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Abstract

State-level all-payer claims databases (APCDs) are a possible new public health surveillance tool, 

but their reliability is unclear. We compared Colorado’s APCD with other state-level databases 

for use in monitoring the opioid epidemic (Colorado Hospital Association and Colorado’s 

Prescription Drug Monitoring Program database for 2010–2017), using descriptive analyses 

comparing quarterly counts/rates of opioid-involved inpatient and emergency department visits 

and counts/rates of 30-day opioid fills between databases. Utilization is lower in the Colorado 

APCD than the other databases for all outcomes but trends are parallel and consistent between 

databases. State APCDs hold promise for researchers, but they may be better suited to individual-

level analyses or comparisons of providers than for surveillance of public health trends related to 

addiction.
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Introduction

As the opioid epidemic continues to evolve and plague the United States, high-quality data 

systems that can be used to monitor and evaluate the impact of policies being adopted to 

tackle the epidemic at more localized levels is becoming increasingly more important. As is 

true for many health conditions, public health officials, researchers, and others have relied 

on a variety of databases to monitor the opioid epidemic over the past decade (Smart et 

al., 2018), including hospital discharge data (Liu et al., 2020), claims data (Bradford & 

Bradford, 2016; Bradford et al., 2018; Brummett et al., 2019; Burke et al., 2020; Heins et 

al., 2018), pharmacy dispensing (Guy et al., 2019), worker’s compensation data (Buttorff et 

al., 2017; Heins et al., 2016; Tenney et al., 2019), and of course mortality data (Bachhuber 

et al., 2014; Centers for Disease Control and Prevention [CDC], 2014; Mattson et al., 2021). 

Administrative data sources like these have a key advantage in allowing researchers to 

track behaviors at different parts of the use cycle, from the initiation of opioid use, to the 

escalation to problematic use (through measures of doctor, pharmacy shopping, or high dose 

fills) to harms from misuse (accidents, poisonings, and cardiac events). A key drawback 

for most administrative data is that the same individual cannot always be viewed across all 

payers due to nonunique identifiers or changes in health insurance.

State-level, all-payer claims databases (APCDs) are a newer, additional public health 

surveillance tool for monitoring substance abuse. They can include medical, dental, and 

pharmacy claims for the same individual across multiple payers (Agency for Healthcare 

Research and Quality [AHRQ], 2017, 2018; Carman et al., 2021; McCarthy, 2020). APCDs 

typically include private and public payers and health care received at multiple care sites 

(inpatient, outpatient, etc.), making them more comprehensive than some national databases. 

However, they may be missing some large employers or other payers within the state due 

to court cases that exempted large, self-insured employers from submitting.1 In the case 

of studying opioid prescribing or misuse, APCDs may be additionally limited because of 

a change in the interpretation of federal guidelines related to redaction of addiction-related 

claims prior to sharing claims data externally that were in place from 2013 through 2017 

(Frakt & Bagley, 2015). As noted by various authors (Austin et al., 2018; Frakt & Bagley, 

2015), the implication of these redacted claims has important long-term implications, 

particularly for studies examining health conditions influenced by addiction to substances 

like opioids and alcohol.

This study investigates how well the information on opioid-specific outcomes in Colorado’s 

APCD compare with those from two other statewide data sources, which in theory should 

contain comparable health outcome data for the entire state without redaction: (a) Colorado 

Hospital Association’s (CHA) hospital claims data and (b) the Colorado Prescription Drug 

Monitoring Program (PDMP). The objective of this study was to compare opioid-related 

inpatient, emergency department (ED), and prescription fill data within the APCD with other 

statewide systems to assess how well the APCD tracked levels and trends in opioid-related 

outcomes. Whereas national payer databases have been used to examine the opioid epidemic 

(Brummett et al., 2019; Dilonardo et al., 2000; Kirson et al., 2012; Saloner et al., 2017), 

1. https://www.healthaffairs.org/do/10.1377/hblog20170303.058995/full/ 
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very few studies have been published using state-level APCDs (Bartels et al., 2018; Burke 

et al., 2020; LeBaron et al., 2019; Malon et al., 2018) and the implications of doing so are 

relatively unknown.

Colorado represents an important market for conducting this study in that it was among 

the first states to implement an APCD (beginning in 2010), it has ongoing evidence of 

an opioid problem (National Institute on Drug Abuse, 2020), and multiple researchers are 

examining how Colorado’s harm reduction strategies, particularly cannabis legalization, 

have influenced opioid-related harm (Bradford & Bradford, 2016; Davis et al., 2016; 

Livingston et al., 2017; Shi et al., 2019; Wen & Hockenberry, 2018).

New Contribution

APCDs are a promising new source of data for understanding changing patterns of medical 

care and surveillance. As of 2020, 18 states have mandated the creation of an APCD, and an 

additional 30 are developing or exploring the concept (APCD Council, 2020). We assessed 

Colorado’s APCD for examining the opioid epidemic and found that it is better suited to 

more focused research questions on individuals or providers than surveillance of trends in 

substance abuse diagnoses. Few peer-reviewed studies have used the Colorado APCD, and 

we also contribute to the knowledge base of using this data source (Bartels et al., 2018; 

Panhans, 2019).

Methods

We use an observational study design to examine differences in cases, rates, and trends in 

opioid-related measures constructed similarly in each of three data sets. Our primary data 

set is the 2010–2017 Colorado APCD. Launched in 2010 (although began data collection 

in 2012, retrospective to 2010), Colorado’s APCD today contains claims for the majority 

of insured Coloradans (4.3 million unique individuals) from more than 33 commercial 

payers, as well as Medicare and Medicaid (Center for Improving Value in Health Care 

[CIVHC], 2020a). Self-insured plans do not have to report claims under current law, so some 

commercially insured adults in Colorado are not included, although a few large self-insured 

firms voluntarily participate. Our APCD data were limited by the APCD’s data release 

committee to adults aged 21 to 64 with either an opioid-involved diagnosis or a diagnosis 

code where opioids could plausibly be used in treatment.

The APCD is limited in the number of abuse and dependence codes it contains for any 

drug, due to the Colorado APCD’s interpretation of federal privacy laws (Substance Abuse 

and Mental Health Services Administration, 2017). The database requested payers redact 

medical claims with certain substance abuse diagnosis codes from their data prior to 

submitting until 2017, and now leaves it up to non–federally funded payers whether to 

submit these claims (CIVHC, 2020b). This results in variation across payers in which claims 

are submitted. This policy does not affect claims with poisoning codes or prescription drug 

claims (which do not contain diagnosis codes).

The second data set comes from CHA for 2010–2017 and includes opioid-involved inpatient 

and ED visits (the ED data are only available starting in 2013). The CHA data include 
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information from the majority of the 108 hospitals in Colorado, depending on the year 

(CHA, 2014). The CHA includes all ED and inpatient visits, regardless of payer or ability to 

pay.

The third data set is the Colorado PDMP from 2013 to 2017, which captures all pharmacy 

claims filled, regardless of source of payment, for any Scheduled II to V drug on 

the Colorado Uniformed Controlled Substance Act (Colorado Revised Statutes Title 18—

Criminal Code Article 18—Uniform Controlled Substances Act of 2013, 2017). Although 

the PDMP is available before 2013, the data appear underreported prior to the organization 

switching data vendors in late 2012.

We chose three primary opioid-involved outcomes to consider across these data sets. First, 

to capture opioid-related harm, we constructed in the CHA inpatient data and APCD data 

measures of an opioid-involved inpatient and ED visits. Opioid-involved inpatient and ED 

visits were defined using the International Classification of Disease (ICD) Version 10 codes 

and their corresponding Version 9 codes (the switch occurred in October 2015). For brevity, 

we report just the Version 10 codes, which include F11* (opioid use, misuse or dependence), 

T40* and T507* (opioid poisonings), and Z798* (the long-term use of opioids). The actual 

number of opioid-involved inpatient stays as well as the rates are included, using the number 

of enrolled persons as the denominator for the APCD and the county population estimate 

from the American Community Survey as the denominator for CHA and the PDMP. The 

second opioid-involved outcome was the number and rate of opioid-involved ED visits using 

both the CHA and APCD. We used the same ICD-9 and ICD-10 codes to construct the ED 

measures.

Our third was the number and rate (per 10,000 patients or population) of 30-day opioid 

prescriptions filled per quarter. Unique prescription claims are identified using National 

Drug Codes (NDCs), which contain information on the manufacturer and active ingredient. 

Each prescription may be filled for a specific number of days, such as 7 or 30. We 

standardized each prescription to the number of 30-day fills, so a 7-day fill counts as 0.23 of 

a fill. We identified opioids using the CDC’s (2020) list of outpatient opioids in conjunction 

with a therapeutic classification scheme that classifies individual drugs into classes, such as 

opioids.

We used descriptive methods to compare the opioid-related ED and inpatient visits between 

the APCD and CHA, and the number of 30-day fills between the APCD and PDMP. We 

used Stata, Version 16, for all analyses. The RAND Human Subjects Protection Committee 

deemed this study to be exempt from human subjects protections.

Findings

Overall, the number of opioid-related inpatient hospital and ED (after 2013) visits are much 

lower in the APCD than CHA (Figure 1). There were 1,986 inpatient visits for opioid-related 

harms in the CHA data in Q4 2010 (quarter 4), which increased to 3,199 in Q4 2017. 

Inpatient visits reached a maximum of 3,493 visits in Q3 2016. Inpatient hospital visits 

reported to the APCD also increased from 192 to 1,043, in the same quarters. Starting in 
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Q1 2013, CHA ED visits increased from 2,075 to 3,000 in Q4 2017, while ED visits for 

opioid-related harms in the APCD increased from 651 to 1,181, respectively. Both APCD 

ED and CHA ED visits peaked in Q3 2016. The solid vertical line in Figure 1 during 2015 

indicates the point at which ICD-9 codes were transitioned to ICD-10 codes, and it is clear 

that this affected the number of opioid-involved inpatient and ED visits in both data systems.

Both the APCD and the PDMP show the number of 30-day fills for opioid prescriptions 

continued to increase through the end of 2015, and began declining thereafter. The PDMP 

had 459,346 thirty-day prescription opioid fills in Q1 2013 and 623,956 in Q4 2015 (a 40% 

increase). Even after the peak, Coloradans still filled more than 500,000 thirty-day fills of 

opioids in 2017 (526,789 in Q4 2017). The number of 30-day fills in the APCD show a 

similar pattern to PDMP at a lower level, increasing from 186,557 in Q4 2010 to 280,547 in 

Q4 2017.

While we expect that the APCD would have fewer counts of both visits and prescription 

drugs, we may expect the rates to be similar for the outcomes between the three databases, 

as the rates adjust for population size captured in each dataset. Figure 2 presents each 

outcome in each database per 10,000 people. The trends are similar, but the rates are still 

higher in CHA than in the APCD.

In addition to the main findings, both figures show a large spike in opioid-related claims 

for the APCD in 2016. We found that this spike was due to one large insurer who was 

inadvertently including claims for three of the four quarters within the year with substance 

abuse codes that others were redacting, and the insurer changed its behavior in subsequent 

periods.

Discussion

As the opioid epidemic continues to evolve in response to various strategies being tried 

in local jurisdictions, the need for comprehensive data to help monitor how use patterns 

and public health harms change in those jurisdictions becomes increasingly important. 

State-level APCDs are a burgeoning resource for studying many health conditions, although 

they have limitations for studies evaluating opioid use disorder and opioid treatment that 

researchers and public health officials need to understand. In our comparison of Colorado’s 

relatively mature APCD with two other state-level data sources capturing similar health 

outcomes for the full state population, we found generally consistent trends between the 

CHA ED visits and inpatient visits and the APCD ED and inpatient visits, with both 

databases showing a general rise in each from 2010 through 2017. The level estimates 

across these two data sources, whether measured in terms of absolute numbers or rates per 

10,000 patients, are considerably different, however. This is due to the differing populations 

captured in each. Trends in opioid prescriptions were also consistent between the APCD 

and PDMP, with both systems showing a peak in opioid prescribing in 2015, much later 

than the peak observed in national data (IQVIA, 2018). Despite a decline in overall opioid 

prescribing starting in 2015, there continues to be an increase in opioid-related overdoses in 

Colorado, which may be due to lasting effects of opioid use or substitution toward illegal 

drug markets (Rudd et al., 2016; Schieber et al., 2019; Scholl et al., 2018).
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Affecting all claims databases is the switch from ICD-9 to ICD-10 diagnosis codes that 

occurred in October 2015, partway through our study period of 2010–2017, which may 

contribute to the increase in ED and inpatient visits we observe in late 2015. There are 

many more diagnosis codes in Version 10 than Version 9, which may have increased 

the number of claims coded with specific diagnoses as providers became more familiar 

with the ICD-10 codes in the initial period after the switch. This makes it difficult to be 

sure whether the number of opioid-related hospital visits is truly increasing in comparison 

with the pre–October 2015 period versus an artifact of coding differences. The conversion 

in diagnosis code schemes would not affect the number of prescription opioids filled as 

diagnosis codes are not associated with prescription drug claims. We observe an increase 

in opioid prescription fills through the end of 2015, which may indicate that problems 

associated with opioid use that lead to hospital visits could still be increasing, and thus the 

bump observed is not strictly an artifact of the change in coding schemes.

APCDs are more aptly termed “multi-payer” rather than “all payer” databases as they 

exclude important populations. They generally cannot capture the utilization for the 

uninsured or those paying cash for services, which is particularly important for opioid 

research. Many opioids are cheaply available as generics, and paying cash is a way to 

circumvent payer policies attempting to restrict opioid utilization. In addition, APCDs also 

exclude some privately insured residents who receive their insurance through a self-insured 

firm that is not required to submit data. This can result in large omissions for some states, 

depending on the number of residents employed by self-insured employers. There may also 

be issues with integrating encounters from capitated plans within the state (such as Kaiser 

Permanente or Medicaid behavioral health organizations).

As we noted in the introduction, APCDs may not have all data processing steps in perfect 

order, particularly in early stages of development, and data quality for APCDs has been 

a challenge to using the data (Carman et al., 2021). Issues with harmonizing or cleaning 

claims from multiple payers can give rise to variation in fields reported. We identified 

that the Colorado’s APCD’s redaction request was not followed uniformly by all payers or 

even within payers over time. The temporary inclusion of these data by one payer could 

have a profound impact on conclusions drawn from these data if one was not careful in 

identifying the cause for the increase. As a result, the Colorado APCD is less useful for 

studying research questions related to the utilization of treatment services or costs of care 

for individuals with substance abuse diagnoses, although it is still useful for looking at 

patterns of care for individuals filling large numbers of opioid prescriptions, for example. 

Users of other APCD data should pay close attention to whether such inconsistencies in 

data submission may be affecting trends in their data. Efforts across the county to improve 

interoperability between insurers and providers should improve the data quality for APCDs, 

and in fact, the APCD council (2021) has been working on a set of submission guidelines to 

improve the quality of submitted data.

Despite the identified drawbacks for substance abuse research, APCDs like Colorado’s are 

still useful for research, primarily for studying care patterns, cost, or quality of care at 

the individual patient or provider level. Additional benefits of APCDs include granular 

geographic data, details on longitudinal patient care, particularly if a patient switches 
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insurance carriers, and more complete estimates of total health care costs (AHRQ, 2018; 

Diaz-Perez et al., 2019; Peters et al., 2014; Rocco et al., 2017). APCDs may also be useful 

in assisting state and federal policy makers with quality improvement initiatives, such as in 

the reporting of opioid quality measures to state or federal agencies (Centers for Medicare 

& Medicaid Services, 2021). In fact, Colorado’s APCD has served that role in developing 

and reporting quality measures for the state’s evaluation of a payment innovation model for 

Medicaid providers (CIVHC, 2021).

Although the CHA and PDMP databases do supposedly represent the population of the state, 

we know not all hospitals report data to CHA, and the PDMP also had variable reporting 

from pharmacies prior to a vendor switch in 2012. Both databases also focus on more 

narrow care settings and care utilization than the APCD. CHA is solely focused on hospital 

utilization, while the PDMP is focused on Drug Enforcement Agency-scheduled prescription 

drug utilization filled through retail pharmacies.

The findings in this article show that while APCDs hold wonderful promise for researchers 

interested in substance abuse–related research, they may not be well suited for analyzing 

opioid-related outcomes on a population level due to the particular relevance of some of the 

excluded populations for this condition (e.g., the uninsured) or the inconsistent behavior of 

payers in redacting the addiction claims. State APCDs may be better suited to studies of 

individual patient groups or providers (Table 1)
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Figure 1. 
Number of Opioid-Related Inpatient and ED Visits and Opioid Prescription Fills, Statewide 

per Quarter, 2010–2017.

Note. The trendlines show the statewide per capita counts of inpatient, ED visits for opioid-

related harms, and 30-day prescription fills by quarter. CHA’s ED data and data from PDMP 

are only available from 2013 onward. CHA = Colorado Hospital Association; APCD = 

Colorado’s All-Payer Claims Database; PDMP = Prescription Drug Monitoring Database; 

ED = emergency department.
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Figure 2. 
Statewide per Capita Figures.

Note. The trendlines show the statewide per capita counts of inpatient, ED visits for opioid-

related harms, and 30-day prescription fills by quarter. CHA’s ED data and data from PDMP 

are only available from 2013 onward. CHA = Colorado Hospital Association; APCD = 

Colorado’s All-Payer Claims Database; PDMP = Prescription Drug Monitoring Database; 

ED = emergency department.
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