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Abstract: Sickle cell disease (SCD) is associated with episodes of severe vaso-occlusive pain begin-

ning in infancy with a subset of patients with SCD transitioning to chronic pain. Response to exper-

imental pain using quantitative sensory testing in these patients suggests altered pain processing.

The objectives of this study were to characterize sensitivity to multiple modalities of experimental

pain stimuli and to interrogate the relationship of psychological covariates, clinical pain burden,

and pain-related outcomes to experimental pain sensitivity in children with SCD compared with

healthy individuals of similar age and sex. Cross-sectional assessments of psychological characteris-

tics were performed, and quantitative sensory testing methods were used to measure experimental

pain sensitivity in children age 8 to 21 years. Anxiety, depressive symptoms, catastrophizing, and so-

matization were found to be associated with increased sensitivity to experimental pain stimuli.

Increased frequency of painful episodes in SCD was associated with decreased sensitivity to heat

pain and decreased mechanical temporal summation. These data suggest that careful consideration

be given to psychological factors, age, sex, and clinical burden of pain when studying response to

experimental pain in SCD.

Perspective: In this study of patients with SCD, a condition associated with recurrent acute or

chronic pain, psychological factors such as depression, anxiety, and catastrophizing are associated

with increased sensitivity to experimental pain stimuli. Further study is need to delineate the role

of these factors in chronic SCD pain.
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S
ickle cell disease (SCD) is an inherited blood disor-
der characterized by episodes of pain due to vaso-
occlusion. Pain is often severe and begins in infancy.

Although episodic vaso-occlusive pain or vaso-occlusive
crisis (VOC) is described as the prototypical pain pheno-
type in SCD, a subset of individuals transition from

recurrent acute to chronic persistent pain.47 While
chronic pain is generally defined as pain persisting
beyond the period of healing or beyond a period of 3
to 6months,17 there is not yet a generally accepted defi-
nition for chronic pain in SCD. The Pain in Sickle Cell Dis-
ease Epidemiology Study (PISCES) measured pain using
daily pain diaries for a period of 6 months in adults
with SCD and reported that approximately a third of pa-
tients with SCD had pain on >95% of diary days,47 sug-
gesting they had chronic pain. The factors that
contribute to this transition from episodic pain to
chronic pain have not been described in SCD, although
like in other chronic pain conditions, this transition is
likely facilitated by a combination of biological, psycho-
logical, social, and genetic factors. Central sensitization
(CS) is defined as an increase in responsiveness of the
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nociceptive neurons in the central nervous system to
their normal or subthreshold afferent input.26 CS has
been implicated in the pain phenotype of chronic pain-
ful conditions such as fibromyalgia, osteoarthritis,
temporomandibular joint disorders, headaches, neuro-
pathic pain, visceral pain, and postsurgical pain.58 Clini-
cally, CS is inferred indirectly by the presence of
manifestations of pain hypersensitivity such as hyperal-
gesia, allodynia, aftersensations, and enhanced tempo-
ral summation.26,58 Studying response to experimental
pain using quantitative sensory testing (QST) methods
may provide insight into mechanisms that play a role
in the transition to and maintenance of chronic pain
in SCD.
Using QST, children with SCD have been shown to be

more sensitive to cold pain8,38 and heat pain,8 but not
to mechanical pain,8 compared with race-matched con-
trols of similar age. Adults with SCD have also been
shown to have increased sensitivity to experimental
pain,10 and manifest features of either CS or peripheral
sensitization, or both.11,21 Those with a heightened CS
profile also experience a greater number of pain
episodes, poorer sleep, increased negative mood, and
catastrophizing.11 Correlation of QST responses with
clinical pain, pain-related traits, or pain outcomes
have not been described in children with SCD. Jacob
et al compared children with SCD with a reference his-
torical cohort comprised of children who were pre-
dominantly of Caucasian origin.30 They identified a
subset of children with SCD as having an ‘abnormal’
QST profile if their responses to experimental pain
stimuli were outside of the 2.5 to 97.5 percentile of
the reference historical healthy cohort. They did not,
however, identify any differences in age, sex, geno-
type, or pain frequency measured at hospital associ-
ated pain visits between patients who had an
‘abnormal’ QST profile versus those who did not.30

Brandow and Panepinto defined children with SCD as
having impaired pain sensitivity threshold if they
were >1 SD beyond the median of the control group,7

however, they did not account for differences in age
and sex within the control group. Although healthy
children have been shown to have decreased pain
sensitivity with age,4,5 age was associated with
increased sensitivity to cold, heat, and mechanical
pain stimuli in children with SCD.8 While these studies
indicate the potential existence of altered pain sensi-
tivity in SCD, methodological variations between
studies do not allow for a full comparison between
these studies. Additionally, effect of factors such as
age, sex, and psychological characteristics on experi-
mental pain sensitivity have not been fully addressed
in these studies.
The objectives of this study were to characterize sensi-

tivity to multiple modalities of experimental pain stimuli
and to interrogate the relationship of psychological co-
variates to experimental pain sensitivity in children
with SCD compared with healthy individuals of similar
age and sex. We also studied the relationship of previous
pain experience to experimental pain sensitivity in chil-
dren with SCD.

Methods

Participant Recruitment
The participants in this study were recruited from a

comprehensive sickle cell clinic at a large academic pediat-
ric hospital. Eligible patients with SCD were offered
participation in the study either at a clinic visit or via tele-
phone. If a potential participant expressed interest in the
study, the studywas explained indetail and informed con-
sent subsequently obtained in person before any study
procedures. Patients with SCD were eligible if they were:
1) between 8 and 21 years of age, 2) had SCD of any geno-
type, 3) were >2 weeks from the most recent hospitaliza-
tion (inpatient or emergency room) for an SCD-related
pain episode. Theywere excluded if they had: 1) any other
disease or sensory condition that could result in acute or
chronic pain, 2) history of stroke, 3) any recent surgical
procedures or pain interventional procedure in the previ-
ous 3 months, 4) trauma or injury to the proposed testing
sites, 5) significant cognitive impairment, or 6) active ma-
jor psychiatric or mood disorder. To minimize confound-
ing variables, all patients meeting criteria were enrolled
but a subset of patients were planned a priori to be
analyzed separately from the main cohort because of
their clinical characteristics. The characteristics of this sub-
set were: 1) receiving long-term opioids (without change
in dosing or frequency of opioids in themonth before the
study), gabapentin, or other adjunctive medications for
pain, 2) receiving chronic transfusion for nonovert stroke
indication, and 3) SCD patients who were not African
American. Controls were either siblings or other family
members of SCD patients usually offered participation at
the same time as patients or were unrelated controls
offered participation throughflyers placed in the commu-
nity. Controls were healthy (ie, no major self-reported
medical, psychiatric, or neurologic diagnoses) African
American children age 8 to 21 years without any acute
or chronic paindiagnoses andnot receiving any painmed-
ications. Participants were recruited from January 2013
until June 2014 if they met eligibility criteria. The study
was approved by the institutional review board and writ-
ten informed consent and assent was obtained before all
procedures. Timing of study procedures was on the basis
of participant convenience.

Measures of Psychological and
Pain-Related Functioning
Measures of patient reported outcomes, psychological

functioning, and quality of life (QoL) were completed
before QST to avoid any QST-related effects on these
measures. Measures relevant to this analysis are
described as follows.

Patient ReportedOutcomeMeasures Information
System Measures of Pain Intensity, Pain
Interference, Anxiety, Depressive Symptoms,
Sleep, Fatigue, and Peer Relationships

Patient Reported Outcome Measures Information
System (PROMIS) measures are designed to capture
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