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Objective: Alcoholics who are at risk for infectious disease show profound disturbances of sleep along with decrements
of cellular immunity. This study examined the relationships between sleep, nocturnal expression of immunoregulatory
cytokines, and natural killer (NK) cell activity in alcoholic patients as compared with control subjects. Methods:
Alcoholic patients (N � 24) and comparison control subjects (N � 23) underwent all-night polysomnography and serial
blood sampling at 23:00, 03:00, and 06:30 hours. Stimulated expression of TH1 (interferon gamma, IFN-�), anti-
inflammatory/TH2 (interleukin 10, IL-10), and proinflammatory cytokines (IL-6) was measured along with NK cell
activity across the night. Results: Alcoholic patients showed lower levels of IL-6 production, suppression of the
IL-6/IL-10 ratio, and a reduction of NK cell activity, coupled with losses of delta sleep and increases of rapid eye
movement sleep, as compared with control subjects. In addition, alcoholics showed a persistent low ratio of IFN-�/IL-10
and reduced levels of NK cell activity, whereas controls had increases of these two immune measures across the night.
IL-6 also differentially changed in the two groups; alcoholics showed increases and controls had decreases of IL-6 from
03:00 hours to 06:30 hours. At 06:30 hours, rapid eye movement sleep predicted increases of IL-6 and decreases of NK
cell activity independent of the relative contribution of age and chronic alcohol consumption. At 23:00 hours before
sleep onset, levels of IL-10 predicted subsequent amounts of delta sleep. Conclusions: These data further implicate sleep
in the regulation of immune function and suggest that disordered sleep contributes to immune alterations in patients
with chronic alcoholism. Moreover, the association between awake levels of the anti-inflammatory/TH2 cytokine IL-10
and subsequent amounts of delta sleep support the notion of a bidirectional interplay between cytokines and sleep in
humans. Key words: sleep, immunity, cytokines, natural killer cell activity, alcoholism.

ANOVA � analysis of variance; DSM-IV � Diagnostic
and Statistical Manual of Mental Disorders, fourth edi-
tion; EEG � electroencephalogram; E:T � effector to
target (ratio); IFN-� � interferon gamma; IL � interleu-
kin; NK � natural killer; REM � rapid eye movement;
TH � T helper cell.

INTRODUCTION

Alcoholics show profound alterations of sleep in-
tensity and sleep depth with decreases in total sleep
time, frequent awakenings, loss of delta sleep, and
increased amounts of rapid eye movement (REM) sleep
(1–3). Recent data further implicate sleep disturbance
as a predictor of risk for relapse and poor outcome (4,
5). However, despite the salience of disordered sleep
in this population, limited effort has been made to
evaluate the health consequences of poor sleep in al-

coholics. Given the role of sleep in the homeostatic
regulation of immune cell functioning (6) and the risk
of infectious disease among alcoholics (7–10), the im-
pact of disordered sleep on natural and cellular im-
mune function in alcoholics deserves attention.

Animal studies provide compelling evidence that
sleep is closely intertwined with three classes of cyto-
kines: TH1 (eg, IFN-�), ant-inflammatory/TH2 cyto-
kines (eg, IL-10), and proinflammatory cytokines (IL-6)
(11). IL-6 is essential in differentiation, maturation,
and proliferation of T and B cells (12), whereas TH1/
TH2 cytokines show an intraservice rivalry in the reg-
ulation of cellular and humoral immune response (13,
14). Less is known about the relationships between
sleep and cytokines in humans. However, it seems that
normal sleep onset is associated with increases of cir-
culating levels of IL-6 (15–17) independent of circadi-
an-dependent mechanisms (18) and that the amount
and depth of sleep negatively correlate with daytime
levels of this proinflammatory cytokine (19, 20). Sleep
also affects TH1 cytokine expression; nocturnal levels
of the TH1 cytokines, IL-2 and IFN-�, are reported to
increase during sleep with declines in the production
of these TH1 cytokines after sleep loss (16). The effect
of disordered sleep or sleep loss on the expression of
TH2 cytokines or the ratio of TH1 to TH2 cytokines in
humans is not known.

In addition to the effects of sleep on cytokine ex-
pression, basic observations suggest a bidirectional in-
terplay between sleep and cytokines. For example,
proinflammatory, TH1, and TH2 cytokines have all
been found to have a role in the regulation of sleep
with both somnogenic and inhibitory effects depend-
ing on the cytokine, dose, and circadian phase (11, 21).
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Proinflammatory cytokines such as IL-1 and tumor
necrosis factor increase delta sleep (22, 23) with sim-
ilar somnogenic effects reported for the TH1 cytokine
IFN-�. In contrast, the anti-inflammatory/TH2 cyto-
kine, IL-10, inhibits slow-wave sleep (24). Translation
of these basic studies to the clinical setting has not yet
advanced, although one study in humans found that
peripheral doses of IL-6 reduce delta sleep in the first
half of the night when circulating levels of IL-6 are
elevated (25).

The objective of this study was to evaluate the rela-
tionships between sleep and nocturnal cytokine ex-
pression in alcoholic patients as compared with con-
trol subjects. Expression of IFN-�, IL-10, and IL-6 was
measured in view of the hypothesized bidirectional
relationship between these cytokines and sleep (11). In
addition, the relative balance of IFN-�/IL-10 and of
IL-6/IL-10 was determined because decreases in the
ratio of these cytokines are associated with increased
infectious disease risk in alcoholics, partly through
alteration of cellular immune responses and natural
killer (NK) cell activity (14, 26, 27). Blood sampling
with assessment of immune functioning was per-
formed repeatedly during the nocturnal period before
sleep onset and during sleep to evaluate whether al-
terations of cytokines predict abnormalities of sleep
architecture and whether disordered sleep is associ-
ated with changes in late night or early morning im-
mune measures in alcoholics.

METHODS

Subjects

African American alcoholics show more severe disturbances of
sleep and immune alterations than European American alcoholics
(3, 28). Thus, the present study focused on African Americans in its
comparison of control subjects (N � 23) and alcoholic patients (N �
24) on nocturnal measures of NK cell activity and cytokine produc-

tion; EEG results showing abnormal sleep for a subsample of this
population (N � 31) were previously reported (3).

Alcoholic patients were clinically hospitalized for 2 weeks in the
Alcohol and Drug Treatment Program at the Veterans Affairs San
Diego Healthcare System before testing in this study. Nonpatient
control subjects were identified though a standardized search strat-
egy of the San Diego area involving the placement of flyers and
advertisements in local newspapers. In addition, a direct mailing to
the San Diego County veterans population was used to target control
subjects who were age-matched (�5 years) and had sociodemo-
graphic characteristics similar to alcoholic patients.

Administration of a semistructured interview developed for the
multisite Collaborative Study on the Genetics of Alcoholism (29)
yielded research diagnoses of control and alcoholic patients. This
interview assessed consumption and associated problem histories
for cigarettes, alcohol, and other substances and assessed diagnostic
criterion data to evaluate the presence of a lifetime history of a
psychiatric and substance dependence disorder. Alcoholic patients
fulfilled DSM-IV criteria for alcohol dependence that had occurred
in the absence of major preexisting psychiatric disorders (primary
alcohol dependence) (30, 31). Control subjects fulfilled DSM-IV
criteria for “never mentally ill” (30).

All subjects were free of physical illness by examination; none
had a history of recent (�2 weeks) viral infection or disease (eg,
autoimmunity or cancer) that would influence immune function.
Alcoholics were excluded if they had a history of overt alcohol-
related liver disease such as jaundice and esophageal varices. Sub-
jects were negative for hepatitis B and C. Before entry into the study,
a medication history was obtained; subjects who were taking med-
ications known to alter the immune system were excluded.

Withdrawal from alcohol can affect immune function (32). Thus,
the present sample of alcoholics was studied after all acute and
subacute withdrawal symptoms except sleep disturbance had re-
solved. Detoxification and withdrawal routinely occurred before
admission to the Alcoholism and Drug Treatment Program. Five
alcoholic patients reported use of diazepam for withdrawal symp-
toms in the 30 days before admission, but none had used diazepam
in the last 2 weeks. All other alcoholic patients denied use of such
medications before admission. During the 2-week interval between
admission to the treatment program and immune testing, alcoholic
subjects participated in an inpatient sober treatment milieu that
involved Alcoholics Anonymous, education, and group and indi-
vidual counseling. All alcoholics maintained abstinence, as con-
firmed by nursing observations and random urine toxin screens. The
average number of days since the last drink is shown in Table 1.

TABLE 1. Age, Education, Severity of Depressive Symptoms, and Alcohol Consumption History in Control and Alcoholic Groups

African American
Control Subjects

(N � 23)

African American
Alcoholic Subjects

(N � 24)
Group Effect

Mean SD Mean SD F p

Age, y 41.3 8.4 42.6 6.8 0.38 .54
Education (y) 14.3 1.5 13.2 1.3 6.90 .01*
Depressive symptomsa 0.8 2.5 0.9 2.8 0.03 .87
Alcohol consumption (last 3 months)
Drinking days/month 6.3 9.8 26.3 5.8 73.06 .001*
Drinks/day 1.4 1.0 14.4 11.8 27.81 .001*
Days since last drink (365 days maximum) 96.0 149.4 23.1 11.7 5.68 .02*

a Scores on Hamilton Rating Scale for Depression.
* Significant results.
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Procedures

On the day immediately before nocturnal assessment of sleep
and immunity, severity of depressive symptoms was evaluated us-
ing the 17-item Hamilton Rating Scale for Depression (33, 34). This
evaluation was performed by a trained interviewer; test-retest reli-
ability on total scores was 0.94.

The sleep protocol involved five nights. On the first night, par-
ticipants adapted to the conditions of the laboratory and underwent
recordings of oxygen desaturation and tibial myoclonus to exclude
subjects with either sleep apnea or nocturnal myoclonus. On the
second night, sleep was monitored by EEG as previously reported
(3). On the third night, sleep was again monitored by EEG; in
addition, nocturnal blood sampling was performed before sleep and
throughout the night (described below). On the fourth and fifth
nights, subjects underwent partial night sleep deprivation and re-
covery sleep; these data are to be reported separately. Thus, the data
in this report represent sleep on night 3 of the studies.

For each experimental night, subjects arrived at the laboratory
between 20:00 and 21:00 hours. On night 3 between 20:30 and 21:30
hours, an intravenous catheter was inserted into a forearm vein.
Subjects then prepared for sleep and had electrodes placed for EEG,
electro-oculography, and submental electromyography; sleep EEG
measures were obtained during continuous recordings between
22:00 and 06:30 hours. Subjects then assumed a supine horizontal
position and maintained this position for at least 30 minutes before
the first blood sample was taken. Lights were turned off at 23:00
hours, and subjects were on average asleep by 23:30 hours. After a
night of uninterrupted sleep, subjects were awakened after the last
blood draw at 06:30 hours if they were not already awake. All
subjects included in the present analyses remained supine through-
out the entire nocturnal period; a bedside urinal was used if subjects
needed to urinate during the night.

For blood sampling, the intravenous catheter was connected to a
long, thin plastic tube, which enabled blood collection from an
adjacent room without disturbance of sleep. Between blood sam-
plings, continuous heparinized isotonic saline was infused, totaling
about 1000 ml across the nocturnal period. Blood was sampled at
three time points (23:00, 03:00, and 06:30 hours) for assay of stim-
ulated cytokine production and NK cell activity. Immediately after
blood was obtained, the sample was put into tubes containing eth-
ylenediaminetetraacetic acid and kept at room temperature until
assay.

Sleep records were visually scored according to the criteria of
Rechtschaffen and Kales (35). Sleep onset was defined as the first
minute of stage 2 or REM sleep followed by at least 8 minutes of
sleep in the next 9 minutes. A REM period was defined by not less
than 3 consecutive minutes of REM sleep. Sleep architecture was
defined as the duration and relative percentage of time spent asleep
in non-REM, stage 1, stage 2, and delta sleep, as well as the duration
of REM sleep. Sleep research technicians show high scoring reliabil-
ity: sleep latency (r � 0.96), REM latency (r � 0.99), REM density (r
� 0.91), amounts of stage 3 and 4 sleep (r � 0.85), and total sleep
time (r � 0.99).

Assays

Liver function tests. Values of liver function tests were obtained
and measured by previously described methods (34).

Peripheral blood mononuclear cell preparation. Samples were
maintained at room temperature, and peripheral blood mononuclear
cells were sedimented on Ficoll-Hypaque (Pharmacia, Piscataway,
NJ), washed twice with phosphate-buffered saline (Gibco Life Tech-
nologies, Grand Island, NY), and resuspended in a 1:1 mixture of

RPMI 1640 and Dulbecco modified Eagle medium supplemented
with 10% fetal calf serum (Hyclone, Logan, UT; inactivated 1 hour
in 56°C water bath), 4 mM glutamine, 20 mM HEPES, 5 � 10�5 M
2-mercaptoethanol (Sigma, St. Louis, MO), and 50 �g/ml
gentamicin.

Stimulated cytokine production. As previously described (28),
peripheral blood mononuclear cells were resuspended at a final
concentration 7 � 105 cells/ml in the above-described media along
with an optimal dose of concanavalin-A (Con-A, 10 �g/ml; Sigma).
Cultures were incubated for 72 hours before supernatant harvest.
Supernatants were taken off carefully under sterile conditions, di-
vided into Eppendorf tubes, and frozen immediately at �70°C until
thawed for assay of IL-6, IFN-�, and IL-10. Cytokines were quantified
by means of enzyme-linked immunosorbent assay methods (R & D
Systems, Minneapolis, MN). All samples from control and alcoholic
subjects were assayed at the same time, in a single run with a single
lot number of reagents and consumables used by a single operator.
The intraassay coefficient of variation for all variables was �5%.

NK cell activity. As previously described (28), assays of NK cell
activity were started immediately after separation of mononuclear
cells. To remove adherent cells, mononuclear cells were incubated
on plastic Petri dishes, and nonadherent, effector cells were then
obtained and resuspended to a concentration of 2 � 106 cells/ml.

The target cells used in the assay of NK cell activity were K562,
an erythroleukemia cell line; cells were in the log phase of growth on
the day of assay for NK cell activity. After isolation of nonadherent
cells, a constant number (5 � 103) of chromium 51 (New England
Nuclear, Boston, MA) K562 target cells were mixed with graded
numbers of effector cells in triplicate. Three effector:target (E:T) cell
ratios (40:1, 20:1, and 10:1) were used. Killed targets were quanti-
tated by measuring the amount of chromium 51 released into the
supernatant using a gamma counter. Each assay involved control
wells to evaluate spontaneous release and maximal release. Results
of the NK cell assay for each E:T ratio were expressed as the per-
centage of specific lysis, rather than in lytic units, consistent with
prior studies of NK cell activity in alcoholics (34, 36–39). Daily
variability in the assessment of NK cell activity was minimized by a
number of quality-control procedures described previously (28).

Statistical Analyses

To test for differences between the two groups for the dependent
variables, including age, alcohol consumption, depressive symp-
toms, liver function tests, and sleep EEG measures, one-way ANO-
VAs were performed. To evaluate change of stimulated cytokine
production across the nocturnal period in the two groups, 2 � 3
(group: alcoholic, control; time: 23:00, 03:00, 06:30 hours) repeated-
measures ANOVAs were used, covarying for age. To correct for the
skewed distribution of IFN-�, values were log10-transformed before
analysis. For NK cell activity, a 2 � 3 � 3 (group by time by E:T cell
ratios) repeated-measures ANOVA was used. In the analyses where
significant time effects were found, post hoc tests were calculated on
the basis of estimated marginal means in which age was a covariate.
Differences between time points within each group were tested in
pairwise comparisons following the overall mixed-design ANOVA
adjusting for multiple comparisons. Bonferroni-adjusted multiple
comparisons with differences of p � .05 are reported as significant.
Before the onset of this study, effect sizes were estimated using data
generated in the comparison of stimulated cytokine production and
NK cell activity in alcoholic vs. control subjects (28). In the instance
of NK cell activity, a sample size of 10 subjects per group yields 0.85
power to detect a significant (p � .01) group by E:T ratio interaction.
Of the total sample (N � 47), repeated assessment of NK cell activity
was available on 19 control and 22 alcoholic subjects, whereas
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repeated assessment of all three cytokines was available for 10
control and 14 alcoholic subjects.

To evaluate the central hypothesis that the severity of disordered
sleep is associated with alterations of cytokine production and NK
cell activity, a series of correlational analyses were conducted. Zero-
order correlations were performed between EEG sleep variables and
immune measures taken at the three time points. To reduce the
likelihood of Type II error, the correlational analyses were restricted
to the EEG sleep variables that differed between alcoholics and
controls. Because of the large number of EEG variables, only a
restricted number of correlations were performed using selected
sleep variables that differed between the groups (eg, percentage and
amounts of REM and delta sleep). Given evidence that the amounts
of sleep loss and REM sleep are associated with altered levels of IL-6
and NK cell activity (18, 40, 41), a priori hypotheses were generated
to guide the correlational analyses that examined the consequences
of disordered sleep on immune parameters measured at 06:30 hours.
REM sleep was hypothesized to correlate positively with 06:30
hours levels of IL-6 and to be associated with lower levels of NK cell
activity at 6:30 hours. Correlations between REM and delta sleep and
the two other individual cytokines (IFN-�, IL-10) were also tested.
Correlations were first performed in the total sample and then in the
separate groups of alcoholic and control subjects. For correlations
that were statistically significant, regression models were used to
test the relationship between disordered sleep and immunity after
controlling for the relative contribution of alcohol consumption and
age. In regression models that tested the effects of sleep measures on
morning level of cytokines or NK cell activity (E:T ratio: 40:1 or
20:1), baseline (23:00 hours) levels of immune function was also
controlled.

RESULTS

Table 1 summarizes the demographic characteris-
tics, severity of depressive symptoms, and alcohol
consumption histories in the control and alcoholic
groups. Although the alcoholic and control groups
were similar in age, the control subjects reported more
years of education than the alcoholic subjects. Severity
of depressive symptoms was not significantly different
between the two groups. Alcohol consumption during
the last 3 months showed expected between-group
differences, with alcoholic subjects reporting more
drinking days per month, more drinks per drinking
day, and more recent use than control subjects. How-
ever, on average the alcoholics had not used alcohol
for more than 3 weeks before testing. None of the
alcoholics fulfilled criteria for primary substance de-
pendence, although five alcoholics reported marijuana
use and nine alcoholics reported psychostimulant use
in the last 3 months. No subject had used these sub-
stances in the last 2 weeks. All control subjects denied
use of marijuana, stimulants, or other substances in the
last year.

In this sample of medically healthy, detoxified al-
coholics, values of alanine aminotransferase (serum
glutamic-oxaloacetic transaminase), bilirubin, and al-
kaline phosphatase were statistically indistinguish-
able between the two groups. Although serum glutam-

ic-pyruvic transaminase was higher in the alcoholic
than in the control subjects, values were within the
clinical laboratory normal range (data not shown).

Differences in EEG sleep measures between the two
groups are shown in Table 2. Compared with controls,
alcoholics showed prolonged sleep latency along with
loss of stage 3 and delta sleep amounts. In addition,
alcoholics showed profound increases in REM sleep
amounts and reduced REM latency as compared with
controls. There were no other significant effects.

The TH1 (IFN-�), anti-inflammatory/TH2 (IL-10),
and proinflammatory (IL-6) cytokines were analyzed
as individual cytokines and as the ratio of IFN-�/IL-10
and IL-6/IL-10, controlling for age. The ratio of IFN-�/
IL-10 reflects the relative balance of TH1/TH2 cyto-
kines with effects on the regulation of cellular vs.
humoral immune responses. The ratio of IL-6/IL-10 is
reportedly lower in individuals with chronic alcohol-
ism, in which a suppressed ratio predicts increased
rates of postoperative infection after surgery (42).

Analysis of the nocturnal expression of the TH1
cytokine IFN-� revealed no significant effects. The an-
ti-inflammatory/TH2 cytokine, IL-10, showed a signif-
icant time effect but no other effects (Fig. 1). The time
effect was due to significant increases of IL-10 from
23:00 to 03:00 hours in both groups; levels at 03:00 and
06:30 hours were similar.

For the ratio of IFN/IL-10, the two groups showed a
differential change across the nocturnal period with a
significant group by time interaction (Fig. 2). In control
subjects, the ratio of TH1/TH2 cytokines was un-
changed from 23:00 to 03:00 hours but increased from
03:00 to 06:30 hours. In contrast, within the alcoholic
group the IFN/IL-10 ratio decreased from 23:00 to
03:00 and remained low from 03:00 to 06:30 hours.

The production of the proinflammatory cytokine
IL-6 also changed differentially across the night in the
two groups (Fig. 3). For IL-6 production, there was a
significant group effect, a significant time effect, and a
significant group by time interaction. Within the con-
trol group, IL-6 levels were similar between 23:00 and
03:00 hours and decreased from 03:00 to 06:30 hours.
In contrast, within the alcoholic group, expression of
IL-6 was similar between 23:00 and 03:00 hours and
increased from 03:00 to 06:30 hours.

Evaluation of the ratio of IL-6/IL-10 showed a group
effect in which alcoholics had a suppressed ratio as
compared with controls, consistent with previous
findings (42). There were no other significant effects.

For NK cell activity, alcoholic subjects had lower
levels of cytotoxicity as compared with control sub-
jects. In addition, there was a time effect; NK cell
activity showed an increase from 23:00 to 06:30 hours
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in the control group but not in the alcoholic group (Fig.
4). However, there was no group by time interaction.

IFN-� is a potent inducer of NK cell activity, and
increases of IFN-� and/or the ratio of IFN-�/IL-10 are
thought to lead to increases of NK cell activity. The
relationships between IFN-�, IFN-�/IL-10 ratio, and
NK cell activity were tested in the present sample; the
pattern of change for NK cell activity was similar to
that found for the ratio of IFN-�/IL-10. Levels of IFN-�
at 06:30 hours were positively correlated with NK cell
activity at 06:30 hours (� � 0.54, p � .001, N � 24),
whereas levels of IFN-� at other time points (eg, 23:00
and 03:00 hours) were not associated with NK cell
activity. No correlation was found between IL-6 and
NK cell activity or between IL-10 and NK cell activity
at individual time points.

Nocturnal levels of cytokines and NK cell activity in
the alcoholics vs. controls could be due to group dif-
ferences in severity of sleep disturbance, effects of
alcohol consumption, or a combination of these two
factors. To evaluate whether abnormalities of sleep
architecture predicted measures of nocturnal immu-

nity independent of the effects of chronic alcohol con-
sumption, a series of additional analyses were con-
ducted. In the first set of analyses, we examined the
consequences of disordered sleep by focusing on im-
mune measures obtained during sleep (03:00 hours)
and at the end of nocturnal sleep (06:30 hours).

In the total sample, the amount and percentage of
REM sleep were positively correlated with expression
of IL-6 at 06:30 hours (Spearman � � 0.45, p � .05;
Spearman � � 0.36, p � .08; N � 24) (Fig. 5). The level
of correlation between amount and percentage of REM
sleep and IL-6 production at 06:30 hours was similar
in the alcoholics and controls. No correlation between
REM measures and IL-6 levels at 23:00 hours or 03:00
hours was found, and amounts of delta sleep were not
associated with IL-6 in this sample.

To further test the effects of REM sleep amounts on
morning levels of IL-6 separate from the relative con-
tribution of age, alcohol consumption histories, and
baseline (23:00 hours) levels of IL-6, regression analy-
ses in which each predictor variable was fit sequen-
tially into the model were used. Together the model

TABLE 2. Sleep Continuity, Sleep Architecture, and REM Sleep Measures in Control and Alcoholic Groups

African American Control
Subjects at Baseline

(N � 23)

African American
Alcoholic Subjects at

Baseline (N � 24)
Group Effect

Mean SD Mean SD F p

Sleep continuity
Total sleep time (min) 345.1 65.9 347.7 46.0 0.03 0.88
Sleep efficiency (%) 80.8 11.8 80.8 9.2 0.001 0.98
Sleep latency (min) 10.9 10.2 22.0 26.1 3.62 0.06

Sleep architecture
Stage 1

Minutes 26.8 21.8 31.4 12.8 0.76 0.39
% 7.9 5.9 9.1 3.6 0.74 0.39

Stage 2
Minutes 236.2 52.0 223.8 33.9 0.92 0.34
% 68.7 8.5 64.7 7.6 2.78 0.10

Stage 3
Minutes 17.9 18.2 8.2 9.5 5.31 0.03*
% 5.4 6.0 2.3 2.5 5.70 0.02*

Stage 4
Minutes 4.3 7.7 1.8 8.6 0.99 0.33
% 1.2 2.2 0.5 2.3 1.25 0.27

Delta
Minutes 22.2 24.9 10.0 15.2 4.05 0.05*
% 6.7 7.8 2.7 4.0 4.67 0.04*

REM
Minutes 59.8 26.6 82.6 26.4 8.25 0.006*
% 17.6 6.0 23.5 6.0 10.69 0.002*

REM measures
Latency (corrected) 76.8 33.6 51.5 30.3 7.05 0.01*
Density 1.3 0.9 1.6 0.9 1.59 0.22
Duration (first period) 14.9 8.5 18.1 9.4 1.44 0.24

* Significant results.
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predicted 23% of the variance of IL-6 production at
06:30 hours; IL-6 levels were significantly predicted by
REM sleep amounts (� � 0.43, p � .05) but not by age

Fig. 2. Concanavalin-A–stimulated production of TH1 and TH2
cytokines by peripheral blood mononuclear cells in con-
trol (�) and alcoholic (● ) African American subjects. The
ratio of the TH1 to TH2 was determined by dividing the
TH1 cytokine IFN-� by the TH2 cytokine IL-10. A sig-
nificant group by time interaction was found (F(2,42) �
4.1, p � .02). The TH1/TH2 ratio increased from 03:00 to
06:30 hours (p � .01) in the controls, whereas the IFN-�/
IL-10 ratio decreased from 23:00 to 03:00 hours (p � .05)
and remained low from 03:00 to 06:30 hours in the
alcoholics.

Fig. 1. Concanavalin-A–stimulated production of IL-10 by periph-
eral blood mononuclear cells in control (�) and alcoholic
(● ) African American subjects. Data are presented as mean
� SEM. Blood was drawn at 23:00, 03:00, and 06:30 hours.
There was a time effect (F(1,21) � 3.2, p � .05) but no group
effect or group by time interaction. Post hoc comparisons
revealed significant (p � .05) increases of IL-10 from 23:00
to 03:00 hours in both groups; levels at 03:00 and 06:30
hours were similar.

Fig. 3. Concanavalin-A–stimulated production of IL-6 by periph-
eral blood mononuclear cells in control (�) and alcoholic
(● ) African American subjects. Data are presented as mean
� SEM. Blood was drawn at 23:00, 03:00, and 06:30 hours.
There was a significant group effect (F(1,21) � 6.9, p � .01),
a significant time effect (F(2,42) � 5.0, p � .01), and a
significant group by time interaction (F(2,42) � 5.7, p �
.01). IL-6 levels decreased from 03:00 to 06:30 hours (p �
.05) in the controls, whereas IL-6 increased from 03:00 to
06:30 hours (p � .01) in alcoholics.

Fig. 4. NK cell activity in African American controls (�) and alco-
holics (● ). Data are presented as mean � SEM percentage of
specific cytotoxicity at the 20:1 E:T ratio. For NK cell activ-
ity, there was a group effect (F(1,39) � 5.6, p � .02) and a
time effect (F(2,78) � 3.0, p � .05), but no group by time
interaction. In the controls, there was a significant increase
of NK cell activity from 23:00 to 06:30 hours (p � .05); the
alcoholics showed no change across the nocturnal period.
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(� � �0.19, p � .5), alcohol consumption (average
drinks per day; � � 0.11, p � .67), or IL-6 at 23:00
hours (� � 0.24, p � .31).

A similar series of analyses was performed to test
the hypothesized relationships between disordered
sleep and morning levels of NK cell activity. Consis-
tent with our predictions, the amount and percentage
of REM sleep were negatively correlated with NK cell
activity at 06:30 hours (Spearman � � �0.44, p � .01;
Spearman � � �0.49, p � .01; N � 41) in the total
sample. An identical level of correlation was found in
the alcoholics and controls. A regression model was
again used to evaluate the relative contribution of REM
sleep percentage on NK cell activity, controlling for
age, alcohol consumption, and baseline (23:00 hours)
levels of NK cell activity. The overall model predicted
76% of the variance in NK cell activity at 6:30 hours;
morning levels of NK cell activity were negatively
predicted by percentage of REM sleep (� � �0.19, p �
.05) and were positively associated with baseline lev-
els (23:00 hours) of NK cell activity (� � 0.76, p � .01).
Neither age (� � �0.01, p � .46) nor alcohol consump-
tion (average drinks per day; � � �0.12, p � .47)
contributed to morning levels of NK cell activity.
There was no correlation between REM sleep and NK
cell activity at 03:00 hours or between delta sleep and
NK cell activity at 03:00 hours or 06:30 hours. Finally,
there were no correlations between REM or delta sleep

and measures of IFN-� or IL-10 obtained at 03:00 hours
or 06:30 hours.

In addition to evaluating the consequences of disor-
dered sleep on late-night and morning levels of immu-
nity, the repeated-measures experimental design also
included measurement of cytokines before the onset of
sleep. Thus, further analyses were conducted to exam-
ine whether levels of IFN-�, IL-10, or IL-6 at 23:00
hours predicted subsequent differences in amounts of
delta or REM sleep in the two groups. Again a conser-
vative approach was used with the selection of only
REM and delta sleep in the correlational analyses. The
results showed that expression of IL-10 at 23:00 hours
was positively correlated with delta sleep amounts
and percentage (Spearman � � 0.46, p � .05; Spearman
� � 0.46, p � .05; N � 24) in the total sample (Fig. 6).
Similar correlations between IL-10 and delta sleep
amounts were found in alcoholics and controls. The
effect of IL-10 at 23:00 hours on delta sleep was inde-
pendent of age and alcohol consumption. In a regres-
sion model that included IL-10 at 23:00 hours, age, and
alcohol consumption, 33% of the variance in delta
sleep was predicted. Only IL-10 reached statistical sig-
nificance (� � 0.47, p � .01), and neither age (� �
�0.35, p � .12) nor alcohol consumption (� � 0.10,
p � .64) was associated with delta sleep amounts.
Indeed, IL-10 levels before sleep onset predicted 23%
of the variance in delta sleep. It is also important to
note that IL-10 expression increased from 23:00 to
03:00 hours; delta sleep predominantly occurs during
the first half of the night. Levels of IL-10 at 23:00 hours

Fig. 5. Relation between REM sleep (minutes) and concanavalin-
A–stimulated production of IL-6 by peripheral blood mono-
nuclear cells at 6:30 hours in control (�) and alcoholic (● )
African American subjects. In the total sample, amount of
REM sleep was positively correlated with expression of IL-6
at 06:30 hours (Spearman � � 0.45, p � .05).

Fig. 6. Relation between delta sleep (minutes) and concanavalin-
A–stimulated production of IL-10 by peripheral blood
mononuclear cells at 23:00 hours in control (�) and alco-
holic (● ) African American subjects. In the total sample,
expression of IL-10 at 23:00 hours was positively correlated
with delta sleep amounts (Spearman � � 0.46, p � .05).
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were not correlated with REM sleep, and there were no
correlations between IFN-� or IL-6 at 23:00 hours and
REM or delta sleep measures.

DISCUSSION

Alcoholics show disordered sleep with losses of
delta sleep and increases of REM sleep (1, 3, 43).
Coupled with these abnormalities of sleep architec-
ture, the nocturnal production of cytokines and activ-
ity of NK cells is altered in alcoholic subjects as com-
pared with control subjects. First, the nocturnal
expression of IFN-�/IL-10 changes differentially in al-
coholics as compared with controls. In alcoholics,
there is a shift toward a TH2 cytokine response after the
onset of sleep, and this predominant TH2 response
persists throughout the night. In contrast, controls
show an increase in the relative expression of TH1
cytokines during the later half of the nocturnal period.
Second, IL-6 production is lower in alcoholics as com-
pared with controls during the early part of the night,
but it then increases in alcoholics and decreases in
controls during the second half of the night. Third, the
ratio of IL-6/IL-10 is suppressed throughout the noc-
turnal period in alcoholics. Finally, alcoholics show
low levels of NK cell activity across the night as com-
pared with controls.

Amount of REM sleep is a unique correlate of morn-
ing levels of IL-6 production independent of the effects
of chronic alcohol consumption and age. Given further
evidence that IL-6 is elevated during REM as compared
with delta sleep (18), it is possible that greater amounts
of REM sleep during the late part of the night contrib-
ute to the rise of IL-6 in alcoholics. Daytime elevations
of IL-6 are also reported to occur in association with
sleep loss (19, 44) and to correlate with fatigue (20).
Thus, morning increases of IL-6 may have implications
for daytime fatigue in alcoholics, although it is impor-
tant to note that levels of IL-6 at awakening did not
differ between the groups. Evaluation of the contribu-
tion of cytokine mechanisms to daytime fatigue will
require sampling of IL-6 during the day and simulta-
neous behavioral assessments.

The lower production of IL-6 in the alcoholics dur-
ing the early part of the night is consistent with the
notion that sleep has a role in the regulation of IL-6
expression. Alcoholics show prolonged sleep latency,
and loss of sleep likely impairs the nocturnal expres-
sion of IL-6. Sleep deprivation delays the nocturnal
increases in circulating levels of IL-6, independent of
circadian-dependent processes (18).

Sleep is hypothesized to have a restorative function
on the immune system. In the present study, controls
showed increases in the relative expression of the TH1

cytokine IFN-� that was correlated with the activity of
NK cells. In contrast, alcoholics with disordered sleep
have low TH1 cytokine and NK cell responses across
the nocturnal period. In prior studies, sleep depriva-
tion induced decreases of NK cell activity and produc-
tion of the T cell cytokine IL-2 (16, 40, 45, 46). Fur-
thermore, amounts of REM sleep negatively predicted
daytime levels of NK cytotoxicity in a sample of de-
pressed patients (47), similar to the present findings.

Another major finding of the present study concerns
the possible action of cytokines on sleep (48). In the
present study, the anti-inflammatory/TH2 cytokine
IL-10 was positively correlated with amounts of delta
sleep, and expression of IL-10 increased across the first
part of night, during which time delta sleep is predom-
inantly found. In comparison, the proinflammatory
cytokine IL-6 inhibits delta sleep in humans (25).
However, the present data contrast with basic findings;
acute doses of IL-10 inhibit slow wave sleep in rats and
rabbits (24, 49), whereas proinflammatory cytokines
generally enhance delta sleep in rodents (11). Al-
though further experimental studies are needed to de-
termine whether anti-inflammatory cytokines augment
delta sleep and proinflammatory cytokines inhibit
delta sleep in humans, these data suggest that cyto-
kines have a role in the regulation of normal sleep and
that abnormalities of cytokines levels may contribute
to disordered sleep in clinical populations such as
alcoholics.

The clinical significance of the immune alterations
found in the alcoholics is not known. However, de-
creases of NK cell activity and/or abnormal cytokine
expression in alcoholics are thought to contribute to
increased susceptibility to infectious diseases in alco-
holics (7), including an increase in the incidence and
severity of tuberculosis (10), hepatitis C (8), and pos-
sibly HIV infection (50). The present relationships be-
tween disordered sleep and altered cellular and natu-
ral immunity in alcoholics suggest that behavioral
interventions that target sleep may have potential ef-
fects on the recovery of immune functioning in absti-
nent alcoholics.

There are several limitations to the present study.
First, an African American population was exclusively
studied because substantial evidence suggests that Af-
rican American alcoholics, as compared with Euro-
pean Americans, have increased morbidity, including
infectious disease risk. Thus, it is not known whether
differences of sleep and immunity generalize to Euro-
pean Americans. Second, the generalizability of the
findings to active alcoholics in the community is lim-
ited because the present sample was studied after
withdrawal from alcohol and during maintenance of
abstinence in a controlled clinical setting. Neverthe-
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less, it is important to note that by the use of this
experimental design, the differences in sleep and im-
munity cannot be ascribed to a direct action of ethanol
or to withdrawal effects. Third, the potential effects of
other substance use on sleep and immune measures in
this alcoholic population requires consideration. Al-
though none of the alcoholics met criteria for primary
substance dependence, more than half of this group
reported a lifetime history of psychostimulant use.
Nevertheless, none of the subjects used psychostimu-
lants or other substances in the 2 weeks before study,
and stratification of the sample by substance use his-
tory did not reveal differences of sleep or immune
measures. Fourth, control subjects were more edu-
cated and more likely to be employed than alcoholic
subjects, with effects of immunity through diet or
other health behaviors. Alcoholics were hospitalized
for 2 weeks before testing with receipt of nutritionally
balanced meals. Fifth, the alcoholic group was limited
to male veterans; conclusions about differences in al-
cohol-dependent women or community groups cannot
be made. Finally, placement of an intravenous catheter
has been found to produce elevations in IL-6 (51);
there may be a differential response to a catheteriza-
tion and serial blood sampling.

Considerable evidence has shown that various mea-
sures of immune function, including IL-6 expression
and NK cell activity, follow a circadian rhythm (16, 17,
52), and the contribution of altered circadian rhythms
to these immune changes cannot be determined from
these data because assessments of immunity were lim-
ited to the nocturnal period. However, abstinent alco-
holics seem to show only a modest circadian phase
shift, and immune differences were identified over an
interval of 4 hours. Moreover, sleep, but not circadian,
processes drive the nocturnal release of IL-6 (18).

The neurobiological mechanisms that account for
the associations between disordered sleep and alter-
ations of nocturnal measures of immunity are not
known. However, disordered sleep and loss of sleep
are associated with nocturnal elevations of sympa-
thetic outflow with increases of norepinephrine and
epinephrine (53–55). Although no data are available
regarding nocturnal sympathetic activation in alcohol-
ics, the influence of sympathetic mechanisms on TH1/
TH2 cytokine expression and NK cell activity are well
known. Animal and human studies have shown that
stress and the release of sympathetic neurotransmitters
shifts the expression of TH cytokines toward a TH2
pattern (56) and reduces NK cell activity (57), immune
changes similar to those found in our alcoholic popu-
lation. It is also possible that alterations of the hypo-
thalamic-pituitary-adrenal axis underlie immune dif-
ferences in alcoholics, although alcoholics who are

abstinent for at least 3 weeks show blunted cortisol
responses to stress (58).

In conclusion, disordered sleep in alcoholics has
consequences for cytokine expression and natural cy-
totoxicity obtained during the morning. During the late
night interval, alcoholics show increases of IL-6 pro-
duction and have persistently low levels of IFN-�/
IL-10 ratio, IL-6/IL-10 ratio, and NK cell activity as
compared with controls. Increases of REM sleep are
found in alcoholics, and REM sleep predicts morning
increases of IL-6 and decreases of NK cell activity.
These data have implications for understanding the
role of disordered sleep on increased infectious dis-
ease risk in alcoholics. Moreover, the relationship be-
tween awake levels of IL-10 taken before sleep and
depth of sleep suggest a bidirectional interaction be-
tween sleep and cytokines in which abnormalities of
cytokines may exacerbate disordered sleep in
alcoholics.

This work was supported in part by the National
Institute of Alcohol Abuse and Alcoholism (Grants
AA10215 and AA13239), the National Institute of
Mental Health (Grants 5T32-18399 and 2P30-
MH30914), and the National Institutes of Health
(Grant M01 RR00827).

REFERENCES

1. Gillin JC, Smith TL, Irwin M, Kripke DF, Schuckit M. EEG sleep
studies in “pure” primary alcoholism during subacute
withdrawal: relationships to normal controls, age, and other
clinical variables. Biol Psychiatry 1990;27:477–88.

2. Gillin JC, Smith TL, Irwin M, Kripke DF, Brown S, Schuckit M.
Short REM latency in primary alcoholic patients with secondary
depression. Am J Psychiatry 1990;147:106–9.

3. Irwin M, Miller C, Gillin JC, Demodena A, Ehlers CL. Polysom-
nographic and spectral sleep EEG in primary alcoholics: an
interaction between alcohol dependence and African-American
ethnicity. Alcohol Clin Exp Res 2000;24:1376–84.

4. Gillin JC, Smith TL, Irwin M, Butters N, Demodena A, Schuckit
M. Increased pressure for rapid eye movement sleep at time of
hospital admission predicts relapse in nondepressed patients
with primary alcoholism at 3-month follow-up. Arch Gen Psy-
chiatry 1994;51:189–97.

5. Brower KJ, Aldrich MS, Hall JM. Polysomnographic and subjec-
tive sleep predictors of alcoholic relapse. Alcohol Clin Exp Res
1998;22:1864–71.

6. Horne J. Why we sleep: the function of sleep in humans and
other mammals. Oxford: Oxford University Press; 1988.

7. Cook RT. Alcohol abuse, alcoholism, and damage to the immune
system—a review. Alcohol Clin Exp Res 1998;22:1927–42.

8. Balasekaran R, Bulterys M, Jamal MM, Quinn PG, Johnston DE,
Skipper B, Chaturvedi S, Arora S. A case-control study of risk
factors for sporadic hepatitis C virus infection in the southwest-
ern United States. Am J Gastroenterol 1999;94:1341–6.

9. Mendenhall CL, Moritz T, Rouster S, Roselle G, Polito A, Quan
S, DiNelle RK. Epidemiology of hepatitis C among veterans with

SLEEP AND IMMUNITY IN ALCOHOLICS

83Psychosomatic Medicine 65:75–85 (2003)



alcoholic liver disease. The VA Cooperative Study Group 275.
Am J Gastroenterol 1993;88:1022–6.

10. Buskin SE, Gale JL, Weiss NS, Nolan CM. Tuberculosis risk
factors in adults in King County, Washington, 1988 through
1990. Am J Public Health 1994;84:1750–6.

11. Krueger JM, Toth LA. Cytokines as regulators of sleep. Ann N Y
Acad Sci 1994;739:299–310.

12. Papanicolaou DA, Wilder RL, Manolagas SC, Chrousos GP. The
pathophysiologic roles of interleukin-6 in human disease. Ann
Intern Med 1998;128:127–37.

13. Mosmann TR, Coffman RL. TH1 and TH2 cells: different pat-
terns of lymphokine secretion lead to different functional prop-
erties. Annu Rev Immunol 1989;7:145–73.

14. Street NE, Mosmann TR. Functional diversity of T lymphocytes
due to secretion of different cytokine patterns. FASEB J 1991;5:
171–7.

15. Bauer J, Hohagen F, Ebert T, Timmer J, Ganter U, Krieger S, Lis
S, Postler E, Voderholzer U, Berger M. Interleukin-6 serum lev-
els in healthy persons correspond to the sleep-wake cycle. Clin
Invest 1994;72:315.

16. Born J, Lange T, Hansen K, Molle M, Fehm HL. Effects of sleep
and circadian rhythm on human circulating immune cells. J Im-
munol 1997;158:4454–64.

17. Gudewill S, Pollmächer T, Vedder H, Schreiber W, Fassbender
K, Holsboer F. Nocturnal plasma levels of cytokines in healthy
men. Eur Arch Psychiatry Clin Neurosci 1992;242:53–6.

18. Redwine L, Hauger RL, Gillin JC, Irwin M. Effects of sleep and
sleep deprivation on interleukin-6, growth hormone, cortisol
and melatonin levels in humans. J Clin Endocrinol Metab 2000;
85:3597–603.

19. Vgontzas AN, Papanicolaou DA, Bixler EO, Lotsikas A, Zach-
man K, Kales A, Prolo P, Wong ML, Licinio J, Gold PW, Hermida
RC, Mastorakos G, Chrousos GP. Circadian interleukin-6 secre-
tion and quantity and depth of sleep. J Clin Endocrinol Metab
1999;84:2603–7.

20. Vgontzas AN, Papanicolaou DA, Bixler EO, Kales A, Tyson K,
Chrousos GP. Elevation of plasma cytokines in disorders of
excessive daytime sleepiness: role of sleep disturbance and obe-
sity. J Clin Endocrinol Metab 1997;82:1313–6.

21. Benca RM, Quintas J. Sleep and host defenses: a review. Sleep
1997;20:1027–37.

22. Opp MR, Obal F Jr, Krueger JM. Interleukin 1 alters rat sleep:
temporal and dose-related effects. Am J Physiol 1991;260:
R52–8.

23. Kapás L, Hong L, Cady AB, Opp MR, Postlethwaite AE, Seyer
JM, Krueger JM. Somnogenic, pyrogenic, and anorectic activities
of tumor necrosis factor-alpha and TNF-alpha fragments. Am J
Physiol 1992;263:R708–15.

24. Opp MR, Smith EM, Hughes TK. Interleukin-10 (cytokine syn-
thesis inhibitory factor) acts in the central nervous system of rats
to reduce sleep. J Neuroimmunol 1995;60:165–8.

25. Späth-Schwalbe E, Hansen K, Schmidt F, Schrezenmeier H,
Marshall L, Burger K, Fehm HL, Born J. Acute effects of recom-
binant human interleukin-6 on endocrine and central nervous
sleep functions in healthy men. J Clin Endocrinol Metab 1998;
83:1573–9.

26. Biron CA, Nguyen KB, Pien GC, Cousens LP, Salazar-Mather TP.
Natural killer cells in antiviral defense: function and regulation
by innate cytokines. Annu Rev Immunol 1999;17:189–220.

27. Constant SL, Bottomly K. Induction of Th1 and Th2 CD4� T cell
responses: the alternative approaches. Annu Rev Immunol 1997;
15:297–322.

28. Irwin M, Miller C. Decreased natural killer cell responses and
altered interleukin-6 and interleukin-10 production in

alcoholism: an interaction between alcohol dependence and
African-American ethnicity. Alcohol Clin Exp Res 2000;24:
560–9.

29. Bucholz KK, Cadoret R, Cloninger CR, Dinwiddie SH, Hessel-
brock VM, Nurnberger JI Jr, Reich T, Schmidt I, Schuckit MA. A
new semi-structured psychiatric interview for use in genetic
linkage studies. J Stud Alcohol 1994;55:149–58.

30. DSM-IV. Diagnostic and statistical manual of mental disorders.
4th ed. Washington DC: American Psychiatric Association;
1994.

31. Schuckit MA. The clinical implications of primary diagnostic
groups among alcoholics. Arch Gen Psychiatry 1985;42:1043–9.

32. Laso FJ, Madruga JI, Lopez A, Ciudad J, Alvarez-Mon M, San
Miguel J, Orfao A. Abnormalities of peripheral blood T lympho-
cytes and natural killer cells in alcoholic hepatitis persist after a
3-month withdrawal period. Alcohol Clin Exp Res 1997;21:
672–6.

33. Endicott J, Cohen J, Nee J, Fleiss J, Sarantakos S. Hamilton
Depression Rating Scale: extracted from regular and changed
versions of the Schedule for Affective Disorders and Schizo-
phrenia. Arch Gen Psychiatry 1981;38:98–103.

34. Irwin M, Caldwell C, Smith TL, Brown S, Schuckit MA, Gillin
JC. Major depressive disorder, alcoholism, and reduced natural
killer cell cytotoxicity: role of severity of depressive symptoms
and alcohol consumption. Arch Gen Psychiatry 1990;47:713–9.

35. Rechtschaffen A, Kales A. A manual of standardized terminol-
ogy, techniques and scoring system for sleep stages of human
subjects. Bethesda (MD): National Institute of Neurological Dis-
eases and Blindness; 1968.

36. Charpentier B, Franco D, Paci L, Charra M, Martin B, Vuitton D,
Fries D. Deficient natural killer cell activity in alcoholic cirrho-
sis. Clin Exp Immunol 1984;58:107–15.

37. Schleifer SJ, Keller SE, Shiflett S, Benton T, Eckholdt H. Im-
mune changes in alcohol-dependent patients without medical
disorders. Alcohol Clin Exp Res 1999;23:1199–206.

38. Kronfol Z, Nair M, Hill E, Kroll P, Brower K, Greden J. Immune
function in alcoholism: a controlled study. Alcohol Clin Exp Res
1993;17:279–83.

39. Saxena QB, Mezey E, Adler WH. Regulation of natural killer
activity in vivo. Int J Cancer 1980;26:413–7.

40. Irwin M, McClintick J, Costlow C, Fortner M, White J, Gillin JC.
Partial night sleep deprivation reduces natural killer and cellu-
lar immune responses in humans. FASEB J 1996;10:643–53.

41. Irwin M, Smith TL, Gillin JC. Electroencephalographic sleep
and natural killer activity in depressed patients and control
subjects. Psychosom Med 1992;54:107–26.

42. Sander M, Irwin M, Sinha P, Naumann E, Kox WJ, Spies CD.
Suppression of interleukin-6 to interleukin-10 in chronic
alcoholics: association with postoperative infections. Intensive
Care Med 2002;28:285-92.

43. Benca RM, Obermeyer WH, Thisted RA, Gillin JC. Sleep and
psychiatric disorders: a meta-analysis. Arch Gen Psychiatry
1992;49:651–68.

44. Shearer WT, Reuben JM, Mullington JM, Price NJ, Lee BN, Smith
EO, Szuba MP, Van Dongen HP, Dinges DF. Soluble TNF-alpha
receptor 1 and IL-6 plasma levels in humans subjected to the
sleep deprivation model of spaceflight. J Allergy Clin Immunol
2001;107:165–70.

45. Irwin M, Mascovich A, Gillin JC, Willoughby R, Pike J, Smith
TL. Partial sleep deprivation reduces natural killer cell activity
in humans. Psychosom Med 1994;56:493–8.

46. Uthgenannt D, Schoolmann D, Pietrowsky R, Fehm HL, Born J.
Effects of sleep on the production of cytokines in humans.
Psychosom Med 1995;57:97–104.

L. REDWINE et al.

84 Psychosomatic Medicine 65:75–85 (2003)



47. Irwin M, Smith TL, Gillin JC. Electroencephalographic sleep
and natural killer activity in depressed patients and control
subjects. Psychosom Med 1992;54:10–21.

48. Krueger JM, Obál F Jr, Fang J. Humoral regulation of physiolog-
ical sleep: cytokines and GHRH. J Sleep Res 1999;8(Suppl 1):
53–9.

49. Kushikata T, Fang J, Krueger JM. Interleukin-10 inhibits spon-
taneous sleep in rabbits. J Interferon Cytokine Res 1999;19:
1025–30.

50. Crum RM, Galai N, Cohn S, Celentano DD, Vlahov D. Alcohol
use and T-lymphocyte subsets among infection drug users with
HIV-1 infection: a prospective analysis. Alcohol Clin Exp Res
1996;20:364–71.

51. Haack M, Reichenberg A, Kraus T, Schuld A, Yirmiya R, Poll-
macher T. Effects of an intravenous catheter on the local pro-
duction of cytokines and soluble cytokine receptors in healthy
men. Cytokine 2000;12:694–8.

52. Kronfol Z, Nair M, Zhang Q, Hill EE, Brown MB. Circadian
immune measures in healthy volunteers: relationship to hypo-
thalamic-pituitary-adrenal axis hormones and sympathetic neu-
rotransmitters. Psychosom Med 1997;59:42–50.

53. Irwin M, Thompson J, Miller C, Gillin JC, Ziegler M. Effects of

sleep and sleep deprivation on catecholamine and interleukin-2
levels in humans: clinical implications. J Clin Endocrinol Metab
1999;84:1979–85.

54. Ziegler MG, Nelesen R, Mills P, Ancoli-Israel S, Kennedy B,
Dimsdale JE. Sleep apnea, norepinephrine-release rate, and day-
time hypertension. Sleep 1997;20:224–31.

55. Loredo JS, Ziegler MG, Ancoli-Israel S, Clausen JL, Dimsdale.
Relationship of arousals from sleep to sympathetic nervous sys-
tem activity and BP in obstructive sleep apnea. Chest 1999;116:
655–9.

56. Felten SY, Madden KS, Bellinger DL, Kruszewska B, Moynihan
JA, Felten DL. The role of the sympathetic nervous system in the
modulation of immune responses. Adv Pharmacol 1998;42:
583–7.

57. Irwin M, Brown M, Patterson T, Hauger R, Mascovich A, Grant
I. Neuropeptide Y and natural killer cell activity: findings in
depression and Alzheimer caregiver stress. FASEB J 1991;5:
3100–7.

58. Lovallo WR, Dickensheets SL, Myers DA, Thomas TL, Nixon SJ.
Blunted stress cortisol response in abstinent alcoholic and poly-
substance-abusing men. Alcohol Clin Exp Res 2000;24:651–8.

SLEEP AND IMMUNITY IN ALCOHOLICS

85Psychosomatic Medicine 65:75–85 (2003)


