
Patterns of Opioid Use in Sickle Cell Disease

Jin Han1,2,*, Santosh L. Saraf2, Xu Zhang2, Michel Gowhari2, Robert E. Molokie2,3, Johara 
Hassan2, Chaher Alhandalous2, Shivi Jain2, Jewel Younge1, Taimur Abbasi3, Roberto F. 
Machado4, and Victor R. Gordeuk2

1Department of Pharmacy Practice, College of Pharmacy, University of Illinois at Chicago, 
Chicago, IL

2Comprehensive Sickle Cell Center, Section of Hematology/Oncology, Department of Medicine, 
University of Illinois at Chicago, Chicago, IL

3Jesse Brown VA Medical Center, Chicago IL 60612

4Division of Pulmonary, Critical Care, Sleep and Allergy Medicine, Department of Medicine, 
University of Illinois at Chicago, Chicago, IL

Abstract

Pain, the hallmark complication of sickle cell disease (SCD), is largely managed with opioid 

analgesics in the United States, but comprehensive data regarding the long-term use of opioids in 

this patient population is lacking. The pain medication prescription records from a cohort of 203 

SCD patients were analyzed. Twenty-five percent were not prescribed opioid medications while 

47% took only short-acting opioids, 1% took only long-acting opioids, and 27% took a 

combination of short-acting and long-acting opioids. The median (interquartile range) daily opioid 

dose was 6.1 mg (1.7-26.3 mg) of oral morphine equivalents, which is lower than the published 

opioid use among patients with other pain syndromes. The dose of opioids correlated with the 

number of admissions due to vaso-occlusive crisis (VOC) (r=0.53, p<0.001). When the patients 

were grouped into quartiles based on daily dose opioid use, a logistic regression model showed 

that history of avascular necrosis (AVN) (OR 2.87, 95% CI: 1.37-6.02, p=0.005), 25-OHD levels 

(OR 0.59, 95% CI: 0.38-0.93, p=0.024) and total bilirubin concentration (OR 0.64, 95% CI: 

0.42-0.99, p=0.043) were independently associated with opioid use quartiles. In conclusion, doses 

and types of opioid medications used by adult SCD patients vary widely. Our findings implicate 

AVN and lower vitamin D levels as factors associated with higher opioid use. They also suggest an 

association of higher bilirubin levels, possibly suggesting higher hemolytic rate, with lower opioid 

use.
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Introduction

Sickle cell disease (SCD) is caused by homozygous or compound heterozygous mutations in 

the beta-globin genes that affect 25 million people worldwide (1, 2). In the United States, 

approximately 100,000 people are affected and the majority of the cost, estimated at $2.4 

billion annually, is attributed to frequent emergency room (ER) visits and hospitalizations 

due to recurrent vaso-occlusive pain episodes (3-5). Pain, the hallmark complication of SCD, 

is a complex manifestation that includes a combination of chronic, acute and neuropathic 

pain (6), and that impairs quality of life (7). In the United States, sickle cell pain is managed 

mainly using opioid analgesics, especially in the adult population (1). The opioid dose 

requirement varies among SCD patients and often exceeds treatment guidelines derived from 

other pain syndromes, particularly during a vaso-occlusive crisis (VOC) (8, 9). Failure to 

achieve adequate pain control during VOC is one of the major reasons for admission (10). 

Despite their important role in pain management regimens, comprehensive data regarding 

the long-term use of opioids in adult SCD patients is lacking. The purpose of this study is to 

investigate the patterns of opioid use in SCD to help us better understand pain mechanisms 

and management strategies.

Methods

Patient population and data collection

Three hundred and fifty-nine adults (age ≥ 18 years old) with the diagnosis of SCD followed 

at the University of Illinois Hospital (UIH) Comprehensive Sickle Cell Center between July 

2010 and August 2014 were enrolled in a prospective, natural history study of SCD. A total 

of 203 patients continued following up with the center for 12 months after the enrollment 

(the study period) and had outpatient prescription records. Medication prescribing records 

during the 12 months after enrollment were obtained from a pharmacy prescription reporting 

system at UIH. The pharmacy prescription records reported the types and quantities of 

medications being prescribed, the names of the patients, the dates of prescription, and 

prescriber’s information. Any enrollees who were prescribed any type or dose of NSAIDs 

during the 12-month study period were also recorded. Patient demographic information, 

laboratory data, and hospital admissions were collected from the electronic medical record 

charting system, Cerner PowerChart. The study was approved by the Institutional Review 

Board prior to the initiation of chart review.

Opioid medication dose conversion

The oral opioid medication doses were converted to oral morphine equivalents (OME) based 

on the following ratio (11): 1 mg codeine = 0.13 mg OME, 1 mg hydrocodone = 1 mg OME, 

1 mg hydromorphone = 5 mg OME, 1 mg methadone = 4.7 mg OME, 1 mg tramadol = 0.2 

mg OME, 1 mg oxycodone = 1.5 mg OME, 1 mg tapentadol = 0.4 mg OME. Transdermal 

fentanyl was converted based on 1 mcg/hr = 3 mg OME/daily.

Statistical Analysis

Patients were divided into quartiles based on the daily dose of opioids. Univariate analyses 

of patient characteristics were conducted using Spearman correlation for continuous 
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variables and the Cochran–Mantel–Haenszel trend test for categorical variables. Stepwise 

ordinal logistic regression analysis was used to identify independent clinical correlates of 

daily opioid use categories. SYSTAT 13 (Systat Software Corporation, Chicago, IL, USA) 

and SAS 9.3 (SAS Institute Inc. Cary, NC, USA) were used for the analyses.

Results

The 203 patients analyzed in this study included 153 hemoglobin (Hb) SS or Sβ0-

thalassemia, 37 Hb SC, and 13 Sβ+-thalassemia patients. The median age was 35 years 

(interquartile range [IQR] 25-45 years), and 37% were males. Seventy-seven patients (38%) 

were receiving hydroxyurea therapy. One hundred and fifty-two patients (75%) required 

opioid-type pain medications- 47% took short-acting opioids alone, 1% took only long-

acting opioids, and 27% took short and long-acting opioids. Seventy-seven patients (38%) 

also used nonsteroidal anti-inflammatory drugs (NSAIDs), among which 17 patients (8%) 

took NSAIDs without opioids. The median (IQR) daily opioid dose of all patients was 2.6 

mg (0-12.4 mg) oral morphine equivalents (OME). Among patients who were prescribed 

opioids, the median (IQR) daily opioid dose was 6.1 mg (1.7-26.3 mg) OME. Seventy-one 

percent of all patients used less than 10 mg OME daily, whereas 13% used more than 50 mg 

OME daily (Figure 1).

Acetaminophen-hydrocodone was the most commonly prescribed short-acting medication, 

used by 55% of patients prescribed opioids, followed by acetaminophen-codeine (29%) and 

immediate-release (IR) morphine (21%) (Supplementary Figure 1). Among long-acting 

opioids, extended-release (ER) morphine was used by 28% of the patients, while methadone 

(7%), fentanyl patch (4%), and oxycodone ER (3%) were prescribed less frequently.

The number of hospital admissions due to VOC had a significant correlation with the opioid 

dosage in a Spearman correlation model (r=0.53, p<0.001), suggesting that high-dose opioid 

users tend to utilize healthcare resources more often. To study the demographic and clinical 

variables that might influence the opioid use, the patients were grouped into quartiles based 

on the daily dose of opioids and patient characteristics were compared among the quartiles 

(Table 1). The high dose opioid users tended to have a history of AVN (p<0.001), lower total 

bilirubin concentration (p=0.007), and indirect bilirubin concentration (p=0.008). When a 

multivariate ordinal logistic regression analysis was conducted to evaluate the independent 

clinical correlates of opioid use in 145 subjects, history of AVN, lower 25-OHD level 

concentration, and lower total bilirubin concentration were independently associated with 

higher opioid use quartiles (Table 2).

Common laboratory tests that may reflect hemolysis include indirect bilirubin, AST, LDH, 

reticulocyte percent and absolute reticulocyte count (12, 13). In this data set, the total 

bilirubin concentration appears to reflect hemolysis, as the total bilirubin concentration 

correlated more strongly with the indirect bilirubin fraction (n=44, r=0.99) than the direct 

bilirubin fraction (n=44, r=0.53) and with AST (n=152, r=0.51) than ALT (n=152, r=0.27) 

levels. Furthermore, total bilirubin also correlated significantly with LDH (n=49, r=0.37, 

p=0.009), reticulocyte percent (n=137, r=0.60, p<0.001), and the absolute reticulocyte count 

(n=137, r=0.56, p<0.001). In the ordinal logistic regression model, the indirect bilirubin 
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concentration could replace the total bilirubin concentration even though the model included 

less participants (n=43, OR 0.37, 95% CI: 0.16-0.85, p=0.020) but the direct bilirubin 

concentration could not (n=43, OR 0.42, 95% CI: 0.13-1.33, p=0.14).

Discussion

Opioid-type medications are the main component of pain management regimens in SCD in 

the United States (6, 14), but the literature on the patterns of opioid use is limited (15-17), 

especially in the adult population. In this study, the opioid use was comprehensively 

evaluated based on the prescribing records in an adult sickle cell cohort. Our findings show 

that 47% of patients took short-acting opioids alone, whereas 27% took both short and long-

acting opioids. Among the patients who were prescribed opioids, the median dose of daily 

opioids was relatively low at 6.1 mg OME. In addition to opioids, a fraction of patients also 

took NSAIDs routinely. Patients with the highest frequency of hospital admissions due to 

VOC received the highest daily opioid doses. A history of AVN, lower 25-OHD and lower 

total bilirubin were also independently associated with higher opioid requirements.

We found that the patients taking more oral pain medications tend to seek medical care more 

frequently as judged by the frequency of hospital admissions for VOC. A recognized 

complication of patients on chronically high doses of opioids is the development of opioid 

tolerance (18). This presents a challenge to healthcare providers to manage pain adequately, 

especially acute pain during VOC, since the dose requirement often exceeds treatment 

guidelines. In the outpatient setting, we found that 25% of SCD patients do not routinely use 

opioids (Figure 1) and 71% use less than 10 mg OME daily (Figure 1). The median dose 

was 6.1 mg (1.7-26.3 mg) OME daily among patients who were prescribed opioids. In 

comparison, a recent study showed that patients with chronic non-cancer pain (CNCP) 

consumed a median dose of 75 mg OME per day, and only 8.8% of them used less than 20 

mg OME daily (19). The average opioid use among CNCP patients ranges from 20 to 180 

mg OME daily (19-24) and among cancer patients ranges from 30-167 mg OME daily 

(25-29) (Table 3).

The results presented in this study are based on the prescribing records of adult SCD patients 

in a comprehensive sickle cell care center at UIH. The majority of the pain medications used 

by the enrolled patients were prescribed by the physicians in the center, but some patients 

obtain pain medication prescriptions upon hospital/ER discharge or from other institutions. 

In a quality improvement study, the UIH opioid medication prescription records were 

compared to the dispensing records of the Illinois Prescription Monitoring Program 

(ILPMP), which is a reliable resource to track the use of controlled substances in Illinois and 

neighboring states including Indiana and Wisconsin. Our prescription records had a 

significant correlation (r over 0.9) with the dispensing records of ILPMP. When the daily 

opioid doses were compared between the dispensing records from ILPMP and the UIH 

prescription records, the UIH prescription records under-estimated opioid use by 

approximately 40%. This needs to be taken into consideration when interpreting the results 

of this study.
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Several clinical correlates of high opioid use were identified in this study. AVN is a 

relatively prevalent complication among the SCD patients (30), resulting in severe chronic 

pain and disability, and it negatively affects health-related quality of life (31). Hemolysis and 

vaso-occlusion are two important aspects of the pathogenesis of SCD (32). A vaso-occlusive 

mechanism is believed to be linked to AVN and pain crises, which is consistent with our 

finding, whereas hemolysis is associated with complications such as pulmonary 

hypertension, stroke, and priapism, and is less related to vaso-occlusive pain crisis (32). In 

keeping with this perspective, the total bilirubin concentration, a marker for hemolysis, had a 

negative association with opioid use. Indirect bilirubin concentration was only available in a 

limited number of patients, and it showed a similar negative relationship with opioid use in 

the univariate analysis (Table 1) and the multivariate analysis. The other significant 

correlate, lower 25-OHD levels, has been linked to the frequency of vaso-occlusive crises in 

previous reports (33, 34). The use of hydroxyurea was found to correlate positively with 

high dose of opioid use in this cohort (Table 1). However, hydroxyurea is only indicated for 

patients with more VOC admissions, which may confound the findings. Therefore, 

hydroxyurea use is not included in the multivariate analysis (Table 2).

The prevalence of Hb SC genotype in this cohort is slightly lower than the reported 

estimates in the U.S. (3). Potential causes include that Hb SC patients may not seek medical 

care as frequently as Hb SS/Sbeta0 patients, and may be under-represented in this cohort. 

We did not observe the more severe sickling type of SCD (Hb SS or Sβ0-thalassemia) to be 

associated with high dose of opioids (Table 1). The prevalence of AVN, the identified opioid 

use correlate, is comparable between Hb SS/Sβ0 and SC patients in our cohort and in the 

published literature (35, 36). In addition, vitamin D deficiency, another opioid use correlate, 

is not associated with the SCD genotype (37). This may explain the similar usage of opioids 

between the Hb SS/Sβ0 and SC patients. Older patients seemingly utilized more opioids 

when the quartiles 3 and 4 were compared to the quartiles 1 and 2 (Table 1), although age 

was not a factor in the multivariate analysis (Table 2). The longer life expectancy in the Hb 

SC patients (38) may also contribute to the similar usage of opioids despite milder disease.

This study showed that the prevalence of NSAID use such as ibuprofen and naproxen in the 

SCD patients was as high as 38%, even without considering medications purchased over the 

counter without a prescription, which is higher than the prevalence of regular NSAID users 

in the general U.S. population of 12% (39). NSAID use in SCD is of concern because of the 

potential to cause or exacerbate renal complications (40-43). Acetaminophen-hydrocodone 

(55%) and acetaminophen-codeine (29%) were among the most commonly used short-acting 

pain medications in this patient population. The combination of acetaminophen with opioids 

provides the benefit of dual analgesic effect, but also presents potential adverse effects such 

as liver-toxicity requiring regular monitoring of liver function (44). The doses of 

acetaminophen prescribed at UIH do not exceed the 4 gram daily maximum dose (45).

Our study is not without limitations. The results are based on analysis of prescribing records, 

which may under-estimate the pain medication use, especially medications also available 

over the counter. We focused on patients who continued following up with the sickle cell 

center 12 months after enrollment in a registry, which may exclude some patients with mild 

disease. Additionally, patients with aggressive disease may seek medical care mainly 
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through frequent inpatient admissions rather than outpatient office visits. Despite these 

potential limitations, our report showed similar percentage of long-acting and short-acting 

opioid use in sickle cell patients as a previous report based on pain diaries (17). We did not 

collect information on priapism, leg ulcers, length of hospital visits, or number of ED visits 

in this study, which should be addressed in further studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Frequency of Opioid Use in All SCD Patients.
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Table 2

Clinical Correlates of Opioid Dose Quartiles

Correlate Odds Ratio 95% CI p-value

History of AVN 2.87 1.37-6.02 0.005

25-OHD Concentration 0.59 0.38-0.93 0.024

Total Bilirubin Concentration 0.64 0.42-0.99 0.043

A stepwise ordinal logistic regression analysis was performed of quartiles of daily opioid. The covariates originally placed into the analysis were 
age, SS/Sbeta0 SCD genotype, history of AVN, 25-OHD levels, AST, and total bilirubin. History of AVN, 25-OHD levels, and total bilirubin 
remained in the regression model after covariates with P > 0.10 were eliminated from the model in a stepwise manner. The 25-OHD and total 
bilirubin concentrations were log transformed. N=145.
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Table 3

Opioid Use in Different Chronic Pain Conditions.

Conditions Daily Opioid Use (OME, mg) N Country
or region References

Sickle cell disease
(SCD) Median (IQR): 6.1 (1.7-26.3) 203 US This study

Chronic non-cancer
pain (CNCP)

Mean (SD): 58 (79) 11,989 Germany (24)

Median (IQR): 75 (36-145) 1417 Australia (19)

Median (IQR): 180 (60-501) 145 Canada (22)

Median (Range): 20.3 (5-72.1) 60 US (21)

Mean (SD): 118 (149) 466 US (23)

Cancer pain

Median: 45 91 US (25)

Median (IQR): 120 (45-270) 198 US (26)

Mean (SD): 167 (170) 123 Egypt (28)

Median (Range): 30 (20-60) 371 Portugal (29)

A systematic literature search on all articles published from January 2012 to October 2015 was performed in November 2015 using Pubmed. The 
keyword “morphine equivalent” was used.

*
The result was derived from the total consumption of opioids.
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