Supplementary Table 1: Age-adjusted opioid overdose mortality trends among adults with chronic musculoskeletal conditions (CMCs): Joinpoint regression analysis comparing full period (1999–2020) versus pre-pandemic period (1999–2019).
	Segment
	Time Period
	Annual Percent Change (APC)

 (95% CI)
	P-value
	Trend Interpretation

	Primary Model (1999–2020)

	Segment 1
	1999–2007
	17.6 (13.9, 27.8)
	<0.001
	Rapid increase

	Segment 2
	2007–2013
	-0.1 (-3.7, 4.6)
	0.94
	Stable (plateau)

	Segment 3
	2013–2020
	-12.8 (-19.9, -9.9)
	<0.001
	Significant decline

	Sensitivity Model (Excluding 2020)

	Segment 1
	1999–2007
	18.4 (13.9, 33.2)
	<0.001
	Rapid increase

	Segment 2
	2007–2013
	0.4 (-3.8, 6.1)
	0.77
	Stable (plateau)

	Segment 3
	2013–2019
	-14.0 (-25.8, -10.0)
	0.002
	Significant decline


Notes:
Data Source: CDC WONDER Multiple Cause of Death database (1999–2020).
Methods: Joinpoint Regression Program (version 4.9.0.0) was used to identify inflection points in mortality time trends. The ‘Primary Model’ utilized the complete dataset, while the ‘Sensitivity Model’ excluded 2020 data to assess potential COVID-19 pandemic effects on observed trends.

Key Findings:
Both models identified identical inflection years (2007 and 2013), demonstrating a consistent three-phase pattern: increase, plateau, and decline.

The sensitivity analysis revealed highly consistent APC estimates compared to the primary model. Although minor variations exist in the earlier segments due to the global fitting nature of the Joinpoint algorithm, the final segment shows a robust decline of -14.0% (sensitivity) versus -12.8% (primary). This indicates that the mortality trend reversal in the CMC population preceded the COVID-19 pandemic, ruling out pandemic-related data artifacts or 2020 reporting delays.

Abbreviations:
APC: Annual Percent Change. 

CI: Confidence Interval.

CMC: Chronic Musculoskeletal Conditions.

Supplementary Table 2.State-level Age-Adjusted Mortality Rates Rankings for Opioid Overdose Among Adults with CMC, 2014–2020.

	Rank
	State
	Age-Adjusted Rate (per 100,000)
	95% Confidence Interval

	Top 5 

Highest Rates
	
	
	

	1
	Oklahoma
	0.45
	(0.36 - 0.56)

	2
	California
	0.26
	(0.23 - 0.28)

	3
	Oregon
	0.26
	(0.19 - 0.34)

	4
	Mississippi
	0.26
	(0.18 - 0.37)

	5
	Minnesota
	0.23
	(0.17 - 0.31)

	Top 5 

Lowest Rates
	
	
	

	1
	Florida
	0.03
	(0.01 - 0.05)

	2
	Pennsylvania
	0.04
	(0.02 - 0.05)

	3
	Illinois
	0.04
	(0.02 - 0.06)

	4
	New York
	0.05
	(0.03 - 0.07)

	5
	Michigan
	0.05
	(0.03 - 0.08)


Notes:
Data Source: CDC WONDER Multiple Cause of Death Database (2014–2020).

Ranking Methodology: States are ranked based on Age-Adjusted Mortality Rates; the top 5 highest and top 5 lowest are presented above.

Denominator: Rates are per 100,000 standard U.S. general population (ages 25-84), representing the mortality burden of this specific comorbidity (CMC + Opioid Overdose) within the general population.

Note on Calculation: The rates reflect the number of deaths relative to the total person-years of the population aged 25-84 over the 7-year period. For example, Florida's rate of 0.03 is derived from 33 cumulative deaths divided by approximately 100 million person-years.

Statistical Stability & Inclusions:
Inclusion/Exclusion: A total of 26 states met the reliability criteria and were included in the ranking analysis. 25 jurisdictions (24 states plus D.C.) were excluded due to suppressed data (death counts < 10) or unreliable rates (death counts < 20).

Confidence Interval (CI) Calculation: Following NCHS standards, 95% CIs for states with <100 deaths (e.g., Oklahoma, Florida) were calculated using the Gamma method. For states with ≥100 deaths (e.g., California), the Normal approximation was used. This explains why some CIs appear asymmetrical.

Tie-breaking Rule: States with identical rates (e.g., California, Oregon, Mississippi at 0.26) were sorted first by precision (lowest Standard Error) and then alphabetically. California (SE 0.01) is ranked highest, followed by Oregon (SE 0.04), and then Mississippi (SE 0.05).

Contextual Interpretations:
Oklahoma (Highest): The high rate (0.45, n=83) is statistically reliable and may reflect regional prescribing patterns and CMC prevalence.

Florida (Lowest): Despite a large population, Florida's low rate (0.03, n=33) likely reflects the long-term impact of aggressive Prescription Drug Monitoring Programs (PDMPs) and "pill mill" crackdowns initiated prior to this period.

COVID-19 Context: Data include 2020; while the COVID-19 pandemic influenced national opioid trends, state-level rankings remained relatively stable during this period.

CMC: Chronic Musculoskeletal Conditions.

