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Background



Sickle Cell Disease (SCD) is a rare, inherited blood disorder that 
disproportionately affects African Americans.

 Sickle cell disease (SCD) is characterized by a defect in one of 
the genes for hemoglobin resulting in the production of 
sickle cell hemoglobin (HbS) in red blood cells.1

 Symptoms2

- Anemia, vaso-occlusive crisis, acute chest syndrome, stroke

 Prevalence and incidence in the U.S.
- Approximately 100,000 Americans have SCD3

- 2,000 infants with SCD are identified each year4

- 90% of patients are African American5

 Mortality6

- Median survival is 58-66
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Inadequate pain management using prescription opioid 
has increased health inequities among people living with . 

 A hallmark of SCD, vaso-occlusive crisis (VOC) 
1) 61.5% of SCD patients experience ≥ 1 VOC episode with an 

average of 2.9/year requiring treatment in the ED or inpatient 
setting7,8

2) 54-85% of the patients rely on opioid therapy to control VOC 
pain without other treatment options available9,10

3) Uncontrolled pain can lead to neuropathic pain, lower quality of 
life, loss of productivity, and increased use of costly ED visits and 
hospitalizations11,12

4) Economic burden (SCD): $2.98 billion/year in the U.S.13

 Disease-specific guidelines (e.g., NHLBI, ASH) recommend 
opioid analgesics to control VOC pain.14-17 

 Patients with SCD often face restrictive access to opioid 
therapy.18,19
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“Opioid epidemic” and subsequent guidelines on opioid prescribing 
may exacerbate the longstanding barriers to needed opioid therapy. 

March 2016 
CDC “Guideline for Prescribing 
Opioids for Chronic Pain”20

February 2019  

Letter of the ASH, ACSO, NCCN to 
the CDC regarding misapplication21

February 2019  

CDC’ acknowledgement of SCD as 
an excluded condition22

However,

- Misapplication continued
- Concerns from HCP and patients 

including those with SCD

SCD 
not excluded
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The CDC has seeking evaluations of intended and unintended 
impacts of the guideline on clinician and patient outcomes.23

However, evidence on the impact on those with is limited. 

Intended 
impacts

Target population Author, year Opioid prescribing practice Pain control outcomes

All U.S. population Bohnert, 201824 Decreased N/A

Opioid naïve individuals Jeffrey, 201925 Decreased N/A

Patients visiting ED Dayer, 201926 Decreased N/A

Patients at risk for opioid misuse Scherrer, 202027 Decreased N/A

Opioid naïve individuals Goldstick, 202128 Decreased N/A

Adults with chronic or acute pain Encinosa, 202129 Decreased N/A

Individuals with chronic pains Townsend, 202130 Decreased N/A

Unintended 
impacts

Target population Author, year Opioid prescribing practice Pain control outcomes

Post-operative treatment Sutherland, 202131 Decreased N/A

Cancer patients Chen, 202232 Decreased N/A

Patients with SCD N/A N/A N/A
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Objectives



Objectives

The goal was to provide quantitative real-world evidence that can help determine if the 
2016 CDC guideline resulted in 

Specific aim 1: To assess the association of the release of CDC guideline with changes in 
opioid prescribing level among patients with SCD. 

Specific aim 2: To assess the association of the release of CDC guideline with changes in 
pain-related health outcomes among patients with SCD.
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Methods



Methods
Data source IBM® MarketScan® commercial claims data from 01/01/2011 to 12/31/2019

Inclusion & 
exclusion criteria

1. ≥ 3 inpatient or outpatient visits with SCD diagnoses within 5 years33

2. No cancer diagnosis
3. Age ≥ 1 year old

Study design
&

Analysis

Interrupted time series design with segmented regressions (breakpoint: March 2016)

Study outcomes Specific Aim 1: Opioid prescribing practice Specific Aim 2: Pain-related health outcomes

1. Monthly rate of opioid prescriptions dispensed
2. Mean total morphine milligram equivalents (MME)

per patient per month
3. Mean daily MME per opioid prescription
4. Mean number of days supplied per opioid prescription

1. Monthly rates of VOC-related Emergency Department
(ED) visits

2. Monthly rates of VOC-related hospitalizations

Yt = β0 + β1Tt + β2Xt + β3XtTt + et 

• Coefficients from the 
regression:

 β2: one-time change 
immediately at the time of 
guideline release 

 β3: difference in the pre-
and post-guideline trends
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Results



Study population characteristics (N=14,979)

26%

12%

17%

29%

16%

Age = 25.9 (±16.9)

< 13 13  - 18 19 - 27 28 - 45 46 - 65

43%

57%

Gender

Male Female

69%

31%

Opioid use

Yes No
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Aim1

* P <0.05

Slope: -0.001

Immediate change Change over time

β2 95% CI P-value β3 95% CI P-value

- 0.008 - 0.035 0.020 0.572 - 0.003 - 0.004 - 0.002 <0.001

CDC guideline release

Slope: -0.004*

“Significant decrease in 
the monthly opioid 
prescription rate” 

Monthly rate of opioid prescription
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Mean total MME per personAim1

Immediate change Change over time

β2 95% CI P-value β3 95% CI P-value

- 57.28 -1748.9 1634.3 0.947 - 141.1 - 219.5 - 62.47 0.001

CDC guideline release

“Significant decrease in the 
total MME per patient ” 

Slope: 73.74*

Slope: - 67.23*

* P <0.05
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Mean daily MME per prescriptionAim1

Immediate change Change over time

β2 95% CI P-value β3 95% CI P-value

102.3 - 12.6 217.3 0.080 - 10.1 - 14.59 - 5.615 <0.001

CDC guideline release

“Significant decrease in the 
mean daily MME per 

prescription ” 

Slope: 4.13*

* P <0.05

Slope: -5.97*
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Mean number of days supplied per prescription
Aim1

Immediate change Change over time

β2 95% CI P-value β3 95% CI P-value

- 0.078 - 0.354 0.199 0.579 - 0.045 - 0.055 - 0.036 <0.001

CDC guideline release

“Significant decrease in the 
number of days supplied 

per prescription” 

* P <0.05

Slope: 0.031*

Slope: -0.015*
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VOC-related ED visits
Aim2

Immediate change Change over time

β2 95% CI P-value β3 95% CI P-value

- 0.087 - 1.438 1.265 0.899 0.041 - 0.005 0.088 0.083

CDC guideline release

“No significant change in 
the monthly rate of VOC-

related ED visits” 

* P <0.05

Slope: - 0.018

Slope: 0.024
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VOC-related hospitalizations
Aim2

Immediate change Change over time

β2 95% CI P-value β3 95% CI P-value

- 1.343 - 3.731 1.044 0.267 0.156 0.068 0.245 0.001

CDC guideline release

“Significant increase in the 
monthly rate of VOC-

related hospitalization” 

* P <0.05

Slope: - 0.098*

Slope: 0.059
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Conclusion



Study outcomes Results

Opioid prescribing 
practice

1. Monthly rate of opioid prescriptions dispensed Downward (p<0.001)

2. Mean total MME per patient Downward (p=0.001)

3. Mean daily MME per opioid Rx Downward (p<0.001)

4. Mean number of days supplied per opioid Rx Downward (p<0.001)

Health outcomes
1. Monthly rates of VOC-related ED visits No sig. change (p=0.083)

2. Monthly rates of VOC-related hospitalizations Upward (p=0.001)

Release of the CDC guideline was associated with a decreases in opioid prescribing practices
and an increase in the monthly rate of pain-related hospitalizations among patients with SCD. 
 The guideline may have an unintended negative impact on SCD population.
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Conclusion

Embrace at-risk pp
Improve QoC among 

vulnerable pp

State legislatures
Payers
Regulatory bodies

Revised CDC 
guideline

Original CDC 
guidelines

Reducing health inequity

RWE

RWD

Quantified outcomes 
among patients with SCD

Nationally representative 
health insurance claims data

1) Careful consideration of vulnerable populations who can be negatively impacted
2) Clear communication regarding the intention and scope of interventions

Policymakers:
23

pp: population
QoC: Quality of Care



Study limitations
• Designed as a single group time series because of the absence of a U.S. control group unexposed to 

the CDC guideline. 
– However, because level and trend of the for the post-intervention 

segment, it still addresses important threats to interval validity and constitutes a methodologically acceptable 
design for studying intervention effects.34

• Use of an administrative claims database 
– The scope will be limited by the information collected in the database. 
– The validity of the study results will depend upon the accuracy of records in the database.

• Examined the outcomes in commercially insured patients; study findings may not be generalizable to 
the patients with SCD who have public (mainly Medicaid) insurance. 

• Unable to assess the appropriateness of individual opioid prescribing.
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Future direction
• Validation: Advanced analysis (Adjusted interrupted time series)

– Examine trend changes of study outcomes over time while controlling for preexisting trends as 
well as temporal changes in population composition

• Predisposing factors: age, gender, comorbidity index
• Enabling factors: employment status, census region, rural/urban status
• Need factors: meteorological seasons, other pain conditions

– Measure outcomes per person per month
– Generalized estimating equation (GEE): g(E(Yi,t)) = β0 + β1Ti,t + β2Xi,t + β3Xi,tTi,t + 𝑿𝑿𝑖𝑖,𝑡𝑡 + ei,t

of the guideline compared to 
– For example, opioid prescribing in SCD vs. chronic pain vs. cancer vs. general population 

• Examine the impacts of revised guidelines on opioid prescribing and health outcomes among SCD
population
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