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Abstract
Present study was an attempt to evaluate sleep parameters and characteristics of circadian
rhythm in rest-activity in sickle cell diseased patients. Rest-activity rhythm was studied on ten
patients (6 males and 4 females) non-invasively with the help of wrist actigraphy, and
compared with 10 age-matched normal subjects (6 males and 4 females). Several sleep
parameters, such as time in bed, assumed sleep, actual sleep time, actual wake time, sleep
efficiency, sleep latency, and fragmentation index were recorded by selecting fifteen second
epoch length for collection of data. The results of the present study validated a statistically
significant circadian rhythm in rest-activity for all subjects with drastic alteration in circadian
rhythm parameters in sickling patients. Dichotomy index declined significantly in the group
of sickling patients. Results of sleep parameters revealed that sickling patients had lower
assumed sleep duration, and exhibited less sleep efficiency as compared to that of the
control subjects. More sleep latency and higher fragmentation index indicates deterioration
of sleep among sickling patients. In conclusion, the results of the present study document
disruption of circadian rhythm and sleep impairment in sickling patients. Alterations of circadian
rhythm and deterioration of sleep could be attributed to diseased status.
Keywords: Autocorrelation, Circadian rhythm, Dichotomy index, Rest-activity rhythm, Sickle
cell disease, Sleep

Introduction

A

lterations in the characteristics of circadian
rhythm can influence the sleep- wake cycle and
many other aspects of human physiology, such
as mood, cognition and alertness. 1-2

If the timing is altered or lost, performance is
suboptimal, which may be manifested as compromised
adaptation to stress and illness. Even though it is not
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obvious whether illness disrupts biological rhythms or
disrupted biological rhythms lead to illness, the
association between rhythm disruption and illness is well
documented by several authors.3-4 Moreover, sleep wake
schedule disorders includes common characteristic of
the patients inability to fall asleep and wake up at desired
times.5 Examining an individual’s circadian phase is
important for designing treatment of various circadian
rhythm sleep disorders. Alteration in circadian system
function of rest activity rhythm was investigated in
subjects suffering from various diseases, such as chronic
back pain, insomnia, Alzheimer’s dementia, and cancer.
6-10
Several other studies have described sleep problems
in mentally retarded persons.11-13 However, very few
efforts have been made to study circadian rhythm in
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patients with sickle cell disease. Sickle cell is a genetic
disease, which occurs due to abnormality in red blood
cell. It is observed that patients with sickle cell below
5years had Obstructive Sleep Apnea (OSA).14 In sickle
cell, patients face chronic pain problem mainly at
nighttime. Enlarged tonsil and adenoids are the biggest
contributing factors for OSA resulting in snoring and
sleep deprivation. Besides this, a chronic pain crisis
occurs mainly at night causing sleep disturbance.
However literature in sleep impairment due to chronic
pain during sleep is limited. Therefore, an attempt was
made to study the rest-activity rhythm and evaluate sleep
parameters in sickle cell diseased patients.

Material and methods
Twenty subjects consisting of 10 controls (6 males, 4
females; median age: 32, range 22-39 years; average ±
SE of BMI: 21.49 ± 1.12) and 10 patients with sickle
cell anemia (6 males, 4 females; median age: 32, range
22-39 years; average ± SE of BMI: 20.01 ± 1.19)
contributed their voluntary participation in the present
study. They were examined in free-living conditions.
Patients were identified as sickle cell diseased after given
a confirmed diagnosis of sickling by the doctor. The
study was approved by the Ethics Committee of the Pt.
J.N.M. Medical College, Raipur. Prior to beginning of
data collection, the subjects were explained about the
procedure of measurement. Patients did not show any
signs of other complications. They were in good health
and participated in their usual daily activities. During
the study period they were not under the influence of
drugs or alcohol. Both patients and control subjects gave
a written informed consent.

Assessment of the characteristics of
circadian rhythm in rest-activity
The rest-activity rhythm of all the sickling patients was
monitored non-invasively by wrist actigraphy (Actiwatch,
Model AW64, Mini Mitter Co., Inc., USA) worn on
the non-dominant arm over a continuous four-day span.
The subjects maintained a daily dairy that contained
various types of information, like going to bed time
approximate sleep start time, awakening time, getting
off the bed time, Actiwatch wearing time and Actiwatch
removal time. Fifteen-second epoch length was selected
for gathering actigraphy data. In addition, several sleep
parameters, such as time in bed, assumed sleep, actual
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sleep time, actual wake time, sleep efficiency, sleep
latency, sleep bouts, wake bouts and fragmentation index
were also recorded.

Statistical analysis
The circadian rhythm characteristics, such as Mesor (M),
amplitude (A), and peak or acrophase (Ø) were estimated
from the log-transformed data.15 at two different fixed
windows, namely t = 24 h and t =12 h. 12-h period was
selected since bimodality in activity pattern was perceived
in the periodograms/ actograms of most of the subjects.
Harmonic means were calculated for M, A, and Ø
obtained at both windows. Power Spectrum Analysis
software16 was utilized to determine prominent period
(ô). Autocorrelation analyses were also applied to derive
the autocorrelation coefficient at t = 24 h, i.e., r24, to
obtain another measure of the regularity of the activity
pattern over 24 h. The dichotomy index, I<O, differences
in activity distribution between daily activity and rest
spans were also computed. The value of this index can
vary between 0% and 100%. In the case of a marked
circadian rhythm with complete rest at night and high
activity during daytime, I<O reaches 100%.

Results
Rest-activity rhythm
Actograms of the rest-activity patterns in a sickling
patient and a control subject have been shown in Figure
1 (A, B). It was revealed that the sickling patient exhibited
marked activity during sleep. The level and intensity of
activity were higher in the control subject than sickling
patients.

Rhythm detection
Tables 1-2 are the summary of the results of Cosinor
rhythmometry of the time series on rest-activity rhythm
in sickling patients and control subjects. Results indicate
a statistically significant circadian rhythm (ô=24h) in restactivity in all patients and control subjects. Subjects also
exhibited statistically significant 12-h rhythmicity in restactivity. The harmonic means of the Mesors, amplitudes,
and acrophases obtained separately for the 24- and 12-h
periods were computed and shown in Table 1-2.
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Clock hour
Clock hour
Figure 1: Illustrative examples of double-plotted rest-activity profile (actogram) in sickle cell diseased patient (A) and control subject
(B) Abscissa depicts clock hour of the day Each row represents two 24-h spans, ie, for a given day and the following day The height
of the black marks in each row indicates the level of activity (counts in relative unit) for the corresponding time in the abscissa
Actogram of sickling patient reveal marked activity in the nighttime
Table 1: Cosinor Summary: Characteristics of rest-activity rhythm in sickle cell diseased patients Rhythm parameters were computed
at fixed windows with ô = 24 h or ô = 12 h The harmonic means of each parameter obtained at ô = 24 h and ô = 12 h were also
calculated
Fitted
Data
Rhythm
Mean
Amplitude
Acrophase
period
S#01
24
7252
< 0001
158 ± 0010
82 (077, 086)
143 (1407, 1448)
12
7252
< 0001
157 ± 001
062 (057, 066)
85 (839, 868)
24 + 12b
158
070
107
S#02
24
8135
< 0001
164 ± 001
074 (070, 079)
151 (1487, 1531)
12
8135
< 0001
159 ± 001
064 (059, 068)
84 (826, 853)
24 + 12b
161
069
108
S # 03
24
7161
< 0001
179 ± 001
087 (083, 091)
147 (1453, 1488)
12
7161
< 0001
179 ± 001
051 (046, 055)
80 (778, 812)
24 + 12b
179
064
103
S # 04
24
7631
< 0001
142 ± 001
083 (079, 087)
136 (1344, 1383)
12
7631
< 0001
146 ± 001
040 (035, 044)
98 (958, 1003)
24 + 12b
144
054
114
S # 05
24
6761
<0001
167 ± 001
108 (103, 112)
145 (1438, 1466)
12
6761
<0001
160 ± 001
059 (054, 064)
86 (841, 873)
24 + 12b
163
076
108
S # 06
24
7088
< 0001
159 ± 001
094 (090, 097)
155 (1533, 1563)
12
7088
< 0001
160 ± 001
039 (034, 043)
89 (867, 911)
24 + 12b
160
055
113
S # 07
24
8984
< 0001
163 ± 001
061 (057, 065)
167 (1640, 1691)
12
8984
< 0001
164 ± 001
043 (039, 047)
110 (1082, 1119)
24 + 12b
164
050
133
S # 08
24
7137
< 0001
147 ± 001
074 (070, 078)
147 (1447, 1491)
12
7137
< 0001
147 ± 001
084 (080, 088)
84 (826, 845)
24 + 12b
147
079
107
S # 09
24
4022
< 0001
222 ± 001
028 (025, 031)
149 (1457, 1525)
12
4022
< 0001
228 ± 001
010 (007, 012)
78 (719, 832)
24 + 12b
225
014
102
S # 10
24
7161
<0001
138 ± 001
057 (053, 061)
1401 (1374, 1428)
12
7161
<0001
137 ± 001
057 (053, 061)
81 (794, 821)
24 + 12b
137
057
102
Indian Journal of Sleep Medicine (IJSM), Vol. 6, No. 2, 2011

Actigraphic study of sleep behaviour in sickling patients

64

Table 2: Cosinor Summary: Characteristics of rest-activity rhythm in control subjects Rhythm parameters were computed at fixed
windows with ô = 24 h or ô = 12 h The harmonic means of each parameter obtained at ô = 24 h and ô = 12 h were also calculated
Subject code Fitted tau
Data
Rhythm
Rhythm
Amplitude, A
Acrophase,
Period
point
detection
adjusted
(95%CL)
Ø in h (95%CL)
mean, (M ± SE)
C # 01

C # 02

C # 03

C # 04

C # 05

C # 06

C # 07

C # 08

C # 09

C # 10

24
12
24 + 12b
24
12
24 + 12b
24
12
24 + 12b
24
12
24 + 12b
24
12
24 + 12b
24
12
24 + 12b
24
12
24 + 12b
24
12
24 + 12b
24
12
24 + 12b
24
12
24 + 12b

584

< 0001
< 0001

600

< 0001
< 0001

585

< 0001
< 0001

726

< 0001
< 0001

15892

<0001
<0001

15841

<0001
<0001

551

< 0001
< 0001

707

< 0001
< 0001

583

< 0001
< 0001

576

< 0001
< 0001

292 ±
292 ±
292
298 ±
302 ±
300
274 ±
274 ±
274
286 ±
286 ±
286
150 ±
150 ±
150
141 ±
141 ±
141
271 ±
275 ±
273
247 ±
246 ±
246
290 ±
290 ±
290
294 ±
294 ±
294

003
004
077
003
003
058
004
004
067
003
003
043
001
001
066
001
001
059
003
004
080
004
004
064
004
004
087
003
004

091 (077,104)
067 (052, 081)
1104
062 (051, 073)
055 (044, 067)
997
071 (055, 086)
064 (048, 080)
1137
076 (065, 087)
030 (017, 043)
1064
091 (088, 093)
052 (049, 055)
147
098 (096, 101)
042 (039, 045)
148
111 (098, 124)
062 (046, 079)
973
076 (061, 091)
056 (040, 072)
1297
106 (092, 120)
074 (058, 090)
986
103 (091, 114)
057 (043, 072)
073

151 (145, 156)
087 (083, 091)
138 (130, 145)
078 (074, 082)
164 (155, 172)
087 (082, 092)
155 (149,160)
081 (072, 089)
161 (160, 162)
103 (102, 104)
163 (162, 164)
103 (101, 104)
132 (127, 136)
077 (072, 082)
181 (173, 189)
101 (095, 106)
137 (132, 142)
077 (073, 081)
153 (148, 157)
093 (088, 097)
1157

Circadian 24-h average (Mesor)

Circadian amplitude

The averages of Mesors for each group obtained at fixed
windows of 24 h, 12 h and their harmonic means are
given in Table 3. The results of Cosinor rhythmometry
indicated inter-individual differences in the level of 24h average activity in sickling patients and control subjects
(Table 1 and 2). Results showed statistically significant
(p < 0.001) difference in the harmonic means of the
Mesors of the activity rhythm between sickling patients
and control subjects (Table 3). This difference was also
statistically significantly validated for the data obtained
at a fixed window with t = 12 h and t = 24 h (Table 3).

Variation at inter-individual and group circadian
amplitudes of the rest-activity rhythm was observed in
both groups (Table 1 and 2). The harmonic means of the
amplitude of the rest-activity rhythm in the sickling
patients were significantly lower (p < 0.001) as compared
to control subjects (Table 3).
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Circadian peak (acrophase)
A statistically significant (p < 0.001) difference was
noticed for the average timing of the peaks between the
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Table 3: Summary of the characteristics of circadian rhythm in rest-activity of sickle cell diseased patients and control subjects.
Rhythm parameters were computed at fixed windows with t= 24 h or t = 12 h. The harmonic means of each parameter obtained at
t = 24 h and t = 12 h were also calculated.
Variable

Mean ± SE
Mean ± SE
Sickle cell diseased Patients Control subjects

Rhythm parameters at t = 24 h
24-h average, M
1.64 ± 0.08
Amplitude, A
0.51 ± 0.06
Acrophase, Ø in h
8.73 ± 0.31
Rhythm parameters at t = 12 h
24-h average, M
1.64 ± 0.08
Amplitude, A
0.75 ± 0.07
Acrophase, Ø in h
14.80 ± 0.27
Rhythm parameters (Harmonic mean)
24-h average, M
1.58 ± 0.01
Amplitude, A
0.43 ± 0.01
Acrophase, Ø in h
10.98 ± 0.29

two groups. The average harmonic mean of the circadian
acrophase of the rest-activity rhythm of the control and
sickling patients were witnessed (11.24 ± 0.39) and
(10.98 ± 0.29) hours respectively (Table 3).

Dichotomy index (I<O) and
Autocorrelation coefficient (r24)
The mean dichotomy index was found to be lower in
the sickling patients as compared with the control subjects
(Figure 2-A). Further, computation of the autocorrelation
coefficients at t = 24 h, the r24, for each sickling patient
and control subject revealed statistically significantly
difference in the value of r24 of each subject. However,
statistically significant differences were not observed
when the means of r24 values of the sickling patients

t-testdf, t-value, p value
Sickling patients vs. Control

2.55 ± 0.19
0.56 ± 0.04
8.87 ± 0.34

18, 4.45, <0.001
18, 0.69, 0.25
18, 0.30, 0.38

2.54 ± 0.19
0.89 ± 0.05
15.35 ± 0.47

18, 4.47, <0.001
18, 1.59, 0.06
18, 1.02, 0.16

2.55 ± 0.19
0.67 ± 0.04
11.24 ± 0.39

18, 5.09, <0.001
18, 6.11, <0.001
18, 0.07, 0.47

and control subjects were compared as a group (Figure
2- B).

Sleep parameters
In Table 4 the means and standard errors of TIB, AS,
AST, AWT, SE, SL, and FI of the sickling patients and
control subjects have been shown. Result shows that
Sickle cell diseased patients had significantly (p<0.05)
lower assumed sleep and exhibited statistically
significantly (p<0.05) lower sleep efficiency than control
subjects. More sleep latency (SL) and higher
fragmentation index (FI) were also observed among
sickling patients, however it was not statistically significant
(Table 4).

Figure 2: Comparison of (A) Dichotomy Index (I<O) and (B) Autocorrelation coefficient (r24) obtained for rest-activity rhythm
between sickle cell diseased patients and control subjects
Indian Journal of Sleep Medicine (IJSM), Vol. 6, No. 2, 2011
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Table 4: Mean ± 1 SE of sleep parameters of sickle cell diseased patients and control subjects.
Variable (unit)
TIB (h)
AS (h)
AST (h)
AWT (h)
SE (%)
SL (min)
FI (%)

Sickle cell diseased Patients
Mean ± SE
7.40 ± 0.35
6.51 ± 0.32
5.29 ± 0.38
1.45 ± 0.23
69.21 ± 2.72
31.41 ± 4.60
42.03 ± 5.88

Discussion
A marked difference in the rest-activity pattern was
observed between the two groups, i.e., sickling patients
and control subjects. The normal day-night variability
in sickling patients was drastically impaired as compared
with the control group. In contrast, normal subjects
(control group) exhibited higher level of activity during
the daytime (waking) hours and very low to zero-level
activity during the night (rest) hours. The present finding
corroborates the earlier report where children with sickle
cell disease had disrupted sleep and wake patterns. 17
Further, Cosinor analysis detected a statistically
significant circadian rhythm in both the group. A 24-hr
average rest activity rhythm in sickle cell patients suggest
that periodicity of the rhythm was not affected by
diseased conditions. However, the results of the present
study documents disruption of circadian rhythm in restactivity rhythm of sickling patients characterized by
dampening of amplitude, lowering of mean level of
activity and advance in acrophase. Dampening of
amplitude and lowering of mean level of activity in
sickling patients seems to be related with energy status
of the patients. Lower level of activity as a compensatory
mechanism due to higher demand of resting energy in
SCD patients is well documented. 18-19
Average assumed sleep in sickling patients was found
to be significantly less than the control individuals. Further,
a significant reduction in sleep efficiency in SCD patients
was also observed. Reduced sleep duration, longer sleep
latency, higher fragmentation index and significant decrease
of sleep efficiency in sickling patients may be ascribed to
chronic pain experienced by sickling individuals. The sleep
impairment in persons suffering from sickle cell anemia
has been reported to be associated with chronic pain and
higher stress level. 20, 21
Nonetheless, dichotomy index was drastically lower
in the sickling patients as compared with the control
Indian Journal of Sleep Medicine (IJSM), Vol. 6, No. 2, 2011

Control Patients
Mean ± SE
7.97 ± 0.33
7.27 ± 0.31
5.95 ± 0.29
1.33 ± 0.13
74.56 ± 1.60
28.25 ± 5.49
35.36 ± 2.27

t-test
df; t value; p-value
18, 1.18, 0.13
18, 1.70, <0.05
18, 1.37, 0.09
18, 0.44, 0.33
18, 1.70, <0.05
18, 0.44, 0.33
18, 1.06, 0.15

subjects. This could be attributed to sleep disturbances
and severity of disease manifestation. In conclusion, the
results of the present study document disruption of
circadian rhythm and sleep impairment in sickling
patients. These alterations of circadian rhythm and
deterioration of sleep could be attributed to diseased
status.

Acknowledgments
We are thankful to the Head, School of School of Life
Sciences, Pt. Ravishankar Shukla University, Raipur. We
are also thankful to Dr. P.K. Patra, Associate Professor,
Pt. J.N.M. Medical College, Raipur and all the patients
who voluntary participated in this study

References
1.

Adan A, Sánchez-Turet M. Gender differences in diurnal
variations of subjective activation and mood. Chronobiol Int
2001;18:491-502.

2.

Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt
on physiological rhythms. Rev Neurol 2003; 159:11-20.

3.

Moore-Ede MC, Czeisler CA, Richardson GS. Circadian
timekeeping in health and disease: part 1: basic properties
of circadian pacemaker. N Engl J Med 1983; 309:469-476.

4.

Smolensky M, Lamberg L. (2000). The body clock guide to
better health: How to use your body’s natural clock to fight
illness and achieve maximal health. New York: Henry Holt
and Company. 2000; ISBN 0-8050-5661-0

5.

Dagan Y, Abadi J. Sleep-wake schedule disorder disability:
a lifelong untreatable pathology of the circadian time
structure. Chronobiol Int 2001; 18:1019-1027.

6.

Liszka-Hackzell JJ, Martin D.P. Analysis of nighttime activity
and daytime pain in patients with chronic back pain using a
self-organizing map neural network. J Clin Monit Comput
2005; 19: 411-414.

7.

Niemcewicz S, Szelenberger W, Skalski M, Androsiuk W,
Piotrowski T, Myszka DM, Moskwa M. Psychophysiological
correlates of primary insomnia.Psychiatr Pol 2001;35:583591.

R.K. Pradhan, Rashmi Mishra and Chaynika Nag
8.

9.

Hatfield CF, Herbert J, van Someren EJW, Hodges JR,
Hastings MH. Disrrupted daily activity/rest cycles in relation
to daily cortisol rhythms of home-dwelling patients with
early Alzheimer’s dementia. Brain 2004; 127: 1061-1074.
Roemmich JN, Barkley JE, D’Andrea L, Nikova M, Rogol
AD, Carskadon MA, Suratt PM. Increases in overweight after
adenotonsillectomy in overweight children with obstructive
sleep-disordered breathing are associated with decreases
in motor activity and hyperactivity. Pediatrics 2006; 117(2):
e200-208.

10. Mormont MC, Hecquet B, Bogdan A, Benavides M, Touitou
Y. Lévi F. Noninvasive estimation of the circadian rhythm in
serum cortisol in patients with ovarian or colorectal cancer.
Int J Cancer 1998; 78:421-424.
11. Richdale A. Sleep problems in autism: prevalence, cause
and intervention. Dev Med Child Neurol 1999; 41: 60-66.
12. Richdale A, Cotton S, Hibbit K. Sleep and behaviour in
Prader-Willi syndrome: a questionnaire study. J Intellect
Disabil Res 1999; 43: 380-392.
13. Berney TP, Ireland M, Burn J. Behavioural phenotype of Cornelia
de Lange syndrome. Arch Dis Child 1999; 81: 333-336.
14. Beebe DW, Gozal D. Obstructive sleep apnea and the
prefrontal cortex: towards a comprehensive model linking

67
nocturnal upper airway obstruction to daytime cognitive and
behavioral deficits Journal of Sleep Research 2002;11:1-16.
15. Nelson W, Tong YL, Lee JK, Halberg F. Method of Cosinor
rhythmometry. Chronobiologia 1979; 6: 305-323.
16. De Prins J, Cornélissen G, Malbecq W. Statistical procedures
in chronobiology and chronopharmacology. Annu Rev
Chronopharmacol 1986;2: 27-141.
17. Jacob E, Miaskowski C, Savedra M, Beyer JE, Treadwell M,
Styles L. Changes in sleep, food intake, and activity levels
during acute painful episodes in children with sickle cell
disease J Pediatr Nurs 2006; 21: 23-34.
18. Elizabeth M, Barden PaD, Babette S et al. Total and resting
energy expenditure in children with sickle cell disease. J
Pediatr 2000; 136:73-9.
19. Singhal A, Davies P, Wierenga KJ, Thomas P, Serjeant G. Is
there an energy deficiency in homozygous sickle cell
disease? Am J Clin Nutr 1997; 66(2):386-390
20. Fauroux B, Muller MH, Quinet B and Bégué P. The sickle
cell anemia lung from childhood to adulthood. Rev Mal
Respir; 1998; 15: 159-168.
21. Valrie CR, Gil KM, Redding-Lallinger R, Daeschner C. Brief
report: sleep in children with sickle cell disease: an analysis
of daily diaries utilizing multilevel models. J Pediatr Psychol
2007; 32: 857-861.

Indian Journal of Sleep Medicine (IJSM), Vol. 6, No. 2, 2011

