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Abstract 
Previous reports demonstrated that patients 

with sickle cell disease (SCD) experience 

pain on more than half of the observed 

days. Yet, these high incidences do not seem 

to match observations in our population. In 

this prospective cohort study we aimed to 

assess the frequency and characteristics of 

daily, self-reported pain among adult SCD 

patients in the Netherlands. Consecutive 

patients were enrolled during routine outpa-

tient visits and followed up to 6 months. 

A total of 55 patients completed 5 982 diary 

observation days. Median age was 27 years 

(IQR 23-43). Patients reported SCD related 

pain on 17% of the observed days; on 13% 

of these days this pain was not defined as a 

painful crisis, while 3% was reported as a 

painful crisis but managed at home, and on 

1% of the observed days patients were admit-

ted to the hospital. Analgesics were used on 

52% of days with pain with a relatively infre-

quent use of oral opioids (9% of pain days).

This first European study on pain in SCD in-

dicates that pain appears to be significantly 

less frequent in our population as compared 

to previous study cohorts from the United 

States, and may be more representative for 

current SCD populations in other Western 

countries. Besides a more widespread use of 

hydroxycarbamide in modern disease man-

agement, differences in organization and 

accessibility of healthcare between countries 

may also explain this discrepancy.
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on physical morbidity, pain also affect other 

relevant outcomes such as quality of life, 

school attendance and societal participation 

of SCD patients.13–18 

As pain in SCD has such a large impact on 

the lives of patients, a better understanding 

of the frequency and characteristics of pain 

will enable us to manage this problem more 

effectively. Yet, data on the frequency of SCD 

related pain in daily life is limited. The larg-

est study to date investigating this topic was 

performed by Smith et al.19 Their study re-

vealed that adult patients experience pain on 

more than 50% of the observed days. Previ-

ous smaller studies support their findings.20–22 

However, the relatively high frequencies of 

pain reported in these studies do not seem 

to match observations in our own popula-

tion. Apart from potential underreporting 

this discrepancy may also reflect a difference 

in population and healthcare system given 

the fact that all previous studies have been 

conducted in the United States (US). In ad-

dition, most of the studies on pain in adults 

are relatively older and may refer to an era 

of less advanced SCD care. 

The primary aim of this study was to de-

scribe the frequency and characteristics of 

self-reported pain and painful crises in adult 

patients with SCD living in the Netherlands. 

In addition, we aimed to examine the associ-

ation between the frequency and the intensi-

Introduction
Acute vaso-occlusive painful crises (VOC) 

are a main hallmark of sickle cell disease 

(SCD), affecting millions of people around 

the globe.1,2 These severe, episodic pains 

typically occur in the extremities, back, 

joints or chest but can involve any part of 

the body.3,4 The pathophysiology is based 

on vaso-occlusion, hypoxia and ischemia 

followed by tissue damage and chronic 

inflammation. Consequently, inflammatory 

mediators stimulate nociceptors on periph-

eral nerve endings, triggering the sensation 

of pain.3 In general, patients with HbSS or 

HbSβ0-thalassemia have more episodes of 

pain than patients with other compound 

heterozygous sickle cell syndromes such as 

HbSC or HbSβ+-thalassemia, although a 

large variability in symptoms is observed.5 

Despite therapeutic advances such as hy-

droxycarbamide, acute pain remains a major 

complication of SCD.6,7 Acute pain is the 

main cause of hospitalization and is associ-

ated with severe complications such as the 

acute chest syndrome, multi-organ failure 

and even sudden death.8,4,9–11 A high frequen-

cy of painful episodes has been correlated 

with early death.5 Besides these well-known 

acute episodes of vaso-occlusive pain, a 

wider spectrum of pains has been identified 

in SCD in the past decades. Chronic, long 

lasting pains can occur, either as a result 

of secondary tissue damage (e.g. avascular 

necrosis) but even when a clear pathology 

cannot be detected.3,12 Besides direct effects 
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Methods
Study design

We conducted a prospective cohort study 

in a large comprehensive care SCD center 

in Amsterdam, the Netherlands. Primary 

outcomes of this study were frequency of 

pain days and severity of pain in a home 

setting. Secondary outcomes were frequency 

of painful crises at home, hospital admis-

sions for painful crises, location of pain, use 

of pain medication, descriptions of pain and 

healthcare contact. The local institutional 

review board approved the study.

Population & recruitment

Enrollment and data collection was con-

ducted from July 2010 to May 2013 during 

routine outpatient clinic visits. Consecutive, 

adult patients (18 years or older) with sickle 

cell disease (HbSS, HbSC, HbSB+, HbSB0) 

were eligible for study participation. Fol-

low-up was one to six months per patient. 

Pregnant patients and patients who complet-

ed <1 month of the diaries were excluded 

from the analysis. 

Data collection and definitions

At baseline, we collected data on demo-

graphics, medical history and steady state 

laboratory parameters from routine standard 

care. Paper pain diaries were provided and 

explained during outpatient visits. Collec-

tion of completed diaries and administration 

of new diaries was performed monthly for 

the total study duration to avoid retrospec-

tive completion. Patients were asked to re-

ty of pain, and to identify potential determi-

nants of the frequency of pain. The results 

of this study will add to the understanding 

of pain in SCD and will allow healthcare 

professionals to better address the needs 

of these patients. This is the first study on 

the dynamics of daily SCD related pain in a 

European cohort of adult SCD patients. 
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hospital admission days were excluded.

The use of pain medication was classified 

into 4 categories: acetaminophen, non-ste-

roidal anti-inflammatory drugs (NSAIDs), 

weak oral opioids (tramadol, codeine) and 

strong oral opioids (morphine, methadone).

Statistical analyses

The frequency of pain in daily life was 

evaluated by calculating the proportion of 

diary days reported with pain from the total 

number of diary observation days. A daily 

median pain score was calculated based 

on the two reported pain scores per day. 

Additionally, we calculated a rate of painful 

crisis episodes per patient year by dividing 

the total number of episodes by the total 

number of observation days and multiplying 

this with 365.25.

For assessment of the association between 

the pain intensity (VAS pain score) and 

the proportion of pain days, patients were 

grouped into 5 categories according to 

pain frequency. Differences in pain inten-

sity across categories were evaluated using 

linear mixed-models, adjusting for repeated 

measurements within patients. Separate 

analyses were performed for comparison 

of pain intensity scores across non-crisis 

pain days and crisis pain days (defined as 

painful crisis at home). Generalized linear 

mixed-model analyses with a binomial 

family and logit link function were used for 

assessment of pain localization, use of pain 

port twice daily on the presence of sickle cell 

related pain, average intensity of the pain by 

means of the Visual Analogue Scale (VAS)23, 

whether they would describe their pain as 

a sickle cell painful crisis, use of any home 

pain medication and contact with healthcare 

providers (primary care or hospital). Patients 

answered diary questions in the morning 

about the past night and in the evening about 

the past day. A forced-choice description 

of the pain was asked by use of a subset of 

descriptors from the McGill Pain Question-

naire.24 Localization of pain was classified 

by use of front and back body locator charts, 

derived from the Brief Pain Inventory.25 

Both the occurrence of sickle cell related 

pain and sickle cell painful crises were 

subjective and patient defined. Patients were 

instructed to report sickle cell related pain 

as any pain that they considered as a result 

of SCD, and a painful crisis as any severe, 

acute pain that they would define as a pain-

ful, vaso-occlusive crisis. In our pain day 

analysis we report the total frequency of any 

sickle cell related pain and the frequency of 

the following subcategories: 1) Days defined 

as painful crisis at home, and 2) Hospi-

tal admission days for painful crisis. An 

episode of painful crisis was defined by one 

or more consecutive days classified by the 

patient as a painful crisis and/or hospital 

admission for painful crisis. In the analyses 

of the other diary related outcomes (e.g. 

pain intensity, localization, medication) 
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Results
A total of 97 patients were eligible for 

the study (supplemental figure 1). Twelve 

patients (12%) were lost to follow-up and 

never returned their diaries. Another 31 

patients (32%) completed less than 1 month 

of diaries in total and were excluded from 

the analysis. The remaining 55 patients 

represent the study population. The exclud-

ed patients were comparable to the study 

population with respect to genotype, gender, 

age, steady state lab (hemoglobin, LDH, 

leucocytes and HbF) and median admission 

rate for painful crises in the past 3 years. 

A total of 6 358 diary days were evaluated 

with a median follow-up of 126 (IQR 70 – 

168) days per patient. Six percent of days 

were not completed and could therefore not 

be included in our analysis. The number of 

completed observation days per patient was 

not associated with the pain frequency per 

patient (Spearman’s ρ = -0.065, P = 0.64), or 

the median pain score per patient (Spear-

man’s ρ = 0.004, P = 0.98). 

The baseline characteristics of our study 

population are demonstrated in table I. In 

total 5 982 completed observation days were 

included in our analysis with a median num-

ber of 112 (IQR 56 -165) days per patient. 

The majority of participants were female and 

had a severe SCD genotype (HbSS / HbSβ0). 

All patients are Dutch citizens with mostly an 

African European background (67% from 

Surinam, 22% from sub-Sahara Africa, 7% 

medication and descriptors of pain across 

non-crisis pain days and crisis pain days. 

Associations were expressed in Odds Ratios 

(OR) with 95% confidence intervals (CI) 

and corresponding P -values. All analyses 

concerning the use of pain medication were 

performed separately per type of medica-

tion, not taking concomitant use of other 

pain medication into account.

Spearman’s rank correlation testing was used 

to assess correlations between the mean fre-

quency of pain per patient and baseline char-

acteristics, and between healthcare contact 

on a pain day (with either primary care or the 

hospital) and characteristics of pain. Despite 

transformations, the distribution of data did 

not allow additional risk factor identification 

by means of linear regression analysis. 

 



35

C
h

a
p

te
r 

2
P

a
rt

 I

TR
V,

 tr
ic

us
pi

d 
re

gu
rg

ita
nt

 v
el

oc
ity

* 
M

ed
ia

n 
(I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e)

† 
P

ro
po

rt
io

n 
w

ith
 h

yd
ro

xy
ur

ea
 u

se
 in

 H
bS

S
 / 

H
bS

β0  p
at

ie
nt

s 
on

ly
 is

 4
6%

.
‡ 

α-
th

al
as

se
m

ia
 s

ta
tu

s 
un

kn
ow

n 
in

 1
1 

pa
tie

nt
s 

(N
=4

4)
¥ 

M
ea

n 
nu

m
be

r o
f a

dm
is

si
on

s 
fo

r p
ai

nf
ul

 c
ris

is
 p

er
 y

ea
r o

ve
r 3

 y
ea

rs
 p

rio
r t

o 
en

ro
llm

en
t

§ 
E

xc
lu

di
ng

 p
at

ie
nt

s 
on

 c
hr

on
ic

 tr
an

sf
us

io
n 

sc
he

m
e 

(N
=5

1)

Ta
bl

e 
I -

 B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s

C
ha

ra
ct

er
is

tic
To

ta
l c

oh
or

t

To
ta

l n
um

be
r o

f p
at

ie
nt

s,
 n

 (%
)

55

A
ge

 a
t s

ta
rt

 d
ia

ri
es

 *
27

(2
3 

- 4
3)

G
en

de
r (

%
)

	
o		


M

al
e

22
(4

0)

G
en

ot
yp

e 
(%

)

	
o		


H

bS
S

 / 
H

bS
β0

35
(6

4)

	
o		


H

bS
C

 / 
H

bS
β+

20
(3

6)

H
yd

ro
xy

ur
ea

 u
se

 (%
) †

	
o		


Ye

s
17

(2
9)

α-
th

al
as

se
m

ia
 (%

) ‡

	
o		


αα

/α
α

31
(7

1)

	
o		


αα

/α
- 

13
(3

0)

H
os

pi
ta

l a
dm

is
si

on
s 

pe
r y

ea
r (

%
) ¥

	
o		


0

23
(4

2)

	
o		


<2

26
(4

7)

	
o		


≥2

6
(1

1)

H
os

pi
ta

l a
dm

is
si

on
s 

du
ri

ng
 s

tu
dy

 (%
)

	
o		


0

48
(8

7)

	
o		


1

4
(7

)

	
o		


2 

-3
3

(4
)

To
ta

l f
ol

lo
w

-u
p 

in
 d

ay
s

6 
35

8

C
ha

ra
ct

er
is

tic
To

ta
l c

oh
or

t

To
ta

l n
um

be
r o

f p
at

ie
nt

s,
 n

 (%
)

55

M
is

si
ng

 d
ay

s 
in

 fo
llo

w
-u

p 
(%

 o
f t

ot
al

)
37

9
(6

)

To
ta

l f
ol

lo
w

-u
p 

in
 d

ay
s 

pe
r p

at
ie

nt
 *

12
6

(7
0 

- 1
68

)

O
bs

er
va

tio
n 

da
ys

 c
om

pl
et

ed
 p

er
 p

at
ie

nt
 *

11
2

(5
6 

- 1
65

)

N
 o

n 
ch

ro
ni

c 
tr

an
sf

us
io

n 
sc

he
m

e 
(%

)
4

(7
)

B
as

el
in

e 
la

bo
ra

to
ry

 *§

	
o		


H

em
og

lo
bi

n 
g/

L 
 

9.
8

(9
.0

 - 
11

.3
)

	
o		


Fe

ta
l h

em
og

lo
bi

n 
%

  
5.

6
(2

.1
 - 

11
.7

)

	
o		


W

hi
te

 b
lo

od
 c

el
l c

ou
nt

s 
x1

09
/L

8.
3

(6
.1

 - 
9.

7)

	
o		


La

ct
at

e 
D

eh
yd

ro
ge

na
se

 U
/L

33
1

(2
27

 - 
49

3)

C
um

ul
at

iv
e 

lif
et

im
e 

co
m

pl
ic

at
io

ns
 (%

)

	
o		


Av

as
cu

la
r o

st
eo

ne
cr

os
is

o
11

(2
1)

	
o		


P

ria
pi

sm
 (m

en
 o

nl
y)

3
(1

4)

	
o		


U

lc
er

s
1

(2
)

	
o		


C

VA
4

(8
)

	
o		


A

cu
te

 c
he

st
 s

yn
dr

om
e

21
(4

0)

	
o		


M

ic
ro

al
bu

m
in

ur
ia

11
 

(2
1)

	
o		


C

ho
le

lit
hi

as
is

27
(5

1)

	
o		


TR

V
 >

 2
.5

 m
/s

ec
15

 
(2

8)

	
o		


R

et
in

op
at

hy
22

(4
2)



36

C
h

a
p

te
r 2

P
a

rt I

pain on the total study observation (chronic 

pain), 2 had a history of osteonecrosis of the 

hip, knees or femur. In the other 4 patients 

no clear physical cause for the chronic pain 

could be identified. These 6 patients did not 

significantly differ in baseline characteristics 

from the rest of the cohort, but the median 

age appeared higher in patients with chron-

ic pain (median age 50 [IQR 25 - 56] versus 

27 [IQR 23 - 36], P = .06).

In figure 1 a breakdown of the total number 

of diary observation days is demonstrated, 

classified in four mutually exclusive catego-

ries of pain. Patients reported no pain on 

83% of the total observation days. On the re-

maining 1 018 days (17%) patients reported 

any sickle cell related pain. On 13% of the 

days this pain was not classified as a painful 

from the former Netherlands Antilles). Four 

patients (7%) were on a chronic transfusion 

scheme. Most common lifetime complications 

were cholelithiasis (51%), retinopathy (42%) 

and acute chest syndrome (40%). A com-

parison of baseline characteristics between 

patients with infrequent pains (<10% of 

observation days, n=29) versus patients with 

frequent pains (≥10% of observation days, 

n=26) showed no significant differences. 

 

Twenty percent of the total study population 

reported no pain at all during the study ob-

servation while 33% of the patients reported 

pain on 1-10% of all observation days, 36% 

on 10-50% of days and 7% on 50-99% of 

days (table II). Four percent of the patients 

reported sickle cell related pain on all ob-

servation days. Of the 6 patients with >50% 

Median VAS pain score for all patients and for each pain frequency subgroup, unadjusted for repeated measurements 
within patient. Comparisons between subgroups with P-values were adjusted for repeated measurements within 
patients. Total number of pain days at home with reported pain intensity, n=905.
IQR, interquartile range
* Median pain intensity differed significantly between the 5 frequency groups in the total pain days analysis and the 
non-crisis subgroup (P < 0.001), but not in the crisis subgroup (P=0.59)

Pain days

Patients All pain days *
Non-crisis 
pain days *

Crisis pain 
days at home 

n (%)
Median 

VAS
(IQR)

Median 
VAS

(IQR)
Median 

VAS
(IQR) P

All 55 (100) 3.0 (2.0 - 5.0) 3.0 (2.0 - 5.0) 4.0 (3.0 - 6.0) <0.001

•	 0% 11 (20) - - - -

•	 1-10% 18 (33) 5.0 (3.0 - 6.0) 3.5 (3.0 - 5.0) 5.0 (4.5 - 7.0) <0.001

•	 10-50% 20 (36) 3.0 (2.0 - 4.0) 2.0 (2.0 - 4.0) 3.0 (2.0 - 5.0) <0.001

•	 50-99% 4 (7) 3.0 (2.0 - 4.0) 3.0 (2.0 - 4.0) 5.0 (3.0 - 5.0) <0.001

•	 100% 2 (4) 7.0 (6.0 - 7.0) 7.0 (6.0 - 7.0) - -

Table II - Pain intensity by percentage of pain days
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Pain days

Patients All pain days *
Non-crisis 
pain days *

Crisis pain 
days at home 

n (%)
Median 

VAS
(IQR)

Median 
VAS

(IQR)
Median 

VAS
(IQR) P

All 55 (100) 3.0 (2.0 - 5.0) 3.0 (2.0 - 5.0) 4.0 (3.0 - 6.0) <0.001

•	 0% 11 (20) - - - -

•	 1-10% 18 (33) 5.0 (3.0 - 6.0) 3.5 (3.0 - 5.0) 5.0 (4.5 - 7.0) <0.001

•	 10-50% 20 (36) 3.0 (2.0 - 4.0) 2.0 (2.0 - 4.0) 3.0 (2.0 - 5.0) <0.001

•	 50-99% 4 (7) 3.0 (2.0 - 4.0) 3.0 (2.0 - 4.0) 5.0 (3.0 - 5.0) <0.001

•	 100% 2 (4) 7.0 (6.0 - 7.0) 7.0 (6.0 - 7.0) - -

intensity on non-crisis pain days was 3.0. 

This was significantly higher on crisis pain 

days at home (median 4.0, P <0.001). Inter-

estingly, the two patients that reported pain 

on all observed days also reported the high-

est pain scores (VAS 7.0) of all subgroups 

but did not indicate any of these days as a 

painful crisis. In addition, patients with a 

reported pain frequency of 10-99% appeared 

to have lower median pain scores as com-

pared to the other subgroups.

The frequency of pain at home in relation to 

localization is demonstrated in supplemental 

table SI. Localization was specified on 922 of 

the total 940 pain days at home (2% missing). 

Pain was often multifocal and reported on >1 

site. Most frequent pain sites reported were 

respectively legs (58%), back (including neck, 

crisis. Patients described to have a painful 

crisis at home on only 3% of days. Lastly, on 

1% of total observation days patients were 

admitted to the hospital for a painful crisis. 

The median number of painful crisis epi-

sodes per patient year, including both crisis 

days at home and in the hospital, was 2.3 

(IQR 0.0 - 8.7) and the median length of a 

painful crisis episode was 2 days (IQR 1 - 3). 

The median length of a hospital admission 

for painful crisis was 4 days (IQR 3 - 9).

Table II reports the association between the 

classified pain frequency and the median 

intensity of pain at home. The median pain 

intensity is reported for all pain days togeth-

er, and separately for non-crisis pain days 

and crisis pain days at home. 

For the whole population the median pain 

Figure 1 – Analysis of diary days 
Total number of diary days (n=5.982) classified in 4 mutually exclusive categories of severity (%); days with no reported 
pain (n=4.964), days with sickle cell related pain (n=771), days with painful crisis at home (n=169) and days with painful 
crisis with hospital admission (n=78). Percentages per category are unadjusted for repeated measures within patients.
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5.3, CI 2.2 – 12.5) and strong oral opioids 

(OR 8.2, CI 0.9 – 74.8).

The description of pain was reported using 

descriptors adapted from the McGill pain 

questionnaire.24 Often multiple descriptors 

were used on the same day. Most frequent-

ly pain was described as nagging (54%), 

stabbing (44%), pressing (39%) or throbbing 

(39%). Both the descriptors cutting (OR 8.3, 

CI 3.7 – 18.5), stabbing (OR 3.2, CI 1.7 – 5.9) 

and throbbing (OR 4.1, CI 2.1 – 8.0) were 

significantly more often used on crisis pain 

days as compared to non-crisis pain days 

(supplemental table SII).

We assessed associations between the ob-

served pain frequency and various baseline 

characteristics such as age, gender and 

38%) and the head (21%). Both the back (OR 

2.4, CI 1.4 - 4.2), the chest (OR 2.3, CI 1.1 - 

4.6) and the arms (OR 2.0, CI 1.1 – 3.5) were 

significantly more likely to hurt on crisis pain 

days as compared to non-crisis pain days. 

The use of pain medication (yes/no) was 

specified on 906 of the total 940 pain days 

at home (4% missing). On only 52% of days 

pain medication was used (table III). Acet-

aminophen was the most commonly used 

analgesic (47% of total pain days). Weak and 

strong oral opioids were used least frequently 

on respectively 7% and 2% of pain days. Use 

of any analgesic was significantly more likely 

on crisis pain days as compared to non-crisis 

pain days (OR 5.9, CI 2.9 – 11.9). Similar 

trends were observed for all analgesic sub-

groups, and were strongest for NSAIDs (OR 

Use of any pain medication and specification of pain medication, expressed as percentage of the total number of 
pain days at home with specified medication use (n=906). Comparisons of medication use between crisis pain days 
(n=163) and non-crisis pain days (n=743) were expressed as odds ratios with corresponding P-values, adjusted for 
repeated measurements within patients. All analyses were performed separately per type of medication, not taking 
into account potential concomitant use. The use of pain medication was classified into 4 categories: acetaminophen, 
non-steroidal anti-inflammatory drugs (NSAIDs), weak oral opioids (tramadol, codeine) and strong oral opioids (mor-
phine, methadone).
OR, odds ratio; 95% CI, 95% confidence interval
† Total number of non-crisis pain days with specified medication use (n=338), and crisis pain days (n=133).

Table III - Use of pain medication at home

 Type of medication
Total pain days

n=906
Crisis pain days at home versus 

non-crisis pain days

n (%) OR 95% CI P

Any 471 (52) 5.9 2.9 – 11.9 <0.001

Acetaminophen † 430 (47) 1.7 0.6 – 4.7 0.32

NSAID † 198 (22) 5.3 2.2 – 12.5 <0.001

Weak oral opioids † 61 (7) 3.1 0.7 – 13.2 0.21

Strong oral opioids † 18 (2) 8.2 0.9 – 74.8 0.02
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Discussion
This study in a cohort of adult SCD patients 

in the Netherlands demonstrates that the 

pain frequency in daily life in our popula-

tion is significantly lower than previously 

has been reported. Sickle cell related pain 

was reported on 17% of the total diary ob-

servation days. Pain was reported as a pain-

ful crisis without hospital admission on 3% 

of the observed days and hospital admission 

occurred only on 1% of the days. Pain was 

most frequently localized in the legs. Use 

of analgesics was reported in approximately 

half of the days with pain, with a relatively 

infrequent use of oral opioids. The number 

of hospital admissions prior to study en-

rolment was the only baseline determinant 

that significantly correlated with a higher 

pain frequency. Patients experiencing a 

higher intensity of pain, or pain in either 

the back, arms or chest, were more likely to 

contact a healthcare provider.

It is important to point out that this overall 

frequency of pain days reflects a highly het-

erogeneous population. Twenty percent of all 

enrolled patients did not report any pain at 

all during follow-up while 11% of patients in-

dicated to have pain on more than half of the 

observed days. Interestingly, 4% of patients 

indicated to have pain on all observed diary 

days. A similar heterogeneity was observed in 

the study by Smith et al.19 In addition, acute 

care utilizations in SCD appear to follow a 

similar trend, where only a minority of pa-

tients has highly frequent utilizations.26

disease genotype (supplemental table SIII). 

Only the number of hospital admissions 

during the three years prior to study enrol-

ment significantly correlated with the fre-

quency of pain (ρ = 0.27, P = .045). Lastly, we 

also assessed associations between character-

istics of pain and contact with healthcare on 

a pain day (supplemental table SIV). Patients 

were significantly more likely to have con-

tacted either primary care (1) or the hospital 

(2) on a pain day with a higher median pain 

intensity (ρ = 0.15, P <.001), a localization of 

the pain in the back (ρ = 0.08, P = .01), arms 

(ρ = 0.08, P = .02)and chest (ρ = 0.10, P <.01), 

and a pain description of throbbing (ρ = 

0.15, P <0.001), stabbing (ρ = 0.12, P <0.001), 

tingling (ρ = 0.08, P = .02)and cramping (ρ = 

0.15, P <0.001).
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as our study was performed more recently 

and all of our patients were under special-

ist care. Patients on a chronic transfusion 

scheme were excluded in the study by Smith 

et al. while we aimed for a non-selected 

population, representative for our complete 

SCD population. As only four patients in our 

study were on a chronic transfusion scheme 

the attenuation of the pain frequency is 

very limited. Excluding these patients from 

our analysis did not change the frequency 

of pain (data not shown). Secondly, the 

study by Smith et al. recruited patients by 

using a community recruitment approach, 

including a majority of patients that were 

not under specialist care as opposed to our 

study that recruited consecutive patients 

in our hospital outpatient clinic. Patients 

without regular specialist care supposedly 

had suboptimal disease management which 

may have contributed to a higher frequency 

of pain. In addition, we cannot exclude that 

community recruitment may have further 

biased their study to a more severe subgroup 

of patients. By recruiting patients by radio 

announcements and on health fairs patients 

with no or hardly any pain may have been 

less interested in participating in such a 

demanding study. Finally, the observed 

proportion of hospital admission days in 

our study cannot be compared directly, as 

Smith et al. reported health care utilization 

including emergency department visits and 

unscheduled doctor’s appointments while 

in our study only hospital admissions were 

Smith et al. were the first to demonstrate in 

a large scale study in adults with SCD that 

pain was far more prevalent than previously 

was anticipated when evaluation of pain was 

limited to episodes with healthcare utiliza-

tion only.19 In that study, patients reported 

pain on 55% of the observed days, with 

painful crises on 13% of days and health 

care utilization on 4% of days. Other studies 

in smaller cohorts from the US, performed 

between 1997 and 2004, largely support 

these findings.20–22,27 Strikingly, the frequen-

cy of self-reported pain was much lower in 

our cohort as compared to these studies and 

the mean intensity of pain appeared to be 

slightly lower in our patients as well. What 

could have caused this difference between 

our study and the results of the study by 

Smith et al.? Both study cohorts were largely 

comparable in gender, genotype distribution 

and disease severity, measured by cumula-

tive incidence of lifetime disease complica-

tions. However, there are some important 

differences in patient characteristics (age, 

hydroxycarbamide use and blood transfu-

sion) and study design (recruitment, patient 

selection). Firstly, patients in our cohort 

appeared to be slightly younger (median 

age 27) compared to patients in their study 

(mean age 33), which may be associated with 

a lower frequency of pain. Studies in chil-

dren generally also show lower frequencies 

of pain.14,17,28–30 Although use of hydroxycar-

bamide was not reported by Smith et al., we 

expect this to be higher in our study cohort 
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countries. For example, significantly more 

people from the US appear to experience 

cost-related healthcare access problems 

when compared to residents of other coun-

tries.38–40 In addition, being member of an 

ethnic minority group in the US appears 

to be an important risk factor for lower 

socioeconomic status, lower healthcare use 

and poorer health.41 All these factors may 

hamper regular outpatient healthcare and 

optimal chronic disease management for 

the SCD population in the US, thereby 

potentially adding to a higher frequency 

of pain in daily life. Moreover, rates of 

opioid use at home appear to be signifi-

cantly higher in the US compared to the 

Netherlands.42,43 As frequent use of opioids 

may also induce hyperalgesia and central 

sensitization for painful stimuli, this may 

also add to higher frequencies of chronic 

pain in SCD patients in the US.3,44 Lastly, 

the populations in the US and the Neth-

erlands could also differ in genetic back-

ground. Genes affecting disease severity of 

SCD or sensitivity to pain may have evolved 

differently in both populations due to 

migration patterns and ethnicity, ultimately 

also affecting the frequency of pain.45

A pain localization in either the back, arms 

or chest was more frequently observed on 

pain days defined as painful crisis, and was 

associated with a higher frequency of con-

tact with a healthcare provider. Chest pain 

is a well-known risk factor for acute chest 

analyzed. The lower pain intensities in our 

cohort may be explained by the fact that we 

limited our observation of pain intensity to 

days at home. Pain scores during admission 

were not registered. Also, we used median 

scores per day instead of maximum pain in-

tensities which may have resulted in a lower 

pain intensity score in our study. 

However, besides differences in patient 

characteristics, study design and method-

ology, other factors must be considered in 

explaining the observed difference in pain 

frequency. Most of the previous studies on 

the frequency of SCD related pain in daily 

life are relatively older, possibly describing 

an era of less advanced SCD care.20–22 Also, 

differences in cultural background may 

affect the experience of pain and psycho-

logical coping.31 Yet, importantly, all these 

studies were performed in the US. These 

results may therefore be characteristic for 

that specific population and local societal 

context but may not apply to other popu-

lations outside the US. For example, there 

are indications from literature that the 

mortality in European SCD populations, in-

cluding the Netherlands, appears to be rel-

atively low compared to the US.32–37 A sim-

ilar observation appears to hold true now 

for the frequency of pain in daily life. One 

explanation for these discrepancies may 

be sought in the large differences in the 

organization and accessibility of healthcare 

between the US and various other western 
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ception of pain due to central sensitization, 

e.g. due to frequent acute painful crises in 

the past.12,49,50 This may also explain the sig-

nificantly higher rates of pain experienced 

by adults as compared to children.14,17,28–30 

Chronic pains appear to be a separate entity 

and may require a completely different 

approach in pain management. Unfortu-

nately, there has been limited attention for 

this disabling condition so far and no clear 

evidence is yet available for its management. 

The main strength of this study was that it 

was the first study on SCD related pain in dai-

ly life performed outside the US and taking 

into account the more widespread imple-

mentation of hydroxycarbamide in modern 

disease management. Importantly, our study 

population appears to be largely comparable 

in disease severity and characteristics to oth-

er large, contemporary cohort studies (gen-

otype, proportion on hydroxycarbamide, 

hemoglobin and fetal hemoglobin concentra-

tion).51,19,33,52,53 This study therefore provides 

a highly relevant new perspective and may be 

considered more representative for current 

SCD populations, especially in other western 

countries with similar healthcare accessibility 

and organization as the Netherlands.

There were a number of limitations to our 

study. Firstly, this was a single center study 

with a relatively small sample size. Our study 

population may therefore not be fully rep-

resentative for our total patient population. 

However, our center is one of the largest SCD 

syndrome.46 Yet, back pain has been identi-

fied as an independent risk factor for acute 

chest syndrome in a recent study.47 This 

localization may therefore be an important 

additional predictor of a more severe course 

of disease during painful crisis.

Interestingly, on only half of all pain days 

analgesic use was indicated with a relative-

ly low use of oral opioids. Again, previous 

studies show a higher rate of both analgesic 

as well as opioid use.21,22 Guidelines for SCD 

pain management at home in the Nether-

lands follow the World Health Organiza-

tion’s pain ladder.48 Apparently, patients are 

often able to cope with milder pains without 

the use of analgesics in our population. The 

relatively rare use of opioids in our popula-

tion can be explained by the fact that local 

guidelines do not recommend the prescrip-

tion of strong opioids for SCD related pains 

in the outpatient setting. 

Although the overall frequency of pain was 

relatively low, a significant proportion of 

patients indicated to have pain on more 

than half of the observed days (11%). Most 

likely, these pains are more chronic in na-

ture, and should be distinguished from the 

more acute painful episodes of vaso-occlu-

sion.19 In some patients these chronic pains 

appeared to be secondary to chronic tissue 

damage. Yet, in others no clear physical 

cause could be identified, and the chronic 

pain may be the result of an altered per-
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This study provides relevant insight into the 

frequency and characteristics of all SCD re-

lated pains in daily life, not limited to acute, 

vaso-occlusive pains. This approach provides 

a general overview of the impact that pain 

has on the lives of patients with SCD and 

underlines the urgency to address this prob-

lem. Our findings illustrate that the path 

to reduction of pain in SCD will require a 

multifaceted approach

comprehensive care centers in the Nether-

lands and the large majority of the Dutch 

SCD population is under regular follow-up 

in a tertiary care center like ours. Moreover, 

our study population did not appear to differ 

in main characteristics from other interna-

tional SCD cohorts.19,33,51–53 

Secondly, there was a significant drop-out 

rate of enrolled patients. We have explored 

this potential selection bias by comparison of 

the in- and excluded patients and found no 

clear differences in characteristics between 

the two groups. Nevertheless, we cannot be 

certain that the analyzed cohort was fully 

comparable to our total patient population.

In conclusion, we provide clinical evidence 

that pain in daily life in patients with SCD 

appears to be less frequent in our patient 

population in the Netherlands as compared 

to the previous study cohorts originating 

from the US. Our findings may be more 

representative for current SCD populations 

living in Western countries outside the 

US than these previously available studies. 

Besides a more widespread use of hydroxy-

carbamide in current disease management, 

differences in organization and accessibility 

of healthcare between countries may also 

explain this discrepancy. Nevertheless, the 

currently observed frequency of pain was 

still significant and confirms that patients 

often experience pain at home without 

seeking professional care. 
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Supplementary data

Table SI  - Localization of pain at home 

Site
Total frequency

n=922
Crisis pain days at home versus 

non-crisis pain days

n (%) OR 95% CI P

Back / neck 349 (38) 2.4 1.4 – 4.2 <0.001

Chest 88 (10) 2.3 1.1 – 4.6 0.02

Arms / shoulders 449 (9) 2 1.1 – 3.5 0.03

Legs 532 (58) 1.7 0.9 – 3.0 0.07

Abdomen 90 (10) 0.7 0.3 – 1.6 0.27

Pelvis / hips 125 (14) 1.2 0.5 – 3.1 0.84

Head 194 (21) 1 0.5 – 2.0 0.88

The percentage of pain days per localization is demonstrated here. The total number of pain days at home with spec-
ified localization was n=922. Comparisons of pain sites on crisis pain days (n=167) and non-crisis pain days (n=755) 
were expressed as odds ratios with corresponding P-values, adjusted for repeated measurements within patients. 
OR, odds ratio; 95% CI, 95% confidence interval		

Table SII - Pain descriptors endorsed when reporting sickle cell pain 

Description
Total pain days

n=906
Crisis pain days at home versus 

non-crisis pain days

n (%) OR 95% CI P

Throbbing 351 (38.7) 4.1 2.1 – 8.0 <0.001

Stabbing 394 (43.5) 3.2 1.7 – 5.9 <0.001

Pressing 353 (39.0) 1.6 0.9 -2.8 0.08

Burning 92 (10.2) 1.1 0.4 – 2.8 0.95

Tingling 95 (10.5) 0.9 0.4 – 2.3 0.79

Nagging 486 (53.6) 0.6 0.3 – 1.1 0.08

Cutting 68 (7.5) 8.3 3.7 – 18.5 <0.001

Cramping 218 (24.1) 2.4 1.3 – 4.6 <0.01

Days with the pre-specified descriptors of pain were expressed as percentage of the total number of pain days with 
reported descriptors (n=906). Comparisons of pain descriptors between crisis pain days (n=163) and non-crisis pain 
days (n=743) were expressed as odds ratios with corresponding P-values, adjusted for repeated measurements 
within patients. 

OR, odds ratio; 95% CI, 95% confidence interval		
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Table SIII – Spearman correlations between the pain frequency and various baseline factors

Variable
Correlation 

coefficient (ρ)
P

Gender   0.181 .187

Age start of follow-up   0.159 .246

Genotype   0.013 .924

α-thalassemia   0.146 .343

No. of hospital admissions in past 3 years   0.272 .045

Use of hydroxyurea   0.218 .110

Baseline laboratory

•	 Hemoglobin g/L   0.003 .981

•	 Fetal hemoglobin %   0.082 .551

•	 White Blood Cell counts x109/L -0.014 .922

•	 Lactate Dehydrogenase U/L   0.201 .140

Cumulative lifetime SCD complications -0.047 .740
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Table SIV – Spearman correlations between healthcare contact on a pain day and char-
acteristics of the pain
For this analysis, contact with a healthcare provider was categorized in either no contact (0), 
contact with primary care (1) or contact with the hospital (2). Contact was defined as either by 

telephone or an actual visit.

Variable
Correlation 

coefficient (ρ)
P

Median pain intensity 0.152 <.001

Localization of pain

•	 Head 0.033 .906

•	 Back 0.084 .011

•	 Arms 0.076 .022

•	 Legs -0.011 .743

•	 Pelvis -0.037 .272

•	 Abdomen 0.055 .100

•	 Chest 0.103 <.01

Pain descriptor

•	 Throbbing 0.152 <.001

•	 Stabbing 0.120 <.001

•	 Pressing 0.040 .231

•	 Burning -0.023 .485

•	 Tingling 0.077 .022

•	 Nagging -0.006 .869

•	 Cutting 0.019 .581

•	 Cramping 0.152 <.001

Pain medication use

•	 Acetaminophen 0.062 .179

•	 NSAID 0.008 .859

•	 Weak oral opioids -0.078 .093

•	 Strong oral opioids 0.022 .637
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Figure S1 – Flowchart patient inclusion




