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Chronic insomnia, by far the most commonly encountered sleep disorder in medical practice, is characterized by difficulty
falling or staying asleep at night and increased fatigue during the day. Interleukin-6 (IL-6) and tumor necrosis factor (TNF)
are fatigue-inducing cytokines, and the daytime secretion of IL-6 is negatively influenced by the quantity and quality of
the previous night’s sleep. We hypothesize that the poor quality of insomniacs’ sleep is associated with a hypersecretion
of these 2 cytokines during the daytime, which, in turn, correlates with the fatigue experienced by these patients. Eleven
young insomniacs (6 men and 5 women) and 11 (8 men and 3 women) age- and body mass index (BMI)-matched healthy
controls participated in the study. Subjects were recorded in the sleep laboratory for 4 consecutive nights and serial
24-hour plasma measures of IL-6 and TNF were obtained during the 4th day. Insomniacs compared to controls slept
poorly (sleep latency and wake were increased, whereas percentage sleep time was decreased during baseline nights,
all P < .05). The mean 24-hour IL-6 and TNF secretions were not different between insomniacs and controls. However,
the difference in the change (increase) of IL-6 plasma levels from midafternoon (2 pvm) to evening (9 pm) between
insomniacs and controls was significant (P < .01). Furthermore, cosinor analysis showed a significant shift of the major
peak of IL-6 secretion from nighttime (4 Am) to evening (7 pm) in insomniacs compared to controls (P < .05). Also, while
TNF secretion in controls showed a distinct circadian rhythm with a peak close and prior to the offset of sleep (P < .05),
such a rhythm was not present in insomniacs. Finally, daytime secretion of TNF in insomniacs was characterized by a
regular rhythm of 4 hours (P < .05); such a distinct periodicity was not present in controls. We conclude that chronic
insomnia is associated with a shift of IL-6 and TNF secretion from nighttime to daytime, which may explain the daytime
fatigue and performance decrements associated with this disorder. The daytime shift of IL-6 and TNF secretion,
combined with a 24-hour hypersecretion of cortisol, an arousal hormone, may explain the insomniacs’ daytime fatigue
and difficulty falling asleep.

Copyright 2002, Elsevier Science (USA). All rights reserved.

HRONIC INSOMNIA, by far the most commonly en- insomniacs and controls matched for age and body mass index
countered sleep disorder in medical practice, is charac{BMI). We hypothesized that insomnia would be associated
terized by difficulty initiating or maintaining sleep, and loss of with augmented daytime secretion of these 2 cytokines, which
the restorative effects of sleég.Insomnia is a difficult disor-  would explain the fatigue experienced by these patients.
der to treat, and our knowledge in regard to its neurobiology
and medical significance is limited. We recently reported that MATERIALS AND METHODS
chronic insomnia is associated with nyctohemeral activation of Eleven young insomniacs (6 men and 5 women) and 11 (8 men and
the hypothalamic-pituitary-adrenal (HPA) axis and that there is3 women) age- and BMI-matched healthy controls (meaSD age,
a positive correlation between the severity of insomnia and the81.6+ 6.7v27.1+ 6.4 years, difference not significant [NS]; mean
degree of HPA axis activation, consistent with the view thatSD BMI, 25.0* 3.7v 24.7 + 3.4, NS) participated in the study.
insomnia is a disorder of behavorial and physiological hyper- Eligibility criteri_a for insomniacs_ included a history of difficulty‘
arousaP falling asleep (taking 45 or more minutes to fall asleep) and/or staying

. . asleep (obtaining fewer than 6.5 hours of total sleep time) at least 4
Interleukin-6 (IL-6) and tumor necrosis factor (TNF) are nights a week for at least 6 months. In addition, insomniacs had to

_fatlgue-lndut_:lng _Cyto_k'nes' These Cymk_mes ar? elevatEd_ durEjemonstrate a sleep efficiency of less than 80% during a screening
ing the daytime in disorders of excessive daytime sleep|n85§ight in the sleep laboratory. Insomniacs were evaluated by a psychi-
(EDSY*® or in experimentally induced sleepiness after a nightatrist (A.N.V.,), and those who met thBiagnostic and Statistical
of total sleep deprivatiof.The daytime secretion of IL-6 is
negatively influenced by the quantity and quality of the previ-
ous night's ;Iee}ﬁ.Both .lL_G and_ TN.F stimulate the activity of . From the Sleep Research and Treatment Center, Department of
th? HPA axis, and their secretion is suppressed by quCOCOrt'Psychiatry, and Health Evaluation Sciences, The Pennsylvania State
coids’ University College of Medicine, Hershey, PA; Pediatric and Repro-

Insomniacs frequently report daytime fatigue, poor concen-uctive Endocrinology Branch, National Institute of Child Health and
tration, and inattentio®2 Interestingly, in objective daytime Human Development, National Institutes of Health, Bethesda, MD;
sleep testing (multiple sleep latency test [MSLT]), insomniacsDepartment of Psychiatry and Biobehavioral Sciences, University of
are unable to fall asleep compared to normal sleeptie California, Los Angeles, CA; and the Department of Psychiatry, Au-
have previously attributed their difficulty falling asleep at night tonomous University, Madrid, Spain.
or during the day to activation of their stress system reflected Submitted September 11, 2001; accepted January 15, 2002.

. . . Address reprint requests to A.N. Vgontzas, MD, Penn State Univer-

by plasma cortisol concentrations that are increased around the

3 . s . sity College of Medicine, Department of Psychiatry H073, 500 Uni-
clock3 The potential role of IL-6 and TNF secretion in medi- versity Dr, Hershey, PA 17033,

ating daytime fatigue in chronic insomnia has not been exam- copyright 2002, Elsevier Science (USA). Al rights reserved.
ined. The goal of this study was to examine the 24-hour (0026-0495/02/5107-0021$35.00/0
guantitative and temporal pattern of IL-6 and TNF secretion in  doi:10.1053/meta.2002.33357
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Manual of Mental Disorders, ed 4DSM-1V) criteria of a current Hourly plasma TNF and IL-6 were measured by enzyme-linked

mental disorder, ie, major depression, psychosis, generalized anxieynmunosorbent assaR(& D Systems, Minneapolis, MN). The intra-

disorder, panic disorder, or substance abuse, were excluded from thend interassay coefficients of variation ranged from 5.6% to 6.1% and

study. 7.5% to 10.4%, respectively, for TNF and from 3.2% to 8.5% and 3.5%
Both insomniacs and controls were in good physical health, not usingo 8.7% for IL-6. The lower detection limits for TNF and IL-6 were

any medication for at least a month, or doing shift work, and had a0.18 and 0.094 pg/mL, respectively.

battery of clinical tests that were negative for abnormal findings. All

subjects were screened in the sleep laboratory for sleep-disordered

breathing, nocturnal myoclonus, or other primary sleep disorders. Fi-Statistical Analyses

nally, controls had no sleep complaints, whereas during the screening gaseline sleep profiles were compared between insomniacs and

night they had to demonstrate a sleep efficiency of greater than 85%ontrols using Student's test. Twenty-four—hour serial plasma TNF

The study was approved by the institutional review board, and eachyn |L-6 levels were analyzed using multivariate analysis of variance

subject signed a written informed consent. (MANOVA). The change of IL-6 levels from midafternoon (1) to
evening (9pm) was assessed using Studerittest. Data were trans-
Sleep Laboratory Recordings formed logarithmically to satisfy the normality assumption. In addition,

Subjects were recorded in the sleep laboratory for 4 consecutivéhe _circadiar‘! rhythmicity of TNF and IL-6 Secre“?”_ was assessed with
nights. The first night allowed for adaptation to the new sleeping cosinor-multiple-components rhythmometry by fitting a curve to each

environment and was not included in the analysis. Sleep Iaborator)'/ndividual profile and the entire population profiie.This method

recording was performed in a sound-attenuated, light- and temper@Ilowed fitting a model with several cosine functions to the data. The

ature-controlled room that has a comfortable bedroom-like atmo-8atawere analyzed after they were transformed to percent of the mean,

sphere. During this evaluation, each subject was monitored Continyvhi(:h is the preferred approach to show predictable variability when

uously for 8 hours. The sleep schedule in the sleep laboratory Wa§1ata are_obtained from different individualSFi_naIIy, for each group, )
similar to the subjects’ normal sleep schedule, which was betweer{® daytime TNF values were analyzed using PROC NLMIXED in

10 or 11pm to 6 or 7 Am. Electroencephalographic, electro-oculo- ,SA_8_8'0 (SAS I_nstitute, Ca_ry, NC) _by‘fitting 2 _co_mponents for each
graphic, and electromyographic recordings were obtained in accor'—nd'v'dqal: a cosine wave W'th a penodlc_ rhy_thm|C|_ty of 4 hours .and 2
dance with standard metho#sThe sleep recordings were amplified Pi€CeWise regression lines with the nadir point beiri3The cosine

using standard clinical polygraphs (Grass Instrument Co, Model 7gdvaves describe the ultradian pattern while the regression lines describe
& e, Quincy, MA). The sleep records were scored indep‘endently ofthe overall trend over time. The amplitude of the group was then tested

any knowledge of the experimental condition, according to stan-292inst zero because a non-zero amplitude would suggest a rhythm be
dardized criterido present. Variability estimates were expressed as SE, with the exception

Sleep parameters, assessed from the sleep recordings, included sle%fpage and BMI for which variability was expressed as SD.

induction (sleep latency, or SL); sleep maintenance (wake time after
sleep onset, or WTASO); TWT, which is the sum of SL and WTASO; RESULTS
total sleep time (ST) and percent ST (which is total ST, as percent of

time in bed); percentage of the various sleep stages (rapid eye moveSleep Profiles of Insomniacs and Controls

ment [REM], 1, 2, combined 3 and 4 for slow wave sleep [SWS], which Insomniacs compared to controls slept poorly during the
is calculated as the minutes in each stage as the percent of total ST); P pt p y 9

and REM latency, which is the interval from sleep onset to the first aseline nights 2 and 3 (Table 1). Specifically, insomniacs
REM period. Sleep onset was defined as the latency from lights out t§l€émonstrated a longer SL, more WTASO and TWT, and less
the first occurrence of any stage sleep for a duration of 1 minute ofP€rcentage of ST (aP < .01). Insomniacs and controls were
longer. If, however, the initial stage of sleep was stage 1, then it had tdot different in terms of sleep stage variables. Subjectively,
be followed without any interfering wake, by at least 1 minute of any insomniacs compared to controls reported longer SL, less
other stage. amount of sleep, and lighter sleep (RIl< .05).

Blood Drawing Technique

Twenty-four—hour blood sampling was performed serially every 30

minutes on the 4th day. An indwelling catheter was inserted in theTabIe 1. Baseline Sleep Patterns of Insomniac and Control Subjects

antecubital vein about 30 minutes before the first blood draw. The Insomnia Subjects Control Subjects
catheter was kept patent with small amounts of heparin. During the (n=11) (n=11)
sleep recording period, blood was collected outside the subjects’ room  geep efficiency
through a perforation in the wall, via extended tubing, to decrease sleep  g| (min) 32.8 + 5.2% 10.7 + 2.0
disturbance from the blood drawing. During the daytime, the subjects  \wTASO (min) 50.9 + 11.7t 23.3 + 3.0
were ambulatory, and they were allowed to watch television, play TWT (min) 83.7 + 13.4* 34.0 + 3.0
computer and table games, go to the bathroom, and engage in other o, gt 82.5 + 2.8% 92.9 + 0.6
similar activities. Also, they were instructed not to change their diet,  gjeep stages
and their 3 daily meals were at about, noon, and ém. % Stage 1 28+03 34+05
% Stage 2 66.9 * 2.0 62.0 = 2.3
Hormone Assays % Slow wave sleep 87 +17 10.3 = 1.8

o,
Blood collected from the indwelling catheter was transferred to an % REM 21512 242212

EDTA-containing tube and refrigerated until centrifugation (within 3~ NOTE. The data represent average values = SE from nights 2 and 3.
hours). The supernatant was frozen at —20 for the hormones until assay.values were derived using t test.

Corticotropin (ACTH) and cortisol were measured every 30 minutes, *P < .01.

and these findings have been previously repctted. tP < .05.
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Twenty-Four—Hour Secretion of IL-6 and TNF insomniacs compared to controls in the midafternoon and
The mean 24-hour IL-6 and TNF secretions were not differ-evening presleep period (2 to v, P = .06). Also, the

ent between insomniacs and controls (Figs 1 and 2). Howevedifference in the change of the IL-6 levels fromp@ to 9 Pm

mean IL-6 levels were borderline significantly elevated in between insomniacs and controls was significéht{(.01).
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Fig 3. Multiple-component (24 and 12 hours) cosinor analysis of
24-hour plasma IL-6 in insomniacs (dotted line) and controls (solid
line) expressed as percent variation from the mean. The thick black
line on the abcissa represents the sleep recording period. MESOR,
mid-line estimating statistic of rhythm or rhythm-adjusted mean;
*P < .05.

Circadian/Ultradian Analysis

Cosinor analyses, both for the individual and population IL-6
data, indicated a significant circadian rhythm, with a multiple

component curve, including periods with 12 and 24 hours both

for insomniacs and control®(< .01). In controls, there was a
major peak at night (about A1) and a secondary peak in the
late afternoon (about Bwm). In insomniacs compared to con-

trols, there was a significant shift of the major peak from about

2 am to about 7pm (P < .001). The nadir point was temporally

and quantitatively the same for both groups, aboan gFig 3).
Cosinor analyses, both for individual and population TNF

data, indicated a significant circadian rhythm, with a multiple

component curve, including periods with 12 and 24 hours only§
for controls P < .05). The peak was close and prior to the

offset of sleep (about &wm), whereas the nadir occurred in
midafternoon (about 8w). Such a rhythm was not present in
insomniacs (Fig 4).

Finally, TNF daytime secretion in insomniacs showed a
periodic rhythmicity of 4 hours with an amplitude greater than
zero P = .02) (Fig 5). Such a rhythm was present but not
significant in normal controls. The estimated amplitude for the
insomniac group was 0.22 (95% confidence interval [Cl], 0.047
to 0.392;P = .02), whereas the estimated amplitude for the
control group was 0.047 (95% ClI, -0.026 to 0.2;= .18).
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DISCUSSION

This is the first controlled study to demonstrate that chronic,
persistent insomnia is associated with a significant shift of IL-6
and TNF secretion from nighttime to daytime. We propose that
the circadian alteration of the secretory pattern of these 2
cytokines may explain the daytime fatigue, poor concentration,
and diminished performance of these patients.

We have previously reported that IL-6 and TNF are elevated
in disorders of EDS, suggesting that these 2 cytokines may be
mediators of sleepiness. Also, we have shown that sleep
deprivation increases daytime plasma IL-6 concentration and
causes somnolence and fatigue during the nextédaythe
latter condition, the increased daytime secretion of IL-6 is
associated with no change or even decrease of cortisol secre-
tion.13 In contrast, in insomnia the shift of IL-6 and TNF
secretion from nighttime to daytime was associated with a
24-hour cortisol hypersecretiénThis difference may explain
why, in insomnia, fatigue is not associated with an ability to fall
asleep when the subject is given the opportunity in contrast to
the “true” sleepiness experienced by sleep-deprived normal
sleepers.

Although in medical practice and literature, the terms sleep-
iness and fatigue are used interchangeably, there is enough
clinical evidence to propose a separate definition for these 2
terms in sleep disorders medicine. Sleepiness is a subjective
feeling of physical and mental tiredness associated with in-
creased sleep propensity. Fatigue is also a subjective feeling of
physical and/or mental tiredness; however, it is not associated
with increased sleep propensity. Based on these definitions,
sleep disorders or conditions associated with sleepiness include
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Further, on an individual level, eight of the 11 insomniacs had Fig 4. Multiple-component (24 and 12 hours) cosinor analysis of
an amplitude greater than zero, and 5 of these insomniacs hﬁ";m:(’ 'r"aszmdaa";NF :: i::::r;::ci(:“n:e:‘h““;) ::dT?":L?li (:;';ﬁ
an estimated amp“tUde value grgater than 0',5 pg/mL, Whereaﬁn: oen ‘:hee aebcissap:eperesents thz sle?ep receordieng .perieod. MESOR,
none of the controls had an estimated amplitude greater thagiq.iine estimating statistic of rhythm or rhythm-adjusted mean;

0.5 pg/mL. *P < ,05.
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a0 X tion and increased body temperature, resulted in reduced non-

Insomniacs REM sleep and increased wakefulnéss.

In normal controls, IL-6 was secreted in a biphasic circadian
pattern, with 2 nadirs at 8 and 9pm and 2 zeniths at Bm and
1 awm, with the stronger peak at 2v. This pattern is very
similar with our previous finding in young normal contrdénd
reinforces our early hypothesis that IL-6 circadian secretion
. coincides with the daily temporal pattern of sleepiness in hu-
mans?® Also, TNF peaked close and prior to the offset of sleep
(about 6am), consistent with previous findings from studies
using indirect measures, which showed that TNF secretion
peaks during sleep.18 Collectively, these findings support a
role of TNF in sleep/wake regulation. Furthermore, we hypoth-
esize that in insomniacs the low plasma levels of IL-6 and
30- TNFa in the latter part of sleep (4 to &) may explain the
early morning awakening/arousal of these patients.

An interesting finding of our study is that in chronic insom-
niacs, TNF daytime secretion follows a regular periodicity of
about one pulse every 4 hours. A similar rhythm, which,
however, was not significant, was present also in normal sleep-
ers. It has been previously reported that in normal individuals,

. . during wakefulness there is a recurrent fluctuation in alertness/

. . " o drowsinesg? This phenomenon, which has been described as

the basic rest-activity cycle (BRAC), has a reported periodicity

of 2 to 4 hours and has been suggested to represent a diurnal

" extension of REM/non-REM cycle when the 24-hour sleep-

R wakefulness rhythm is fully established in the adult. It is
possible that the augmented periodic daytime secretion of TNF

Fig 5. Analysis of daytime (8 am to 11 pm) TNF ultradian secretory in insomniacs may coincide with a stronger fluctuation in
pattern by fitting a cosine wave in insomniacs (top) and controls fatigue and alertness in this group of subjects.

(bottom). The finding of an augmented daytime secretion of IL-6 and
TNF in chronic insomniacs and its role in the subjective com-
plaint of fatigue and poor performance may lead to some novel

sleep apnea, narcolepsy, and sleep deprivation. On the othgpproaches in treating this disorder. For example, from anec-

hand, sleep disorders associated with fatigue include chronigogal reports, it is known that anti-inflammatory medications

insomnia, sleep disturbances in the elderly, and psychogenigre ysed by insomniacs to fight fatigue and even to improve
hypersomnia. Based on accumulated evidence from this studg|eep_ These reports are more frequent among elderly insom-
and previous studies}-*3 we propose that daytime cytokine pjgcs, even in those without an active inflammatory disease. It
hypersecretion and/or circadian shift of cytokine secretion nOtappears that regularizing the 24-hour secretion of IL-6 and
associated with HPA axis activation leads to sleepiness a”fi'NF, eg, through the use of antagonists or neutralizing anti-
deeper sleep, and a good example of this is sleep deprivationyggies, may improve nighttime sleep and decrease fatigue in

On the other hand, we suggest that daytime cytokine hypersgngividuals with chronic sleep disturbances.

cretion and/or circadian alteration of cytokine secretion asso- |, conclusion, chronic insomnia is associated with a shift of

ciated with HPA axis activation, eg, insomnia, leads to fatigue|| .5 and TNF secretion from nighttime to daytime, which may

and poor sleep. . ) . explain the daytime fatigue and performance decrements asso-

Such a model, which combines cytokine secretion and HPAjated with this disorder. The daytime shift of IL-6 and TNF
axis function to explain sleepiness and increased sleep VersUgcretion, combined with a 24-hour hypersecretion of cortisol,
fatigue and poor sleep, is supported by experiments on th&, arousal hormone, may explain the insomniacs’ fatigue,
effects of exogenous activation of the host defense system Ofyich in contrast to disorders of EDS, is not associated with an
sleep in humans. For example, exogenous administration of,reased sleep propensity at daytime or nighttime. These find-

IL-6 in healthy humans in the evening was associated with both, ¢ may lead to novel approaches in treating chronic insomnia.
fatigue and a sleep disturbing effect in the first half of the night,

most likely due to increased secretion of corticotropin-releasing
hormone, ACTH, and cortisol, during the early part of the ACKNOWLEDGMENT
night, induced by IL-64 Also, in dose-response experiments \va ihank the nursing staff of the Clinical Research Center at

using endotoxin, it was shown that subtle host defense activagiershey Medical Center for their assistance in completing this study.
tion not associated with HPA axis activation and increasedye also thank Carrie Criley and Karen Sanchez for their technical

body temperature enhanced the amount of non-REM sleemssistance with this study, and Barbara Green for her assistance in the
whereas higher doses associated with increased cortisol secreverall preparation of the manuscript.
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