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Objective: COVID-19, coinciding with the opioid epidemic in the United States, has had significant impacts on health-care 
utilization. While mixed, early analyses signaled a potential resurgence in opioid use following the pandemic. The primary study 
objective was to assess the association of the COVID-19 pandemic with opioid utilization among Health First Colorado (Colorado’s 
Medicaid Program) members and a non-Medicaid managed care cohort who did not have a diagnosis of cancer or sickle cell disease.
Patients and Methods: Using an interrupted time series and segmented regression analysis, this population-level study assessed the 
association of the COVID-19 pandemic on prescribed utilization of long- and short-acting opioid analgesics among Health First Colorado 
members and a random sample of non-Medicaid managed care members. Pharmacy claims data for both cohorts were assessed between 
October 1, 2018, and September 30, 2021, with April 2020 identified as the interruption of interest. We evaluated the following monthly opioid 
use measures separately for short-acting and long-acting opioids: number of members filling an opioid, total fills, and total days supplied.
Results: Short- and long-acting opioid utilization was significantly decreasing among Health First Colorado members in the 18 
months prior to the start of COVID-19. After the onset of the pandemic, utilization stabilized and slopes were not significantly 
different from zero. Among the non-Medicaid managed care cohort, short- and long-acting opioid utilization significantly decreased in 
the 18 months leading up to the onset of the pandemic. After the onset of the pandemic, utilization of long-acting opioids stabilized, 
while utilization of short-acting opioids significantly increased.
Conclusion: While we observed an increase in opioid utilization measures post-pandemic in the non-Medicaid managed care cohort, 
a similar increase was not observed in Health First Colorado members suggesting that thoughtful opioid policies put in place pre- 
pandemic may have been effective at controlling potential inappropriate opioid utilization.
Keywords: interrupted time series, segmented regression, pain management, health care utilization, Medicaid, managed care, opioids

Introduction
On March 13, 2020, the President of the United States declared that the COVID-19 pandemic was a national emergency and 
the face of healthcare delivery was forever transformed. Direct access to medical providers, elective procedures, and even 
prescription medications was extremely limited and reduced.1,2 To help address these significant healthcare delivery 
challenges, the Secretary of the Department of Health and Human Services waived certain requirements of Social Security 
Act Titles XVIII, XIX, and XXI. These waivers eased the usual restrictions placed upon state Medicaid programs and allowed 
easier access to prescription medications through modifications in prior authorization, allowance for early refills, increased 
quantity limits, and expansion of telehealth.1 In the State of Colorado, the Department of Health Care Policy and Financing 
(HCPF) manages, administers, and delivers the statewide Medicaid benefit, also known as Health First Colorado. The 
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Department took action to defer prior authorization requirements on all drugs for which there was an existing 12-month prior 
authorization approval in place so that each prior authorization could be extended once every 90 days on a case-by-case basis.3 

In the case of opioid analgesics, the Department, like other state Medicaid programs, allowed pharmacists to enter overrides at 
the point of sale granting early refill of opioids with refill tolerance of greater than 50% of the previous fill utilized, so as not to 
disrupt access to pain medications.3 As the opioid overdose pandemic in the United States was occurring in parallel with the 
COVID-19 pandemic, the expanded potential for abuse or diversion combined with an increase in opioid prescribing and 
utilization with the easing of opioid restrictions, was a major concern.3–5

Prior to the pandemic, HCPF had already implemented many safe guards and novel programs to enhance appropriate 
prescribing of opiates and deter potential abuse and diversion.6 These policies, which remained in place during the pandemic, 
consisted of quantity limits on short-acting opioids, coverage of telemedicine, safety review high morphine milligram 
equivalent prescriptions, limits on concomitant prescribing of opioids and benzodiazepines, and days’ supply limitations for 
those newly initiated on opioids (opioid naïve). In tandem, the Department, in collaboration with the University of Colorado 
Skaggs School of Pharmacy and Pharmaceutical Sciences, had already developed a unique opioid pain teleconsultation service 
that allowed for provider-to-provider consultations with a medical pain specialist. These consultations were triggered for 
Health First Colorado members based on the above-mentioned policies and morphine milligram equivalent cutoffs.7

While opioid overdose admissions and deaths following the beginning of the pandemic have been widely reported, limited 
data exist on opioid prescribed utilization pre- and post-COVID specifically within the United States Medicaid population that 
includes some of the nation’s most socially and economically vulnerable citizens.8–13 This study was designed to evaluate 
opioid prescribed utilization trends in Health First Colorado members and a cohort of non-Medicaid managed care enrollees 
before and after the COVID-19 pandemic through evaluation of pharmacy claims of both short- and long-acting opioids, thus 
evaluating the potential efficacy of current opioid prescribing safeguards and programs in Colorado.

Materials and Methods
Study Design
Leveraging a quasi-experimental study design, namely an interrupted time series (ITS), we retrospectively assessed the 
effect of the emergence of COVID-19 on opioid prescribed utilization among Health First Colorado Medicaid members 
and a national cohort of non-Medicaid managed care members represented in a large, United States managed care 
database. Using these two distinct cohorts allows for a comparison of trends at the state versus national level, as well as, 
the impact from the perspective of a highly vulnerable versus a fully insured and employed population.

Data Source and Study Population
Two data sources were leveraged for this observational study: Health First Colorado member claims and the IQVIA 
PharMetrics® Plus for Academics claims database. IQVIA PharMetrics® Plus for Academics is an insurance claims database 
that includes paid medical and pharmacy claims for over 112 million unique enrollees across the United States.14 The 
University of Colorado Skaggs School of Pharmacy and Pharmaceutical Sciences holds a license for a random sample of 
approximately 25 million patients from PharMetrics® Plus for Academics. Data are longitudinal and span from January 1, 
2006, through June 30, 2022. In each claims data source available, claims-level variables include medications filled 
(specifically medication code, fill date, and days supplied). Patient-level demographic variables include year of birth, sex, 
and race/ethnicity (Health First Colorado only). The enrollees included in PharMetrics® Plus for Academics are nationally 
representative in terms of age and sex distributions of patients in the US commercially insured population.

Opioid prescription fill data were obtained from Health First Colorado Medicaid claims and PharMetrics Plus for 
Academics® from October 1, 2018–September 30, 2021, which allowed for 18 months prior to and 18 months following 
the interruption of interest (defined as April 2020). We included members of all ages who had at least one fill of a short-acting 
or long-acting opioid during the study period. Short-acting opioids were defined as any brand name or generic immediate 
release oral formulation consisting of the following: codeine and its acetaminophen combinations, hydrocodone and its 
ibuprofen or acetaminophen combinations, hydromorphone, meperidine, morphine, pentazocine, oxycodone and its ibuprofen 
or acetaminophen combinations, oxymorphone, tapentadol, and tramadol and its acetaminophen combinations. Brand name 
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and generic long-acting opioids consisted of oral longer acting, extended release, or transdermal formulations consisting of the 
following: buprenorphine patch, fentanyl patch, hydrocodone, hydromorphone, oxycodone, tapentadol, and methadone (due 
to its long half-life). We excluded members with diagnoses of cancer or sickle cell disease at any time in the available data. 
PharMetrics® Plus for Academics enrollees with Medicaid or a State Children’s Health Insurance Program were excluded in 
order to create a non-Medicaid managed care cohort.

Outcome Measures
The unit of time for analysis was defined by calendar month, with April 2020 representing the COVID-19 point of 
interruption for the purposes of this study. COVID-19 was declared a national emergency on March 13, 2020, and 
subsequently there was a rollout of infection control and public health measures occurring in the weeks that followed. In 
Colorado, nonessential medical procedures were suspended effective March 19 with state-wide Stay at Home orders 
initiated on March 25. Therefore, April 2020 was identified as the month that most closely aligned with the introduction 
of pandemic-related changes to healthcare service delivery.

Monthly-aggregated outcomes were calculated from October 1, 2018–September 30, 2021, which included 18 months 
of measures prior to and following the interruption in April 2020. We calculated the following six outcomes on a monthly 
basis separately for the Colorado Medicaid cohort and the non-Medicaid managed care cohort: (1) number of members 
filling a short-acting opioid each month; (2) total number of short-acting opioid fills each month (includes duplicated 
members who filled a short-acting opioid more than once); (3) total short-acting opioid days supplied each month, 
calculated by adding the total days supplied for all short-acting opioid claims across all patients; (4) number of members 
filling a long-acting opioid each month; (5) total number of long-acting opioid fills each month (includes duplicated 
members who filled a long-acting opioid more than once); (6) total long-acting opioid days supplied each month, 
calculated by adding the total days supplied for all long-acting opioid claims across all patients.

Statistical Analyses
The ITS design for this study was implemented through the use of a segmented regression analysis.15 Segmented 
regression allows for the assessment and comparison of temporal trends across different time periods. By fitting 
a regression in the pre- and post-interruption time periods separately, we estimated the slopes during both the pre- 
period and the post-period and the change in slope from the pre-period to the post-period. We also estimated the level 
change, which is defined as the difference between the pre-period and post-period predicted values at the time of the 
interruption. The analyses were conducted at the population level, with no matching of members from the pre- 
interruption time period to the post-interruption time period. We assessed for auto-correlation and seasonality, neither 
of which were significant and were therefore not included in the final ITS models. All ITS models were stratified by 
short-acting and long-acting opioid analgesics, as well as by cohort population, namely Health First Colorado Medicaid 
and non-Medicaid managed care cohorts. Analyses were generated using SAS software. Copyright © 2016 SAS Institute 
Inc. SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS 
Institute Inc., Cary, NC, USA.

Results
During the study period, we identified 248,962 Health First Colorado members and 470,555 non-Medicaid managed care 
members with at least one opioid fill (Table 1). Approximately 60% of the Medicaid cohort was female and 57% of the 
non-Medicaid managed care cohort was female. The average age was 35 years old in the Medicaid cohort and 48 years 
old in the non-Medicaid managed care cohort. The majority of the Health First Colorado members were White (44%) or 
multiple races (40%). Race/ethnicity information was not available for the non-Medicaid managed care cohort. 
Demographic characteristics of members in each cohort were similar in the pre-period and the post-period. Note, as 
a population-level analysis, cohort members could have been included in both time periods, and demographic character-
istics were therefore not compared for statistical differences from pre- to post-COVID interruption.

Prior to the COVID interruption, prescribed utilization of short-acting opioids was significantly decreasing in the non- 
Medicaid managed care cohort (Table 2, Figure 1). Specifically, the number of non-Medicaid managed care members 
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Table 1 Demographic Characterisitcs of the Health First Colorado Cohort and Non-Medicaid Managed Care Cohort, Stratified by 
Time Peroid

Health First Colorado Non-Medicaid Managed Care

Pre-Period Post-Period Total Pre-period Post-period Total

N = 153,343 N = 146,579 N = 248,962 N = 297,022 N = 240,977 N = 470,555

N % N % N % N % N % N %

Female 93,854 61.21% 89,742 61.22% 149,859 60.19% 169,001 56.88% 138,527 57.49% 266,578 56.65%

Mean (SD) age in 

years at index fill

35.90 (14.80) 36.41 (14.56) 35.06 (14.78) 48.06 (17.11) 50.71 (17.55) 48.23 (17.44)

Racea

American Indian 1382 0.90% 1346 0.92% 2268 0.91% – – – – – –

Asian 1912 1.25% 1923 1.31% 3439 1.38% – – – – – –

Black/African 
American

8918 5.82% 8528 5.82% 14,460 5.81% – – – – – –

Hispanic/Latino 6136 4.00% 5308 3.62% 10,086 4.05% – – – – – –

Multiple 60,610 39.53% 58,755 40.08% 99,838 40.10% – – – – – –

Native Hawaiian/ 

Other Pacific 

Islander

279 0.18% 350 0.24% 531 0.21% – – – – – –

Other 1885 1.23% 1856 1.27% 3197 1.28% – – – – – –

Unknown 4120 2.69% 3355 2.29% 6478 2.60% – – – – – –

White 68,101 44.41% 65,158 44.45% 108,665 43.65% – – – – – –

Note: aRace/ethnicity is not available in the IQVIA PharMetrics Plus for Academics® claims data.

Table 2 Interrupted Time Series Segmented Regression Analysis of Opioid Utilization Outcomes Before and After Emergence of the 
COVID-19 Pandemic

Health First Colorado Non-Medicaid Managed Care

Pre-Period 
Slope

Post-Period 
Slope

Change from Pre 
to Post

Pre-Period 
Slope

Post-Period 
Slope

Change from pre 
to Post

Slope Level 
Change

Slope Level- 
Change

Short-acting Opioids

Number of Members Filling −327.20** 5.3 332.53** 1097 −294.8** 262.46** 557.3** −1990*

Total Opioid Fills −401.88** −34.03 367.85** 1562 −241.8* 458.49** 700.3** −2821

Total Days Supplied −6548** −1845.56 4703** 28,094 −2374 4660.0** 7034** 16,633

Long-acting Opioids

Number of Members Filling −31.03** −1.03 29.99** 184.61** −41.56** 2.18 41.52** −46.89

Total Opioid Fills −36.15** −4.37 31.78** 233.85* −42.2** 5.25 44.92** −87.44

Total Days Supplied −1026** −152.3 873.85** 6700* −1605** −125.3 1480** −976.6

Notes: *p < 0.05; **p < 0.01.
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filling a short-acting opioid was decreasing by approximately 294 members per month (slope = −294.8, p < 0.01) and the 
total number of short-acting opioid fills was decreasing by 242 fills per month (slope = −241.8, p < 0.05). Prescribed 
utilization of long-acting opioids was also significantly decreasing in the non-Medicaid managed care cohort prior to the 
interruption (Table 2, Figure 2). During the period after the COVID interruption, prescribed utilization of long-acting 
opioids remained stable for non-Medicaid managed care members (p > 0.05). However, prescribed utilization of short- 
acting opioids significantly increased during the period following the COVID interruption. The number of members 
filling a short-acting opioid (slope = 262.46, p < 0.01), the total number of short-acting opioid fills (slope = 458.49, p < 
0.01), and the total days supplied of short-acting opioids (slope = 4660.0, p < 0.01) all had significantly positive slopes 
after the interruption.

As with the non-Medicaid managed care cohort, prescribed utilization of short-acting opioids was significantly 
decreasing prior to the COVID interruption for Health First Colorado members (Table 2, Figure 1). For example, the 
number of Health First Colorado members filling a short-acting opioid was decreasing by approximately 327 members 
per month (slope = −327.20, p < 0.01). Prescribed utilization of long-acting opioids was also significantly decreasing 
prior to the COVID interruption (Table 2, Figure 2). We estimated a significant level increase at the time of the 
interruption (ie, difference between the pre-period and post-period predicted values at the time of the interruption) for 
each prescribed utilization outcome for long-acting opioids. For example, the level change of predicted Health First 
Colorado members filling a long-acting opioid increased by 185 members from just before the COVID interruption to 
just after the COVID interruption (level change = 184.61, p < 0.05). After this immediate increase, prescribed utilization 
of long-acting opioids in the Health First Colorado cohort remained stable. In contrast to the significantly increasing 
prescribed utilization of short-acting opioids after the COVID interruption in the non-Medicaid managed care cohort, 

Figure 1 Trends in the number of members (A), total number prescription fills (B), and total days supplied (C) for short-acting opioids among Health First Colorado 
members and a national cohort of non-Medicaid managed care members.
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utilization remained stable among Health First Colorado members, with slopes for each of the three prescribed utilization 
measures for short-acting opioids being non-significant (p > 0.05).

Discussion
To our knowledge, this is the first evaluation describing changes in prescribed opioid utilization before and after the onset 
of COVID-19, specifically in a Medicaid population. Based on our ITS analysis, we unexpectedly observed an initial 
increase in prescribed utilization of short- and long-acting opioids in our Health First Colorado population immediately 
following the onset of the pandemic; however, the utilization of both types of opioids stabilized and remained unchanged 
in the 18 months following the COVID interruption. This trend was verified in a nationwide, non-Medicaid managed care 
cohort, which saw similar trends for long-acting opioids. However, an increase in utilization of short-acting opioids, 
which could be reflective of acute use, was noted in the non-Medicaid managed care cohort following the COVID 
interruption. Within our Health First Colorado cohort, we hypothesize this stabilization may be due to opioid prescribing 
safeguards and programs put in place prior to the pandemic.7

Our findings somewhat mirror the findings of Rikin et al, who also evaluated the effect on outpatient prescribing of 
opioids in a single health system in New York City pre- and post-COVID interruption using an ITS study design.13 

Unlike our study, these investigators stratified opioid utilization based on acuity in which “chronic use” was defined as 
the patient having been prescribed an opioid in excess of 90 days and “non-chronic use” was defined as less than or equal 
to 90 days. Similar to our study, Rikin et al found that prior to the pandemic both chronic and non-chronic opioid 
prescriptions were decreasing (slope −0.8 prescriptions per week; 95% confidence interval (CI): −0.5, 1.1; slope −0.4 
prescriptions per week; 95% CI: −0.7, −0.1, respectively). However, for chronic use during the initial restriction period, 
there was an immediate increase by 7.5% compared to their predicted estimates (34.8 prescriptions, 95% CI: 8.0, 61.7) 
with no other significant changes in prescriptions during the remainder of the study period. In the case of non-chronic use 

Figure 2 Trends in the number of members (A), total number prescription fills (B), and total days supplied (C) for long-acting opioids among Health First Colorado 
members and a national cohort of non-Medicaid managed care members.
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during the COVID restriction phase, there was an immediate decrease by 34.1% compared to predicted (−83.9 
prescriptions, 95% CI: −125, −38.8) with a slope increase occurring during re-opening compared to the restriction 
period (6.4 prescriptions per week, 95% CI: 2.2, 10.7).

Within our ITS study, we evaluated opioid utilization at both a state (Health First Colorado cohort) and national (non- 
Medicaid managed care cohort) level with a more granular perspective of number of members filling an opioid, total fills, 
and total days supplied stratified by short- and long-acting opioids and contextualized our Colorado Medicaid findings 
with those of a nation-wide non-Medicaid cohort. While our findings for both study cohorts are similar to the Rikin’s pre- 
interruption period, we found a stabilization in opioid utilization during the post-period for the Health First Colorado 
Medicaid cohort, which remained unchanged in the 18 months following the COVID-19 interruption independent of the 
type of opioid used. However, if we consider utilization of short-acting opioids as a surrogate for non-chronic pain and 
long-acting opioids for chronic use, our analysis at the national level in non-Medicaid members mirrors Rikin et al’s 
findings. Nonetheless, our evaluation of opioid utilization for both of our study cohorts adds to the literature and provides 
lessons learned from a health policy perspective that can be potentially applied if, or when, the next pandemic does occur.

The national non-Medicaid, managed care cohort from the IQVIA PharMetrics® Plus database was used such that several 
comparisons and observations could be made. First, while the Medicaid benefit is jointly funded by both the federal 
government and each state, healthcare services and prescription benefits are created, administered, and monitored by each 
individual, respective state. Second, the Medicaid benefit is designed to provide healthcare coverage and prescription benefits 
for the nation’s most vulnerable, low-income individuals and families, making it possible for millions of low-income children, 
parents, pregnant women, people with disabilities, and seniors to receive health care. During the study period, both cohorts had 
access to prescription opioids; however, regulation is determined by specific criteria set by each state as is the case for 
Medicaid members and by pharmacy benefit managers for each individual third-party insurance plan for the managed care 
cohort. In the case of Health First Colorado members, access to opioids was actually increased during the pandemic as 
pharmacists could allow for early opioid refills with refill tolerance of greater than 50% of the previous fill utilized.3

This evaluation has several limitations. As with all pharmacy and medical claim analyses, we can only infer opioid 
prescription acquisition and not administration. Also, we did not evaluate opioid-related overdose deaths or admissions 
during the study period for several reasons. First, HCPF does not have access to specific death data for their members, 
only the termination date of benefits. Second, the opioid overdose epidemic in the United States has been described as 
occurring in four waves: wave 1: rise in prescription opioid overdose deaths (1999–2010), wave 2: rise in heroin 
overdose deaths (2010–2013), wave 3: rise in non-prescription synthetic opioid overdose deaths, and wave 4: rise in 
polysubstance deaths, including methamphetamine and synthetic, illegal fentanyl (2013-present).16 Nationwide, the 
COVID-19 pandemic occurred during the fourth wave of the opioid overdose epidemic, meaning that the majority of 
overdose deaths were primarily driven by non-prescription, illegally obtained, synthetic opiates. Between 2019 and 2020, 
Colorado did experience a 54% increase in drug overdoses and a 38% increase in drug overdose deaths; however, these 
increases were primarily related to illegally obtained, synthetic non-prescription opioids such as fentanyl, heroin, and 
methamphetamine and, to a much lesser extent, to prescription opioids.17 Therefore, opioid overdose emergency room or 
hospital admissions in Colorado are confounded by polysubstance use, and illegally obtained synthetic opiates would not 
be captured in pharmacy claims. Nonetheless, our findings from this ITS study corroborate these statistics as we did not 
see a significant increase in prescription opioid utilization post-COVID-19. While not diminishing the importance that 
prescription opioids play in the overall overdose epidemic, state health policy implementing safe guards and programs for 
appropriate prescribing is one measure that can be directly controlled in order to limit the volume of prescription opioids 
that enter into the community and could potentially contribute to this epidemic. Finally, within the managed care, non- 
Medicaid cohort, we did not have access to specific opioid regulation policies from the 80 plus insurance plans included.

Conclusion
With the COVID-19 interruption, opioid utilization and prescribing for both short- and long-acting opioids remained 
stable in the Health First Colorado population, even in the face of improved prescription access during the pandemic. 
However, in the non-Medicaid managed care population, an increase in short-acting opioids was demonstrated across all 
utilization measures following the onset of COVID-19. Even within the most vulnerable population, these findings 
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suggest that established safeguards and programs set forth by HCPF such as access to telemedicine, provider to provider 
pain consultations, opioid quantity and day supply limits, and safety review of high morphine milligram equivalent 
prescriptions may be effective in controlling potential inappropriate opioid utilization. Overall, the COVID-19 pandemic 
allowed for the evaluation of current opioid policies and interventions. Nonetheless, the interventions described within 
can serve as a model for other state Medicaid programs and health systems. Building on these data, future research 
should be focused on linking overdose death data with opioid utilization to fully appraise and contextualize the impact of 
these health policy interventions on the opioid epidemic during the COVID-19 pandemic.
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