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Abstract

BACKGROUND—Historically, the receipt of prescription opioids has differed among racial 

groups in the United States. Research has not sufficiently explored the contribution of individual 

health systems to these differences by examining within-system prescription opioid receipt 

according to race.

METHODS—We used 2016 and 2017 Medicare claims data from a random 40% national sample 

of fee-for-service, Black and White beneficiaries 18 to 64 years of age who were attributed 

to health systems. We identified 310 racially diverse systems (defined as systems with ≥200 

person-years each for Black and White patients). To test representativeness, we compared patient 

characteristics and opioid receipt among the patients in these 310 systems with those in the 

national sample. Within the 310 systems, regression models were used to explore the difference 

between Black and White patients in the following annual opioid measures: any prescription filled, 

short-term receipt of opioids, long-term receipt of opioids (one or more filled opioid prescriptions 

in all four calendar quarters of a year), and the opioid dose in morphine milligram equivalents 

(MME); models controlled for patient characteristics, state, and system.

RESULTS—The national sample included 2,197,153 person-years, and the sample served by 310 

racially diverse systems included 896,807 person-years (representing 47.4% of all patients and 

56.1% of Black patients in the national sample). The national sample and 310-systems sample 

differed meaningfully only in the percent of person-years contributed by Black patients (21.3% 

vs. 25.9%). In the 310-systems sample, the crude annual prevalence of any opioid receipt differed 

slightly between Black and White patients (50.2% vs. 52.2%), whereas the mean annual dose was 

36% lower among Black patients than among White patients (5190 MME vs. 8082 MME). Within 
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systems, the adjusted race differences in measures paralleled the population trends: the annual 

prevalence of opioid receipt differed little, but the mean annual dose was higher among White 

patients than among Black patients in 91% of the systems, and at least 15% higher in 75% of the 

systems.

CONCLUSIONS—Within individual health systems, Black and White patients received 

markedly different opioid doses. These system-specific findings could facilitate exploration of 

the causes and consequences of these differences. (Funded by the National Institute on Aging and 

the Agency for Healthcare Research and Quality.)

The receipt of prescription opioid analgesics in the United States differs according to skin 

color despite a lack of evidence of racial differences in pain perception or in preferences 

for pain management.1,2 National, regional, and single-institution studies involving adults 

have consistently shown that Black and Hispanic patients are less likely to receive opioid 

analgesics than White patients. When Black and Hispanic patients do receive opioids, they 

commonly receive a lower dose than their White counterparts.1–14 Studies have suggested 

that the differences may be narrowing, but their persistence raises disturbing questions 

about the effect of patient race on physicians’ pain-management decisions and, in turn, the 

suffering experienced by patients when they are undertreated or overtreated.1,15–18

As a signal of care quality, opioid receipt is especially complex. Although prescription 

opioid use is discouraged for the management of long-term, non–cancer-related pain, 

clinicians historically have accepted these drugs as a reasonable first-line therapy for severe, 

short-term pain and for pain associated with advanced cancer.19–21 Overdose events and 

death are well-recognized risks associated with prescription opioids.22–24 Prescribers are 

challenged to balance these risks with their desire to relieve suffering. Historically, this 

search for balance manifests as more liberal use of opioids for White patients than for Black 

or Brown patients.1–14 Given the complicated trade-offs, we do not yet know which group 

has fared better overall, but it is hard to imagine that the influence of race in these decisions 

— given that there is no known physiologic basis — reflects high-quality, equitable care.2 

Steep growth in the incidence of opioid overdose events among White patients in the United 

States has led some researchers and journalists to characterize unequal opioid receipt as 

protective for Black and Brown patients.18,23,25 Such characterizations ignore the risks of 

untreated and undertreated pain.1,26,27

Generally, large studies of prescription opioid receipt examine broad geographic areas 

or the nation; this approach exposes important trends but largely defies accountability 

and actionability. To begin addressing this research and reporting gap, we measured and 

compared prescription opioid receipt among Black and non-Hispanic White Medicare 

beneficiaries 18 to 64 years of age, across and within individual health systems. This 

population, which is composed almost entirely of workers with disability, has a high level 

of prescription opioid receipt and a high rate of opioid overdose events.28 We report 

the differences between Black and White patients in the receipt of prescription opioids, 

both overall and within health systems, for this population and present race-specific opioid­

receipt measures for each system.
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METHODS

DATA AND COHORT

We used Medicare data from a random 40% sample of fee-for-service beneficiaries 18 to 

64 years of age who had been fully enrolled for at least 12 months in Medicare Part A 

(inpatient), Part B (outpatient), and Part D (prescription drug) coverage in 2016 or 2017. 

We limited our study to beneficiaries who were identified as Black or non-Hispanic White 

(hereafter, White) by the Research Triangle Institute classification available in the Medicare 

Master Beneficiary Summary File.29 For health system attribution, we further limited our 

study to include patients who had at least one primary care service claim in 2016 or 2017. 

To minimize the inclusion of incomplete claims, we excluded patients living outside the 

United States, those who were eligible for Medicare owing to end-stage renal disease, those 

who had any hospice use, and those with no Part D claims. The study was approved by 

the Dartmouth College Committee for the Protection of Human Subjects. Additional details 

about the study methods are provided in Supplementary Appendix 1.

PRESCRIPTION OPIOID MEASURES

Using Medicare Part D data, we constructed four annual measures of patient-level 

prescription opioid receipt: any opioid receipt, short-term receipt (at least one filled 

opioid prescription in one to three quarters of the calendar year), long-term receipt (at 

least one filled opioid prescription in four calendar quarters of a year), and the total 

morphine milligram equivalents (MME) per person-year (the MME value of all filled opioid 

prescriptions summed for each person-year). Definitions are provided in Tables S1 and S2 in 

Supplementary Appendix 1.30,31

COVARIATES AND PATIENT CHARACTERISTICS

Medicare data include information on patients’ age, sex, and state of residence. We 

classified patients as long-term care residents if 50% or more of their prescriptions in a 

calendar year had been filled by a long-term care pharmacy (according to the Pharmacy 

Characteristics File).32 We used contemporaneous claims to calculate patients’ annual 

Hierarchical Condition Category (HCC) scores (scores generally range from 0.7 to 1.5, 

with higher scores indicating higher morbidity and predicting higher medical spending).33 

To align with the Institute of Medicine on disparities measurement, we did not include 

poverty indicators in our study.34 For secondary analyses, we identified patients with cancer 

diagnoses and used Part D data to calculate the annual nonopioid prescription drug 30-day 

supply count for each patient.33 (Definitions are provided in Tables S1, S3, and S4.)

HEALTH SYSTEM ATTRIBUTION

We used the IQVIA OneKey database to link providers on claims to health systems and 

practices using the National Provider Identifier.35,36 We used claims to attribute each patient 

to a health system in each calendar year on the basis of the plurality of primary care 

visits.37 Data on patients who had been treated primarily outside health systems (i.e., in 

independent practices) were retained for the national-sample analyses only. For system-level 

analyses, we identified 310 health systems that included at least 200 attributed person-years 
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each for Black patients and White patients in our study period. This threshold ensured 

compliance with the Centers for Medicare and Medicaid Services reporting requirements 

that are designed to protect the confidentiality of Medicare beneficiaries.38 Beneficiaries 

who had been attributed to these 310 diverse-population systems composed the sample used 

in the regression analyses.

STATISTICAL ANALYSIS

We explored each prescription-opioid measure and the Black–White measure differences in 

both the national sample and the sample attributed to the 310 health systems with sufficient 

cohorts of Black and White patients, and we examined differences between the two samples 

to test representativeness. We then modeled the mean person-level race differences in opioid 

measures in the sample of patients attributed to the 310 systems. Next, we estimated 

adjusted race differences in measures for each of the 310 individual systems. We graphed 

these adjusted system-level race differences.

To obtain the mean person-level race differences in opioid measures among the patients 

attributed to the 310 systems, we fit the following linear regression model (linear probability 

model for binary outcomes) for each outcome for the years 2016 and 2017:

E Yikts = β0 + β1Blacki + β2Systemk + β3CY 16t + β4States + β5Covariatesit,

where Y is the prescription opioid measure for individual i attributed to system k in year 

t residing in state s. In this equation, “Black” indicates Black race, “System” is a vector 

of indicators for the system delivering the plurality of primary care visits to patient i, 
“CY16” indicates 2016 observations, “State” is a vector of state of residence indicators, 

and “Covariates” is a vector of patient characteristics. We used a robust sandwich variance 

estimator, specifying clusters as systems. We report β1, an estimate of adjusted Black–

White differences for each outcome, with 95% confidence intervals. Because the confidence 

intervals were not adjusted for multiplicity, inferences drawn from these intervals may not be 

reproducible.

To obtain measures for each of the 310 individual systems and to provide insight into the 

source of mean differences between populations, we estimated within-system Black–White 

differences in opioid measures. For this analysis, we modified the model above by replacing 

the single “Black” race indicator with “Black⋆System” (an interaction term multiplying 

the Black race indicator by each system indicator) and omitted the constant term. In these 

models, β1 is a vector of system-specific estimates of the Black–White difference in Y, as 

compared with β2, a vector of estimated adjusted means of Y among White patients within 

each system. We used these models to create, for each health system, estimates of Black and 

White measure values, differences, and ratios.

We conducted four sets of secondary analyses. First, we reestimated the main models among 

patients who had at least one cancer diagnosis code in both years in order to explore the 

effect of cancer diagnoses on differences in opioid receipt and measures according to race. 

Second, to assess whether observed differences in opioid receipt would reflect a lower 
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annual prevalence of receipt of all prescription drugs among Black patients than among 

White patients, we reestimated the main models, controlling for the 30-day supply count 

of the nonopioid prescriptions for each patient. Third, to explore sources of differences in 

the annual MME according to race, we examined the characteristics of the filled opioid 

prescriptions: the MME per filled prescription, the MME per unit dispensed, and the number 

of units dispensed, according to race, among long-term recipients and short-term recipients. 

Finally, we explored how estimated Black–White differences varied according to the fraction 

of person-years contributed by Black patients in a system.

RESULTS

POPULATION

Table 1 presents the characteristics of the patients in the national sample and of those in the 

sample attributed to the 310 systems included in our system-level analysis. The national 

sample included 2,197,153 person-years (from 1,297,519 unique patients) and differed 

meaningfully from the sample attributed to the 310 studied systems only in the percent 

of the person-years contributed by Black patients (21.3% vs. 25.9%).

Of 3686 health systems, 310 (8.4%) met our inclusion criteria for within-system analyses 

(i.e., ≥200 person-years contributed by Black patients and ≥200 person-years contributed by 

White patients in that system). The 310 systems included 896,807 attributed person-years 

and represented 47.4% of all the patients in the national sample and 56.1% of the Black 

patients in the national sample. In the 310-systems sample, 53.7% of the patients were 

women, and the mean age of the patients was 50.4 years. Black patients had more coexisting 

conditions than White patients (mean HCC score, 1.22 vs. 1.13) and were less likely to be in 

long-term care (7.4% vs. 9.9%) (Table 1).

Among the 310 systems, individual-system cohorts ranged from 433 to 34,845 total 

person-years (mean [±SD], 2893±3625), from 200 to 7236 person-years (mean, 750±785) 

contributed by Black patients, and from 212 to 27,609 person-years (mean, 2143±3004) 

contributed by White patients. The system-level percent of person-years that were 

contributed by Black patients ranged from 5.6 to 79.5% (mean, 32.7±15.7) (Table S5). In a 

comparison of systems that met the inclusion criteria for system-level analyses with those 

that did not meet these criteria, the characteristics of the patients were similar except for the 

percent of patients within each sample who were Black (Table S6). The included systems 

were larger, were more commonly not-for-profit, and were more likely to own hospitals than 

the systems that were not included (Table S7).

CRUDE OPIOID MEASURES

Crude opioid measures among patients who were attributed to the 310 health systems did 

not differ from the measures among those in the national sample (Table 2). Among patients 

served by the 310 systems, the annual prevalence of any filled opioid prescription was 

50.2% among Black patients and 52.2% among White patients; the annual prevalence of 

long-term opioid receipt was 21.8% and 26.4%, respectively. Black patients received lower 

annual opioid doses than White patients, regardless of the receipt pattern. Among all patients 
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(including nonrecipients), the doses were 5190 MME among Black patients and 8082 MME 

among White patients (36% lower among Black patients); among short-term recipients, 

1241 MME and 1835 MME, respectively (33% lower among Black patients); and among 

long-term recipients, 22,211 MME and 28,860 MME, respectively (23% lower among Black 

patients).

MODEL RESULTS IN SAMPLE OF PATIENTS ATTRIBUTED TO 310 SYSTEMS

Tables 3 and S8 show the results of patient-level models estimating the mean annual Black–

White differences in opioid measures in the 310-systems sample. The models included 

patient characteristics and indicators for each patient’s state of residence and health system. 

In these models, Black race, as compared with White race, mirrored the crude differences 

and was associated with a lower annual rate of any opioid receipt (difference, −3.3 

percentage points; 95% confidence interval [CI], −4.0 to −2.6), a higher annual rate of 

short-term opioid receipt (difference, 1.7 percentage points; 95% CI, 1.3 to 2.0), and a lower 

annual rate of long-term opioid receipt (difference, −5.0 percentage points; 95% CI, −5.7 to 

−4.2). In models examining the annual MME, the differences in dose between Black patients 

and White patients were also similar to the crude differences: −3140 MME (95% CI, −3465 

to −2815) overall, −588 MME (95% CI, −656 to −520) among short-term recipients, and 

−7232 MME (95% CI −7938 to −6525) among long-term opioid recipients.

ADJUSTED RACE DIFFERENCES WITHIN EACH OF THE 310 SYSTEMS

Among the 310 diverse-population systems, within-system differences in adjusted race­

specific measures varied, but a dominant trend emerged. White patients received a higher 

annual MME than Black patients in 91% of the 310 systems, and the MME was at least 15% 

higher for White patients in 75% of the systems (Tables S9 and S10). For each of the 310 

systems, Figure 1 shows the adjusted mean annual MME among Black and White patients 

for both short-term and long-term receipt of opioids.

Table S10, which is in Supplementary Appendix 2 (available at NEJM.org), provides 

system-specific cohort details and adjusted measures according to race for each of the 310 

systems analyzed. Within relatively small geographic areas, system-level race differences 

varied. For example, an exploration of the Black-to-White ratio of the annual MME per 

person-year overall revealed the following findings. In the Chicago area, the ratios at three 

health systems were 0.98 at Northshore University Health, 0.55 at Northwestern, and 0.36 

at Cook County. In Massachusetts, the ratios at four health systems were 0.95 at Cambridge 

Health Alliance, 0.71 at Baystate Health, 0.62 at Beth Israel Deaconess, and 0.60 at Boston 

Medical Center.

SECONDARY ANALYSES

In secondary analyses examining opioid receipt among 5893 patients with cancer diagnoses, 

Black–White differences in opioid measures mirrored those of the overall study population 

(Table S11). Measurement of crude nonopioid prescription receipt revealed that the mean 

annual 30-day supply count was 52.3±42.5 among Black patients and 62.9±45.9 among 

White patients. In secondary analyses, we repeated our main models with additional 

adjustment for the annual count of nonopioid prescription 30-day supplies. In these 
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secondary models, estimates of Black–White differences in opioid-receipt measures were 

slightly smaller in magnitude than the estimates shown in Table 3 (Table S12). Secondary 

analyses examining the characteristics of the filled opioid prescriptions showed that 

prescriptions received by Black patients, on average, had lower values for all components — 

the fill count, MME, units dispensed, and MME per unit — than those received by White 

patients (Table S13).

In secondary analyses exploring how estimated Black–White differences varied according to 

the fraction of person-years contributed by Black patients in a system, we decomposed the 

racial differences in opioid receipt into between-system differences (i.e., the effect of Black 

patients receiving care in lower opioid-prescribing systems as compared with higher opioid­

prescribing systems) and within-system racial differences. We found that Black patients 

disproportionately received care from lower-prescribing systems, but the effect of being 

served by different health systems was small as compared with the within-system effect. 

For example, in a comparison of the annual MME overall among Black patients and White 

patients, the between-system differences, on average, accounted for a dose that was 537 

MME lower, whereas within-system differences accounted for a dose that was 2817 MME 

lower (Fig. S1A through S1F and Table S14). Overall, the discrepancies in opioid receipt 

according to race stemmed from within-system differences and not from differences among 

health systems serving relatively more Black patients than White patients.

DISCUSSION

In this population of Medicare beneficiaries with disability, the annual prevalence of 

prescription opioid receipt was similar among Black and White patients (approximately 

50%), but Black patients received 36% fewer MME annually. For each opioid measure, 

crude differences according to race shifted minimally in adjusted models, which suggests 

that observed differences did not result from Black and White patients having different 

health conditions or demographic characteristics or living in different states. Almost all 

the population-average race gaps stemmed from within-system differences; that is, Black 

patients and White patients who were served by the same system had very different patterns 

of opioid receipt. These opioid-receipt patterns probably reflect both overtreatment of White 

patients and under-treatment of Black patients. The findings should prompt systems to 

explore the causes and consequences of these biased patterns and to develop and test efforts 

to eliminate the influence of race on the receipt of pain treatment.

Could these findings result from something other than racial bias? We do not have the 

nuanced clinical data necessary to assess the appropriateness of the observed patterns of 

opioid receipt. Even when clinical data are available, the quality of pain management is 

hard to assess owing to the complex nature of this care. Despite the limitations of our 

data, it is hard to imagine that, within each of the 310 health systems that we studied, 

the differences in need, preferences, and opioid-associated risks among White patients and 

Black patients explain such substantial inequality in opioid receipt. Yet, most of the systems 

(75%) were characterized by clinically meaningful differences, with the opioid dose received 

by White patients being at least 15% higher than that received by Black patients. Research 

from clinical settings suggests that such differences in practice may result from clinicians’ 
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conscious and unconscious racial bias.1,2,6,7,18,39,40 Such bias could reflect mistaken beliefs 

that Black patients experience less pain and are more likely to misuse prescription opioids 

than White patients.7,41 It may also reflect patient–physician racial discordance and the 

related potential for lower levels of empathy, trust, physician perception of patient’s pain, 

and effective communication.42–45 We expect that systemic structural racism contributes as 

well.46 Such systemic factors may include, for example, racially segregated neighborhoods 

and a lower density of pharmacies and continuity care clinics in predominantly Black 

neighborhoods than in predominantly White neighborhoods.47,48

The finding that the differences between races in the opioid dose was also large among 

patients with cancer diagnoses emphasizes the need to understand observed opioid-receipt 

patterns and associated outcomes. Given the broad range of cancer diagnoses used, and in 

the absence of any information on whether opioids were intended for cancer-related or other 

pain, we interpret these secondary analyses with caution.

Our study has important limitations. We used filled prescriptions as a measure of opioid 

receipt. We did not have information on prescriptions that were written but unfilled. The 

decision to fill an opioid prescription may vary according to race and contribute unmeasured 

confounding. Our finding that Black patients, on average, received lower doses and smaller 

quantities in each filled prescription indicates that unfilled prescriptions cannot fully explain 

our findings. We did not adjust models for visit intensity because prescription receipt and 

visits are tightly correlated. If visit intensity and care setting (e.g., emergency department 

or continuity clinic) vary according to race, this difference in care intensity may influence 

observed differences regarding opioid receipt.49 Although differences in access to clinicians 

may explain some racial differences in opioid measures, a similar annual prevalence of 

opioid receipt overall among Black patients and White patients suggests that access did 

not differ dramatically in these groups. Our attribution method holds the health system 

delivering the plurality of a patient’s care accountable for the annual opioid receipt. If 

the receipt of opioids from outside providers differed according to race, we would have 

misattributed differences in the opioid measures to the assigned system.

We relied on diagnostic codes to adjust for medical conditions; the underrecording and 

over-recording of diagnoses would affect the validity of this approach. Limited patient 

numbers prohibited the study of other minority populations. The racial composition of 

our selected systems (large systems serving racially diverse populations) is not nationally 

representative. The 310 systems that we studied served 47.4% of all patients and 56.1% of 

the Black patients in the national sample but represent only 8.4% of the systems identified. 

Our findings may not reflect patterns in unstudied health systems or independent practices. 

However, a comparison of the patients in our 310 systems with patients in smaller, less 

diverse organizations showed remarkably similar opioid-receipt patterns and race differences 

in opioid receipt. Finally, our population of Medicare enrollees with disability, who were 

younger than 65 years of age, is complex; the patterns that we observed may not be 

generalizable.50

In this population of beneficiaries with disability, we found substantial racial inequality in 

the receipt of prescription opioids, especially with regard to opioid dose. Although others 
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have found evidence that differences in health care intensity and quality result from Black 

patients and White patients receiving care at different health care facilities, we found that 

race gaps within systems were generally as large as race differences overall.51,52 We do 

not know whether or how these differences affect patient outcomes, because both opioid 

underuse and overuse can cause harm. We do know that skin color should not influence 

the receipt of pain treatment. Our overall observations and system-specific reporting should 

prompt action by providers, health system administrators, and policymakers to explore 

root causes, consequences, and effective remediation strategies for racially unequal opioid 

receipt.

Supplementary Material
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Figure 1. Within-System Differences between Black and White Patients in Mean Annual 
Morphine Milligram Equivalents.
Each dot represents 1 of the 310 health systems analyzed and shows, within each health 

system, the mean annual morphine milligram equivalents (MME) among Black and White 

patients, with adjustment for age category, female sex, Hierarchical Condition Category 

score, long-term care status (defined as ≥50% prescriptions having been dispensed by a 

long-term care pharmacy), and indicators for state of residence and year (2016). The 45­

degree line in each panel represents equal values among Black patients and White patients 

(i.e., a ratio of 1). Dots above the line represent greater MME among White patients than 
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among Black patients, and dots below the line represent the opposite. Distance from the 

line signals the magnitude of the race difference. Darker dots indicate systems in which the 

Black-to-White ratio for the MME was less than or equal to 0.85 or was greater than or 

equal to 1.15, whereas lighter dots indicate systems in which the ratio was more than 0.85 

and less than 1.15. The size of the dots is relative to the number of attributed patients. Note 

the scale difference between Panels A (short-term receipt) and B (long-term receipt).
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Table 3.

Adjusted Estimates of Black–White Difference in Prescription Opioid Measures in 310 Health Systems.*

Variable Black-White Difference (95% CI) R2†

Prescription opioid receipt (percentage points)

 Any receipt −3.3 (−4.0 to −2.6) 0.115

 Short-term receipt 1.7 (1.3 to 2.0) 0.021

 Long-term receipt −5.0 (−5.7 to −4.2) 0.081

Annual MME

 Overall, including nonrecipients −3140 (−3465 to −2815) 0.038

 Among short-term recipients −588 (−656 to −520) 0.020

 Among long-term recipients −7232 (−7938 to −6525) 0.049

*
Each estimate represents the adjusted difference between Black patients and White patients in a linear regression model. The unit of analysis is 

the person-year. The population sample in these models included 896,807 person-years (from 615,089 unique patients) that were attributed to 310 
health systems with at least 200 person-years contributed by Black patients and at least 200 person-years contributed by White patients in the study 
period. Models included the following person-year–specific patient characteristics: age category, sex, HCC score, long-term care residence status, 
and indicators for year, the patient’s state of residence, and the health system at which the patient received the plurality of primary care services in 
the year. Confidence intervals (CIs) were computed on the basis of robust sandwich variance estimators, with specification for clusters as systems, 
but were not adjusted for multiple comparisons.

†
The R2 statistic conveys the share of variation in each prescription opioid–receipt measure that is explained by the regression model. The range is 

0 to 1. Higher values of R2 indicate that the regression explains more of the variation in opioid prescription receipt across patients.
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