Table S5-S10.

Adults without arthritis, rheumatoid arthritis, gout, lupus, or
fibromyalgia had a chronic pain prevalence of 22.8% (95% CI:
22.2%, 23.4%) and HICP prevalence of 9.1% (8.5%, 9.6%).
Those with these conditions had markedly higher prevalence:
chronic pain 57.0% (56.3%, 57.7%) and HICP 28.8% (27.9%,
29.6%). Adjusted odds ratios confirmed the strong association,
with OR = 3.75 (95% CI: 3.55-3.96; p < 0.001) for chronic
pain and OR =3.04 (2.77-3.34; p < 0.001) for HICP.

Those without coronary heart disease had chronic pain preva-
lence of 37.2% (36.7%, 37.8%) and HICP prevalence of 16.9%
(16.3%, 17.4%). Adults with coronary heart disease reported
chronic pain 49.1% (47.9%, 50.2%) and HICP 25.0% (23.7%,
26.3%). Adjusted ORs indicated a modest but significant associ-
ation with chronic pain (OR = 1.11; 1.04-1.19; p = 0.003) but
no significant association with HICP (OR = 1.02; 0.92-1.13;
p=0.7).

Adults without high cholesterol had chronic pain prevalence
of 35.1% (34.1%, 36.0%) and HICP 14.8% (13.8%, 15.8%).
Those with high cholesterol reported chronic pain 40.9% (40.3%,
41.5%) and HICP 19.7% (19.0%, 20.3%). Adjusted ORs showed
no significant association for chronic pain (OR = 1.05; 0.99—
1.12; p = 0.13) or HICP (OR = 1.14; 1.02-1.27; p = 0.017).

Adults without diabetes had chronic pain prevalence of 36.0%
(35.4%, 36.6%) and HICP 15.6% (15.0%, 16.2%). Those with
diabetes reported chronic pain 46.9% (46.0%, 47.9%) and HICP
24.5% (23.5%, 25.6%). Adjusted ORs were not significant for
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chronic pain (OR = 1.02; 0.97-1.08; p = 0.4) or HICP (OR =
1.06; 0.97-1.16; p = 0.2).

Adults without hypertension had chronic pain prevalence of
34.5% (33.3%, 35.8%) and HICP 14.4% (13.1%, 15.6%). Those
with hypertension had chronic pain 40.3% (39.7%, 40.8%) and
HICP 19.2% (18.7%, 19.8%). Adjusted ORs showed no sig-
nificant association for chronic pain (OR = 1.01; 0.93-1.09;
p =0.9) or HICP (OR =0.98; 0.86-1.11; p = 0.7).

Adults without a history of stroke had chronic pain prevalence
of 38.1% (37.6%, 38.6%) and HICP 17.2% (16.6%, 17.7%).
Those with stroke reported chronic pain 51.9% (50.2%, 53.5%)
and HICP 30.0% (28.0%, 32.0%). Adjusted ORs indicated no
significant association with chronic pain (OR = 1.04; 0.95-1.14;
p =0.4) or HICP (OR = 1.09; 0.95-1.24; p =0.2).

These findings highlight the particularly strong relationship
between arthritis-related conditions and both chronic pain and
high-impact chronic pain, with more moderate or nonsignificant
associations for other chronic diseases after adjustment.

Discussion

Chronic pain prevalence in the United States showed gradual
increases from 33.9% (95% CI: 30.5%, 37.2%) in 2012 to 42.3%
(95% CI: 41.2%, 43.4%) in 2023, with year-to-year fluctuations.
The most pronounced peak occurred in 2016 (46.7%; 95% CI.:
44.0%, 49.4%), followed by a temporary decline in 2018-2021
(38.3% in 2021; 95% CI: 37.2%, 39.4%) and a subsequent rise
through 2023. While the 2016 peak may partly reflect method-
ological or survey-response variation, it also coincided with
broader increases in opioid-related morbidity and heightened
national attention to pain management. Prior work suggests
that shifts in pain reporting can arise from changes in public
awareness, diagnostic labeling, and policy contexts rather than
true epidemiologic change.*“

From 2018 onward, chronic pain prevalence decreased mod-
estly but remained high—hovering near 38—40%—before rising
again to 42.3% in 2023. This recent increase mirrors trends
reported in other population health outcomes post-pandemic,
likely linked to deferred care, greater social and economic stres-
sors, and worsening mental health.®>3% The data highlight a
persistent upward trajectory since 2021, suggesting that chronic
pain may be a long-term sequela of the pandemic rather than a
short-lived artifact.

High-impact chronic pain, first measured in 2019, was ob-
served at 18.4% (95% CI: 17.5%, 19.3%), dipped slightly in
2021 (17.0%; 95% CI: 16.2%, 17.9%), and rose to 19.8% (95%
CI: 18.9%, 20.8%) in 2023. The initial dip could reflect tem-
porary improvements in health reporting or reduced healthcare
utilization during COVID-19 disruptions, as suggested by stud-
ies documenting declines in pain-related diagnoses and elective
procedures in 2020-2021.%7 By 2023, however, the sharp in-
crease in HICP signals a growing population experiencing pain

severe enough to limit daily activities. This aligns with emerg-
ing literature linking the pandemic to increased disability burden
and long-term sequelae such as long COVID and exacerbation
of musculoskeletal disorders,3552

Adjusted odds ratios confirmed that chronic pain prevalence
in 2023 was 74% higher compared with 2012 (OR = 1.74; 95%
CI: 1.41, 2.15; p < 0.001). HICP in 2023 also showed signif-
icantly higher odds compared with 2019 (OR = 1.28; 95% CI:
1.16, 1.41; p < 0.001). These findings are consistent with na-
tional survey analyses reporting persistently high prevalence of
chronic pain and upward trajectories in HICP.*”

The diverging trajectories of chronic pain and HICP are partic-
ularly important. While chronic pain prevalence rose modestly
overall, the more pronounced increase in HICP suggests that
not only are more adults experiencing pain, but a larger pro-
portion are reporting pain that interferes with work and life
activities. This distinction supports conceptualizing HICP as a
distinct public health outcome rather than merely a severe form
of CP1®

Findings

Building on these overall patterns, my results further highlight
the specific sociodemographic, behavioral, and health-related
factors associated with chronic pain and HICP. These temporal
shifts discussed above reflect not only pandemic-era disruptions
but also broader structural changes in population health, includ-
ing aging demographics, rising obesity rates, and mental health
challenges.

Demographic factors

Age

Age demonstrated a strong but complex association with both
chronic pain (CP) and high-impact chronic pain. In unadjusted
analyses, prevalence of chronic pain and HICP increased with
age, but at somewhat different magnitudes than previously esti-
mated. Young adults aged 19-29 reported the lowest prevalence
(21.2% CP and 13.5% HICP), while prevalence rose to 35.8%
CP and 17.5% HICP among those aged 30-49, and to 41.5%
CP and 21.3% HICP among middle-aged adults aged 50-64.
Older adults aged 65-84 had 39.0% CP and 16.7% HICP, and
those aged 85 and older had 40.9% CP and 18.7% HICP. These
raw prevalence estimates reinforce the expectation that pain,
particularly disabling pain, becomes more common with aging.

However, adjusted models revealed a more nuanced pattern.
Compared with adults aged 50-64, who served as the reference
group, adults aged 19-29 had significantly lower odds of chronic
pain (OR = 0.53; 95% CI: 0.37-0.76) and non-significantly
lower odds of HICP (OR = 0.69; 95% CI: 0.36—1.30). Adults
aged 30—49 had similar odds of chronic pain (OR = 0.95; 95%
CI: 0.86-1.05) and HICP (OR = 0.87; 95% CI: 0.73-1.03). Strik-
ingly, older adults aged 65-84 and those 85 and older demon-
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strated significantly lower odds of CP (ORs = 0.79 and 0.79,
respectively) and HICP (ORs = 0.62 and 0.62, respectively),
despite their higher raw prevalence. This has been observed in
other national studies."

One of the reasons is survivor bias, in which individuals with
severe pain are less likely to live into advanced age, leaving
a healthier subset of older adults represented in survey sam-
ples. Another explanation is lifestyle adaptation; older adults
may adjust their activity levels, modify expectations, or utilize
supportive resources such as retirement benefits and Medicare,
reducing the likelihood of reporting pain as disabling. In con-
trast, middle-aged adults may experience pain as more disruptive
because it interferes with employment, caregiving, and other
role demands.*? Cohort differences in pain reporting may also
play arole, as older adults sometimes report pain differently due
to generational attitudes toward health and stoicism.

Overall, these results underscore that age is a critical but
complex determinant of pain burden. While prevalence esti-
mates suggest that chronic pain is increasingly common with
advancing age, the adjusted models highlight that the disabling
impact of pain may be felt most acutely during midlife, when
competing social and occupational responsibilities heighten the
functional consequences of pain.

Sex

Sex differences revealed an important distinction between
unadjusted and adjusted analyses. Women reported higher raw
prevalence of chronic (42.0%, 95% CI: 41.3%, 42.7% vs. 36.9%,
95% CI: 36.2%, 37.6%) and HICP (20.5%, 95% CI: 19.8%,
21.3% vs. 16.5%, 95% CI: 15.8%, 17.2%) compared with men,
aligning with prior evidence linking hormonal, biological, and
psychosocial mechanisms to greater female pain sensitivity. Yet,
in adjusted models, these differences disappeared: the odds of
chronic pain (OR =0.99, 95% CI: 0.94-1.05; p = 0.7) and HICP
(OR =0.98, 95% CI: 0.90-1.08; p = 0.7) were not significantly
different between men and women. This indicates that much of
the disparity can be explained by comorbidities, depression, and
socioeconomic conditions rather than sex itself.

These results suggest that while unadjusted rates of pain dif-
fer by sex in the general population, such disparities are largely
accounted for by broader health and social determinants such
as age, income, and comorbidities. This finding is consistent
with prior literature showing that women may be more likely
to experience or report disabling pain due to biological, psy-
chological, or social factors, but that these associations weaken
after adjustment. 12!/ There is also literature suggesting that bi-
ological, hormonal, and psychosocial mechanisms may increase
women’s likelihood of experiencing and reporting pain, includ-
ing the influence of estrogen on pain sensitivity and gendered
expectations around pain expression, 1642

The absence of significant sex differences in adjusted models
underscores the need for intersectional analyses that consider

how gender interacts with socioeconomic disadvantage, comor-
bid health conditions, and psychosocial vulnerabilities. Prior
studies similarly argue that apparent sex-based disparities in
pain reflect the intersection of biology with structural and social
determinants rather than sex as an isolated risk factor.1943

Marital Status

Marital status showed significant associations with both
chronic pain and high-impact chronic pain, though patterns were
nuanced across groups. Adults who were married or partnered
reported chronic pain prevalence of 37.3% (95% CI: 36.6%,
37.9%) and HICP prevalence of 16.5% (15.9%, 17.2%). In
contrast, those who were never married had substantially lower
prevalence—37.2% (35.6%, 38.8%) for chronic pain and 20.4%
(18.5%, 22.3%) for HICP—and significantly reduced adjusted
odds of both outcomes (OR = 0.72; 95% CI: 0.66, 0.79 for CP;
OR =0.71; 95% CI: 0.61, 0.82 for HICP). This finding sug-
gests that never-married adults may experience fewer structural
or caregiving demands that amplify pain or, alternatively, may
underreport pain due to differences in healthcare utilization or
health-seeking behavior.

Separated or divorced adults, however, had the highest lev-
els of pain burden apart from the widowed, with chronic pain
prevalence of 47.1% (46.0%, 48.2%) and HICP prevalence of
24.0% (22.7%, 25.3%). Yet in adjusted models, their odds of
both chronic pain and HICP were not significantly different
from married or partnered adults, suggesting that the observed
differences may be explained by confounding factors such as
socioeconomic status, comorbidities, or health behaviors. Wid-
owed adults reported the highest prevalence of both chronic pain
(42.1% (40.9%, 43.2%)) and HICP (19.5% (18.3%, 20.7%)). In-
terestingly, after adjustment, their odds were significantly lower
than those of married adults (OR = 0.90; 95% CI: 0.83, 0.97 for
CP; OR =0.82; 95% CI: 0.73, 0.92 for HICP), which may reflect
survivor bias, reporting differences, or resilience mechanisms
among older widowed populations.

Studies have shown that marriage is often protective for health,
conferring social, emotional, and financial resources that buffer
against illness and disability.***> Conversely, marital disrup-
tion, particularly divorce and widowhood, has been linked to
poorer health outcomes, including increased pain and disability,
often mediated by stress and loss of support.4® However, the
reduced adjusted odds observed in widowed individuals in this
study echo findings from some gerontological research, which
suggest that widowed older adults may adapt to their condition
through altered expectations, social support networks, or genera-
tional differences in pain reporting.4” The lower burden among
never-married adults compared to married counterparts contrasts
with the higher burden among separated/divorced and widowed
adults, pointing to the importance of considering heterogeneity
within marital categories.

Educational Attainment
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Unadjusted prevalence rates were highest among adults with
less than a high school education (45.5% chronic pain, 24.6%
HICP), followed by high school graduates (42.0% chronic pain,
20.7% HICP), while adults with at least some college had the
lowest prevalence (36.2% chronic pain, 15.3% HICP). Yet ad-
justed models indicated that those with less than high school
education had significantly lower odds of chronic pain (OR =
0.82,95% CI: 0.75-0.89; p < 0.001) compared with high school
graduates, while their odds of HICP did not differ significantly.
Adults with at least some college showed slightly higher odds
of chronic pain (OR = 1.04, 95% CI: 0.98-1.10; p = 0.2) com-
pared with high school graduates, and significantly higher odds
of HICP (OR = 1.36, 95% CI: 1.20-1.55; p < 0.001) compared
with adults with less than a high school education.

These findings likely reflect confounding and mediation.
Lower educational attainment is strongly correlated with older
age, comorbidities (such as arthritis and obesity), and poor self-
rated health, factors controlled for in the adjusted models that
attenuate the independent effect of education. Additionally, ed-
ucation and income-to-poverty ratio are tightly linked, making
it difficult to disentangle their separate contributions to pain
risk. 4842 Notably, the higher adjusted odds of HICP among
adults with some college compared with those with less than a
high school education may reflect differences in occupational
exposures, reporting behaviors, or health-seeking patterns, and
suggests that the education—pain relationship is not strictly lin-
ear.

Overall, these results suggest that education’s relationship
to chronic pain and HICP is indirect and context-dependent,
operating through economic resources, health behaviors, and
occupational exposures rather than serving as a standalone de-
terminant.”">! The complex pattern observed here aligns with
prior work showing that the education—health gradient can be
attenuated or reversed when social and medical covariates are
included in regression models, and underscores that the associa-
tion between educational attainment and pain may vary across
different pain outcomes and socioeconomic contexts. 22

Employment Status

Employment status remained strongly associated with both
chronic pain (CP) and high-impact chronic pain. Among em-
ployed adults, chronic pain prevalence was 29.3% (95% CI:
28.5%, 30.1%) and HICP prevalence was 9.5% (8.8%, 10.2%),
the lowest across categories. Those not employed had substan-
tially higher prevalence—45.6% (44.8%, 46.3%) for chronic
pain and 23.7% (23.0%, 24.4%) for HICP—and significantly
elevated odds of both outcomes (OR = 1.26; 95% CI: 1.17-1.36;
p < 0.001 for CP; OR = 1.88; 95% CI: 1.67-2.11; p < 0.001
for HICP). Adults who were not in the labor force, a group that
includes retirees, students, and homemakers, had chronic pain
prevalence of 45.1% (44.0%, 46.2%) and significantly elevated
adjusted odds of chronic pain (OR = 1.41; 95% CI: 1.26-1.58;

p < 0.001). For HICP, estimates were not available for this
group.

These findings are consistent with prior research linking un-
employment and labor force disengagement to higher levels of
pain and disability. Chronic pain can act as both a cause and
consequence of unemployment: individuals experiencing dis-
abling pain may be forced out of the workforce, while loss of
employment itself may exacerbate pain through reduced access
to healthcare, loss of social networks, increased psychologi-
cal stress, and diminished financial resources.>> Importantly,
the particularly strong association between unemployment and
HICP underscores the disabling nature of pain severe enough
to limit life and work activities. This aligns with prior work
showing that HICP is especially concentrated among popula-
tions with reduced labor force participation, highlighting the
bidirectional relationship between work and pain. .

The elevated burden among individuals outside the labor force
(e.g., retirees) adds another dimension. While retirement is often
associated with reduced occupational strain, it may also coincide
with greater age-related comorbidity and mobility limitations,
factors that contribute to higher pain prevalence. Although
HICP estimates were not available for this group in the updated
analysis, prior studies suggest that older adults may experience
pain as less disabling relative to work demands, as retirement
can reduce the functional consequences of pain. 4"

Taken together, these findings reinforce employment status as
a central social determinant of pain. The high levels of chronic
pain and HICP among unemployed adults point to the need for
interventions that integrate pain management with vocational
support, disability prevention, and mental health resources. Fu-
ture research should more carefully disentangle the temporal
and causal relationships between pain and workforce status, as
well as explore subgroup differences among those “not in the
labor force.”

Income Level

Income level continued to show a clear socioeconomic gra-
dient in pain outcomes. Adults in the poorest group (below
125% of the Federal Poverty Level [FPL]) reported the highest
prevalence of chronic pain (54.1%) and HICP (34.6%), com-
pared to middle-income adults (39.2% CP; 16.6% HICP) and
high-income adults (30.8% CP; 10.3% HICP). Adjusted models
confirmed this disparity: poor/near-poor adults had significantly
elevated odds of chronic pain (OR = 1.16; 95% CI: 1.07-1.26;
p < 0.001) compared to middle-income adults. Low-income
adults (125-199% FPL) showed no significant difference in
odds of chronic pain (OR = 1.02; 95% CI: 0.94-1.10; p = 0.7).
By contrast, high-income adults (>400% FPL) had lower odds
of chronic pain (OR = 0.94; 95% CI: 0.88-1.01; p = 0.090),
though this association was not statistically significant. For
HICP, compared with poor/near-poor adults, low-income adults
had significantly lower odds (OR = 0.83; 95% CI: 0.73-0.94;
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p = 0.004), middle-income adults had even lower odds (OR =
0.67; 95% CI: 0.59-0.76; p < 0.001), and high-income adults
had the lowest odds (OR = 0.58; 95% CI: 0.51-0.67; p < 0.001).

These findings are consistent with prior research demonstrat-
ing strong socioeconomic gradients in both the prevalence and
severity of pain."# Poverty increases exposure to multiple pain
risk factors, including occupational strain, unsafe living con-
ditions, reduced healthcare access, and higher rates of obesity,
depression, and multimorbidity.?> The stepwise reduction in
odds of HICP across rising income categories highlights how
socioeconomic disadvantage is particularly relevant for pain that
interferes with daily functioning. This suggests that poverty
not only increases the risk of developing chronic pain but also
amplifies its disabling impact by limiting access to effective
management strategies.

Although high-income adults showed the lowest odds of
HICP, the effect of income likely operates indirectly through
mediators such as education, employment, and health behav-
iors. This aligns with evidence that income interacts with other
social determinants, including neighborhood environment and
healthcare quality, to shape pain outcomes.>>>0

Behavioral and Psychosocial Factors

Smoking Status

Smoking was significantly associated with both chronic pain
(CP) and high-impact chronic pain. Current smokers reported
the highest prevalence (51.3% CP; 29.5% HICP), followed by
former smokers (43.1% CP; 19.4% HICP), compared to never
smokers (33.7% CP; 14.9% HICP). Adjusted odds ratios re-
vealed a graded effect: former smokers had 30% higher odds
of chronic pain (OR = 1.30; 95% CI: 1.22-1.37; p < 0.001)
and 15% higher odds of HICP (OR = 1.15; 95% CI: 1.04-1.26;
p = 0.004), while current smokers had 46% higher odds of
chronic pain (OR = 1.46; 95% CI: 1.35-1.59; p < 0.001) and
38% higher odds of HICP (OR = 1.38; 95% CI: 1.21-1.57,;
p < 0.001).

These results align with prior research showing that smoking
is a strong behavioral correlate of chronic pain and disability.
Smoking contributes to pain through multiple mechanisms, in-
cluding systemic inflammation, vascular compromise, impaired
healing, and heightened pain sensitivity due to central sensitiza-
tion.27°8 The stronger associations observed for current smokers
suggest that active exposure may exacerbate both pain intensity
and its disabling consequences, underscoring smoking cessation
as a critical pain management strategy.

Depression

Depression frequency emerged as one of the strongest cor-
relates of both chronic pain and HICP, demonstrating a clear
dose—response relationship. Adults who reported never feel-
ing depressed had the lowest prevalence (29.9% CP; 10.8%
HICP), while those with daily depressive symptoms had ex-
tremely high rates (72.6% CP; 52.7% HICP). Adjusted odds

rose progressively with symptom frequency: from 42% higher
odds of chronic pain (OR =1.42; 95% CI: 1.34-1.51; p < 0.001)
and 34% higher odds of HICP (OR = 1.34; 95% CI: 1.21-1.48;
p < 0.001) among those depressed a few times a year, to over
threefold higher odds of chronic pain (OR = 3.18; 95% CI: 2.84—
3.55; p < 0.001) and HICP (OR = 3.73; 95% CI: 3.21-4.33;
p < 0.001) among those depressed daily.

These findings are consistent with extensive evidence linking
chronic pain and depression, often described as a bidirectional re-
lationship. Depression may exacerbate pain through alterations
in stress regulation, sleep disturbance, maladaptive coping, and
increased inflammation. Conversely, persistent pain can worsen
depressive symptoms by reducing quality of life, limiting activi-
ties, and increasing social isolation.”?%% The particularly strong
association with HICP emphasizes how psychological distress
amplifies the disabling aspects of pain, making integrated treat-
ment of pain and mental health an urgent public health priority.

Health Status

Self-rated health

Self-rated health was among the strongest predictors of both
chronic pain and high-impact chronic pain. Adults reporting
poor or fair health had markedly elevated prevalence of chronic
pain (26-49%) and HICP (25-53%), while those reporting ex-
cellent health showed substantially lower prevalence (7.6% CP;
1.3% HICP). Adjusted analyses confirmed this gradient: indi-
viduals with poor self-rated health had over three times the odds
of chronic pain (OR = 3.09) and nearly five times the odds of
HICP (OR = 4.67) relative to those reporting good health.

These findings are consistent with prior evidence that self-
rated health is a robust global health indicator, capturing the
combined effects of functional limitations, psychological dis-
tress, and comorbid conditions. %2 Importantly, the association
was stronger for HICP than for chronic pain, suggesting that
perceived health is not only tied to the presence of pain but
also to its severity and disabling consequences. This aligns
with literature emphasizing the bidirectional relationship be-
tween self-rated health and pain: poor health may exacerbate
pain through reduced mobility and inflammation, while chronic
disabling pain may worsen subjective health assessments by
disrupting sleep, function, and well-being.©3

Obesity Level

Obesity demonstrated a strong, graded association with pain
outcomes. Prevalence of chronic pain increased progressively
from normal weight (33.5%) to Class III obesity (49.9%), while
HICP prevalence rose from 15.0% to 27.3%. Adjusted odds
mirrored this gradient: mild obesity (OR = 1.53; 95% CI: 1.04-
2.24), moderate obesity (OR = 1.84; 95% CI: 1.25-2.72), and
severe obesity (OR = 1.80; 95% CI: 1.23-2.65) were all sig-
nificantly associated with chronic pain, with similarly elevated
odds for HICP at higher obesity classes (up to OR = 1.55; 95%
CI: 0.88-2.73, though not all reached significance).
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These findings are in line with prior research linking obesity
to chronic musculoskeletal pain, particularly in the back, knees,
and lower extremities, due to mechanical strain as well as sys-
temic inflammation driven by adipose tissue.®*% The stronger
associations observed for HICP suggest that obesity not only
contributes to pain onset but also increases the likelihood that
pain becomes disabling. This may be explained by overlapping
pathways, including limited mobility, metabolic dysregulation,
and psychosocial stressors associated with obesity.

Notably, underweight individuals did not differ significantly
from those with normal weight (OR = 1.18; 95% CI: 0.81-1.74),
indicating that pain risk is more strongly influenced by excess
weight than by low body mass.

Together, these findings highlight the role of subjective health
perceptions and obesity as key determinants of disabling pain,
especially HICP. Whereas comorbid diseases such as heart dis-
ease or diabetes lost significance in adjusted models, Self-rated
health and obesity retained strong independent associations,
suggesting that they capture broader dimensions of health vul-
nerability. This reinforces the need for integrated interventions
addressing both physical and psychosocial contributors to pain,
with obesity reduction and health perception enhancement (e.g.,
through self-management programs) as potential priorities.

Health Conditions (Co-morbidities)

The results underscore the strong influence of comorbid
health conditions on chronic pain (CP) and high-impact chronic
pain. Musculoskeletal disorders—particularly arthritis, rheuma-
toid arthritis, gout, lupus, and fibromyalgia—were the most
powerful predictors. Adults with these conditions had a chronic
pain prevalence exceeding 57% and HICP prevalence above
28.8%, with nearly quadrupled odds of chronic pain (OR =
3.75) and tripled odds of HICP (OR = 3.04). These findings
align with prior studies documenting arthritis as the leading
cause of pain-related disability in the United States, accounting
for the majority of activity limitations attributable to chronic
pain.?% The magnitude of association highlights the central
role of inflammatory and degenerative joint conditions in driv-
ing disabling pain and emphasizes the importance of targeted
interventions for this subgroup.

Cardiometabolic conditions showed more modest associa-
tions. Adults with coronary heart disease (CHD) had higher
crude prevalence of chronic pain (49.1%) and HICP (25.0%),
but after adjustment the association was attenuated, with only
a small, though significant, increase in chronic pain odds (OR
= 1.11). Similarly, diabetes, hypertension, and stroke were as-
sociated with higher raw prevalence of pain—often exceeding
20-50%—>but these relationships did not remain statistically
significant in adjusted models. This pattern suggests that the
apparent link between cardiometabolic disease and pain may be
mediated by other factors, including obesity, depression, and
poor self-rated health, which are highly comorbid with these

conditions and were included in our models.%®

High cholesterol also demonstrated elevated crude prevalence
of chronic pain (40.9%) and HICP (19.7%), with a small but
significant adjusted association with HICP (OR = 1.14). Taken
together, these findings suggest that while cardiometabolic con-
ditions are associated with a higher absolute burden of pain,
their independent contribution to disabling pain is smaller once
overlapping risk factors are accounted for.

Stroke presented a similar pattern. While individuals with
stroke history reported very high prevalence of both chronic pain
(51.1%) and HICP (28.8%), adjusted odds ratios did not show a
significant independent effect. This may reflect the complexity
of neurological recovery: while pain is common post-stroke,
disability outcomes are often shaped by neurological deficits,
depression, and functional adaptation rather than pain alone. 6768

These results demonstrate that comorbid health conditions
strongly shape pain experiences at the population level, but their
independent predictive power varies. Arthritis-related conditions
remain the most robust and consistent predictors of disabling
pain, while cardiometabolic diseases may influence pain indi-
rectly through shared risk factors such as obesity, inflammation,
and mental health.

Impact of 2019 NHIS Redesign

The 2019 NHIS redesign introduced major structural changes to
the survey, including shorter interviews, restructured modules,
and revised question wording for many health and socioeco-
nomic measures. These modifications have important implica-
tions for this study. Certain core variables, such as age, sex,
and employment status, retained consistent wording and cod-
ing, allowing for reliable comparisons across all survey years.
However, other measures were modified in ways that affect
continuity. For example, PAINLIMACT (pain limiting usual ac-
tivities) was previously asked as “During the past 3 months, how
often did pain limit your life or work activities?” but since 2019
has been rephrased to “In the past 3 months, how often did pain
limit your usual activities?”” Similarly, HYPERTENYR (told
had hypertension in the past year) was discontinued after 2018
and replaced with HYPERTENEYV (ever told had hypertension).
Some variables were entirely new additions, such as DEPRX
(taking medication for depression), which was introduced in
2019 without a pre-2019 equivalent, and PAINFREQ3MO (pain
frequency in the past three months), which expanded analytic
possibilities but limited trend comparisons to post-2019 data.
The redesign also standardized certain measures, such as sexual
orientation, by providing fixed response categories, whereas ear-
lier years employed less consistent formats. Collectively, these
changes mean that analyses spanning pre- and post-2019 must
be interpreted with caution. For variables with stable definitions
across time (e.g., DIABETICEV, STROKEV), long-term trends
remain valid, but for measures that were reworded or newly
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introduced, results should be stratified by period or explicitly
acknowledge discontinuity in measurement. See Supplementary
Table S7 for a complete list of covariates, question status, and
the new or changed wording after the 2019 redesign.

Contributions to literature

The findings of this study broadly align with and extend prior
research on chronic pain and HICP, offering both confirmation
of established patterns and novel insights.

By updating the present estimates through 2023, this study
provides the most recent national evidence, showing that despite
greater awareness of chronic pain, HICP prevalence has not
meaningfully declined.

Regarding sociodemographic correlates, previous research
has consistently shown that women are at higher risk of both
chronic pain and HICP.13'% While descriptive results in this
study showed higher prevalence among women, adjusted models
found no significant sex differences. It is understandable that
women are inherently at greater risk for disabling pain and
suggests that disparities may instead be mediated through age,
comorbidities, depression, and socioeconomic pathways. These
results underscore the need for intersectional approaches that
integrate biological and social determinants of pain.

Age-related patterns also show partial alignment with past
work. Previous research has shown that the prevalence of
chronic pain increases with age, typically peaking in middle
to late adulthood.*1¥ A similar trend was observed for chronic
pain; however, the odds of HICP were lower among the oldest
adults (65-84 and 85+) compared to those aged 50-64. This
supports the view that older adults may adapt more effectively
to living with pain or may underreport activity limitations due
to shifting life roles, thereby reducing their likelihood of being
classified as experiencing HICP.® This nuance adds to the litera-
ture by showing that functional limitation from pain may peak
in midlife rather than old age.

The findings on socioeconomic predictors echo prior studies
showing that unemployment, lower income, and lower educa-
tion are associated with higher pain risk.”°® However, this study
highlights that while unadjusted analyses show strong socioe-
conomic gradients, adjusted models attenuate associations for
income and education, whereas employment status remains a
robust predictor. This suggests that employment disruption may
serve as the most direct marker of disability risk, linking pain to
labor force exit and long-term functional limitation."”

With respect to health behaviors, the strong associations ob-
served between smoking, obesity, and pain outcomes are well
documented in the literature.”?® Similarly, the dose-response
relationship between depressive symptoms and both chronic
pain and HICP reflects prior findings emphasizing the close
bidirectional relationship between pain and mental health, 4>
However, this study adds to the evidence base by demonstrat-

ing that these associations are consistently stronger for HICP
than for chronic pain overall, underscoring the role of behav-
ioral and psychosocial factors in distinguishing disabling from
non-disabling pain.

Finally, the dominant role of arthritis in predicting HICP,
compared to other chronic conditions, reflects broader evidence
that musculoskeletal conditions are among the leading contribu-
tors to disabling pain worldwide."#%? This analysis reinforces
arthritis as the strongest condition-level predictor of HICP and
highlights it as a priority public health target for reducing dis-
abling pain.1#¢”

Overall, this study builds upon and extends prior research
by using a comprehensive national dataset, systematically com-
paring chronic pain and HICP predictors side by side and high-
lighting both established and underappreciated patterns. Future
research should build on this work by examining longitudinal
pathways, exploring modifiable risk factors, and designing tar-
geted interventions for high-risk populations.

Strengths and Limitations

This study has several notable strengths. First, it uses a large, na-
tionally representative sample, allowing for population-level es-
timates and generalizability to the broader US adult population.
By combining data across multiple years (2012-2023), the anal-
ysis captures trends and patterns over time, providing an updated
and comprehensive view of chronic pain and HICP prevalence
and correlates. Additionally, the use of survey-weighted logis-
tic regression ensures that estimates account for the NHIS’s
complex sampling design, nonresponse, and post-stratification
adjustments, reducing potential biases.* Importantly, the study
systematically compares correlates of chronic pain and HICP, an
approach rarely seen in prior research, which typically examines
these outcomes separately. 1% This comparative design offers
new insights into how sociodemographic, health, and behavioral
factors shape not just the presence of pain, but its disabling
impact.

Several limitations were noted. First, the cross-sectional de-
sign precludes causal inference, and the observed associations
should be interpreted as correlational. Second, all measures
were self-reported, which introduces the potential for recall bias,
reporting bias, and misclassification in both exposure and out-
come variables. Third, pain and chronic pain were not assessed
in the 2022 NHIS, which created a gap in the trend analyses.
While the proportion of missingness was small, listwise dele-
tion was used to handle missing data, which assumes data are
missing completely at random and may introduce bias if this
assumption does not hold. Because some NHIS items (e.g.,
income or depressive-symptom frequency) are prone to non-
random missingness, future work could use multiple imputation
strategies tailored to complex surveys to assess robustness.

Complete-case analysis assumes data are missing completely
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at random (MCAR); if this assumption is not met, estimates may
be biased and precision reduced. Because some NHIS items
(e.g., income or depressive-symptom frequency) can exhibit
non-random missingness, results should be interpreted with
this caveat. Future analyses could employ multiple imputation
strategies designed for complex surveys to evaluate robustness
to alternative missing-data mechanisms.

Depressive symptoms were assessed using a single global
frequency question from NHIS (“How often do you feel de-
pressed?” with response options: daily, weekly, monthly, a few
times a year, or never), rather than a validated multi-item scale
such as the PHQ-2 or PHQ-9. This reliance on a single-item
measure may increase the potential for misclassification when
compared to standardized instruments.

A further limitation is that the “not employed” category com-
bines individuals with diverse circumstances (students, home-
makers, disabled, and others not in the labor force). This hetero-
geneity may mask subgroup-specific risks and complicate inter-
pretation. While sensitivity analyses excluding these subgroups
were beyond the scope of the present study, they represent an
important avenue for future research.

Additionally, the income-to-poverty ratio was based on
NHIS’s recoding of reported family income into categories rela-
tive to the survey year’s Federal Poverty Level thresholds. Be-
cause FPL values are adjusted annually, income comparisons
across years should be interpreted as relative to year-specific
poverty standards rather than fixed-dollar cutoffs.

Because all health conditions were self-reported based on re-
call of a prior doctor’s diagnosis, they may be under-ascertained
relative to clinical or medical record confirmation. This limita-
tion is common in survey-based research and may underestimate
true prevalence of comorbidities.

Finally, although many sociodemographic and health vari-
ables were adjusted for, residual confounding is possible, and
some relevant factors (such as access to care, pain management
strategies, or social support) were not available in the dataset.

Despite these limitations, the findings carry important clinical
and public health implications. Interventions aiming to reduce
the burden of chronic pain should pay particular attention to
modifiable factors like obesity, smoking, and depression, which
show strong associations with more disabling pain. Moreover,
the lack of gender differences after adjustment highlights the
need to move beyond simple demographic categories and instead
focus on underlying mechanisms and pathways that explain
disparities.

Directions for future research

This study underscores the need for longitudinal studies to clar-
ify causal pathways between chronic pain and its associated risk
factors. While cross-sectional analyses like ours highlight key
correlates, they cannot determine directionality; future research

should explore longitudinal patterns, identify protective factors
that prevent the progression from chronic pain to HICP, and
develop tailored interventions for those most at risk. Future
research should also explore whether interventions targeting
smoking, obesity, and depression can effectively prevent the
transition from chronic pain to HICP. In particular, intervention
trials should test whether reducing behavioral and psychoso-
cial risks—such as smoking cessation, obesity management,
and treatment of depression—can alter pain trajectories. Ad-
ditionally, research should investigate the surprising lack of
adjusted sex differences found in this study, as prior literature
has consistently reported higher pain prevalence among women.
Intersectional and life-course analyses that explore how sex
interacts with race, socioeconomic status, and cultural factors
would provide more nuanced insights into disparities.

At the policy level, the persistent burden of HICP calls for
stronger national strategies, including dedicated funding streams
for chronic pain research and enhanced access to integrated pain
management services. Policymakers should consider implement-
ing public health campaigns that raise awareness of high-impact
pain and promote early intervention, particularly among socioe-
conomically disadvantaged populations. Moreover, social safety
nets and disability policies should be evaluated to ensure they
adequately support individuals facing disabling chronic pain
without discouraging workforce participation. Overall, bridging
the gap between research, practice, and policy will be essential
to reducing the growing burden of chronic pain on individuals
and society. Future work should also examine structural inter-
ventions, such as workplace accommodations and insurance
reforms, to reduce pain-related disability. My findings further
suggest that health policies and interventions should prioritize
addressing depression and severe obesity as key correlates of
both chronic pain and HICP, and that targeted pain management
strategies may be particularly important for unemployed indi-
viduals and those with lower socioeconomic resources. Such
efforts may reduce disparities in disabling pain and improve
overall population health.

Recommended Actions

The findings of this study point to several actionable steps for
clinicians, healthcare systems, and public health practitioners
aiming to reduce the burden of chronic pain and HICP in the
US population. First, interventions targeting modifiable risk
factors, such as smoking cessation, weight management, and
treatment of depression, should be prioritized, as these factors
were consistently associated with higher odds of both chronic
pain and HICP.?>? Routine clinical screening should therefore
include not only assessments of pain presence but also questions
about activity limitations, to better identify individuals at risk of
progressing to disabling pain. !

Additionally, arthritis management should be strengthened,
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as arthritis emerged as the strongest medical predictor of HICP
in this study and has been shown in prior research to drive a sub-
stantial portion of disability-related health care use.!#®® Expand-
ing access to multidisciplinary pain management programs—
combining physical therapy, pharmacologic care, mental health
services, and self-management education—may reduce func-
tional impacts and improve quality of life.1

Importantly, employment and vocational support should also
be considered, as unemployment was strongly linked to dis-
abling pain; Policies that promote workplace accommodations,
protect against job loss, and strengthen vocational rehabilitation
could reduce both personal and societal burdens.’®

Conclusion

This study provides a comprehensive and up-to-date analysis of
the prevalence and correlates of chronic pain and HICP in the
United States, using nationally representative NHIS data across
multiple years. Then findings confirm that chronic pain affects
approximately one in five US adults, with nearly one-third of
these individuals experiencing disabling, high-impact pain that
significantly limits life and work activities. Importantly, while
many sociodemographic, health, and behavioral factors were
associated with both chronic pain and HICP, the strength and
pattern of these associations differed, revealing that HICP is not
simply “more pain” but represents a distinct and more severe
burden.

The study’s results highlight several modifiable risk factors,
including obesity, smoking, and depressive symptoms, that are
strongly linked to disabling pain and represent actionable targets
for intervention. At the same time, assumptions about persistent
sex-based disparities, suggesting the need for more nuanced,
intersectional research approaches.

Despite the strengths of the dataset and analytical approach,
this study underscores ongoing challenges, including the need
for longitudinal data, improved measures of pain severity and
management, and better understanding of how social and eco-
nomic contexts shape pain outcomes. Addressing these gaps is
critical for informing the design of interventions and policies
that can reduce the enormous personal, clinical, and economic
burdens imposed by chronic and HICP. Ultimately, advancing
research, clinical practice, and policy in tandem will be essential
not only to improve outcomes for individuals, but also to reduce
the broader clinical and economic burden of chronic pain and
HICP in the United States.
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Supplementary Figure S1. Prevalence and odds ratios of
chronic pain and HICP by Sex, NHIS 20122023.
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Supplementary Figure S2. Prevalence and odds ratios of
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Chronic Pain & HICP by Arthritis status
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Supplementary Tables

'y Table S1: Weighted p I and ion estimates of chronic pain and HICP in U.S. adults, NHIS
2012-2023 (N=56,253).

Chronic Pain (N=56,253) HICP (N=15,441)
n Prevalence (95% CI) OR (95% CI) p-value n Prevalence (95% CI) OR (95% CI) p-value

2012 1,242 (2.2%) 33.9% (30.5%, 37.2%) —_ —_

2013 4,734 (8.4%) 33.6% (31.8%, 35.3%) 1.14 (0.92, 1.42) 0.2

2014 2,863 (5.1%) 37.0% (34.6%, 39.5%) 1.32 (1.04, 1.66) 0.023

2015 2,695 (4.8%) 37.8% (35.3%, 40.4%) 1.27 (1.00, 1.62) 0.048

2016 2,275 (4.0%) 46.7% (44.0%, 49.4%) 1.72(1.35,2.18) <0.001

2017 1,800 (3.2%) 42.5% (39.7%, 45.2%) 1.43 (1.12, 1.83) 0.004

2018 4,399 (7.8%) 38.6% (36.9%. 40.4%) 1.34 (1.09, 1.66) 0.007

2019 10,490 (19%) 39.3% (38.1%, 40.4%) 1.36 (1.10, 1.69) 0.004 5,243 (34%) 18.4% (17.5%, 19.3%) — —
2020 5.355(9.5%) 40.2% (38.6%, 41.9%) 1.51(1.21, 1.89) <0.001 — — — —
2021 9,863 (18%) 38.3% (37.2%, 39.4%) 1.37 (1.10, 1.69) 0.004 4,931 (32%) 17.0% (16.2%, 17.9%) 0.98 (0.88, 1.08) 0.7

2022 0(0%) — — — — — — —
2023 10,537 (19%) 42.3% (41.2%, 43.4%) 1.74 (1.41, 2.15) <0.001 5,267 (34%) 19.8% (18.9%, 20.8%) 1.28 (1.16, 1.41) <0.001

Supplementary Table S2: Weighted prevalence and regression estimates of chronic pain and HICP by demographic character-
istics, NHIS 2012-2023

Chronic Pain (N=56,253) HICP (N=15,441)
n Prevalence (95% CI) OR (95% CI) p-value n Prevalence (95% CI) OR (95% CI) p-value
Age
50-64 17,511 31%) 41.5% (40.6%, 42.4%) — — 4,608 (30%) 21.3% (20.3%, 22.3%) — —
19-29 351 (0.6%) 21.2% (15.8%, 26.5%) 0.53(0.37, 0.76) <0.001 66 (0.4%) 13.5% (6.3%, 20.7%) 0.69 (0.36, 1.30) 0.2
30-49 5,559 (9.9%) 35.8% (34.2%, 37.3%) 0.95 (0.86, 1.05) 0.3 1,355 (8.8%) 17.5% (15.8%, 19.1%) 0.87 (0.73, 1.03) 0.1
65-84 29,054 (52%) 39.0% (38.3%, 39.7%) 0.79 (0.74, 0.84) <0.001 8,331 (54%) 16.7% (16.0%, 17.3%) 0.62 (0.56, 0.69) <0.001
85+ 3,778 (6.7%) 40.9% (38.9%, 42.8%) 0.79 (0.69, 0.89) <0.001 1,081 (7.0%) 18.7% (16.5%, 20.8%) 0.62(0.51,0.76) <0.001
Sex
Male 26,561 (47%) 36.9% (36.2%, 37.6%) —_ —_ 7,422 (48%) 16.5% (15.8%, 17.2%) - —
Female 29,692 (53%) 42.0% (41.3%, 42.7%) 0.99 (0.94, 1.05) 0.7 8,019 (52%) 20.5% (19.8%, 21.3%) 0.98 (0.90, 1.08) 0.7
Marital Status
Married/Partnered 27,215 (49%) 37.3% (36.6%, 37.9%) — — 7.594 (50%) 16.5% (15.9%, 17.2%) — —
Never Married 6,037 (11%) 37.2% (35.6%. 38.8%) 0.72 (0.66, 0.79) <0.001 1,638 (11%) 20.4% (18.5%, 22.3%) 0.71(0.61, 0.82) <0.001
Separated/Divorced 11,519 (21%) 47.1% (46.0%, 48.2%) 1.06 (0.99, 1.13) 0.12 3,032 (20%) 24.0% (22.7%, 25.3%) 0.92(0.82, 1.03) 0.13
Widowed 11,061 (20%) 42.1% (40.9%, 43.2%) 0.9 (0.83,0.97) 0.006 3,037 (20%) 19.5% (18.3%, 20.7%) 0.82(0.73, 0.92) <0.001
Educational Attainment
Less than HS graduate 8,239 (15%) 45.5% (44.1%, 46.9%) — — 2,022 (13%) 24.6% (23.1%, 26.2%) — —
HS graduate or equivalent 16,105 (29%) 42.0% (41.1%, 43.0%) 1.22 (1.12, 1.33) <0.001 4,382 (28%) 20.7% (19.6%, 21.7%) 1.26 (1.10, 1.43) <0.001
At least some college 31,676 (57%) 36.2% (35.5%, 36.8%) 1.27 (1.17, 1.38) <0.001 8,977 (58%) 15.3% (14.7%, 15.9%) 1.36 (1.20, 1.55) <0.001
Employment Status
Employed 18,207 (33%) 29.3% (28.5%, 30.1%) — — 4,963 (32%) 9.5% (8.8%, 10.2%) — —
Not Employed 24,818 (44%) 45.6% (44.8%, 46.3%) 1.26 (1.17, 1.36) <0.001 10,356 (68%) 23.7% (23.0%, 24.4%) 1.88 (1.67,2.11) <0.001
Not in Labor force 12,879 (23%) 45.1% (44.0%, 46.2%) 1.41 (1.26, 1.58) <0.001 0(0%)
Income Level
Poor/Near (< 125% FPL) 10,194 (20%) 54.1% (52.9%, 55.3%) — — 2,644 (18%) 34.6% (33.0%, 36.2%) — —
Low (125-199% FPL) 8,788 (17%) 44.8% (43.5%, 46.1%) 0.88 (0.80, 0.95) 0.003 2,607 (18%) 24.4% (23.0%, 25.9%) 0.83(0.73,0.94) 0.004
Middle (200-399% FPL) 15,967 (32%) 39.2% (38.2%. 40.1%) 0.86 (0.79, 0.94) <0.001 4,705 (32%) 16.6% (15.7%, 17.5%) 0.67 (0.59, 0.76) <0.001
High (> 400% FPL) 15,659 (31%) 30.8% (30.0%, 31.7%) 0.81 (0.74, 0.89) <0.001 4,713 (32%) 10.3% (9.6%, 11.0%) 0.58 (0.51, 0.67) <0.001
'y Table S3: Weighted preval and i i of chronic pain and HICP by behavioral and
psychosocial factors, NHIS 2012-2023
Chronic Pain (N=56,253) HICP (N=15,441)
n Prevalence (95% CI) OR (95% CI) p-value n Prevalence (95% CI) OR (95% CI) p-value
Smoking Status
Never smoked 28,277 (50%) 33.7% (33.0%, 34.3%) — — 7,786 (51%) 14.9% (14.2%, 15.6%) — —
Former smoker 20,161 (36%) 43.1% (42.2%, 43.9%) 1.30 (1.22, 1.37) <0.001 5,649 (37%) 19.4% (18.5%, 20.2%) 1.15 (1.04, 1.26) 0.004
Current smoker 7,593 (14%) 51.3% (49.9%, 52.7%) 1.46 (1.35, 1.59) <0.001 1,922 (13%) 29.5% (27.7%, 31.3%) 1.38 (1.21, 1.57) <0.001
Depression
Never 29,065 (52%) 29.9% (29.2%, 30.5%) — — 7,777 (51%) 10.8% (10.2%, 11.4%) — —
A few times a year 15,144 (27%) 40.3% (39.3%, 41.2%) 1.42 (1.34,1.51) <0.001 4,363 (28%) 15.9% (15.0%, 16.8%) 1.34 (1.21, 1.48) <0.001
Monthly 3,826 (6.8%) 51.7% (49.8%, 53.7%) 1.89 (1.70, 2.10) <0.001 1,074 (7.0%) 29.3% (27.0%, 31.7%) 2.38(2.04,2.77) <0.001
Weekly 4,052 (7.2%) 62.0% (60.2%, 63.9%) 2.41(2.18,2.67) <0.001 1,115 (7.3%) 38.1% (35.7%, 40.6%) 2.6(2.26,2.99) <0.001
Daily 3,891 (7.0%) 72.6% (70.8%, 74.3%) 3.18 (2.84, 3.55) <0.001 1,039 (6.8%) 52.7% (50.1%, 55.4%) 3.73(3.21,4.33) <0.001

22 | NHSJS Reports © The National High School Journal of Science 2025



'y Table S4:
2012-2023

prevalence and regression estimates of chronic pain and HICP by health status, NHIS

Chronic Pain (N=56,253)

HICP (N=15,441)

n Prevalence (95% CI) OR (95% CI) p-value n Prevalence (95% CI) OR (95% CI) p-value
Health Status
Poor 5,106 (9.1%) 74.5% (73.1%, 76.0%) — — 1,428 (9.3%) 55.7% (53.5%, 58.0%) — —
Fair 12,966 (23%) 54.7% (53.6%, 55.8%) 3.12(2.81,3.46) <0.001 3,660 (24%) 27.9% (26.7%, 29.1%) 0.43(0.38, 0.49) <0.001
Good 20,460 (36%) 35.2% (34.4%, 36.0%) 1.71 (1.60, 1.83) <0.002 5,640 (37%) 12.1% (11.4%, 12.8%) 0.22(0.19, 0.25) <0.001
Very Good 13,841 (25%) 23.6% (22.8%, 24.5%) 0.67 (0.62, 0.71) <0.001 3,783 (25%) 6.4% (5.7%, 7.0%) 0.15(0.12,0.17) <0.001
Excellent 3,846 (6.8%) 16.3% (14.8%, 17.7%) 0.53 (0.47, 0.60) <0.001 920 (6.0%) 3.1% (2.3%, 3.9%) 0.08 (0.06, 0.11) <0.001
Obesity-Level
Underweight 235 (0.4%) 34.2% (27.3%. 41.2%) — — 65 (0.4%) 19.7% (12.1%. 27.2%) — —
Normal weight 9.910 (18%) 33.5% (32.4%, 34.7%) 1.18 (0.81, 1.74) 0.4 2,722 (18%) 15.0% (13.9%, 16.2%) 0.92(0.52, 1.63) 08
Overweight 18,673 (33%) 34.6% (33.8%. 35.4%) 1.33(0.91, 1.95) 0.14 5.179 (34%) 15.0% (14.2%, 15.8%) 1.05 (0.60, 1.84) 0.9
Obesity, Class 1 13,566 (24%) 39.7% (38.7%, 40.7%) 1.53(1.04,2.24) 0.03 3,721 (24%) 18.2% (17.2%, 19.3%) 1.21 (0.69, 2.13) 0.5
Obesity, Class 2 6,043 (11%) 48.3% (46.7%, 49.8%) 1.84 (1.25,2.72) 0.002 1,673 (11%) 22.8% (21.0%, 24.6%) 1.3 (0.74, 2.30) 0.4
Obesity, Class 3 7,826 (14%) 49.9% (48.5%, 51.2%) 1.8 (1.23, 2.65) 0.003 2,081 (13%) 27.3% (25.7%, 28.9%) 1.55 (0.88,2.73) 0.13

'y Table S5:
(comorbidities), NHIS 2012-2023

prevalence and regression estimates of chronic pain and HICP by health conditions

Chronic Pain (N=56,253)

HICP (N=15,441)

n Prevalence (95% CI) OR (95% CI) p-value n Prevalence (95% CI) OR (95% CI) p-value

Arthritis/r id arthriti: pus/fib, gi

No 22.8% (22.2%, 23.4%) — — 7,690 (50%) 9.1% (8.5%. 9.6%) — —

Yes 28,718 57.0% (56.3%, 57.7%) 3.75 (3.55,3.96) <0.001 7,751 (50%) 28.8% (27.9%, 29.6%) 3.04 (2.77,3.34) <0.001
Coronary heart disease

No 37.2% (36.7%, 37.8%) — — 12,478 (81%) 16.9% (16.3%, 17.4%) — —

Yes 10,360 49.1% (47.9%, 50.2%) 111 (1.04, 1.19) 0.003 2,963 (19%) 25.0% (23.7%, 26.3%) 1.02(0.92, 1.13) 0.7
High cholesterol in past 12 months

No 35.1% (34.1%, 36.0%) — — 3,942 (25%) 14.8% (13.8%, 15.8%) — —

Yes 41,113 40.9% (40.3%, 41.5%) 1.05(0.99, 1.12) 0.13 11,499 (75%) 19.7% (19.0%, 20.3%) 1.14 (1.02, 1.27) 0.017
Diabetes

No 36.0% (35.4%, 36.6%) —_ - 10,658 (69%) 15.6% (15.0%, 16.2%) — —_

Yes 17,261 46.9% (46.0%, 47.9%) 1.02 (0.97, 1.08) 0.4 4,783 (31%) 24.5% (23.5%, 25.6%) 1.06 (0.97, 1.16) 0.2
Hypertension in past 12 months

No 34.5% (33.3%, 35.8%) — — 2,463 (16%) 14.4% (13.1%, 15.6%) — —

Yes 47,938 40.3% (39.7%, 40.8%) 1.01 (0.93, 1.09) 0.9 12,978 (84%) 19.2% (18.7%, 19.8%) 0.98 (0.86, 1.11) 0.7
Stroke

No 38.1% (37.6%, 38.6%) — — 13,869 (90%) 17.2% (16.6%, 17.7%) — —

Supplementary Table S6: Covariates and question changes following the 2019 NHIS redesign (2012-2023).

Covariate Variable Question Status New or changed Question

1 Age AGE No change since 1963

2 Arthritis ARTHGLUPEV since 1997

3 Coronary heart disease CHEARTDIEV No change since 1997

4 High cholesterol CHOLHIGHYR Introduced in 1997 but has not changed since then.

5 Depression DEPFREQ How often do you feel depressed?

6 Medication for depression DEPRX Introduced in 2019 During the past 12 months, have you taken
prescription medication for depression?

7 Diabetes DIABETICEV Almost the same since 1997. In 2001, Added explicit distinction between

“borderline diabetes” and diabetes in some survey years. Respondents
who said “borderline” were captured separately in coding.

8 Education EDUC No change since 1997

9 Employment Status EMPSTAT No change since 1997. First introduced in 1963.

10 Health Status HEALTH No change since 1982 when it was first introduced.

11 Hypertension HYPERTENYR HYPERTENYR was dropped in 2019 and HYPERTENEV must be used.

12 Combined Family Income INCFAMO70N No change since 2007. Base year was chosen as 2007.

13 Pain frequency in 3 months PAINFREQ3MO Wording changed in 2019 During the past 3 months, how often did
you have pain? In the past 3 months, how
often did you have pain?

14 Pain Impact PAINLIMACT During the past 3 months, how often did pain limit your normal work or During the past 3 months, how often did

activities? pain interfere with your usual activities?
How often did pain limit your life or work
activities in the past 3 months?

15 Pain frequency PAINLIMFAM During the past 3 months, how often did pain limit your life or family How often did pain limit your family or

activities? home responsibilities in the past 3 months?
How often did pain limit your family or
home responsibilities in the past 3 months?

16 Sex SEX No change since 1963

17 Sexual Orientation SEXORIEN Introduced in 2013. Wording remained the same in 2019 redesign,

but survey structure changed—sexual orientation (SEXORIEN) and
gender identity (TRANSGEN) were grouped under new SOGI (Sexual
Orientation and Gender Identity) items.

18 Smoking Status SMOKESTATUS2 No change since 1997

19 Stroke STROKEV s since 1997 it was first introduced.

20 ‘Work loss days WLDAYR No changes since 1969 it was first introduced.
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Supplementary Table S7: R packages used, their versions and how they were used.

Package Version How it has been used Citation
plyr 1.1.4 data wrangling, pipes, joins ~ Wickham H, Franois R, Henry L, Mller K, Vaughan D.
dplyr: A Grammar of Data Manipulation. R package
version 1.1.4.
gt 1.0.0 publication tables Tannone R, Cheng J, Schloerke B, et al. gt: Easily Create
Presentation-Ready Display Tables. R package version
1.0.0.
gtsummary 2.2.0 model and summary tables Sjoberg DD, et al. gtsummary: Presentation-Ready Data
Summary and Analytic Result Tables. R package version
2.2.0.
survey 4.4-2 complex survey design & es- Lumley T. survey: Analysis of Complex Survey Samples.
timation R package version 4.4-2; see also Lumley (2004, JSS).
SIVyr 1.3.0 tidy interface to survey Ellis GF. srvyr: ’dplyr’-Like Syntax for Summary Statis-
tics of Survey Data. R package version 1.3.0.
purtr 1.0.4 functional programming Henry L, Wickham H. purrr: Functional Programming
(map/iterate) Tools. R package version 1.0.4.
scales 1.3.0 labeling and transformations ~Wickham H, Seidel D. scales: Scale Functions for Visual-
ization. R package version 1.3.0.
broom 1.0.8 tidying model outputs Robinson D, Hayes A, et al. broom: Convert Statistical

Objects into Tidy Tibbles. R package version 1.0.8.
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Supplementary Table S8: Comparison of Complete and Missing Cases and Multiple Imputation Results for Chronic Pain and

HICP
Label Chronic Pain Complete Case HICP
Overall N = Complete Case N = Missing Case N = OR (95% CI) Imputed (d1) OR (95% CI) Complete Case OR (95% Imputed (d1) OR (95% CI)
56,253 47,903 8,350 CI)

Year
2012 1,242 (2.2%) 925 (1.9%) 317 (3.8%) — — — —
2013 4,734 (8.4%) 3,603 (7.5%) 1,131 (14%) NA 1.06 (0.88-1.29) —_ —
2014 2,863 (5.1%) 2,147 (4.5%) 716 (8.6%) NA 1.21 (0.98-1.50) —_ —
2015 2,695 (4.8%) 2,061 (4.3%) 634 (7.6%) NA 1.23 (1.00-1.52) — —
2016 2,275 (4.0%) 1,700 (3.5%) 575 (6.9%) NA 1.67 (1.34-2.06) — —
2017 1,800 (3.2%) 1,303 (2.7%) 497 (6.0%) NA 1.35 (1.09-1.68) — —
2018 4,399 (7.8%) 3,278 (6.8%) 1,121 (13%) NA 1.26 (1.04-1.52) — —
2019 10,490 (19%) 9.541 (20%) 949 (11%) NA 1.29 (1.06-1.58) — —
2020 5.355(9.5%) 4,760 (9.9%) 595 (7.1%) NA 142 (1.16-1.74) — —
2021 9.863 (18%) 8.975 (19%) 888 (11%) 1.00 (0.88-1.13) 1.30 (1.06-1.59) 0.98 (0.84-1.14) 1.01 (0.87-1.16)
2022 0(0%) 0 (0%) 0 (0%)
2023 10,537 (19%) 9.610 (20%) 927 (11%) 1.23 (1.09-1.38) 1.64 (1.35-2.01) 1.25 (1.08-1.44) 1.30 (1.13-1.49)

Age group
50-64 17,511 (31%) 15,027 (31%) 2,484 (30%) — — — —
19-29 0(0%) 0(0%) 0(0%) 0.47 (0.21-1.06) 0.72 (0.49-1.08) 0.75 (0.29-1.94) 0.90 (0.35-2.31)
30-49 351 (0.6%) 296 (0.6%) 55(0.7%) 0.91 (0.76-1.10) 0.95 (0.86-1.06) 0.89 (0.70-1.13) 0.85 (0.67-1.07)
65-84 5.559 (9.9%) 4,800 (10%) 759 (9.1%) 0.83 (0.74-0.95) 0.78 (0.72-0.84) 0.64 (0.55-0.74) 0.63 (0.55-0.73)
85+ 29,054 (52%) 24,713 (52%) 4,341 (52%) 0.82 (0.65-1.04) 0.81 (0.70-0.93) 0.68 (0.51-0.90) 0.63 (0.48-0.83)

Sex
Male 26,561 (47%) 22,592 (47%) 3,969 (48%)
Female 29,692 (53%) 25,311 (53%) 4,381 (52%) 0.92 (0.83-1.02) 1.00 (0.94-1.06) 0.95 (0.84-1.09) 0.99 (0.87-1.12)

Marital status
Married 27,215 (49%) 23,102 (48%) 4,113 (52%) — — — —
Never Married 6,037 (11%) 5274 (11%) 763 (9.6%) 0.73 (0.61-0.87) 0.73 (0.66-0.81) 0.71 (0.57-0.88) 0.75 (0.61-0.92)
Separated/Divorced 11,519 (21%) 10,110 (21%) 1,409 (18%) 1.14 (0.99-1.30) 0.99 (0.92-1.07) 0.88 (0.75-1.04) 0.93 (0.79-1.09)
Widowed 11,061 (20%) 9.417 (20%) 1,644 (21%) 0.95 (0.82-1.10) 0.89 (0.82-0.97) 0.83 (0.70-0.98) 0.85 (0.72-1.00)
Unknown 421 0 421

Education
Less than high school graduate 8,239 (15%) 7,162 (15%) 1,077 (13%) — — — —
High school graduate or equivalent 16,105 (29%) 13,723 (29%) 2.382 (29%) 1.23 (1.04-1.45) 1.20 (1.09-1.32) 1.23 (1.02-1.49) 1.19 (0.99-1.43)
At least some college 31,676 (57%) 27,018 (56%) 4,658 (57%) 1.22 (1.03-1.43) 1.27 (1.15-1.39) 1.31 (1.09-1.58) 1.27 (1.06-1.52)
Unknown 233 0 233

Employment status
Employed 18,207 (33%) 15,534 (32%) 2,673 (33%) — — — —
Not Employed 24,818 (44%) 22,788 (48%) 2,030 (25%) 1.21 (1.06-1.38) 1.28 (1.17-1.40) 1.85 (1.56-2.19) 1.95 (1.66-2.30)
Not in Labor Force 12,879 (23%) 9,581 (20%) 3,298 (41%) NA 1.41 (1.27-1.56)
Unknown 349 0 349

Income (FPL)
Poor/Near-Poor (< 125$ FPL) 10,194 (20%) 9,498 (20%) 696 (26%) — —_ —_ —
Low-income (125-199% FPL) 8,788 (17%) 8,253 (17%) 535 (20%) 0.83 (0.70-0.99) 0.87 (0.79-0.96) 0.83 (0.69-0.99) 0.85(0.72-1.01)
Middle-income (200-399% FPL) 15,967 (32%) 15,150 (32%) 817 (30%) 0.79 (0.67-0.93) 0.88 (0.80-0.96) 0.65 (0.55-0.78) 0.70 (0.59-0.82)
High-income (400% FPL or greater) 15,659 (31%) 15,002 (31%) 657 (24%) 0.76 (0.64-0.90) 0.81(0.73-0.89) 0.55 (0.45-0.68) 0.60 (0.49-0.73)
Unknown 5,645 0 5,645

Self-rated health
Poor 5,106 (9.1%) 4,469 (9.3%) 637 (7.7%) — — — —
Fair 12,966 (23%) 11,144 (23%) 1.822 (22%) 0.58 (0.48-0.71) 0.54 (0.48-0.60) 0.43 (0.36-0.51) 0.42 (0.35-0.50)
Good 20,460 (36%) 17,375 (36%) 3,085 (37%) 0.35 (0.29-0.43) 0.31 (0.28-0.35) 0.23 (0.19-0.28) 0.22 (0.18-0.26)
Very Good 13,841 (25%) 11,725 (24%) 2,116 (25%) 0.25 (0.20-0.31) 0.21 (0.18-0.24) 0.16 (0.12-0.20) 0.15 (0.12-0.19)
Excellent 3,846 (6.8%) 3,190 (6.7%) 656 (7.9%) 0.22 (0.16-0.30) 0.16 (0.14-0.19) 0.10 (0.06-0.16) 0.08 (0.05-0.12)
Unknown 34 0 34

BMI
Underweight 235 (0.4%) 196 (0.4%) 39 (0.5%) — — — —
Normal weight 9.910 (18%) 8.384 (18%) 1,526 (18%) 1.49 (0.69-3.23) 1.20 (0.76-1.91) 1.01 (0.42-2.40) 0.96 (0.44-2.08)
Overweight 18,673 (33%) 15,897 (33%) 2,776 (33%) 1.58 (0.73-3.42) 1.38 (0.87-2.18) 1.14 (0.48-2.71) 1.11 (0.52-2.39)
Obesity, Class 1 (Mild) 13,566 (24%) 11,601 (24%) 1,965 (24%) 1.74 (0.80-3.76) 1.56 (0.98-2.46) 1.27 (0.54-3.02) 1.28 (0.59-2.76)
Obesity, Class 2 (Moderate) 6,043 (11%) 5,175 (11%) 868 (10%) 2.28 (1.04-4.98) 1.92 (1.21-3.06) 1.38 (0.58-3.32) 1.37 (0.63-2.99)
Obesity, Class 3 (Severe) 7,826 (14%) 6,650 (14%) 1,176 (14%) 2.02 (0.93-4.39) 1.81(1.14-2.87) 1.57 (0.66-3.75) 1.60 (0.74-3.47)
Unknown 5,106 (9.1%) 4,469 (9.3%) 4,208 (51%)

Arthritis (ever)
Yes 28,718 (51%) 24,510 (51%) 4.208 (51%) 293 (2.64-3.24) 3.79 (3.56-4.03) 2.48 (2.16-2.84) 3.04 (2.67-3.45)
Unknown 63 63

Coronary heart disease (ever)
Yes 10,360 (19%) 8,912 (19%) 1,448 (18%) 1.15 (1.02-1.31) 1.08 (1.00-1.17) 1.01 (0.87-1.17) 1.02 (0.89-1.17)
Unknown 269 269

High cholesterol (past year)
Yes 41,113 (74%) 35,593 (74%) 5.520 (72%) 1.06 (0.94-1.19) 1.04 (0.97-1.11) 1.13(0.97-1.32) 1.12 (0.96-1.29)
Unknown 729 729

Diabetes (ever)
Yes 17.261 (31%) 15,150 (32%) 2,111 (29%) 1.03 (0.93-1.15) 1.02 (0.95-1.08) 1.06 (0.93-1.21) 1.05 (0.93-1.19)
Unknown 969 969

Hypertension (past year)
Yes 47,938 (85%) 40,954 (85%) 6,984 (85%) 0.98 (0.85-1.13) 1.00 (0.91-1.09) 0.98 (0.81-1.17) 0.99 (0.83-1.18)
Unknown 167 167

Stroke (ever)
Yes 5,601 (10.0%) 4,805 (10%) 796 (9.6%) 1.01 (0.85-1.20) 1.04 (0.94-1.15) 1.09 (0.90-1.31) 1.05 (0.88-1.26)
Unknown 73 73

Smoking status
Never 28,277 (50%) 24,038 (50%) 4,239 (52%) — — — —
Former 20,161 (36%) 17,261 (36%) 2,900 (36%) 1.24 (1.12-1.38) 1.30 (1.22-1.39) 1.09 (0.96-1.25) 1.13 (1.00-1.29)
Current 7.593 (14%) 6,604 (14%) 989 (12%) 1.35(1.15-1.59) 1.48 (1.35-1.62) 1.28 (1.06-1.54) 1.39 (1.16-1.65)
Unknown 222 0 222

Continued on next page
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Table 7

— Continued from previous page

Label Chronic Pain Complete Case HICP
Overall N = Complete Case N = Missing Case N = OR (95% CI) Imputed (d1) OR (95% CI) Complete Case OR (95% Imputed (d1) OR (95% CI)
56,253 47,903 8,350 CI)

Depression frequency

Never 29,065 (52%) 24,587 (51%) 4,478 (55%) — — — —

A few times a year 15,144 (27%) 13,053 (27%) 2,091 (26%) 1.20 (1.07-1.34) 1.41 (1.31-1.51) 1.21 (1.04-1.40) 1.36 (1.18-1.57)

Monthly 3,826 (6.8%) 3,310 (6.9%) 516 (6.4%) 1.62 (1.34-1.95) 1.88 (1.67-2.11) 2.16 (1.75-2.68) 2.46 (2.00-3.03)

Weekly 4,052 (7.2%) 3,519 (7.3%) 533 (6.6%) 2.19 (1.79-2.67) 2.33(2.08-2.62) 2.35(1.92-2.87) 2.65 (2.19-3.20)

Daily 3,891 (7.0%) 3,434 (7.2%) 457 (5.7%) 2.84 (2.27-3.54) 3.24 (2.85-3.68) 3.32(2.68-4.12) 3.80 (3.09-4.67)

Unknown 275 0 275

Supplementary Table S9: Covariates, variable names, survey questions, response coding, and analysis levels us

ed in the NHIS

Survey Question

Original Response Levels

Analysis Levels

What is [your/subject’s] age?

Have you ever been told by a doctor or other health pro-
fessional that you have some form of arthritis, rheumatoid
arthritis, gout, lupus, or fibromyalgia?

Have you ever been told by a doctor or other health pro-
fessional that you had coronary heart disease?

During the past 12 months, have you been told by a doctor
or other health professional that your blood cholesterol
level was high?

How often do you feel depressed?

During the past 12 months, have you taken prescription
medication for depression?

Have you ever been told by a doctor or other health pro-
fessional that you have diabetes?

‘What is the highest level of school you have completed or
the highest degree you have received?

LAST WEEK, did you work for pay at a job or business?
Did you have a job or business LAST WEEK, but were
temporarily absent due to illness, vacation, family or ma-
ternity leave, or some other reason? What is the MAIN
reason you were not working for pay at a job or business
last week? Does [sample adult] work for pay at a job or
business?

Would you say your health in general is excellent, very
good, good, fair, or poor?

During the past 12 months, have you been told by a doctor
or other health professional that you had hypertension,
also called high blood pressure?

Which of these groups represents your total combined
family income during the past 12 months? This includes
money from jobs, Social Security, retirement income, un-
employment payments, public assistance, and so forth.

During the past 3 months, how often did you have pain?

During the past 3 months, how often did pain limit your
normal work or activities?

During the past 3 months, how often did pain limit your
life or family activities?

Are you male or female?

Have you smoked at least 100 cigarettes in your entire
life? Do you now smoke cigarettes every day, some days,
or not at all?

Have you ever been told by a doctor or other health pro-
fessional that you had a stroke?

Reported as a continuous variable in years (0, 1, 2, ..., 85).
Ages 85 and older are top-coded to 85. Special codes: 97
= Refused, 98 = Not Ascertained, 99 = Don’t Know

0 NIU, 1 No, 2 Yes, 7 Unknown-refused, 8 Unknown-not
ascertained, 9 Unknown-don’t know

ONIU, 1 No, 2 Yes, 7 Unknown-refused, 8 Unknown-not
ascertained, 9 Unknown—don’t know

0 NIU, 1 No, 2 Yes, 7 Unknown-refused, 8 Unknown-not
ascertained, 9 Unknown-don’t know

ONIU, I Daily, 2 Weekly, 3 Monthly, 4 A few times a year,
5 Never, 7 Unknown-refused, 8 Unknown-not ascertained,
9 Unknown-don’t know

0 NIU, 1 No, 2 Yes, 7 Unknown-refused, 8 Unknown-not
ascertained, 9 Unknown-don’t know

0 NIU, 1 No or not mentioned, 2 Yes or mentioned, 3 Bor-
derline, 7 Unknown-refused, 8 Unknown-not ascertained,
9 Unknown-don’t know

000 NIU, 100 Grade 12 or less, no high school diploma
or equivalent, 101 Grade 8 or less (no further detail), 102
Never attended/kindergarten only, 103 Grades 1-11 (no
further detail), [continues...], 200 High school diploma
or GED, [continues...], 300 Some college, no 4yr degree,
[continues...], 400 Bachelor’s degree (BA,AB,BS,BBA),
500 Master’s, Professional, or Doctoral Degree [contin-
ues...]

000 NIU, 100 Employed, 110 Working, 111 Working
for pay at job/business, 112 Working, w/out pay, at
job/business, 120 With job, but not at work, 121 With job,
not at work: not laid-off, not looking, 122 With job, not
at work: looking, 200 Not employed, 210 Unemployed,
[continues...], 220 Not in labor force

1 Excellent, 2 Very Good, 3 Good, 4 Fair, 5 Poor,
7 Unknown-refused, 8 Unknown-not ascertained, 9
Unknown-don’t know

O NIU, 1 No, 2 Yes, 7 Unknown-refused, 8 Unknown-not
ascertained, 9 Unknown-don’t know

10 $0 - $49,999 (no further detail), 11 $0 - $34,999, 12
$35,000 - $49,999, 20 $50,000 and over (no further detail;
available 2007-2013), 21 $50,000 - $99,999 (no further
detail), 22 $50,000 - $74,999, 23 $75,000 - $99,999, 24
$100,000 and over, 96 Undefined, 99 Unknown

0 NIU, I Never, 2 Some days, 3 Most days, 4 Every
day, 7 Unknown-refused, 8 Unknown-not ascertained, 9
Unknown-don’t know

0 NIU, 1 Never, 2 Some days, 3 Most days, 4 Every
day, 7 Unknown-refused, 8 Unknown-not ascertained, 9
Unknown-don’t know

0 NIU, 1 Never, 2 Some days, 3 Most days, 4 Every
day, 7 Unknown-refused, 8 Unknown-not ascertained, 9
Unknown-don’t know

1 =Male, 2 = Female, 7 = Refused, 8 = Not Ascertained,
9 =Don’t Know

00 NIU, 10 Current smoker, 11 Current every day smoker,
12 Current some day smoker, 13 Current smoker, unknown
how often smokes, 20 Former smoker, 30 Never smoked,
40 Has smoked, current smoking status unknown, 90 Un-
known if ever smoked

O NIU, 1 No, 2 Yes, 7 Unknown-refused, 8 Unknown-not
ascertained, 9 Unknown-don’t know

AGE > 19 & AGE < 29 ~ “19-29", AGE > 30 & AGE
<49 ~ “30-49”, AGE > 50 & AGE < 64 ~ “50-64",
AGE > 65 & AGE < 84 ~ “65-84”, AGE > 85 ~ “85+”

ARTHGLUPEV==1 ~
“Yes”

“No”, ARTHGLUPEV==2 ~

CHEARTDIEV==1 ~ “No”, CHEARTDIEV==2 ~ “Yes”

CHOLHIGHYR==1 ~
“Yes”

“No”, CHOLHIGHYR==2 ~

~ “Daily”, DEPFREQ==2 ~ “Weekly”,
~ “Monthly”, DEPFREQ==4 ~ “A few
times a year”, DEPFREQ==5 ~ “Never”

DEPRX==1 ~ “No”, DEPRX==2 ~ “Yes”

DIABETICEV==1 ~ “No”, DIABETICEV==2 ~ “Yes”

EDUC (100:116) ~ “Less than high school graduate”,
EDUC (200:202) ~ “High school graduate or equivalent”,
EDUC (300:505) ~ “At least some college™

EMPSTAT (100:122) ~ “Employed”, EMPSTAT (200) ~
“Not Employed”, EMPSTAT (210:217) ~ “Unemployed”,
EMPSTAT (220) ~ “Not in labor force™

HEALTH==1 ~ “5. Excellent”, HEALTH==2 ~ “4. Very
Good”, HEALTH==3 ~ “3. Good”, HEALTH==4 ~ “2.
Fair”, HEALTH==5 ~ “1. Poor”

HYPERTENYR==1 ~ “No”, HYPERTENYR==2 ~
“Yes”

POVERTY (10:21) ~ < 125% FPL, POVERTY (22-24)
~ 125-199% FPL, POVERTY (30-34) ~ 200-399% FPL,
POVERTY (35,37) ~ > 125% FPL

PAINFREQ3MO (3,4) ~ 1, PAINFREQ3MO (1,2) ~ 0

PAINLIMACT (3,4) ~ 1, PAINLIMACT (1,2) ~ 0

PAINLIMFAM (3,4) ~ 1, PAINLIMFAM (1,2) ~ 0

SEX==1 ~ “Male”, SEX==2 ~ “Female”

SMOKESTATUS2 (10:13) ~ “Current”, SMOKESTA-

TUS2 (207, “40”) ~ “Former”, SMOKESTATUS2 (“30")
~ “Never”

STROKEV==1 ~ “No”, STROKEV==2 ~ “Yes”

2012-2023.
Covariate Variable

1 Age AGE

2 Arthritis ARTHGLUPEV

3 Coronary CHEARTDIEV
heart disease

4 High choles- CHOLHIGHYR
terol

5 Depression DEPFREQ

6 Medication DEPRX
for depression

7 Diabetes DIABETICEV

8 Education EDUC

9 Employment EMPSTAT
Status

10 Health Status HEALTH

11 Hypertension HYPERTENYR

12 Combined POVERTY
Family In-
come

13 Pain fre- PAINFREQ3MO
quency in 3
months

14 Pain Impact PAINLIMACT

15 Pain fre- PAINLIMFAM
quency

16 Sex SEX

17 Smoking Sta- SMOKESTATUS2
tus

18 Stroke STROKEV
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