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Abstract: While acute episodic pain is the hallmark of sickle cell disease (SCD), transition to 

chronic pain is a major cause of morbidity and impaired quality of life. One of the core diagnos-

tic criteria used by Analgesic, Anesthetic, and Addiction Clinical Trial Translations Innovations 

Opportunities and Networks-American Pain Society Pain Taxonomy (AAPT) to define chronic 

SCD pain is the presence of pain on a “majority of days” in the past 6 months in one or more 

locations. The frequency characteristic of “majority of days” is adapted from the criteria of 15 

days or more per month, used to define chronic migraine, but there are inadequate data to support 

this cutoff in SCD. Using an existing dataset of adults with SCD who completed patient-reported 

outcomes of pain interference, physical functioning, anxiety, depression, and fatigue using the 

National Institutes of Health (NIH) patient-reported outcomes measures information system 

(PROMIS) short-form instruments, we examined the association of the presence of pain on 3 or 

more days per week with patient-reported outcomes of functioning. In unadjusted analyses, 

presence of pain on 3 or more days a week was associated with higher median PROMIS scores 

of pain interference, anxiety, and depression. Median PROMIS scores of fatigue and physical 

function were worse in women compared with men in unadjusted analyses. We did not find any 

difference in median PROMIS pain scores between adults aged ≤35 years compared with those 

aged ≥35 years. In linear regression models, after adjustment for age and sex, the presence of pain 

on 3 or more days a week was found to be associated with worse pain interference and anxiety. 

These data support the clinical relevance of the frequency characteristic of pain on a “majority 

of days” in the definition of chronic SCD pain, and provide the rationale for prospective studies 

to validate the clinical definition of chronic pain in SCD.
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Introduction
Pain is the hallmark of sickle cell disease (SCD), the most common inherited blood 

disorder in the USA. While acute episodic pain has been the hallmark of SCD, there is 

increasing awareness of the transition from acute episodic to of chronic persistent SCD 

pain. The Analgesic, Anesthetic, and Addiction Clinical Trial Translations Innovations 

Opportunities and Networks-American Pain Society Pain Taxonomy (AAPT) diag-

nostic criteria for chronic SCD pain1 addresses the long-standing gap in the literature 

regarding the lack of a well-accepted definition for the diagnosis of chronic SCD pain. 

Based on these guidelines, the core diagnostic criteria for chronic SCD pain include 

a diagnosis of SCD, presence of pain on a “majority of days” in the past 6 months 

in 1 or more locations, presence of at least one of the listed signs on physical exam, 

and the absence of an alternative diagnosis.2 The frequency characteristic of “major-
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ity of days” is adapted from the criteria of 15 days or more 

per month used to define chronic migraine. Data to support 

the reliability and validity of this criterion for the diagnosis 

of chronic SCD pain are lacking. There is, therefore, a need 

to gather additional evidence to support the definition of 

chronic pain in SCD. Using an existing dataset of adults with 

SCD who completed patient-reported outcomes (PROs) of 

pain interference, anxiety, depression, fatigue, and physical 

function, using National Institutes of Health-patient-reported 

outcomes measures information system (NIH-PROMIS) 

short-form instruments, as well answered questions about 

the frequency of vasocclusive pain, we sought to determine 

whether the presence of pain on 3 or more days per week is 

associated with worse pain-related PROs.

Methods
The participants in this study were enrolled in a random-

ized clinical trial of the use of a web-based decision aid 

for examining therapeutic options in SCD. Of the 120 

participants enrolled in this trial, 79 were adults with SCD 

and the remaining were caregivers/parents of adults with 

SCD. The sample was geographically diverse, and recruited 

through advertisements and booths at regional and national 

SCD conferences as well as from local SCD clinics. Adults 

with SCD aged ≥18 years were eligible if they spoke Eng-

lish and were considering a disease-modifying treatment 

(hydroxyurea, bone marrow transplantation, or chronic blood 

transfusion), and had not obtained the treatment option of 

interest in the past 12 months. Data collection at baseline/

study entry for the randomized trial included self-report of 

demographic, clinical and disease-related variables, PROs 

of functioning, surveys and qualitative interviews about 

decision making regarding various treatment options in 

SCD. In particular, patients were asked if they experienced 

pain on 3 or more days a week. This question was framed 

as “Do you experience pain on 3 or more days a week?” If 

this was the case, patients were asked to report their aver-

age daily pain score on a scale of 1–10. PROMIS measures 

developed by the NIH-PROMIS initiative were used in 

measurement of PROs. These included measures of pain 

interference, anxiety, depression, physical function, and 

fatigue.2–6 Short-form PROMIS measures were used in 

this study and were as follows: PROMIS Pain Interference 

(6-item), PROMIS Anxiety (6-item), PROMIS Depression 

(6-item), PROMIS Physical Function (8-item), and PROMIS 

Fatigue (6-item). As PROMIS scores are referenced to the 

general US population, a T-score of 50 represents the mean 

for the general US  population, and the SD is 10.3 A higher 

number indicates greater presence of the trait. For PROMIS 

Pain Interference, Anxiety, Depression, and Fatigue, a score 

of 60 is 1 SD worse than the population mean, whereas for 

PROMIS Physical Function, a score of 40 is 1 SD worse 

than the population mean. Since PROMIS measures have 

population-based norms, the goals of this analysis were as 

follows: 1) describe the association of patient-reported pain 

interference, anxiety, depression, fatigue, and physical func-

tion in adults with SCD in patient with pain on 3 or more 

days a week, and compare with population-based norms, and 

2) determine whether factors such as age, sex, and presence 

of pain on 3 or more days a week were predictive of worse 

patient-reported pain interference, anxiety, depression, 

fatigue, and physical function. 

All procedures were approved by the Institutional Review 

Board at Emory University and informed consent was 

obtained prior to all procedures.

Results
Of the 79 adults with SCD who participated in the random-

ized trial, 47 completed PROMIS questionnaires at baseline. 

Demographic data for these participants is described in 

Table 1. Of the 32 adults who did not complete PROMIS 

questionnaires, 15 could either not be contacted, or if con-

tacted, did not complete any study interviews or PROMIS 

questionnaires; and 17 of the 32 completed the interview 

portion at study entry but did not complete baseline PROMIS 

questionnaires. Participants who did not complete PROMIS 

questionnaires were found to be younger compared with those 

who completed PROMIS questionnaires (median age 25 vs 35 

years, respectively, p=0.08). No significant differences in the 

proportion of women or adults with pain on 3 or more days 

a week were found between those who completed PROMIS 

questionnaires compared with those who did not. 

Participants who completed PROMIS questionnaires were 

divided into 2 groups, those who reported pain on 3 or more 

days a week (n=33), and those who did not report pain on 3 

or more days a week (n=14). No statistically significant differ-

ences in the demographic variables were found between these 

2 groups. Clinical SCD-related history and treatment were 

obtained from participant self-report (no medical records 

were reviewed), and is presented in Table 2.

PROMIS measures of functioning in adult 
patients with SCD
In adult patients with SCD, median PROMIS scores appeared 

to be worse in all aspects of functioning when compared with 

population-based norms; however, the difference was less 
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found between median scores of PROMIS pain interference, 

anxiety, and depression among those who reported pain on 

3 or more days a week vs those who did not, and those with 

pain on 3 or more days a week reported poorer scores than 

those who did not report pain on 3 or more days a week. 

These data are presented in Table 3.

We also examined the effect of age and sex on these 

PROs. We divided the study cohort into 2 groups, <35 years 

and >35 years of age, as the median age of this cohort was 

35 years. No statistically significant differences (p<0.05) in 

median PRO scores were found between those <35 years and 

>35 years of age in this cohort. On comparing the median 

PRO scores between males and females, it was found that 

females had worse scores on physical functioning and fatigue, 

as shown in Table 4.

Finally, using linear regression methods, we incorporated 

age, sex, and presence of pain on more than 3 or more days 

a week as independent (or predictor) variables and PROMIS 

measures of pain interference, anxiety, depression, fatigue, 

and physical function as dependent (or outcome) variables. 

The presence of pain on 3 or more days a week (0=no 1=yes, 

reference group-no), sex (0=male 1=female, reference group-

male) and age were all incorporated into the same model. 

These regression models are shown in Table 5. Adjusted for 

age and sex, the presence of pain on 3 or more days a week 

is independently associated with worse patient-reported 

pain interference and  anxiety , and the association trended 

Table 1 Demographic and clinical data

Entire cohort  
(n=47) (%)

Pain on 3 or more  
days/week (n=33) (%)

Pain <3 days/week 
(n=14) (%)

p-value

Age (years), median (IQR) 35 (23–41) 35 (23–38) 36.5 (23–47) 0.59
Female sex 37 (79) 26 (79) 11 (79) 1.00
African American race 45 (96) 31 (94) 14 (100) 1.00
Non-Hispanic ethnicity 46 (98) 32 (97) 14 (100) 1.00
Education level 0.95

High school or GED 8 (17) 5 (15.2) 3 (21.4)
Some college 16 (34) 11 (33.3) 5 (35.7)
Associate degree 4 (8.5) 3 (9.1) 1 (7.1)
Bachelor’s degree 10 (21.3) 8 (24.3) 2 (14.2)
Master’s/terminal degree 8 (17) 5 (15.2) 3 (21.4)
Other 1 (2.1) 1 (3) 0

Employment status 0.81
Full-time employment 7 (14.9) 4 (12.1) 3 (21.4)
Part-time employment 11 (23.4) 8 (24.2) 3 (21.4)
No employment 29 (61.7) 21 (63.6) 8 (57.1)

Marital status 0.14
Single, never married 34 (72.3) 25 (76) 9 (64.3)
Married 9 (19.1) 7 (21.2) 2 (14.3)
Divorced 4 (8.5) 1 (3) 3 (21.4)

Notes: Tests for significance Wilcoxon rank-sum test (continuous variables), Fisher exact (categorical variables).
Abbreviations: GED, general equivalency diploma; IQR, interquartile range.

Table 2 Self-reported clinical and treatment-related 
characteristics

SCD history Entire  
cohort (%)

n

Genotype
HbSS 27 (57.5) 47
HbSC 9 (19.2) 47
HbS- β0 thalassemia 3 (6.4) 47

HbS- β+ thalassemia 4 (8.5) 47
Other/not sure 4 (8.5) 47

SCD-related complications and treatment
Acute chest syndrome 32 (68) 47
Stroke 15 (32) 47
Pain 47 (100) 47
Pain on 3 or more days a week 33 (70.2) 47
Pain score if having pain on 3 or more days a 
week (median [IQR])

5 (4.5–6.5) 28

Health care utilization for pain in past year (median [IQR])
Number of visits to clinic/day hospital/ER for 
pain

5 (2–12) 46

Number of admissions to hospital for pain 2 (0–4) 46
Treatment

Chronic blood transfusion (current) 10 (21.2) 47
Hydroxyurea (ever prescribed) 36 (76.6) 47
Hydroxyurea (if prescribed, and currently 
taking)

22 (61.1) 36

Note: Three participants endorsed being both on hydroxyurea and receiving 
chronic blood transfusion.
Abbreviations: ER, emergency room; Hb, hemoglobin; IQR, interquartile range; 
SCD, sickle cell disease.

pronounced in measures of depressive symptoms, fatigue, 

and anxiety. Also, statistically significant differences were 
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towards significance for physical function. The interaction 

between presence of pain on 3 or more days a week and sex 

was not significant. 

Discussion
This study indicates that the presence of pain on 3 or more 

days a week is independently associated with worse patient-

reported pain interference and anxiety. While previous 

studies have reported worse scores on PROMIS measures 

in SCD when compared with the general population,7 this 

is the first study to report that the presence of pain on 3 

or more days a week is associated with poorer PROs of 

functioning. In the recently released AAPT guidelines for 

the diagnosis of chronic pain, pain on a “majority of days” 

over the past 6 months has been proposed to be one of the 

diagnostic criteria for chronic SCD pain. While this study 

was not designed to validate the definition of SCD chronic 

pain, results of this study provide evidence that pain on 

3 or more, or approximately “most” days of the week, 

adjusted for age and sex, is associated with worse patient-

reported pain interference, anxiety, and physical function, 

and as such, supports the clinical relevance of frequency 

characteristic of “majority of days” for the diagnosis of 

chronic SCD pain.

This study also highlights the impact SCD has on func-

tioning. The entire cohort experienced worse patient-reported 

pain interference, anxiety, depression, fatigue, and physical 

function, with a magnitude of 0.5–1 SDs different from the 

population norms. A difference of 0.5 SD is considered 

the threshold for changes in health-related quality of life 

in chronic illness,8 and the minimally important difference 

in PROMIS T-scores ranges between 2.5 and 6 in cancer 

patients.9 While chronic illness is associated with worse 

PROMIS scores,4 these scores in adults with SCD are worse 

than reference norms of PROMIS scores for individuals with 

cancer in the Surveillance, Epidemiology, and End Results 

(SEER) registry,10 highlighting the often under-recognized 

and under-appreciated morbidity, and the significant personal 

toll of this disease. The morbidity associated with SCD 

manifests not only in poorer QOL, but also in other aspects 

Table 3 PROMIS measures of functioning in adults with SCD

Entire cohort  
(n=47)

Pain on 3 or more  
days/week (n=33)

Pain <3 days/week  
(n=14)

p-value*

PROMIS pain interference 61.2 (55.6–66.7) 62.1 (58.6–67.6) 57.1 (48.6–61.2) 0.011
PROMIS anxiety 54.2 (48.8–60.7) 55.6(52.7–62) 48.8 (39.1–55.6) 0.0178
PROMIS depression 52 (38.4–57) 52 (38.4–59.3) 43.35 (38.4–52) 0.0296
PROMIS fatigue 53.7 (46.1–60) 56.3 (47.8–61.2) 50.15 (44.2–53.7) 0.13
PROMIS physical function 40.1 (36.2–50.4) 39.4 (36.2–44.6) 43.15 (36.2–59.7) 0.29

Note: *Wilcoxon rank-sum test.
Abbreviations: PROMIS, patient-reported outcomes measures information system; SCD, sickle cell disease.

Table 4 PROMIS measures of functioning by sex

Male (n=10) Female (n=37) p-value*

PROMIS pain interference 55.6 (48.6–64.8) 61.2 (58.6–66.7) 0.109
PROMIS anxiety 59.45 (50.9–64.6) 54.2 (48.8–59.4) 0.17
PROMIS depression 51.2 (38.4–59.3) 52 (38.4–55.9) 0.87
PROMIS fatigue 45.15 (33.4–47.8) 56.3 (49.4–61.2) 0.0008
PROMIS physical function 59.7 (39.4–59.7) 38.1 (35.5–44.6) 0.0029

Note: *Wilcoxon rank-sum test.
Abbreviation: PROMIS, patient-reported outcomes measures information system.

Table 5 Linear regression models with PROs as dependent (or outcome) variables and presence of pain on 3 or more days a week, 
age and sex as independent (or predictor) variables

PRO (n=47) Model-F Adjusted R2 b-Pain3d b-Sex b-Age

PROMIS pain interference 4.34** 0.18 6.69* 6.91* −0.16
PROMIS anxiety 3.24* 0.13 7.19* −3.63 −0.12
PROMIS depression 1.91 0.06 6.6* −0.13 −0.12
PROMIS fatigue 5.41** 0.22 4.91 13.61** −0.09
PROMIS physical function 6.94*** 0.28 −4.82a −11.29** −0.09

Notes: Pain3d coded as 0= absent; 1= present; reference group =0; sex 0= male, 1= female, reference group = male. *p<0.05. **p<0.01. ***p<0.001. ap=0.075.
Abbreviations: PRO, patient-reported outcomes; PROMIS, patient-reported outcomes measures information system.
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such as employment.11 More than half of this study sample 

reported not being currently employed.

Similar to previous studies in adults with SCD, this 

study also confirms that PROs are worse in several domains 

in patients with SCD when compared with the general 

population.7 PROMIS measures have been validated in 

both adults6 and children with SCD12,13 and in adults with 

SCD, and they correlate well with disease severity.7 The 

relationship of female sex with PROMIS scores, however, 

has not described in adults with SCD. In our unadjusted 

analyses, median PROMIS scores of fatigue and physical 

function were worse in women than men. Notably, female 

sex remained significantly associated with fatigue and 

physical functioning, as well as with pain interference, in the 

presence of pain on 3 or more days a week, in linear regres-

sion models. Ameringer et al14 have reported that patients 

with SCD have high fatigue scores, that fatigue scores are 

higher in women compared with men, and that fatigue 

scores also correlate with higher pain scores. This finding 

may not be unique to SCD since higher levels of fatigue 

have been reported in women in the general US popula-

tion.15 McClish et al have reported worse body pain scores 

in women compared with men on the 36-item short-form 

survey (SF-36) subscale,16 but also report that in diary data 

from the PISCES study, the largest epidemiological study 

of pain in SCD, women did not experience more pain, more 

severe pain, more days with pain, more interference on pain 

days, or more distress from pain compared with men.16 The 

largest study in adults with SCD describing the validity of 

PROMIS7 did not interrogate gender-related differences in 

PROs. In this study, female sex was independently associ-

ated with pain interference, along with the presence of pain 

on 3 or more days a week. Results from this cohort also 

suggest that gender influences patient-reported fatigue and 

physical function. These results provide the rationale and 

population estimates for the design of larger, prospective 

studies of the impact of chronic pain on patient-reported 

measures of functioning, and underscore the relevance of 

studying gender-related differences in PROs in SCD. This 

study also highlights the need for consistent measurement 

of outcomes, since results of gender differences in outcomes 

may vary across instruments.

The strength of this study is the comprehensive assess-

ment of several domains of PROs in adults with SCD, as 

well as an exploration of PROs across age, gender, and most 

importantly, presence of pain on 3 or more days of the week. 

Limitations of this study include a small sample size, and 

that this was a post hoc analysis of data gathered as part of a 

larger study of decision making, and not primarily gathered 

to determine PROs in SCD. The diagnostic criteria for SCD 

chronic pain require the presence of both patient-reported 

pain on majority of days for at least 6 months and presence 

of signs on physical examination. We neither collected data 

on pain intensity for 6 months nor examined the patients 

for associated physical signs. As such, this study was not 

designed to validate the definition of chronic SCD pain. 

Patients answered a single question about whether they had 

pain on 3 or more days a week. The answer to the question 

may be subject to their interpretation or recall bias. We, 

therefore, cannot be certain which participants met all the 

proposed diagnostic criteria of chronic pain. This study is 

also subject to the response bias observed commonly in 

survey studies, as well as by the fact that clinical data were 

based on self-report rather than chart review. Additionally, 

we did not obtain pain intensity data of those who did not 

experience pain on 3 or more days a week. The results 

of this study may not be generalizable to the larger SCD 

population as the sample constituted more women than 

men. In addition, the sample was drawn from patients who 

attended national conferences, these patients are activated 

and engaged in seeking information related to their care, 

and have access to resources that allow for attendance at 

national conferences. Despite the limitations, we believe 

this study offers initial perspective on PROs in the pres-

ence of pain on 3 or more days of the week in SCD, and 

more importantly, provides the rationale to conduct future 

prospective studies to gather evidence for the validity of 

the definition of chronic SCD pain.

Conclusion
The presence of pain on 3 or more days a week is associated 

with worse patient-reported pain interference and anxiety. In 

the presence of pain on 3 or more days a week, pain inter-

ference, fatigue, and physical function are also influenced 

by gender, with women faring worse than men. These data 

support the clinical relevance of the frequency characteristic 

of pain on a “majority of days” in the definition of chronic 

SCD pain, and provide the rationale for prospective studies 

to validate the clinical definition of chronic pain in SCD.
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