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Summary 
Some children and adolescents with sickle cell disease experience frequent painful episodes. To gain information 

about the natural history, of the pain and its impact on sleep and school attendance, we developed a home-based 
diary system. Eighteen children and adolescents completed 4756 diary days, with an average compliance of 75%. 
Pain was reported on 30% of days and was managed at home nine-tenths of the time. Girls reported more days with 
pain than did boys, and age was positively correlated with the length of the painful episodes. The pain affected 
school attendance and .sleep. Patients were absent from school on 21% of 3186 school days, with half of the 
absenteeisms on days with reported pain. Of the pain-associated absenteeisms, two-thirds occurred when pain was 
managed at home, and one-third when patients were hospitalized. The average consecutive number of school days 
missed was 2.7. These findings have implications for developmentally critical activities. 
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Introduction 

Vaso-occlusive pain is the most common problem 
encountered by patients with sickle cell disease (SCD) 
(Tetrault et al. 1974). The pain, which is intermittent, 
often severe, and unpredictable, can start as early as 
6-9 months of age, and continues throughout adult- 
hood (Serjeant 1985). Tile pain frequency and severity 
varies greatly among and within individuals (Vichinsky 
et al. 1982; Serjeant 1985), with a minority of patients 
experiencing frequent and severe painful episodes 
(Vichinsky et al. 1982). Many studies of the natural 
history and treatment of SCD-related pain utilize 
emergency department and inpatient admissions as 

* Corresponding author: Barbara Shapiro, M.D., Children's Hospital 
of Philadelphia, Division of General Pediatrics, 34th Street and 
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indicators of pain severity and frequency (Platt et al. 
1991). However, patients recount that painful episodes 
are often managed at home. The effect of home pain 
management on activities necessary for normal devel- 
opment, such as attending school, has not been de- 
scribed. 

Children with chronic illnesses often miss school. 
Public policy in many states dictates that homebound 
instruction is provided to ill students only after a 
certain consecutive number of school days are missed 
(Hobbs et al. 1985). The impact of SCD-related pain 
on school attendance and the average consecutive 
number of days missed has not been delineated. We 
report data on the frequency of sickle cell-related pain 
and its effects on school attendance from 18 children 
and adolescents followed over an average of 10 months 
each. The data were collected using a home pain diary 
developed specifically for patients with SCD (Shapiro 
et al. 1990). 
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Methods 

Patients 
Patients were enrolled in a study of the natural history of sickle 

cell-related pain, and of the efficacy of self-hypnosis as an interven- 
tion. Eligibility criteria included (a) diagnosis of a sickle 
hemoglobinopathy; (b) age between 7 and 17 years; (c) retrospective 
report of at least 4 painful episodes over the previous year; and (d) 
identification of pain as a significant problem by the patient and the 
family. Exclusion criteria were regular red blood cell transfusion 
therapy, co-existence of other serious chronic illnesses, mental retar- 
dation, and emotional or family problems requiring ongoing psy- 
chotherapy. 

All patients were followed at the Comprehensive Sickle Cell 
Center of The Children's Hospital of Philadelphia. Of the 380 
patients followed at the Center, 144 were eligible by age and diagno- 
sis, and met no criteria for exclusion. Thirty-three of these patients 
could not be contacted, and 78 did not have frequent enough painful 
episodes to meet the eligibility criteria. Nine eligible patients de- 
clined to participate, citing reasons such as "could not make appoint- 
ments" (n = 5); "not interested" (n = 2); and family member did not 
want the patient to participate (n = 2). Six patients who expressed 
initial interest could not subsequently be contacted. 

The enrolled patients ranged from 8 to 17 years of age (average: 
13 years). There were 7 girls and 11 boys; boys and girls did not 
differ significantly in age. The average length of time that patients 
stayed in the study was 10 months, with a range of 2-15 months. 

The Committee for the Protection of Human Subjects at The 
Children's Hospital of Philadelphia approved the study. Informed 
consent was obtained from parents and patients before enrollment. 

Home Diary 
A pain diary was developed from a self-report system used for 

research on sleep and circadian rhythms (Shapiro et al. 1990). The 
diaries were compact, each 5 x 7 in., and covering a 1-week period of 
time. Patients were asked to complete 2 pages each day, 1 in the 
morning as soon after awakening from sleep as convenient, and 1 in 
the evening before going to bed. On the morning page, patients 
indicated the presence of any SCD-related pain by circling 'yes' or 

TABLE I 

DIARY ADHERENCE, PAIN DAYS AND HOSPITALIZATION 

'no'. If 'yes' was circled, they indicated the pain intensity on a 10-cm 
linear analogue scale. Patients also indicated by circling 'yes' or 'no' 
whether they slept well, and rated their perceived sleep length on a 
5-cm linear analogue scale. At night, children were again asked 
about the presence and intensity of SCD-related pain, school atten- 
dance on weekdays, and medication use. 

The diaries were attractively printed on heavy paper. The cover 
page was personalized with the child's name, the dates of the week, 
and the statement that this was a confidential record. On the last 
page was a statement thanking the child for completing the diary, 
and reminding the patient to place the diary in the mail. 

Procedures 
Patients and their families were told that participation in the 

study involved a responsibility to complete and return the diaries. 
Possible difficulties in adherence were openly discussed, and a joint 
problem solving approach used to define solutions that were compat- 
ible with the children's and families' lifestyles and preferences. It was 
emphasized that responsibility for the diaries should not add stress 
to daily life, nor should it precipitate conflicts between parents and 
children. The relative responsibilities of children and their parents 
were defined, with individual variations based on factors such as 
developmental maturity and interactional styles. In general, parents 
helped children under the ages of 10 or 11 remember to complete 
the diaries, whereas older children were encouraged to develop their 
own reminder systems. Older teenagers took full responsibility for 
the entire process. 

To facilitate completion and return of the diaries, procedures 
were instituted that had been used successfully in long-term studies 
of mood (Dinges 1989). Each week a packet containing the diary for 
the following week and a pre-addressed stamped envelope in which 
to return the diary was mailed to the patient. Two of the authors 
(B.S.S. and L.B.R.)contacted the families by telephone on an 
average of once every 2-3 weeks. During these calls, we discussed 
the entries in the diaries that we had received, provided positive 
reinforcement and reminders when necessary, and elicited concerns 
and questions about pain management and study interventions. If 
less than 25% of the diaries were returned for 2 months in a row, the 
patients and families were asked whether they still wished to be in 

Case Sex Age Completed %Days Hospitali- % Pain days 
diary days in pain izations in hospital 

1 M 13 416 5.7 1 23.8 
2 M 16 294 10.5 2 51.6 
3 F 13 35 65.7 0 0.0 
4 F 13 404 31.6 5 21.9 
5 M 11 213 19.6 2 19.0 
6 F 13 152 46.0 3 21.4 
7 M 14 204 7.3 0 0.0 
8 M 15 259 48.6 8 34.1 
9 F 17 338 37.2 1 2.3 

10 F 14 18 73.6 0 0.0 
11 M 12 333 8.3 0 0.0 
12 M 8 318 11.3 2 33.3 
13 F 10 374 9.6 2 27.7 
14 M 13 432 21.7 0 0.0 
15 M 9 220 34.5 2 13.1 
16 F 14 275 97.4 1 5.6 
17 M 11 158 3.1 0 0.0 
18 M 17 309 6.4 2 80.0 

Mean (SD) 12.9 (2.5) 264 (119.8) 29.9 (27.2) 1.7 (2.1) 18.5 (21.6) 



the study. If further participation was declined, the patients were 
dropped from enrollment. 

We discovered early in the study that patients who otherwise 
adhered to the protocol did not complete the diaries when they were 
hospitalized. Therefore, the diary data pertain only to home manage- 
ment. However, because we followed the patients closely, we knew 
when and why they were hospitalized. Therefore, the data include 
the number and timing of pain days spent in the hospital. These data 
were used along with the diary data to assess the relative rates of 
home versus hospital management, the proportion of days with pain, 
and the duration and number of painful episodes. 

Analysis of  data 
Adherence to the study protocol was determined from the num- 

ber of diaries completed and returned, including time spent in the 
hospital. Pain was evaluated both as the proportion of days that pain 
was reported out of the sum of the total number of diary days 
completed plus hospital pain days, as well as by the total number of 
painful episodes managed at home, in the hospital, or both (i.e., each 
discrete multi-day period of pare). To evaluate the effects of pain on 
outcome variables, each patient's home diary data was reduced 
according to report of the presence or absence of, pain. With this 
system, each patient generates only 1 data value, regardless O f the 
amount of time in the study. Ttms, for each diary dependent variable 
(e.g., sleep quality), data were averaged within all days in which pain 
was not reported and separately within all days in which pain was 
reported. For each dependent variable, 'pain' and 'no pain' distribu- 
tions were examined for homogeneity of variance. Violations re- 
suited in use of non-parametric statistical comparisons. Mann Whit- 
ney U statistic was used to compare pain patterns of male and 
female patients. Wilcoxon m~ttched-pairs signed-ranks tests were 
used to evaluate differences in sleep and school attendance between 
days with and without pain. Spearman rank-order correlations were 
used for assessing the relationship between age and pain. Analyses 
were conducted including and excluding a 14-year-old female patient 
who reported pain virtually every day (case 16 in Table I). Those 
instances in which her exclusion changed the findings are reported in 
the results. Outcomes were considered statistically significant if 
P < 0.05, 2-tailed. 

Results 

Adherence with the daily ,diaries 
A total of  4756 comple ted  diary days were received 

f rom the 18 patients.  Patients comple ted  an average o f  
264 diary days each, a l though there  was considerable  
inter-subject variability ('Fable I). O n  average, 75% of  
the diary days were  comple ted  each month .  A d h e r e n c e  
to the diary system was inversely related to the per- 
centage  of  days on which painful episodes were re- 
por ted  (r  = -0 .658 ,  P < 0.01), and was not  related to 
age, sex, the number  or  intensity of  the painful  episodes, 
or  the absolute number  of comple ted  diary days. Ad-  
herence  with the diaries gradually declined over the 
first 10 months  of  enrolhnent .  Average  adherence  was 
90% in the 1st mon th  and 63% in the 10th month ,  
giving an average decrease  o f  2.7% each month.  

Home versus hospital management of pain 
If  any par t  of  a painful  episode involved emergency  

depar tmen t  or  inpatient  hospitalization, this episode 
was considered to have been  managed  in the hospital. 
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Pain was managed  entirely at home during 89% of  the 
painful episodes (81% of the days with pain). However ,  
patients varied widely in hospital  contact  for pain man- 
agement  (Table I). Six pat ients  had no hospitalizations 
for pain. The  remainder  were hospitalized for an aver- 
age of  16% of  painful  episodes (SD = 13.73; range:  
4 -50%) .  Compar isons  of  these 2 subgroups revealed 
few significant differences. Hospi tal ized children re- 
por ted  a greater  number  o f  painful episodes (mean = 
24.2, SD = 15.7) than did non-hospi tal ized children 
(mean = 10.6, SD = 10.8; U =  13, X 2 =  4.08, dr= 1, P 
= < 0.05). However ,  groups did not  differ in the pro-  
por t ion of  days with pain (hospitalized: mean  = 23.7, 
SD = 16.2; non-hospital ized:  mean  = 29.9, SD = 31.5), 
in the intensity of  pain managed  at home and repor ted  
in the diary, or  in demographic  or  activity (e.g., school 
a t tendance,  sleep) variables. 

Age-related patterns 
The pat terns  of  the painful episodes varied greatly 

among  patients.  Pain was repor ted  on an average of  
30% of all days (26% with the exclusion of  pat ient  16; 
see Table I), with a range o f  3 - 9 7 %  (median = 20.7%). 
On  average, 2 episodes of  pain were repor ted  each 
month  (range: 0-5) ,  with a mean  durat ion of  approxi- 
mately  4 days (range: 1 -17  days). Ana log  pain intensity 
ratings (0 = none,  100 = worst) during painful episodes 
managed  at home averaged 29, with a range f rom 10 to 
69. 

Age  was examined in relat ion to the percentage  of  
days with pain and the frequency,  length, and average 

i n t ens i t y  of  painful episodes. Older  patients repor ted  
longer  painful episodes (rho = 0.677; t = 3.67; P < 
0.01). There  was no relationship be tween age and the 
f requency or  intensity of  pain, or  the number  of  painful 
episodes. 

Sleep patterns 
Ratings  of  sleep quanti ty and quality were influ- 

enced by pain. Patients repor ted  poor  sleep on an 
average of  43% of  days with pain (SD = 32%), com- 
pared  to only 3% of  days without  pain (z  = 3.57; P < 
0.001; Fig. 1). Similarly, repor ted  sleep durat ion was 
significantly less on nights in which pain occurred  
relative to nights wi thout  pain (z  = 3.62; P < 0.001). 

Effect of pain on school attendance 
Potential  school days (3186) were  analyzed. (Days 

were counted  as potential  school days when a daily 
diary repor t  was available or  when  patients were  hospi- 
talized for pain managemen t  a n d  school was in session. 
Days for which there  were  no diary data  and days 
during which patients were  hospitalized for problems 
not  related to pain were  excluded.) Patients missed 
school on 41% (SD = 27.8%) of  the days on which they 
repor ted  pain, compared  to an average of  9% ( S D  = 
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Fig. 1. Histograms of means (SEM) comparing the proportion of days 
without pain to the proportion of days with pain on 2 daily diary 
variables: reports of 'bad'  sleep the night before, and reports of 
school absenteeism. For all variables the proportion of 'pain '  days on 
which these outcomes occurred was significantly higher (P  < 0.001) 
than the proportion of 'no pain' days on which they occurred (see 

text). 

7.3%) on days without pain (z = -3 .29;  P < 0.001; Fig. 
1). Of all missed school days, about one-half (11% of 
all potential school days; range: 0-40%) were on days 
with reported painful episodes. There was no signifi- 
cant difference between the rate of missed school on 
the day after a painful episode (when patients might be 
expected to be recovering) and on other pain-free days. 
Of the school days missed because of painful episodes, 
65% were missed when pain was managed at home, 
and 35% were missed when pain was managed in the 
hospital. 

Correlational analysis showed a significant relation- 
ship between missing school on days with and on days 
without pain (rho = 0.523; t = 2.37; df = 15; P < 0.05). 
The average pain intensity per month was correlated 
with school absence on days with pain (rho = 0.599; 
t = 2.99; df = 16; P < 0.01), and with school absence on 
days without painful episodes (rho = 0.482; t = 2.13; 
df = 15; P < 0.05). The average analog pain score when 
school was missed because of pain managed at home 
was 55 of 100 (range: 8-86), relative to a significantly 
lower pain score of 30 (range: 15-47) when school was 
not missed. There  were no relationships between the 
rate of school absence on days with or without pain 
and the percentage of days with pain, sleep quality, 
adherence to the diary system, or the rate of hospital- 
ization. 

Even though the children missed an average of 6-8  
weeks of school within a school year, the average 
consecutive number of days on which school was missed 
was 2.7, with a range of averages of 1-9. 

Discussion 

Patient selection 
Patterns of interaction with the health care system 

vary widely among patients with frequent pain and 
their families. Many families regularly participate in 
outpatient follow-up, including medical, educational, 
mental health, and supportive services (outpatient 
based management). Other  families more often inter- 
act with health care professionals at the time of hospi- 
talization (hospital-based management) (Shapiro 1993). 

Families and patients who espouse outpatient-based 
management may have been more likely to participate 
in this study. We were unable to compare factors which 
could have influenced participation (e.g., socioeco- 
nomic status, family function, social supports, health 
care beliefs) between families choosing and not choos- 
ing to enroll. Additionally, the total number of patients 
enrolled and studied is small. Therefore,  the results 
must be interpreted as preliminary, and not necessarily 
representative of all patients with frequent painful 
episodes. However, patients with frequent and severe 
pain who rely on hospital-based management are un- 
likely to experience less impact of the pain on activities 
of daily living. 

Adherence 
Adherence to the diary system and the study was 

extremely high, especially considering the nature of the 
task and the long-term enrollment. There  were limita- 
tions, however, to determining adherence. Although 
we could ascertain whether the diaries were completed 
and returned, we do not know whether they were filled 
out twice a day as instructed, or whether the entire 
diary was filled in at one time before return. Therefore  
the results must be understood as an approximation of 
the pain experience. 

Several factors may have facilitated adherence. Pa- 
tients were self-selected, and their electing to partici- 
pate in such a study evidenced beliefs in the value of 
anticipatory, non crisis-oriented intervention. The study 
design included methods to enhance adherence 
(Shapiro et al. 1990). Finally, even though we pre- 
sented the diaries as a way of helping us understand 
the pain, many patients and families viewed the diaries 
as therapeutic, perceiving a benefit to themselves in 
recording pain and examining patterns. 

We expected that pain would motivate patients to 
maintain participation. However, patients with more 
pain days had lower rates of diary completion. This 
result could reflect the complex inter-relationships 
among pain perception, coping styles, family organiza- 
tion, attributional style, and mood. 

Home versus hospital management 
The vast majority of painful episodes were managed 

entirely at home. Coming to the hospital for pain 
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management likely reflects complex interactions among 
such factors as pain intensity, learned behaviors, cop- 
ing styles, external stresses and supports, and health 
care beliefs of the patient and the family. 

Although the number of hospitalizations may be a 
sensitive indicator of illness severity for patients who 
tend to come to the hospital, there appears to be a 
group of patients for whom the rate of hospitalization 
does not indicate the extent and impact of the pain. If 
we aim to understand and reduce the impact of pain 
on psychosocial function and quality of life, we must 
include pain that is managed at home in our studies of 
assessment and intervention, as well as in our clinical 
approach to patients. The frequency of pain is an 
important criterion in selecting patients for treatment 
outcome studies. Our data suggest that in such studies 
the evaluation of treatment outcome may be inaccurate 
unless a system to track pain managed at home is 
included. Additionally, 'Lhe fact that nearly 90% of 
painful episodes were managed at home in this group 
of patients highlights the need for programs designed 
to help children and families to manage their pain. 

Pain patterns 
The patients in this study experienced pain on a 

surprisingly high number of days. Clinicians often re- 
gard sickle cell-related pain as being an acute or acute 
recurrent pain syndrome. However, patients with fre- 
quent painful episodes are more accurately designated 
as having chronic or chronically recurrent pain. Since 
the clinical approaches to patients with chronic and 
acute pain differ, recognition of the pervasiveness of 
pain in everyday life is key. 

These data were obtained during the course of an 
ongoing interventional study utilizing self-hypnosis and 
education. These interventions, which were started 
about 4 months into the study, may have affected the 
actual or reported frequency, intensity, and /o r  dura- 
tion of pain. However, these aspects of the pain experi- 
ences are unlikely to have been increased by the inter- 
ventions. Therefore, the data reported here may actu- 
ally underestimate the intpact of pain. 

Sleep patterns 
The effects of pain on sleep quality and duration 

were profound. Since poor or inadequate sleep may 
affect pain coping during the day, as well as attentive- 
ness at school, this relationship is clinically significant. 
Pharmacologic and non-pharmacologic interventions 
targeting sleep may augment daytime performance. 

have a number of causes, including minor infections, 
clinic visits, or other medical problems associated with 
SCD. The impact of pain and illness on psychosocial 
function could also affect school attendance. Families 
may perceive their children as vulnerable, and keep 
them out of school for problems that would not inter- 
fere with school attendance for most children. Addi- 
tionally, falling behind in school work may develop into 
a pattern of school avoidance. Our finding of a rela- 
tionship between the proportion of school days missed 
on days with and days without pain is consistent with 
these possibilities. 

Home management of pain is often encouraged by 
health care professionals as a way to normalize every- 
day functioning. However, children with frequent pain 
and infrequent hospitalizations may be at significant 
risk of school absenteeism. Although the relationship 
between absenteeism and school performance has not 
been studied in these children, we can assume that 
frequent absences are likely to lead to problems. These 
children may be overlooked for intervention because, 
unlike children who are frequently hospitalized, the 
extent of dysfunction may not come to the attention of 
health care professionals. 

Although these children missed an average of 6-8 
weeks of school each year, they missed on average less 
than 3 consecutive days at a time. Thus, they do not 
qualify for help in states that require 1-2 weeks of 
consecutive missed school days for homebound tutor- 
ing, and even in states that provide more immediate 
homebound assistance, by the time the paperwork is 
filed and processed the child is ready to return to 
school. 

Further work is necessary to delineate the impact of 
these absences on school performance and psychoso- 
cial status, and to develop cost effective and pragmatic 
ways of providing adequate educational opportunities 
for children and adolescents with sickle cell disease. 
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Effect of pain on school attendance 
This particular group of patients missed about one- 

fifth of their school days. Only one-half of those ab- 
sences were associated with SCD-related pain. The 
absences on days without vaso-occlusive pain could 
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