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Introduction
This study investigated if people who consume less sleep are more susceptible to direct exposure to illness.

Conclusion
Being directly exposed to a virus does not A. guarantee you will be infected, and B. If you are infected, you may not
experience symptoms.

The less sleep one consumes, there is an increased association with increased sickness; with, according to the data here,
consuming 7 hours or more leads to the least percentage of getting sick. (Note: No data on this, but the authors mention
that consuming more than 9 hours of sleep may also be detrimental)

Amendments

Study Design

164 people were recruited for this study (70 women, 94 men) that were
deemed in good health based on blood measures. Participants were
between the ages of 18 to 55, with an average age of 30. Participants
of the study were screened for antibodies that were particularly potent
to the cold virus selected to be used in this study. If participants had
too high of particular antibodies (making them able to repel the virus),
they were excluded from the study. Participants selected had their
sleep duration measured for 7 days leading up to the actual study start.

Participants were quarantined for 6 days. During the first day, each
participant was exposed to the same amount of cold virus (enough

to be an infectious dose) and were monitored for 5 days after. During
that time, researchers collected samples, including mucus. Finally,
participants had their blood drawn and tested a month after exposure to
the virus.
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Study Objectives: Shorl sleap duration and paor sleep confinuity have been implicated in the susceptibility to nfectious illness. However, prior
research has relied on subjective measures of sleep, which are subject fo recall bizs. The aim of this study was fo determine whether sleep,
measured behaviorally using wrist actigraphy, predicted cold incidence following experimental viral exposure,
Design, Measurements, and Results: A iotal of 184 healthy men and women (age range, 18 to 55 y) volunteered for this study. Wrist
actigraphy and sleep diaries assessed sleap duration and sleep cantinuity over 7 tve days. Partic wera then ined and
adminisiered nasal draps contaming the rhinavirus, and manitored over 5 days for the development of a clinical cold {defined by infection in the
presence of chjective signs of #iness), Logistic ragression analysis revealed that actigraphy- assessed shorter sleep duration was associated
with an Increased kelibood of devek of a chnical cold ifically, those sheeping < 5 h (edds ratio [OR] = 4,50, 95% confidence interval
[C1). 1.0B<18.68) or sleeping between 510 6 h (OR = 4.24, 85% CI, 1.08-<16.71) ware al grealer risk of developing the cold compared to those
slagping > T h per night; those skeeping 8.01 to 7 h were at no greater risk (OR = 1.66; 5% CI 0.40-8.85). This association was independent
of prechalienge antibody kevels, demagraphics, season of the year, body mass index, psychalogical variables, and health practices. Sleep
fragmentation was unelated to cold susceptibiity, Other sleep variables obtained using diary and actigraphy were not srong predictors of cold
susceptinility.
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pduration, measured iorally sing actigraphy prior ko viral exposure, was iated with i

INTRODUCTION
Growing evidence demonstrates that short sl
{= 6 or 7 h/night) and poor slecp continuity are 3

a reliance on self-reported sleep, which is subject to recall
cp duration  bias leading 10§ sleep estimates, Indeed, individual
sociated with often o stimate duration and underestimate minutes a

the onset and development of a number of chronic illnesses, across the night.” Whether objectively measured slecp indices
susceptibility to acute infectious illness.*” and | P i 1 of acute infectious illness fol-
mortality.”"" Experimental evidence in animals and humans lowing viral exposure remains unknown.

suggests that the immune system serves as a key biological To address this gap in the litlerature, the current study mea-
pathway," " For instance, total and partial sleep deprivation i sured sleep behavior objectively using wrist actigraphy and

ising sleep o

humans results in ries over 7 consecutive days and
to host resi including d

shifts in T helper cell L'_','Isslzim: 1%

suby

of immune g
iminished T

in nat- T 1 susc ¢ to the common cold in partici

ural killer (MK} cell cytotoxic
of proinflammatory pathways.”

Sleep related modulation of the immune system is also ob-
served when sleep is measured in the natural environment,
with implications for elinical out 54 We recently re-
ported that short sleep duration and poor sleep continuity, mea-
sured by sleep diary over 14 consecutive days, predicted the

ly exposed to a virus (rhinovirus) that caus
commaon cold. Following exposure to the cold virus, partici-
punts were g ined and itored lor cold I und
development of clinical illness. We hypothesized that shorter
sleep duration and poorer sleep continuity would be associated
with i d incid of a biologically verified cold and that
these fations would be ind: fent of i

incidence of developing a lly verified cold foll ,,
viral exposure.” One of the limitations of this prior study was
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sly shown to pre-
T

psychological, and hehavioral factors
dict cold incidence using this paradigm.

METHODS

Participants

Data were collected between 2007 and 2011, Study par-
ticipants for these analyses included %4 men and 70 women,
aged hetween 18 and 55 ¥ (mean age = 29.9, standard devia-
tion [SD] = 109 from the Pitsburgh, Pennsylvania metro-
politan_area who_responded 1o study adverti and
were judged 1o bein good health. Volunteers were excluded
if they had a history of nasal surgery or any other chronic ill-
ness (e.g-, asthma, coronary heart disease, or obstructive skeep
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1. Recruited 94 men and 70 women of variable ages (18-55 years) that were in good health
based on blood tests.



apneal abnormal findings based on urinalysis, complete blood
count, or blood enzyme levels; were pregnant or currently lae-
tating; were positive for the human |mmumdcﬁcmnc}' wvirus;
or taking medications regularly, incl sleep medications
und oral contraceptives. They were also excluded il they had
been hospitalized in the past 5 ¥ or were currently taking medi-
cations for psychiatric conditions, In order 1o maximize the
rate of infection by the virus, specific levels of serum antibody
to the challenge virus were obtained at ing and partici-
‘pants were :xchld:mmﬁnﬁull ach participant
was paid $1.000 for their participation at the conclusion of the
| tudy received institutional review board approval,
informed consent was obtained for each study

participant,

Procedures

Volunteers presenting for possible enrollment underwent
medical screen: neluding a blood draw to assess specific
serum neutralizing antibody titer for rhinovirus 39 (RV39),
Cualilying participants were enrolled and during the .lpp'nm-

chose fragmentation index mstcad of s]ccp cfhr:lcncy given
the d d poor ificity iated with
assessed sleep cfﬁcn:ncy B

-report sleep diaries were obtained concurrently with
raphy collection. Each morning, participants reported in
their sleep diary what time they went 1o sheep, what time they
woke up, and the min it wok o fall asleep, Sleep time was
calculated as the time a participant reported waking wp minus
the time the participant weni to sheep. & cported sleep dura-
tion was computed by sleep time minus the minutes required
to fall asleep. Sleep efficiency was caleulated as sleep duration
divided by sleep time multiplied by 100 Actigraphy and diary
estimates for sleep (actigraphy: sleep duration and lragmen-
tation; sleep diary: sleep duration and sleep efficiency) were
obtained by averaging over the collection period for all partici-
panis with data for at least § of the 7 days,

Control Varlables
We controlled for a number of covariales previously asso-
clated 1 susceptibility w the commen cold, including pre-

mately 2 mo that p fed wiral challenge they It

questionnaine l’iﬁlkl‘ll.:h 2w of daily interviews 1o assess posi-
tive emotions, and a subsequent 1 w of wrist actigraphy and
concurrent sleep diary 1o ohjectively and subjectively measure
sleep behavior. Another sample of blood was coll f 1o as-

hall viral-specific amibody levels to RV age; sex; race;

by mae:: index (BMI; the season in which il oecurred;
years of education; houschold income, health habits including
current smoking status, physical activity, and aleohol con-
i i .I variahlui 1'1w||udi1||= puui\-ul

sess antibody level just before (3-5 days) viral which

provided an estimate of prechallenge antibody titers,
| ipants were then isolated in a local hotel for a 6-day
period. During the first 24 b of the quarantine, prior to viral ex-
posure, participants underwent a nasal examination and nasal
Lav: cline nasal mucociliary and nasal mucus production
were assessed at this time. Those showing signs or symptoms
o' u cold on this day were dismissed. Then, participants re-
ceived nasal drops conlaining approximately 150 tissue cul-
ture infectious dose (TCID,K¥mL of RVM39, Volunteers were
subsequently quarantined for 5 days. O eaeh
vaae aamplns were eollected o assess cotmn virus culture).
daily nasal Y unction and
nasal mucus production were assessed as ohjective markers of’
illness. Approximately 28 days after viral exposure. blood was.
collected for serological testing.

Sleep Measures

yle '['husc covird
assessed either during eligibility sereening or in ihe interval
between sereening and the viral challenge,

Participants self-reported their age, sex, and race. They de-
seribed their primary racial and cthnie group by choosing from
six categories (white, Caucasian; black, African American:
Mative American, Eskimo, Aleut; Asian or Pacific lslander:
ispanic, Latine: Otherh., For the analyses, the racial or ethnic
groups were dummy coded, with all but whites and blacks col-
Tapsed into a single “other” category, BMI {weight in kg hﬂghl
in m’} was puted based on of p Tt
weight and height.

Income was assessed by having participants endorse one of
13 household income categories {before taxes) that best repre-
sented them, T sategories ranged from less than 35,000 10
£150,000 or more; income was defined as the median income
for the |den||ﬁed category and treated as a continuous vari-

Participanis wore an T
Inc, M PA) on their 5 for 7 con-
secutive nights. Data were stored in l-min epochs and vali-
dated software algorithms (Philips Respironics Ine) were
used 1o estimate sleep parameters, The two actigraphy vari-
ables included in these analyses were total sleep time and
fragmentation index, Total sleep time, which was used o
estimate sleep duration, was defined as the total amount of
minutes scored as sleep by the software algorithm in a given
defined sleep interval. Fragmentation index is a measure of
restlessness during sleep as measured by sleep epochs as-
sociated with movement (range O 1o 150, with higher values
indicating poorer sleep continuityh As expected, actigraphy-
assessed sleep efficiency, defined as percentage of the
sleep interval scored as sleep, was inversely correlated with
fragmentation index in this sample {r = —0.59, P < 0.001). We
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able. Participants” cducation was assessed by asking them 1o
report on their highest educational attainment. Nine response
items were provided. ranging from “didn’t finish high school”
1o “doctoral degree” Answers were converted into number of
yeurs of edueation based on their responses {eg, high school,
12 w: PRI, 20 y). Perceived socioeconomic rank was assessed
by participanis placing themselves on a nine-rung of a ladder
in terms of where they stand in their country based on income,
education, and occupation.™

alth habits were obtained through self-report guestion-
pants were deemed current smokers if they an-
Lo being asked whether they currently smoked
cigareties, cigars, or pipes on a daily basis, Physical activity
was assessed by asking participants whether they engaged in
regular activity at least once per week (1, yes; O, no). Aleohol
consumption was obtained by asking participants the average
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2. Participants were studied for known antibodies that might overly challenge the virus, reducing
the rate of infection - so, anyone with a higher than set value of these antibodies was excluded.

3. Participants included in the study were quarantined for 5 days after being given nasal drops
with the same infected dose of the common cold virus, and various cultures were taken from
their noses, assessed mucus production, and 4 weeks later, blood was collected for
assessment.



number of drinks they consumed per day {one drink = one
glass of wine, 12 oz of beer, or one shot of hard liquor),

Psychological variables that were assessed by questionnaire
included o 10-item perception of stress over the past month™;
extraversion and agreeableness were assessed using the 10-
i from the International Personality lem Pool
(IPIP) Big Five Factor Markers.” Finally, positive emational
style was measured as part of an evening interview assessment
that was conducted over 14 consecutive days. During each
of the 14 daily interviews participants reported the extent to
which they felt happy, calm ¢, full of pep, and cheerful
throughout the preceding day: ratings for cach item were av-
eraged o create a daily wial positive affect score across the
interview period,”

Virus Culture and Antibody Response

Virus-specific neutralizing antibody titers were measured
in serum samples obtained before and approximately 28 days
after viral exposure. The results were expressed as reciprocals
of the final dilution of serum.™ Daily nasal lavage samples
were frozen at —80°C and later cultured for RV using standard
technigues,”

Signs of lliness

Diaily mucus production was obtained by collecting used tis-
sues in sealed plastic bags." The bags were weighed and the
weights of the tissues and bags were subtracted. Nasal muco-
ciliary ch function was 1 by administering a
dye into the anterior arca of the nose and ealeulating the time
taken for the dye 1o reach the nasopharynx.

Clinical Cold Criteria
Study participants were considered 1o have a clinical cold
il they were hoth cted and met illness criteria, Infection
was defined as the recovery of the challenge virus on any of
the posichallenge days or a fourfold or greater increase in the
virus-specific serum newtralizing antibody titer measured pre-
10 2% days post * Iness criterion for an
ohjective cold required a total adjusted mucus weight of = 1 g
or a total adjusted nasal clearance time of = 35 min.’

Statistical Analysis

All analyses were carried out wsing SPSS version 22 (SPSS
Inc., Chicago, 1L} Data were drawn from 212 volunicers who
participated in this study. OF those, actigraphy measures were
collected from 165 participants. One participant was identi-
fied as a clear outlier (> 9 standard deviations above the mean
on sheep duration) and excluded, yielding 164 participants for
these analy: Afreport sleep measures ehiained by sleep
diary were available on 1539 participants. Income, BMI, and al-
cohol consumption were log (hase-10) transformed 1o hetier ap-

Table 1—Sample charectaristics (n = 164).
Variable Mean {SD) or % (n)
Sociodemographics
Age 29.5{10.9)
Sex (% female) 427170
Bady mass index [kgim) 2TABE)
Race (%)
White/Caucasian 83112
Black/African American 62143
Other 55(9)
Prachallenge antibodias (fiter) 245(28)
Searson (%)
Wirter 6.2 (43)
Spring 3.7 (52)
Summer 42.1(63)
Fall 010}
Education [y) (LRERE]
Income () 21,856 (23, 202)
Subjective SES 42(18)
Haalth practices
Smokirg stalus {% current smoker) 325(54)
Physical acivity (% engage in regular B4.E(135)
activityw)
Alcohal cansumptian ¥ of drnksfw) 25048
Psychological measures
Parcaived strass scale 123(5.8)
Agreeableness IR
Extraversion 25T
Pasitiva amotianal style 14.3(4.3)
Sleeg megsures
Sioup diary
Sleap duration (h) TELY
Sleap efficiency (%) 86.1(38)
Actigraphy
Sleap durason (h) SB{LY)
Fragmentztion index (% fragmentad) 3330134}
S0, standard deviation; SES, socioeconamic stalus,

Table 1: These are the base characteristics of all the participants.

There is a discrepancy in the race as it is unequally distributed (a problem many studies have).

There are quite a number of smokers in this group, as well (over half).

These individuals consumes (on average), 2.5 alcoholic drinks a day.

Although they reported 7.5 hours of sleep, their measures in the 7 days leading up to the study shows

they consumed only 5.8 hours.

series of regressions entering one of the 14 separate covari-
ates, along with age and prechallenge antibody titers. The
approach reduces the risks of “overfitting” the regression
maodels™ ) however, we also computed single models that
included all study covariates simullaneously. In addition, o
better elucidate the independent and interactive contributions
of duration continuity on cold plibility,
we fit models that included both actigraphy assessed sleep
duration and Frag) ion simul ly as predi as
well as tested the interaction between them (sleep duration =
1

a normal distribution. Logistic iom was used
to predict colds (1. yes: 0, no). Sleep measures were treated as
comtinuous variehles with the exception of self-reported sleep
efficiency. which was negatively shewed. and was modeled as
a categorical (guartile) predictor. We reported regression coel-
ficienis with standard errors and probability values.

Age and prechallenge I-specific antibody titers were
included as covariates in all analyses. Mext, we conducted a
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Finally, to better clarify associations between actigraphy as-
sessed sleep duration and cold incidence and to provide an esti-
mute elfect sive, sleep duration was categorized based on hours
ofsleep (= 5h,n =36 5106 h,n=346001 10 Th.n=352:>Th,
2). We finted a logistic regression using this categorical
sleep variable and reported odds ratios (OR) with 95% confi-
dence intervals (Cls).

Sleap and the Common Cold—Prathar et al.




Table 2—Logistic regrassion madals with actigraphy-based slesp
duraticn peadicling incidance of the cold, adjusting for aach study
covariale saparately.

Model* b (SE) P

Sax

Male: “0A4(0.37) 0232

Female Reference

Sleap duration =044 097} oo
Bady mizs index® 27820 0166

Sleap duration =043 [0.17) amz
Race

White -036 075 0628

Black 0.24 (0.79) 0768

Other Referance

Sleap duration -043{047) 0014
Season of frial

Winter 013042, 075

Spring -112{049) 002

Summer Reference

Sleep duration -6 {098 00D
Education 000009 0885

Sleep duration ~0.44 {047y a0
Income* 004041 0526

Sleap duration -043{047) 0013
Subjecsive SES 0.05 (0,90} 0602

Sleap duration -045{047) 001D
Current smoker

[ =084 (039 0100

Yas Referance

Sleap duration -044[097) 0012

Reguler physical actviy
ho -y 070

Yas Refarance
Sleep duration ~0.44 {047y a0
Alconol consumpgian® 076041 0085
Sleap duration -044(098) 0013
Percehved stress 000003 0843
Sleap duration -044{097) 001
Agreeablensss 002003 0558
Sleep duration -0A5{097y a0
Extravarsion 005 {0.03) 0.066
Slep duration -047 {048 0008
Pasitiva emotianal styla no100s; 079
Sleap duration -044{097) 0012
Sleep duration {full madel}* -049(020) 002

Al modets adjusted lor age and prechallenge antbodies. 'Log-
10 transformed, “Model inclided @l covariates, SE, standand eror;
SES, sociaeconamic status.

RESULTS

Sample Characteristics and Sleep Scores

Table 1 presents deseriptive data for all variables involved
in the analyses. OF the 164 participants, 124 (75.6%) were in-
fected and 48 (29.3%) developed a biologically verified cold,
which was defined as infection and objective cold eriterion,
As expected, sleep measures were intereorrelated  (actig-
raphy sleep duration and fragmentation, r = —0.37, P < 0.001;
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Adjusted % with Objective Colds

<§ 5-6 a0 =7
Actigraphy Sleep Duration (hours)

Figure 1—Sleen duration (measwed by wrist actigraphy} avaragad aver
a T-day pariod befare virus expesura is associated with parcentage of
participants who subsequently developed & cold. The percentage of
colds is based on predicled values (adjusted for apa and prechallenga
siral-specific anlibody levels).

Figure 1: This figure shows the stratification of sleep amount in the 7 days measured and the amount of
individuals that got sick.

Result: More people who consumed the least amount of sleep got sick.

TakeAWay: There is an association between getting less sleep and getting sick.

actigraphy sleep durntion and self-reported sleep duration,
T 049, P < 00K actigraphy sleep duration and self-reporied
sleep efficiency, r = 0.27, P = D.001; actigraphy fragmentation
and self-reported sleep efficiency, r=—0,12, P = 0.14),

Sleep and Susceptibility to the Common Cold

Adjusting for age and prechallenge antibody titers, shorter
sleep duration, assessed using actigraphy, was associated with
increased risk for the development of the cold (b = -0.44, stan-
dard error [SE] = 007, P = 0011 In contrast, sleep lragmen-
tation and self-reported sleep duration were not significant
predictars of cold pibility ify jon: b = —0.01,
SE = 001, P = 0.715; self-reported sleep duration: b = —0.15,
P = (1.325). Similarly. participants reporting sleep ef-

v in the bottom guartile were no more likely to develop
the cold than individuals in the wop quartile (b = 0,57, SE = 0,51,
I =1,258).

To follow up on the significant association hetween actig-
raphy-assessed sleep duration and the likelihood of developing
a biologically verified cold, additional models were computed
adjusting for study cov es. Here, we carried out a set of
regressions that entered each covariate one by one in separate
models (14 separate models). As displayed in Table 2. shorter
sleep duration continued 10 be fated with i 1 rates
of developing a cold (all Ps = 0,015), Furthermaore, shorter
sleep duration predicted i 1 odds of developing a cold
when all covariates were included in a single model (b= —0.4%,
SE =020, P = (L012). Sleep fr ion was not si I
reluted to cold incidence when all covariates were included ina
single model (b = <001 SE = (.02, P~ 0.785). This was simi-
larly the case for selfereporied sleep duration and efficiency
(data not shown).

Tob haracterize the effect of sleep duration on odds of
developing a cold, sleep catcgorics were ereated. As illustrated

Sleap and the Common Cold—Prathar et al.

4. Of the 164 participants given the virus, only 124 were confirmed to have been infected and only 48 of
the original 164 participants actually experienced symptoms.




in Figure 1, the predictive influence of sleep duration on cald
3 ptibility indicates a threshold effeet at 6 or fewer hours of

h. 1 [reference] )

The ohserved elevated risk of developing the cold in pa
pants experiencing shorter sleep duration may have been due
o inereased susceptibility to infection andior increased illness
expression among those infected. In this regand, in adjusted

are pooely understond™ " however, depression and medical
biditics have heen i 1. Very few participants in

1 study reported sleeping more than 9 h per night (11.3% hy
sleep diary. (0.6% by actigraphy). making it difficult to deter-
ine whether long sleep was a risk factor of cold incidence.
The small sample of long sleepers in this study may be due 10
the fact that the study sample was carefully screened 1o meet
good health standards, including being free from psychiatric
illness.
Sell-

analyses, actigraphy assessed p duration was | o
rates of infection (b = —0.11, SE = 0,17, P = 0.543). Similarly.
wmeng those whoe were infected (n = 1243, shorter sleep dura-
tion was not significantly related to increased odds of meeting

ported diary of duration and sleep cf-
ficiency were unrelated to cold incidence. This is in contrast
o our prior work that found that poorer sleep efficiency and
shorter sleep duration, measured via o 4=day daily interview,

eriteria for mucus prod o nasal ¢l time
-0.32, 5E = n 19, P = ﬂ 09’0] Although there were no sig-
nificant i of
with either ini'cclinn Or expr
with cold incidence appears to be primarily drive hl_', illness
expression.

Because measures of actigraphy assessed sleep duration
and fragmentation capture different aspects of an indi
sleep, we tested whether the effects of duration nrn.lnlul |n;k
pendent of fi ion in predicting risk for a hiol

sed sleep duration

ficted cold plibility.” There are several possible ex-
planations for differences across studies, First, fewer partici-
panis became i cd in this sample, which may have limited
our power to detect effects using self-report measures. Second,
this study relied on a shorter 7-day sleep diary rather than a
14-day daily interview. which may have produced less stable
averages as well as less accurate estimates of sleep. In regand
1o sleep estimates, employment of a daily interview in the prior
study helped ensure timely assessments of self-reported sleep,

verified cold. To this end, we ﬁt a regression model with hoth
ed together. Analyses revealed that sleep dura-
tion continued to predict cold incidence sdjusting for age and
prechallenge antibody levels (b = <0133, SE = 0,19 P = (L003)
as well as in ihe fully adjusted {16 covariates and fragmenta-
tion) model (b = -0.56, SE = 0.21, P = 0.006}. There was o
evidence that sleep duration and fi ion d 1o

MEASUNes ¢

which ially i recall hias. Third, given (hm ac-
tigraphy has hu_n well lated with pol

the gold standard of measurement i |1 research, it is ulw
possible that had our prior study included actigraphy assess-
ment concurrently with the daily interview sleep data, those
findings would have been even maore robust. Future studies
incorporating both actigraphy and sleep diaries are needed 1o
when and why certain sleep measures significantly

predict cold incidence (P = 0.92),
DISCUSSION

Sharter sleep duration, mwwrul by wrlsl acl Ll'd]jh)‘ lwu
a Teday period, was prosp wil

incidence of the x.nmmon cold ﬁﬂlwmg experimental viral

hall 5 was independent of a cadre of co-
variates, including age, prechallenge antibody levels, sex, body
mass index, race, season of trial, income, education, perceived
sociosconomic status, smoking, physical activity. aleohol con-
sumnption, perceived stress, agreeableness, extraversion, and
pasitive emotional siyle, This study provides the first prospec-
tive evidence that behaviorally assessed sleep duration serves
as a predicior of cold susceptibility.

Amalyses revealed a linear association between sleep dura-
tion and cold susceptibility: however, when categorized based
on hours of sleep, a threshold effect was observed such tha
dividuals sleeping fewer than & h ol sleep per night were at ¢l
valed risk whereas those slwplng more lh.m 6 h were not, T
is with somm that find strong
effects on morbidii und martality in short sleepers compared
to normal sleepers. 2 For instance, Patel and colleagues
found that in a sample of nearly 57,000 women, those who re-
ported sleeping = 6 h per night were at significantly greater
risk of developing preumonia compared to those sleeping 8 h
per night.” Those sleeping 7 b were at no greater visk than 8-h
sleepers. Emerging evidence also suggesis that long sleepers
1= 9 h per night) are at increased risk of disease,™" The un-
derlying mechanisms linking negative health and long sleep
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predict immune function.

What are the mechanisms that might link sleep and suscep-
tibility to seute infections illness? Sleep. along with circadian
rhythms, exerts substantial regulatory effects on the immune
system,** Circulating immune cells, including T and B cells,
peak early in the night and then deeline throughout the noc-
turnal hours moving out of circulation into lymphoid organs
where exposure 1o virally infected cells occur™ ¥ Studics
employing experimental sleep loss also support functional
changes relevant to host resistance. ‘xlu.p deprivation results
in down regulation in T cell production of interdeukin-2"* and
a shift away from Tl Iu,lpx,r I responses, marked by a reduc-
tion in the ratio of interferon-1/IL-4 production.” Sleep loss
is fated with diminished proliferative capacity of T cells
in vitra' as well as mndulzlnon of the function of antigen pre-
ells critical to virus uptake."”

expression in colds is gcm-m]]v attributed to blunted

i I of local infl s A Emerging
i I bidirectional ||r|ka between sleep and
infl ion, 4% Proinfl v activity has a role in the

homeostatic regulation of sleep.™" Likewise, some but not
all studies that employ partial and total sleep restriction find
substantial increases in systemic levels of proinflammatory
cytokines” as well as enhanced inllummumrv sene rnpres-
sion and lmns&.nplwnd] that support infl

processes. ™ In .uh.lnlmn recent evidence suggesis that d-
evated systemic infl ion mediates prosy associa-
tions herween short sleep duration and pnnmluw mrwlahl)' ”
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