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Abstract

Background Opioid users across federal poverty levels have varying healthcare consumption, which could influence
public health policies to address the opioid crisis. To better understand this relationship, we evaluated the associations
between federal poverty level (FPL) with healthcare costs and utilizations among adult opioid users in the United
States (US).

Methods A serial cross-sectional study using pooled data (2008-2019) from the Medical Expenditure Panel Survey
(MEPS) was used to evaluate the association between FPL with healthcare expenditures among a representative
sample of the US adult population with > =1 opioid prescription. FPL was defined as Poor/Near Poor-Income, Low-
Income, Middle-Income, and High-Income. Healthcare expenditures included costs and resource utilization. Survey
weights were applied to generate standard errors for the representative sample of the US population. Generalized
linear models were constructed to evaluate the association between FPL and healthcare expenditures adjusting

for confounders. FPL groups were stratified by insurance coverage, frequency of opioid prescriptions filled, and pain
level to evaluate their impact on healthcare expenditures.

Results Total weighted sample was 27,289,263 respondents; 21.6% in Poor/Near Poor-Income, 14.9% in Low-Income,
28.6% in Middle-Income, and 34.9% in High-Income groups. The average annual increase in total healthcare costs

for the Poor/Near Poor-Income group was $451 (95% Cl: $142-5$761), $275 (95% Cl: $48-5502) for the Low-Income
group, $640 (95% Cl: $447-5834) for the Middle-Income group, and $618 (95% Cl: $360-$877) for the High-Income
group. Between-group comparisons yielded significant increases in average annual total healthcare costs for Mid-
dle- and High-Income groups versus Low-Income group; significant increases in average annual emergency room
costs between Middle- versus Low-Income groups, and significant increases in average annual inpatient costs
between Middle-Income versus Poor/Near Poor- and Low-Income groups. Stratified analyses yielded several signifi-
cantincreases in average annual costs and expenditures. However, no differences were reported for respondents who
were uninsured across FPL groups.

Conclusions Respondents across FPL groups consumed healthcare at various rates, particularly when strati-
fied by insurance coverage, frequency of opioid prescriptions filled, and pain level. FPL plays an important role
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in healthcare consumption, but further research is needed to understand these mechanisms and their impact

on the opioid crisis.

Keywords Healthcare expenditures, Healthcare consumption, Federal poverty level, Opioids, United States, Medical

Expenditure Panel Survey, Costs, Utilization

Introduction

Opioid-related overdoses and deaths have been increas-
ing substantially in the United States (US) resulting in
the US Department of Health and Human Services Act-
ing Secretary to declare a public health emergency [1].
According to the US National Center on Health Sta-
tistics in June 2024, over 70,000 individuals have died
from an opioid-related overdose, a 131% increase from
June 2015 [2]. The Stanford—Lancet Commission on the
North American Opioid Crisis identified several factors
responsible for this public health emergency [3]. These
factors include an unregulated opioid drug market, avail-
ability of cheaper alternative illicit drugs (e.g., heroin),
and introduction of exponentially more potent synthetic
opioids (e.g., fentanyl) [3]. Current public health strate-
gies to address the opioid crisis emphasize interventions
such as statewide prescription drug monitoring pro-
gram (PDMP) to reduce inappropriate opioid prescrib-
ing, harm reduction treatment (e.g., naloxone) to reverse
opioid-related overdose [4—9], pharmaceutical treatment
(e.g., methadone, naltrexone, and buprenorphine) to treat
opioid use disorder [10-16], cognitive behavioral ther-
apy and psychosocial support to address addiction and
misuse [17, 18], and optimal pain management [19, 20].
Although these efforts to curb the crisis have resulted in
a decline from a peak of over 86,000 deaths in June 2023
[2], the opioid crisis has had a tremendous impact on the
economic burden on society, which was estimated to be
approximately $1.02 trillion [21].

According to the Grossman Model of Health Demand,
individuals will choose to invest their time into the pro-
duction of health (versus other activities, such as work
and leisure) to optimally maximize their utility func-
tion subject to their constraints (health stock, time, and
income) [22]. Awiti expands on this model with the Pov-
erty and Health Care Demand framework where an indi-
vidual’s predisposing factors (e.g., age, sex, education)
and illness level can impact their poverty status thereby
affecting the type of health care they access, which ulti-
mately impact their overall health status (Appendix 1)
[23]. Predisposing factors are based on the Andersen-
Newman model of social determinants of healthcare
consumption, which includes individual factors that can
impact poverty such as insurance coverage and illness
level (e.g., pain) [24, 25]. Therefore, addressing poverty
and its associated interactions with other individual-level

factors could be vitally important strategy in optimiz-
ing healthcare consumption and improving health status
[26-32].

By understanding the complex association between
poverty and its interaction with individual-level factors
with healthcare expenditure, decision makers may be
better informed to develop optimal policies to address
the opioid crisis. Therefore, we sought to investigate
the association between federal poverty level (FPL) and
its interactions with insurance coverage, frequency of
opioid fills, and self-reported pain level with healthcare
expenditures among adult opioid users in the US using
a representative sample from the Agency for Healthcare
Research and Quality (AHRQ) Medical Expenditure
Panel Survey (MEPS) between 2008 and 2019. We begin
by evaluating the association between FPL with health-
care expenditures. Then, we stratified these findings
across insurance coverage, frequency of opioid fills, and
pain level to explore their influence on healthcare expen-
ditures. We conclude by summarizing our findings and
making recommendations for future policies to address
the opioid crisis.

Materials and methods

Study design

We conducted a serial cross-sectional study using pooled
data (2008 to 2019) from the AHRQ MEPS to evaluate
the association between FPL and healthcare expenditures
among respondents with> =1 opioid prescriptions filled
in the US. We adhered to the STrengthening the Report-
ing of OBservational studies in Epidemiology (STROBE)
guidelines for the reporting of observational studies
(Appendix 2) [33]. The primary aim evaluated the asso-
ciation between FPL groups and healthcare expenditures.
Secondary aims evaluated the association between FPL
and healthcare expenditures stratified by insurance cov-
erage, frequency of opioid fills, and self-reported pain
level.

Sample

The analytic sample was pooled from household
respondents between 2008 and 2019, which was based
on the subsample of the National Health Interview Sur-
vey households, a nationally representative sample of the
non-institutionalized US population [34]. We included
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adult respondents (>=18 years old) who had> =1 out-
patient opioid prescription filled that was defined as
a narcotic analgesic (including tramadol) or narcotic
analgesic combination using the Cerner Multum Lexi-
con therapeutic class codes (Appendix 3). We included
respondents who had a methadone or buprenorphine
prescription filled for pain management (Appendix 3).
Although methadone is indicated for opioid use disorder
treatment, we assumed that outpatient prescription for
methadone was indicated for pain. Methadone for opi-
oid use disorder treatment is generally administered in
an opioid treatment program facility, reducing the like-
lihood for outpatient methadone prescription. Addition-
ally, we assumed that buprenorphine prescriptions filled
were indicated for pain rather than opioid use disorder
treatment based on the specific brand. For instance, Sub-
oxone® and Sublocade® were FDA approved for treat-
ment of opioid use disorder and were not considered
opioid-related prescription for pain. Hence, respondents
with a buprenorphine prescription for opioid use disor-
der treatment were excluded. Further, respondents were
excluded if they reported having a diagnosis of cancer.

Data source

MEPS is a set of large-scale surveys of US households
and their medical providers [34]. MEPS collects data on
the consumption of healthcare services such as the costs
and the number of specific services from households
drawn from a nationally representative subsample of the
National Health Interview Survey. The Household Com-
ponent of MEPS gathers data on the respondent’s demo-
graphics, medical conditions, and healthcare-related
utilization and expenditures. Analytic weights are given
to each respondent to account for the complex survey
design, which are then used to estimate standard errors
for the nationally representative population [35].

Variables
The main variable of interest was FPL, which was catego-
rized as Poor/Near Poor-Income (<125% poverty line),
Low-Income (125%-199% poverty line), Middle-Income
(200%-399% poverty line), and High-Income (>=400%
poverty line). FPL is a measure of income developed by
the Department of Health and Human Services that takes
into account the minimum income an individual or fam-
ily needs for food, clothing, shelter, and other necessities
over the course of a year [36]. FPL is updated annually
by DHHS and adjusted for inflation (Appendix 4) [37].
FPL is often used to determine whether individuals or
families qualify for certain federal aid programs, such as
Medicaid.

Healthcare expenditures were based on the MEPS
Household Component and Medical Provider
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Component and included data on costs (total, office-
based, outpatient, emergency room, inpatient, and pre-
scription) and utilization (office-based visits, outpatient
visits, emergency room visits, inpatient visits, hospitali-
zation nights, and prescription fills) [38]. Total expen-
ditures included costs and utilizations associated with
the office-based, outpatient, emergency room, inpa-
tient, prescription, and other expenditures. Office-based
expenditures included costs and utilizations associated
with the doctor’s office, medical clinic, or managed care
plan center. Outpatient expenditures included costs
and utilizations associated with the hospital outpatient
department (e.g., services received at a hospital but do
not require overnight hospitalization). Emergency room
expenditures included costs and utilizations associated
with the hospital emergency room. Inpatient expen-
ditures include costs and utilizations associated with
hospital overnight hospitalizations. Prescription expen-
ditures included costs and utilizations associated with
any prescription drugs ordered by a licensed healthcare
professional for a pharmacist fill. Healthcare costs were
based on payments rather than charges, including those
made by private and public insurance, out-of-pocket,
and other sources. Pooled costs (US dollars, $US) over
the years were adjusted for inflation based on the 2023
Personal Consumption Expenditure (PCE) Health Index
as recommended by AHRQ MEPS (Appendix 5) [39, 40].
Utilization was based on the counts of the number of
medical-related events.

Additional variables included age category (18-
24 years, 25-44 years, 45-64 years, and 65+ years), sex
(male, female), race (White, Black, American Indian/
Alaskan Native, Asian/Pacific Islander, and Multiple),
ethnicity (Hispanic and Non-Hispanic), marital sta-
tus (Never married/Unknown, Married, Widowed, and
Divorced), education (No degree, high school equiva-
lent, Associate degree, Bachelor degree, Master/Doctoral
degree, and Unknown), region (Northwest, Midwest,
South, and West), comorbidities (hypertension, coronary
heart disease, angina, myocardial infarction, other heart
diagnosis, stroke, high cholesterol, diabetes, and arthri-
tis), and mental health illnesses (e.g., substance-related,
schizophrenia or schizoaffective, mood, and anxiety).
Comorbidities were defined using MEPS priority con-
ditions, and mental health illnesses were defined using
Clinical Classification Codes (Appendix 6). Substance-
related illnesses included alcohol, tobacco, opioids, and
others substance disorders defined by the Clinical Clas-
sification Codes (Appendix 6).

For the stratified analysis, respondents were catego-
rized based on their insurance coverage, frequency of
opioid fills, and pain level. Insurance coverage was cat-
egorized as Any private, Public, and Uninsured [41].
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Private health insurance included non-public health
insurance coverage including Medigap coverage; single-
service plans such as dental, vision, or prescription plans
were not included. Public health insurance was defined
as not having Private insurance and coverage with Medi-
care, Medicaid, TRICARE, or other public hospital and
physician coverage. Additionally, respondents who filled
a prescription opioid during the year were categorized
as “Any use” and “Frequent use” “Any use” was defined
as having between 1 to 3 opioid prescriptions filled dur-
ing the year, and “Frequent use” was defined as having 4
or more opioid prescriptions filled during the year [42].
Further, respondents were categorized by their pain
level based on the self-administered questionnaire item
(“During past 4 weeks, pain interfered with normal work
outside the home and housework”) [41]. Pain level was
categorized as “Not at all, “A little bit, “Moderately,
“Quite a bit, “Extremely, and “Unknown/Refused/Not
applicable”

Data analysis

Survey weights were applied to the pooled data using
Stata’s set of svy commands and MEPS recommendations
to generate results that would be representative of the
US population [43, 44]. Descriptive analyses on baseline
characteristics across the FPL groups were performed,
and the means with standard deviation (SD) and frequen-
cies with proportions were provided for continuous and
categorical variables, respectively. Baseline comparisons
were performed using one-way analysis of variance for
continuous variables and chi square test for categorical
variables.

For the primary aim, generalized linear models (GLM)
using gamma distribution for healthcare costs and nega-
tive binomial distribution for healthcare utilization were
constructed to evaluate the association between FPL
groups and healthcare expenditures adjusting for base-
line demographics. Interaction terms between FPL group
with insurance coverage, frequency of opioid prescrip-
tion filled, reported pain level, and year were added for
the trend and stratified analyses. The regression models
controlled for age category, sex, race, ethnicity, marital
status, education, region, comorbidities (hypertension,
coronary heart disease, angina, myocardial infarction,
other heart diagnosis, stroke, hypercholesterolemia, can-
cer, diabetes, and arthritis), and mental health illnesses
(substance-related, schizophrenia/other psychotic dis-
order, mood, and anxiety). Results were presented as the
average annual change in healthcare costs and utilization
(slope) with their corresponding 95% confidence inter-
vals (CI). For the comparisons between the FPL groups,
the difference in the average annual change in health-
care costs and utilization with their corresponding 95%
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CI were presented. Goodness of fit tests included the
Pearson correlation of the predicted and residual values,
Pregibon’s link test, and modified Hosmer—Lemeshow
test [45].

For the secondary aims, the average annual change in
healthcare costs and utilization for each FPL group were
stratified based on insurance coverage, frequency of opi-
oid prescriptions filled, and pain level. Results were pre-
sented as the average annual change in healthcare costs
and utilization with their corresponding 95% CI.

The statistical threshold was set at a two-tailed alpha of
less than 5%, and all analyses were performed using Stata
SE version 18 (Stata Corp, LLC, College Station, TX).

Results

The total weighted sample of respondents with> =1 opi-
oid prescription filled in the US was 27,289,263; 29.9% in
the Poor/Near Poor-Income, 16.8% in the Low-Income,
27.7% in the Middle-Income, and 25.7% in the High-
Income groups (Table 1). Respondents were, on aver-
age, 48.9 years old, mostly female (59.1%), White (80.6%),
non-Hispanic (89.1%), and Married (51.4%). Due to the
large, weighted sample, all baseline demographic com-
parisons were significant across the FPL groups; how-
ever, several were considered meaningfully different.
Compared to the High-Income Group, the Low-Income
Group had more females (65.4% vs. 55.3%), minorities
(28.1% vs 13.8%), Hispanics (14.2% vs. 7.1%), divorcees
(30.6% vs 11.0%), and respondents with no degree (28.9%
vs. 5.6%). Notably, respondents who were Poor/Near
Poor-Income had a lower proportion with Private insur-
ance (23.5%) compared to the Low-Income (46.8%), Mid-
dle-Income (73.6%), and High-Income (89.0%) groups.
Additionally, respondents in the Poor/Near Poor-Income
group had a higher proportion (39.9%) categorized as
Frequent users of opioids (>=4 opioid prescriptions
filled) than the High-Income group (20.0%). Further,
respondents in the Poor/Near Poor-Income group had a
higher proportion (16.9%) categorized with “Extremely”
pain level that interfered with their normal work and
housework than the High-Income group (5.1%). No dif-
ferences in mental health illnesses were reported across
the FPL groups.

Unadjusted results

Between 2008 and 2019, the number respondents with >
=1 opioid prescriptions filled decreased by approximately
31% (Appendix 7). The average annual total healthcare
costs were $15,714 for respondents with an opioid pre-
scription; inpatient costs made up a large part of the total
healthcare costs ($5382) followed by office-based visit
costs ($3188), prescription costs ($3072), outpatient visit
costs ($1823), and emergency room visit costs ($766)
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Poor/Near Poor-

Variable Total Income Low-Income Middle-Income High-Income P-value

Unweighted number of adults, n 32,282 9640 (29.9%) 5437 (16.8%) 8925 (27.7%) 8280 (25.7%)

Weighted adult sample, n 27,289,263 5,884,371 (21.6%) 4,073,521 (14.9%) 7,797,123 (28.6%) 9,534,247 (34.9%)

Age (years), mean (SD) 48.9 (16.0) 47.0 (19.2) 50.4 (18.6) 48.5 (15.9) 49.8 (12.8) <0.001

Age categories, n (%) <0.001
18 to 24 years 2,330.790 (8.5%) 696,438 (11.8%) 350,199 (8.6%) 623,121 (8.0%) 661,031 (6.9%)

25 to 44 years 8,733,548 (32.0%) 1,953,464 (33.2%) 1,281,060 (31.4%) 2,727,556 (35.0%) 2,771,468 (29.1%)
45 to 64 years 10,894,324 (39.9%) 2,290,547 (38.9%) 1,364,591 (33.5%) 2,888,967 (37.1%) 4,350,219 (45.6%)
>=65 years 5,330,601 (19.5%) 943,922 (16.0%) 1,557,479 (20.0%) 1,557,479 (20.0%) 1,751,530 (18.4%)

Sex, n (%) <0.001

Female 16,138,469 (59.1%) 3,851,129 (65.4%) 2,551,682 (62.6%) 4,556,799 (58.4%) 5,178,860 (54.3%)

Male 11,150,794 (40.9%) 2,033,243 (34.6%) 1,521,840 (37.4%) 3,240,324 (41.6%) 4,355,387 (45.7%)

Race, n (%) <0.001
White 22,002,360 (80.6%) 4,232,048 (71.9%) 3,194,933 (78.4%) 6,353,095 (81.5%) 8,222,284 (86.2%)

Black 3,622,266 (13.5%) 1,240,144 (21.1%) 624,388 (15.3%) 1,000,741 (12.8%) 756,993 (7.9%)
American Indian/Alaskan Native 293,848 (1.1%) 106,483 (1.8%) 51,618 (1.3%) 84,141 (1.1%) 51,605 (0.5%)
Asian/Pacific Islander 659,943 (2.4%) 119,161 (2.0%) 81,534 (2.0%) 171,448 (2.2%) 287,799 (3.0%)
Multiple 710,846 (2.6%) 186,536 (3.2%) 121,049 (3.0%) 187,697 (2.4%) 215,565 (2.3%)

Ethnicity, n (%) <0.001
Hispanic 2,984,550 (10.9%) 837,309 (14.2%) 558,837 (13.7%) 912,563 (11.7%) 675,841 (7.1%)
Non-Hispanic 24,304,713 (89.1%) 5,047,062 (85.8%) 3,514,684 (86.3%) 6,884,560 (88.3%) 8,858,405 (92.9%)

Marital status, n ()%) <0.001
Never married / Unknown 6,080,715 (22.3%) 1,925,935 (32.7%) 941,348 (23.1%) 1,664,251 (21.3%) 1,549,181 (16.2%)

Married 14,014,019 (51.4%) 1,545,144 (26.3%) 1,689,840 (41.5%) 4,206,901 (54.0%) 6,572,135 (68.9%)
Widowed 2,069,809 (7.6%) 614,266 (10.4%) 525,124 (12.9%) 563,960 (7.2%) 366,460 (3.8%)
Divorced 5,124,719 (18.8%) 1,799,027 (30.6%) 917,209 (17.5%) 1,362,011 (17.5%) 1,046,471 (11.0%)

Education, n (%) <0.001

No degree 3,966,320 (14.5%) 1,700,669 (28.9%) 820,377 (20.1%) 913,581 (11.7%) 531,693 (5.6%)
GED or High school equivalent 11,570,098 (42.4%) 2,804,372 (47.7%) 2,026,993 (49.8%) 3,603,126 (46.2%) 3,135,607 (32.9%)
Associate degree 5,433,140 (19.9%) 1,003,374 (17.1%) 786,121 (19.3%) 1,769,678 (22.7%) 1,873,968 (19.7%)
Bachelor degree 4,060,364 (14.9%) 263,210 (4.5%) 306,610 (7.5%) 1,080,143 (13.9%) 2,410,401 (25.3%)
Master / Doctoral 2,142,572 (7.9%) 77,801 (1.3%) 106,605 (2.6%) 400,095 (5.1%) 1,558,071 (16.3%)

Unknown 116,769 (0.4%) 34,945 (0.6%) 26,816 (0.7%) 30,501 (0.4%) 24,507 (0.3%)

Region, n (%) <0.001

Northwest 3,937,557 (14.4%) 733,078 (12.5%) 520,584 (12.8%) 1,065,618 (13.7%) 1,618,277 (17.0%)
Midwest 6,562,131 (24.0%) 1,391,036 (23.6%) 930,071 (22.8%) 1,912,594 (24.5%) 2,328,430 (24.4%)
South 10,796,264 (39.6%) 2,531,273 (43.0%) 1,769,055 (43.4%) 3,153,748 (40.4%) 3,342,188 (35.1%)

West 5993310 (22.0%) 1,228,985 (20.9%) 853,811 (21.0%) 1,665,163 (21.4%) 2,245352 (23.6%)

Insurance coverage, n (%) <0.001
Any private 17,511,736 (64.2%) 1,382,957 (23.5%) 1,908,145 (46.8%) 5,735,889 (73.6%) 8,484,745 (89.0%)

Public 7,745.967 (28.4%) 3,746,151 (63.7%) 1,700,886 (41.8%) 1,531,511 (19.6%) 767419 (8.1%)
Uninsured 2,031,560 (7.4%) 755,263 (12.8%) 464,491 (11.4%) 529,723 (6.8%) 282,083 (3.0%)

Opioid use category, n (%) <0.001
Any opioid users (<4 opioids prescriptions filled) 19,550,570 (71.6%) 3,533,954 (60.1%) 2,640,297 (64.8%) 5,747,203 (73.7%) 7,629,116 (80.0%)

Frequent opioid users (>=4 opioids prescriptions filled) 7,738,692 (28.4%) 2,350,417 (39.9%) 1,433,224 (35.2%) 2,049,920 (26.3%) 1,905,131 (20.0%)

Pain scale, n (%) <0.001
Not at all 7,552,905 (27.7%) 1,144,089 (19.4%) 878,809 (21.6%) 2,293,241 (29.4%) 3,236,766 (33.9%)

A little bit 6,106,899 (22.4%) 1,008,936 (17.1%) 868,231 (21.3%) 1,715,398 (22.0%) 2,514,334 (26.4%)
Moderatey 4,206,255 (15.4%) 892,900 (15.2%) 637,775 (15.7%) 1,217,448 (15.6%) 1,458,132 (15.3%)
Quite a bit 4,949,095 (18.1%) 1,506,762 (25.6%) 858,997 (21.1%) 1,388,018 (17.8%) 1,195,318 (12.5%)
Extremely 2,703,096 (9.9%) 995,416 (16.9%) 560,267 (13.8%) 660,714 (8.5%) 486,609 (5.1%)
Unknown/Refused/NA 1,771,013 (6.5%) 336,268 (5.7%) 269,442 (6.6%) 522,305 (6.7%) 642,998 (6.7%)
Mental health illness, n (%)
Substance-related disorders 34,004 (0.1%) 12,892 (0.2%) 4120 (0.1%) 4764 (<0.1%) 12,228 (0.1%) 0.187
Mood disorders 402,533 (1.5%) 110,729 (1.9%) 47,816 (1.2%) 115,118 (1.5%) 128,869 (1.4%) 0.064
Schizophrenia / other psychotic disorders 8033 (<0.1%) 1860 (<0.1%) 0(0.0%) 927 (<0.1%) 5246 (<0.1%) 0.443
Anxiety 355,610 (1.3%) 72,224 (1.2%) 59,118 (1.5%) 96,941 (1.3%) 127,327 (1.3%) 0.831
Comorbidities, n (%)
Hypertension, n (%) 12,142,027 (44.5%) 2,944,485 (50.0%) 1,989,055 (48.8%) 3,404,733 (43.7%) 3,803,754 (39.9%) <0.001
Coronary heart disease, n (%) 2,113,920 (7.8%) 623,019 (10.6%) 382,061 (9.4%) 575,328 (7.3%) 536,512 (5.6%) <0.001
Angina, n (%) 1,167,762 (4.3%) 363,346 (6.2%) 244,574 (6.0%) 280,571 (3.6%) 279,270 (2.9%) <0.001
Myocardial infarction, n (%) 1,620,491 (5.9%) 502,856 (8.6%) 323,326 (7.9%) 442,712 (5.7%) 351,598 (3.7%) <0.001
Other heart diagnosis, n (%) 4,450,647 (16.3%) 1,128,658 (19.2%) 754,867 (18.5%) 1,160,557 (14.9%) 1,406,566 (14.8%) <0.001
Stroke, n (%) 1,686,209 (6.2%) 548,434 (9.3%) 344,219 (8.5%) 439,369 (5.6%) 354,187 (3.7%) <0.001
High cholesterol, n (%) 10,649,059 (39.0%) 2,270,495 (38.6%) 1,712,630 (42.0%) 2,955,229 (37.9%) 3,710,704 (38.9%) 0.008
Diabetes, n (%) 3,300,859 (12.1%) 895,132 (15.2%) 621,571 (15.3%) 928,014 (11.9%) 856,142 (9.0%) <0.001
Arthritis, n (%) 12,820,735 (47.0%) 3,169,257 (53.9%) 2,195,420 (53.9%) 3,522,425 (45.2%) 3,933,633 (41.3%) <0.001

SD standard deviation, NA not applicable
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(Appendix 8). Significant differences were reported for
total healthcare costs, office-based visit costs, outpatient
visit costs, and prescription costs across the FPL groups.
On average, respondents had 11.97 office-based visits,
1.30 outpatient visits, 0.58 emergency room visits, 0.31
hospital discharges, 1.36 hospital night stays, and 27.43
prescriptions filled per year. Significant differences were
reported for the number of office-based visits, outpatient
visits, emergency room visits, hospital discharges, nights
of hospitalization, and prescription fills. Figures 1 and 2
illustrate the trends for all healthcare expenditures (costs
and utilizations) categories by FPL groups.

Regression results

In the GLM results, significant increases in average
annual total healthcare costs were reported across the
FPL groups (Table 2). The average annual increase in total
healthcare costs for the Poor/Near Poor-Income group
was $451 (95% CL: 142, 761), $275 (95% CI: 48, 502) for
the Low-Income group, $640 (95% CI: 447, 834) for the
Middle-Income group, and $618 (95% CI: 360, 877) for
the High-Income group. Significant annual increases in
office-based costs and visits, prescription costs, outpa-
tient visits, and emergency room visits were reported for
all FPL groups.
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Comparisons between the FPL groups yield several
significant differences in the average annual changes in
healthcare expenditures (Table 3). Respondents in the
Middle-Income and High-Income groups had a greater
annual increase in total healthcare costs compared to
the Low-Income group (+$365 and + $343, respectively).
Respondents in the High-Income group had greater
average annual increases in office-based costs compared
to Poor/Near Poor-Income (+$140) and Low-Income
(+$139) groups. Respondents in the Middle-Income
group had greater average annual increases in emergency
room and inpatient costs compared to the Low-Income
group (+$46 and+ $370, respectively). Respondents in
the Middle-Income group had significantly greater aver-
age annual inpatient costs compared to the Poor/Near
Poor-Income group (+$264). No differences in health-
care resource utilization were reported for all FPL group
comparisons.

Stratified analyses

The weighted numbers and proportions of respond-
ents by FPL group, insurance coverage, frequency of
opioid prescription filled, and pain level are available in
Appendix 9.
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Fig. 2 Healthcare resource utilization trends across federal poverty levels among respondents who had reporting filling an opioid prescription

(2008-2019)

Table 2 Average annual change in healthcare expenditures by federal poverty level (FPL) groups among respondents with > =1

opioid prescription filled

Model

Poor/Near Poor-Income,

mean (95% CI)

Middle-Income,
mean (95% CI)

Low-Income,
mean (95% CI)

High-Income,
mean (95% CI)

Costs

Model 1: Total healthcare costs
Model 2: Office-based costs

Model 3: Outpatient costs

Model 4: Emergency room costs
Model 5: Inpatient costs

Model 6: Prescription costs
Utilization

Model 7: Number office-based visits
Model 8: Number of outpatient visits
Model 9: Number of emergency room visits
Model 10: Number of hospital discharges
Model 11: Number of hospital night stays
Model 12: Number of total prescriptions

451 (142, 761)**
97 (34, 161)**
83 (-4, 170)
17 (-7, 41)

-4 (-221,213)
211 (99, 322)%**

0.32(0.13,0.51)**
0.08 (0.04, 0.11)***
0.03 (0.01, 0.04)***
0.004 (-0.007, 0.147)
-0.008 (-0.065, 0.049)

0.40 (0.09, 0.71)*

275 (48, 502)*
98 (26, 171)**

640 (447, 834)%*+
152 (101, 202)%**

618 (360, 877)%**
237 (152, 322)%**

59 (4, 115)* 97 (51, 142)%** 170 (69, 272)**
-10 (-38, 18) 36 (20, 52)*** 17 (-8, 43)
-111 (-302, 81) 260 (86, 434)** 54 (-124,233)

124 (53, 194)** 128 (59, 197)*** 84 (5, 164)*

0.31 (014, 0.49)***
0.07 (0.03, 0.11)***
0.01 (<0.01, 0.02)*
<0.001 (-0.007, 0.008)
-0.020 (-0.088, 0.049)
031 (-0.04, 0.65)

0.35 (0.22, 0.47)***
0.07 (0.04, 0.10)***
0.02 (<0.01. 0.02)***
0.005 (<-0.001, 0.112)
0.009 (-0.048, 0.065)
0.29 (-0.02, 0.60)

0.56 (0.38, 0.74)%**
0.06 (0.01, 0.12)*
0.02 (<0.01. 0.03)**
0.005 (-0.002, 0.123)
-0.028 (-0.089, 0.034)
-0.02 (-0.40, 0.36)

*P<0.05; **P<0.01, ***P<.0.001

Cl confidence interval

Covariates used in the regression model included age category, sex, race, ethnicity, marital status, education, region, insurance coverage, comorbities (hypertension,
coronary heart disease, angina, myocardial infarction, other heart diagnosis, stroke, high cholesterol, diabetes, and arthritis), and behavioral disorders

Insurance coverage

Between 2008 and 2019, the weighted number of
respondents with > =1 opioid prescription decreased
by 38% if they had Private insurance, increased by
16% if they had Public insurance, and decreased by
84% if they were Uninsured (Appendix 9). In the
stratified analysis, FPL groups stratified by insur-
ance coverage yielded significant differences across all

healthcare expenditure categories between 2008 and
2019 (Appendix 10). Respondents with Private insur-
ance and in the High-Income and Middle-Income
groups had significant increases in average annual

total healthcare costs (+$882 and+ $885,

respec-

tively); whereas respondents in the Poor/Near Poor-
Income and Low-Income groups with Public insurance
had significant increases in average annual total
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Table 3 Average difference in annual change by federal poverty level (FPL) group on healthcare expenditures among respondents

with > =1 opioid prescription filled
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Model

Low-Income versus Poor/Near

Poor-Income,

average difference (95% CI)

Middle-Income versus
Poor/Near Poor-Income,
average difference (95% CI)

High-Income versus Poor/Near

average difference (95% CI)

Middle-Income versus Low-
Income,
average difference (95% CI)

Poor-Income,

High-Income versus Low-
Income,
average difference (95% CI)

High-Income versus Middle-

Income,

average difference (95% CI)

Costs

Model 1: Total healthcare costs -176 (-538, 185) 189 (-147, 525) 167 (-244, 579) 365 (72, 658)* 343 (<1, 686)* 22 (-331,287)
Model 2: Office-based costs <1(-26, 135) 54 (-26, 135) 140 (33, 245)* 53 (-36, 143) 139 (24, 254)* 85 (-11, 182)
Model 3: Outpatient costs -24 (-120, 72) 13 (-87, 114) 87 (-47,222) 37 (-31, 106) 111 (-3, 225) 74 (-36, 183)
Model 4: Emergency room costs 27 (-64, 10) 19 (-9, 46) <1(-34,34) 46 (14, 77)%* 27 (-10, 64) -19 (48, 11)
Model 5: Inpatient costs -107 (-383, 169) 264 (23, 505)* 59 (-219,336) 370 (120, 621)** 165 (-94, 424) -205 (-441, 30)
Model 6: Prescription costs -87 (-213,38) -83 (-214, 49) -126 (-260, 8) 5(-91,100) -39 (-146, 67) -44 (142, 55)
Utilization

Model 7: Number office-based visits -0.01 (-0.25, 0.24) 0.03 (-0.20, 0.25) 0.24 (-0.01, 0.49) 0.03 (-0.17,0.24) 0.25 (-0.01,0.51) 0.22 (<-0.01, 0.43)
Model 8: Number of outpatient visits -0.01 (-0.06, 0.04) -0.01 (-0.05, 0.04) -0.01 (-0.08, 0.05) <0.01 (-0.04, 0.05) <-0.01 (-0.07, 0.06) -0.01 (-0.07, 0.06)
Model 9: Number of emergency room visits -0.01 (-0.3,<0.01) -0.01 (-0.03, <0.01) -0.01 (-0.03, <0.01) <0.01(-0.01,0.02) <0.01(-0.01,0.02) <-0.01 (-0.01,0.01)

Model 10: Number of hospital discharges
Model 11: Number of hospital night stays
Model 12: Number of total prescriptions

-0.003 (-0.017, 0.010)
-0.012 (-0.099, 0.075)
-0.10 (-0.54, 0.35)

0.002 (-0.010, 0.134)
0.017 (-0.06, 0.090)
0.1 (-0.5

0.002 (-0.012, 0.015)
-0.020 (-0.104, 0.065)
.0.33) -0

0.005 (-0.004, 0.0146)
0.028 (-0.055, 0.112)
-0.02 (-0.47. 0.44)

0.005 (-0.006, 0.0160) <0.001 (-0.009, 0.009)
-0.008 (-0.10, 0.085) -0.036 (-0.119, 0.046)

.42 (-0.90, 0.06) -0.32 (-0.81,0.16) -0.31 (-0.76. 0.14)

*P<0.05; **P<0.01, ***P<.0.001
Cl confidence interval

Covariates used in the regression model included age category, sex, race, ethnicity, marital status, education, region, insurance coverage, frequency of opioid
prescription filled, pain scale, comorbities (hypertension, coronary heart disease, angina, myocardial infarction, other heart diagnosis, stroke, high cholesterol,

diabetes, and arthritis), and behavioral disorders

healthcare costs (+$636 and+$397, respectively).
There were other significant increases in healthcare
cost and resource utilizations across FPL groups strati-
fied by insurance coverage, which are presented in
Appendix 10. For instance, respondents across all FPL
groups with Public insurance had significant increases
in average annual office-based visits costs. However,
respondents who were uninsured did not have signifi-
cant increases in healthcare-related costs and utiliza-
tions for any of the FPL groups.

Frequency of opioid prescriptions filled

Between 2008 and 2019, the weighted number of
respondents with> =1 opioid prescription decreased
by 34% if they had <4 opioid prescriptions filled and
decreased by 21% if they had 4 or more opioid pre-
scriptions filled (Appendix 9). In the stratified analysis,
respondents who were “Frequent” users of opioids and
in the Low-Income and Middle-Income groups had
significant increases in average annual total health-
care costs (+$397 and + $474, respectively). Respond-
ents who were “Any” users of opioids and in the Poor/
Near Poor-Income, Middle-Income, and High-Income
groups had significant increases in average annual
total healthcare costs (+$437,+$731, and+$751,
respectively). Moreover, respondents categorized as
“Any” users and “Frequent” users of opioids had signif-
icant increases in other healthcare cost and utilization
categories (Appendix 10). For instance, respondents
who were categorized as “Any” opioid user had a sig-
nificant increase in average annual prescription costs
for all FPL groups; however, respondents categorized
as “Frequent” users had significant increases in aver-
age prescription costs for the Poor/Near Poor-Income,
Low-Income, and Middle-Income groups.

Pain scale

Between 2008 and 2019, the weighted number of
respondents with > =1 opioid prescription decreased by
29% if they reported no pain (“Not at all”), decreased by
44% if they reported “A little” pain, decreased by 45% if
they reported “Moderate” pain, decreased by 37% if they
reported “Quite a bit” of pain, decreased by 44% if they
reported extreme (“Extremely”) pain, and increased by
53% if their pain was unknown (Appendix 9). In the strat-
ified analysis, respondents in the Middle-Income and
High-Income groups with any pain level response had
significant increases in average annual total healthcare
costs (Appendix 10). No significant increase in the aver-
age annual healthcare costs was reported for respond-
ents in the Poor/Near Poor-Income and Low-Income
groups across all pain levels (except for the Unknown/
Refused/NA pain scale category). Notably, respondents
in the Poor/Near Poor-Income group had significantly
greater increase in average annual number of emergency
room visits for all pain levels (except for “A little bit”).
Additionally, respondents in the Middle-Income and
High-Income groups had significantly greater increase
in average annual office-based visits costs and outpa-
tient visits costs, which align with significant increases in
the average number of office-based visits and outpatient
visits.

Discussion

Among respondents with> =1 opioid prescription filled
in a calendar year, average annual increases in healthcare
expenditures varied by FPL groups stratified by insur-
ance coverage, frequency of opioid prescriptions filled,
and reported pain level. Significant differences in average
annual changes in total healthcare costs were reported
for comparisons between the Middle-Income and Low-
Income groups and between the High-Income and
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Low-Income groups. Other pairwise differences were
reported for office-based costs between the High-Income
and Poor/Near Poor-Income groups and between the
High-Income and Low-Income groups, emergency room
costs between the Middle-Income and Low-Income
groups, and inpatient costs between the Middle-Income
and Poor/Near Poor-Income groups and between the
Middle-Income and Low-Income groups. No significant
differences were reported for the resource utilizations
endpoints.

While the literature strongly links poverty with health
outcomes [26-31, 46, 47], the interaction between FPL
with insurance coverage, frequency of opioid prescrip-
tions filled, and pain level complicates efforts for poli-
cymakers to develop effective policy interventions to
address the opioid crisis. Those with more wealth have
better health and those with less wealth have lower
health. Impoverished individuals are also vulnerable to
the mechanism that cause income disparity such that
they find themselves invariably entangled in the revolv-
ing door of the health-poverty trap [48, 49]. Individuals
with Low-Income often cannot afford essential treat-
ment for their opioid addiction due to a lack of employer-
sponsored health benefits, which can have downstream
consequences such as increased morbidity and mortality.
Whereas, individuals with High-Income have greater use
of preventative care services, which result in lower usage
of acute emergency or inpatient care services [47]. In
our findings, we observed that respondents in the High-
Income group had greater average annual increases in
total healthcare costs and office-based visits compared
to respondents in the Low-Income group suggesting
potential use of preventative services. However, we did
not observe the Poor/Near Poor-Income group consume
more inpatient services when compared to other FPL
groups, which we would have expected with impover-
ished individuals experiencing acute health events.

Policy makers are in a unique position to target indi-
vidual social determinants of health that are directly or
indirectly related to poverty. Expanding access to public
insurance coverage (e.g., Medicaid) can help to alleviate
the economic burden of impoverished opioid users. For
instance, Sommers and colleagues reported that Medic-
aid expansion in Kentucky and use of Medicaid funds to
purchase private insurance in Arkansas increased outpa-
tient utilization, preventative services, and self-reported
health among Low-Income individuals compared to
Texas, which did not expand Medicaid coverage [50].
However, this may not be enough for impoverished opi-
oid users who require additional treatments such as cog-
nitive behavioral therapy, harm reduction therapy, and
medication for opioid use disorder. Comprehensive poli-
cies addressing the systematic consequences of poverty
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are needed, particularly for opioid users. The threat
of homelessness, lack of basic essential needs such as
healthy groceries, and protected time to seek and main-
tain care are often neglected by policy makers. Conse-
quently, impoverished individuals are reluctant to make
choices that would improve their health due to conflict-
ing financial priorities [29]. Ultimately, to address the
opioid crisis, society and policy makers will need to make
a concerted effort to implement strategies that target
factors associated with poverty in addition to providing
access to harm reduction treatment, improved pain man-
agement, and treatments for opioid use disorder.

Our study is not without limitations. We espoused
the need to provide a set of policies to reduce poverty to
improve the health outcomes of opioid users. However,
we did not capture data on incarcerations, a common
occurrence among individuals with substance use disor-
ders. Incarcerations destabilizes the financial situation of
an individual and may result in catastrophic economic
burden which perpetuate the health-poverty trap [51].
Consequently, further research should make a greater
effort to capture data on incarcerations across the FPL
groups [52]. Additionally, our study focused on identi-
fying respondents with an opioid prescription, but we
were unable to identify illicit opioid users, which would
have an impact on their healthcare expenditures. Previ-
ous studies have reported significant economic burden
associated with illicit opioid users, which has also been
linked with incarcerations [53—-55]. Moreover, the cross-
sectional design of this study prevents establishing a
temporal relationship between opioid use and healthcare
expenditure. Hence, our results should not be interpreted
as a causal relationship; rather, we can only conclude
that there is a statistical association. Next, the interac-
tions between race, income, and health status have been
associated with insurance coverage, which can impact
health consumption and status. Among a representa-
tive sample of the US population, low-income minorities
in bad health and low-income White individuals with
bad health have reduced odds (81% and 48% reduction,
respectively) of having health insurance coverage com-
pared to high-income White individuals in good health
[56]. To account for this we included race, poverty, insur-
ance coverage, and pain level as covariates in our regres-
sion model. Further, we were unable to determine if
our respondents were first-time opioid users or chronic
users, which would invariably impact their healthcare
expenditures. Chronic opioid users have been associated
with higher healthcare expenditures compared to non-
users [57]. Morphine milligram equivalents would have
been a useful measure of chronic, high-dose opioid use,
but we were unable to estimate this for all our respond-
ents. Instead, we adopted MEPS definition of “Frequent”
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users of opioids (>=4 opioid prescriptions filled) in our
stratified analysis to as a proxy for chronic opioid users,
but the results were mixed [42]. Therefore, it is unclear
whether our analysis is representative of chronic, high-
dose opioid users.

Conclusions

Patterns in healthcare expenditures varied across FPL
groups, particularly when stratified by insurance cover-
age, frequency of opioid prescriptions filled, and pain
level. Although FPL plays an important role in the path-
way towards health consumption and status, it is further
complicated by other individual social determinants
of health. Further research is needed to understand the
mechanisms that lead to these differences in healthcare
consumption and to assist health policy makers to design
and invest in strategies to prevent further exacerbations
of the opioid crisis.
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