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Abstract
Objective—Sleep problems are common, costly, and potentially fatal in older adults. Sleep
problems are also commonly associated with alcoholism. Yet, few studies have examined the
combined effects of alcoholism and aging on sleep. The purpose of this study was to investigate the
main and interactive effects of diagnostic group and age group on sleep.

Method—Male and female alcohol-dependent patients (N=139) and non-alcoholic controls (N=87)
completed full-montage polysomnography, structured psychiatric diagnostic interviews, validated
rating scales, and alcohol histories at the University of Michigan between 1989 and 1996. The sample
was divided for analytic purposes into older (55+ yr) and younger (<55 yr) subgroups.

Results—After controlling for gender, race, body mass index, and psychiatric-related sleep
symptoms, alcoholics and older adults had significantly decreased total sleep time and increased
stage 1 sleep percentage, respiratory distress, and periodic limb movements. Older adults also had
decreased delta sleep percentage and shorter rapid eye movement (REM) sleep latencies. Significant
interactions were found between alcoholism and age group for stage 1 sleep percentage, sleep-
disordered breathing, and periodic limb movements with older alcoholics having the most
disturbances. Older alcoholics also had the highest mean values for sleep latency and the lowest mean
values for sleep efficiency and delta sleep percentage when compared to the other three groups.

Conclusions—Older alcoholics have increased sleep disturbances when compared to younger
alcoholics and non-alcoholics of both age groups. Care providers should screen for sleep problems
among older adults with alcohol problems.

Introduction
Sleep disorders are especially common in older adults. Insomnia affects 25% to 45% of older
adults (≥65 yr) (Mellinger et al., 1985), sleep apnea affects 24% to 42% (Ancoli-Israel and
Kripke, 1991), and periodic limb movement (PLM) disorder, 45% of older adults (Ancoli-
Israel et al., 1991). Characteristics of the sleep electroencephalogram (EEG) also change with
age. In general, total nocturnal sleep time, sleep efficiency and delta (slow wave) sleep
decrease, whereas light sleep (stage 1) increases (Aldrich, 1998; Benca et al., 1992; Bliwise,
2000). The causes and clinical significance of these changes in the sleep EEG are not entirely
clear, but medical illness, medication use, and sleep disorders – all common in older adults –
undoubtedly contribute to some disturbances in the sleep EEG (Bliwise, 2000).
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Sleep problems are also common in individuals with alcoholism (Aldrich, 1998; Ehlers,
2000; National Institute on Alcohol Abuse and Alcoholism, 1998; Vitiello, 1997). Among
alcoholic patients in treatment, rates of symptomatic insomnia range from 36% to 72%
(Baekeland et al., 1974; Brower et al., 2001; Caetano et al., 1998; Feuerlein, 1974; Foster et
al., 2000), although some of these studies did not control for psychiatric and withdrawal
severity and none included a control group of non-alcoholic subjects. In the general population,
18.5% of people with a current diagnosis of alcoholism met criteria for insomnia vs. 10.1% of
non-alcoholic respondents (Brower et al., 2000). However, when individuals with psychiatric
co-morbidity were excluded, 11.2% of current alcoholics vs. 9.0% of non-alcoholics met
criteria for insomnia.

Sleep apnea, characterized by episodes of breathing cessation during sleep, is diagnosed in part
by recording the number of apneas (lasting ≥10 seconds) per hour of sleep (apnea index). An
apnea index of >5, although not pathognomonic, is included in the diagnostic criteria for
obstructive sleep apnea (American Sleep Disorders Association, 1997). Three studies of
recently sober alcoholics in combination found that 34 (29.3%) of 116 patients had an apnea
index > 5 (Le Bon et al., 1997; Mamdani et al., 1989; Tan et al. 1985). Unfortunately, only one
of the three studies included a control group (Tan et al., 1985), which was too small to provide
an adequate comparison across studies (0 of 12 control subjects had an apnea index >5).

Whether PLMs and alcoholism are associated is unknown. One study suggested that alcohol
use and PLMs are associated (Aldrich and Shipley, 1993), but only two studies to date
compared alcoholic patients and non-alcoholic controls. Schiavi et al. (1995) found that PLMs
were significantly increased in alcoholic men compared to controls, but Le Bon et al. (1997)
found an absence of PLMs in both alcoholic and non-alcoholic subjects. Therefore, further
study of the relationship between alcoholism and PLMs during sleep is warranted.

Recently sober alcoholics (who have been abstinent for 2 to 4 wk) also manifest differences
in the sleep EEG when compared to non-alcoholic controls (Aldrich et al., 1999; Benca et al.,
1992; Gillin et al. 1990b; Le Bon et al., 1997; Snyder and Karacan 1985; Williams and Rundell,
1981). As with older adults, total sleep time, sleep efficiency, and delta sleep are generally
decreased, whereas stage 1 sleep is usually increased (Aldrich, 1998; Le Bon et al. 1997).
Increases in sleep latency are also noted in most studies of alcoholics (Benca et al., 1992).
Finally, recently sober alcoholics may manifest increases in rapid eye movement (REM) sleep
and decreases in REM sleep latency, although these REM sleep findings are less consistent
across studies. Whether sleep disturbances in alcoholics are premorbid occurrences or whether
they are consequences of prolonged, heavy drinking is unknown. In either case, a number of
studies indicate that sleep EEG disturbances during early recovery from alcoholism have
clinical significance by predicting relapse rates (Brower et al., 1998; Clark et al., 1998;
Drummond et al., 1998; Gillin et al., 1994).

Although both aging and alcoholism are associated with an increase in sleep disturbances, few
controlled studies have examined the combined effects of age and alcoholism on sleep (Aldrich
et al., 1999; Le Bon et al., 1997; Gillin et al., 1990b; Williams and Rundell, 1981). Two of
those studies included age-related analyses for single variables only. In the first one, Williams
& Rundell (1981) compared 46 male alcoholics (between the ages of 23 and 63 yr) to 20 age-
matched controls, and found a negative correlation between age and SWS% that was stronger
in alcoholics than in controls. In the second, Le Bon et al. (1997) studied 14 male and 6 female
alcoholic patients between the ages of 25 and 58 yr, but did not find a correlation between age
and sleep-related respiratory disturbances. By contrast, Aldrich et al. (1999) found an
interaction between age and diagnostic group for sleep-disordered breathing in a sample of 139
alcoholics (of which 29 were aged 50 yr and older) and 87 non-alcoholic subjects. However,
age-related differences in other sleep measures were analyzed by dividing alcoholics and non-
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alcoholics into age groups of > 40 yr and ≤ 40 yr. None of the controlled studies examined age
by diagnostic group interactions for PLMs.

Gillin et al. (1990b) reviewed evidence and reported new data demonstrating similar sleep
patterns among younger alcoholics and older healthy controls. Both younger alcoholics and
older controls exhibited decreased total sleep time, decreased sleep efficiency, increased stage
1 sleep percentage (stage 1%), and decreased delta sleep percentage (delta%). Although early
investigators attributed the similarity in sleep patterns to premature aging in the alcoholic
group, the mechanisms underlying the sleep changes observed with aging and alcoholism
remain unknown and could be very different.

With one exception (Aldrich et al., 1999), studies investigating the combined effects of
alcoholism and age on sleep (Gillin et al, 1990b; Le Bon et al., 1997; Williams and Rundell,
1981) were limited by small sample sizes (ranging from 20 to 46 alcoholic subjects), few
women (6.2% of 97 subjects were women), and no subjects over the age of 65 yr. For example,
the study by Gillin et al (1990b) included 13 male alcoholics between the ages of 51 and 61
yr, and no alcoholics over age 61 yr.

The purpose of this study was to investigate the main and interactive effects of age group (<55
yr vs. 55+ yr) and diagnostic group (patients with alcoholism vs. non-alcoholic controls) on
sleep EEG measures, sleep-disordered breathing, and PLMs. We hypothesized that older adults
with alcoholism would manifest the worst disturbances of sleep across a variety of objective
measures.

Method
Subjects

Two groups of subjects were compared in this study. One hundred and thirty-nine subjects
(118 males and 21 females) who met DSM-III-R criteria for alcohol dependence (American
Psychiatric Association, 1987) were recruited from inpatient and outpatient alcohol treatment
programs at the University of Michigan Health System, Chelsea Arbor Treatment Center, and
the Ann Arbor Veterans Affairs Medical Center. A comparison group of 87 healthy non-
alcoholic subjects (57 males and 30 females) was recruited from the community to study the
effects of alcohol administration on sleep. Preliminary results from the alcohol administration
studies were published previously (Aldrich et al., 1995), and are not a focus of this report.
However, the baseline sleep studies of the control group did not involve alcohol administration,
and were used for comparison in this study. Sleep comparisons between the two sample groups
have been previously published, where a detailed description of methods may be found (Aldrich
et al., 1999). That report focused on sleep-disordered breathing. This report differs from the
earlier one by dividing alcoholic and non-alcoholic subjects into age groups of <55 yr and ≥55
yr, and by analyzing groups for main and interactive effects on selected indices of sleep
continuity, sleep architecture, REM sleep, and PLMs as well as sleep-disordered breathing.
Fifty-five years was chosen for age grouping, because 55 is the lower age limit for admitting
patients to the specialized older adult programs at Chelsea Arbor Treatment Center (Blow et
al., 2000). Published studies of “older” patient groups have employed different age cutoffs
ranging from 45 to 65 yr (Atkinson, 1995). The 55-yr age cutoff lies at the midpoint of this
range, and is consistent with several other studies of alcohol and aging (Atkinson et al.,
1993; Gomberg, 1995; Kofoed et al., 1987; Moos et al, 1994).

All subjects were screened using the Sleep Disorders Questionnaire (SDQ) (Douglass et al.,
1994). The SDQ is a 175-item, validated, self-administered instrument that assesses sleep
disturbances during the previous six months and yields four clinical-diagnostic scales: (1) sleep
apnea, (2) periodic leg movement disorder, (3) psychiatric sleep disorder, (4) and narcolepsy.
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To be included in the non-patient control group, subjects had to score below the 70th percentile
on all four scales of the SDQ. The reason for this cutoff was to select control subjects who
were relatively good sleepers, because some control subjects also participated in studies of
nocturnal alcohol administration and sleep. (These data are not reported here.) In order to
enhance comparability between the two study groups in terms of symptoms, alcoholic subjects
also had to score below the 70th percentile on all four scales of the SDQ. Thus, subjects with
strongly symptomatic sleep disturbances and psychiatric-related sleep symptoms were
excluded from study. A likely consequence of screening out highly symptomatic individuals
would be a minimization of sleep-related differences between the groups. Thus, any sleep-
related differences found in this study most likely represent conservative estimates.

The following medical and psychiatric conditions were cause for exclusion from the study,
because they can adversely affect sleep: current major depression, psychosis, bipolar disorder,
gastrointestinal disease, respiratory disease, heart disease, severe liver disease (such as
cirrhosis, serum transaminases > 3 times normal, or total bilirubin > 2 times normal), seizure
disorder (except seizures related to alcohol withdrawal in the alcoholic group), degenerative
central nervous system disease, cerebrovascular disease, or recent loss of consciousness due
to head trauma. Patients with borderline personality disorder were excluded, because of their
potential for poor cooperation with study procedures. A past history of major depression,
current dysthymic disorder, or anxiety disorders were not cause for exclusion. Psychiatric and
substance use diagnoses were determined according to DSM-III-R criteria (American
Psychiatric Association, 1987) using the revised Diagnostic Interview Schedule (DIS-III-R)
(Robins et al., 1981). Subjects who used medications that affect sleep (e.g., psychotropic
medications, centrally acting antihypertensives, oral corticosteroids, theophylline) or addictive
substances (except for nicotine) within the two weeks prior to their sleep study were excluded.
Urine toxicology was used in addition to self-report to rule out recent drug use. Finally, subjects
were excluded if they worked night shifts or intentionally stayed awake during usual bedtime
hours.

The protocol for this study was approved by the Institutional Review Boards at University of
Michigan Health System and the Ann Arbor Veterans Affairs Medical Center. All subjects
were studied after obtaining written informed consent.

Procedures
Prior to polysomnography (PSG), subjects completed a comprehensive medical history,
physical examination, psychiatric diagnostic interview, and a sleep evaluation.

Subjects underwent one or more nights of nocturnal polysomnography (PSG) in the sleep
laboratory at the University of Michigan. In some cases, patients were studied from their
hospital rooms, which were connected by telemetry to the University of Michigan Sleep
Laboratory. Only data from the first night of sleep monitoring were used for this report, because
not all subjects completed more than one night of study. For the alcoholic group, PSG was
performed a minimum of two weeks after admission to a treatment center. The mean time
period between polysomnography and the patient's last drink was 31.4 (S.D. 14.4) days. The
time period between the last drink and polysomnography did not differ significantly between
older and younger alcoholics (28.8 [S.D. 13.1] d vs. 31.7 [14.5] d respectively, t=0.67, p=0.5).
For the control groups, subjects were asked to abstain from alcohol for two weeks prior to
polysomnography. Drinking history was determined by self-report using the time-line follow-
back method (Sobell et al., 1979, 1988).

Sleep was monitored using Sleep Analyzing Computers (Oxford/Microtronics) and standard
polysomnographic techniques. Recordings included an electroencephalogram (EEG: C3/A2),
electrooculogram (EOG), submental and anterior tibialis electromyogram (EMG),
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electrocardiogram, abdominal and chest strain gauges to measure respiratory effort, and nose
and mouth thermistors to measure airflow. Data were digitized using a bedside portable
computer and then transmitted to Sleep Analyzing Computers in the control room. The EEG
channel was digitally filtered to yield a nominal band pass of 0.1 to 30 Hz. Data were displayed
at a rate of 10mm/second as a virtual polygraph page on a high-resolution monitor and stored
to a hard disk at 250 samples/second.

Records were masked to remove identifying information so that raters would be blind to
diagnostic status and age, then manually scored using 1-minute epochs (Rechtschaffen and
Kales, 1968). A large number of sleep variables can be generated with PSG. To avoid statistical
problems arising from multiple comparisons and highly correlated variables, representative
sleep variables were selected based on a literature review of sleep changes associated with
alcoholism or aging (Aldrich, 1998; Benca et al., 1992; Bliwise, 2000; Gillin et al., 1990b; Le
Bon et al., 1997; Snyder and Karacan, 1985; Williams and Rundell, 1981). Selected variables
for sleep continuity included total sleep time, sleep efficiency (ratio of time spent asleep to
time spent in bed × 100%), and sleep latency. Scoring for sleep latency was defined as the time
from start of recording to onset of Stage 2, 3, 4 or REM sleep with a duration of at least 10
minutes, and with no more than two minutes of Stage 1 or one minute of Stage 1 plus one
minute of wakefulness. Other sleep variables were percentages of net sleep time spent in stage
1 sleep (stage 1%), slow wave sleep (delta%) or REM sleep (REM%), and REM sleep latency.
Delta sleep was calculated by adding stage 3 and stage 4 sleep. Sleep disordered breathing was
measured by the respiratory distress index (RDI), which is the mean number of apneas plus
hypopneas per hour of sleep. The PLM Index is the mean number of PLMs per hour of sleep.

Data analyses
The effects of age group, diagnostic group, and the interaction of age and diagnosis on sleep
variables were determined using a general linear model multivariate analysis (SPSS Inc.,
1999). Before performing the multivariate analysis, several preparatory statistical procedures
were performed. First, continuous variables were tested for normality and transformed as
necessary. Only the RDI required normalization, which was accomplished by transforming it
to the natural log of (RDI+1). Second, sleep EEG variables (total sleep time, sleep latency,
sleep efficiency, stage 1%, delta%, REM%, and REM sleep latency) were tested for
correlations using two-tailed Pearson r correlation tests. In the event of two highly correlated
sleep variables (r > 0.70), one was selected for entry into the multivariate analysis to reduce
collinearity. Third, the four study groups were compared on selected demographic and clinical
characteristics that could influence sleep and confound the results, including gender, race, body
mass index, psychiatric-related sleep symptoms, and cigarette smoking. The potentially
confounding variables were entered into the multivariate model.

Results
A correlation matrix of the seven sleep EEG variables revealed that sleep efficiency correlated
highly with both total sleep time (r = .87, p < .001) and sleep latency (r = −.72, p < .001). These
statistics remained significant after controlling for the number of correlation tests performed
(0.05/21 = .002). Although total sleep time and sleep latency were also significantly correlated
(r = −.65, p < .001), their correlation was less strong than either variable’s correlation with
sleep efficiency. Therefore, sleep efficiency was not included in the multivariate analysis. The
absolute values of all other correlation coefficients in the matrix were < .50.

General characteristics of the four subject groups are shown in Table 1. The two younger groups
did not differ in age, nor did the two older groups. However, the mean age of the two older
groups was <65 yr. Both control groups had no years of heavy drinking. The older and younger
alcoholic groups did not differ in years of heavy drinking (t = −.52, 12.8 df, p = .61), suggesting
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that they were comparable in terms of lifetime exposure to alcohol. There were more men in
the alcoholic groups than in the control groups (F = 4.10, 3 df, p = .007), so analyses of sleep
variables were controlled for gender. Similarly, there were more black subjects in the alcoholic
groups than in the control groups. Because black alcoholic patients may have higher rates of
sleep disturbance than white alcoholic patients may (Irwin et al., 2000), sleep analyses were
controlled for race (coded as “black” or “not black”). The four groups did not differ
significantly in terms of body mass index. Nevertheless, body mass index was entered as a
covariate, because of its well-established association with sleep-disordered breathing (Aldrich
et al., 1999). The control groups scored significantly lower than the alcoholic groups on the
psychiatric subscale of the SDQ (F = 22.7, 3 df, p < .001). Because psychiatric severity can
influence sleep, the SDQ psychiatric subscale was used as a statistical control in the sleep
analyses for psychiatric-related sleep symptoms. Finally, few control subjects smoked
cigarettes, whereas most alcoholic subjects did. Adjustments for smoking are addressed later
in this section.

Overall, older adults had greater sleep disturbances than younger adults, and alcoholics had
greater sleep disturbances than non-alcoholics (Table 2). Alcoholics slept significantly worse
than non-alcoholics as measured by total sleep time, stage 1%, RDI, and PLM index. Similarly,
older subjects slept significantly worse than younger subjects in terms of decreased total sleep
time and increased stage 1%, RDI and PLM index. In addition, older subjects had significantly
lower delta% values and shorter REM sleep latencies than younger subjects had. Significant
interactions between age and diagnostic group for stage 1%, RDI, and PLM index were
obtained with older alcoholics having the highest values for stage 1%, RDI, and PLM index
(Figure 1–Figure 3).

Because only two control subjects were smokers and only one older alcoholic was not a smoker,
it was not possible to adjust statistically for smoking between alcoholic and non-alcoholic
subjects. However, it was possible to analyze the effects of current smoking status (smoker vs.
non-smoker) on sleep measures among the alcoholic groups. In this second multivariate
analysis, the following variables were included: age group, gender, race, body mass index, and
SDQ psychiatric subscale score. After entering these variables, there were no main effects of
smoking status on total sleep time, sleep latency, stage 1%, delta%, REM%, REM sleep latency,
RDI, or PLM index.

Discussion
The main findings of the study were (1) recently abstinent alcoholics had more disturbed sleep
than non-alcoholics in terms of decreased total sleep time and increased stage 1%, RDI, and
PLM index; (2) older adults had more disturbed sleep than younger adults in terms of decreased
sleep total sleep time, increased stage 1%, decreased delta%, decreased REM sleep latency,
increased RDI and increased PLM index; and (3) alcoholism and aging interacted to manifest
increased stage 1%, sleep-disordered breathing (RDI), and PLM index in older alcoholics.
Results were significant after controlling for other variables that can influence sleep; i.e.,
gender, race, body mass index, and psychiatric scores. Although other indicators of sleep
disturbance did not significantly differ between groups, older alcoholics had the lowest mean
values for sleep efficiency, delta%, and REM sleep latency and the highest mean value for
sleep latency (Table 2). The interactive effect between alcoholism and aging on the RDI was
reported previously (Aldrich et al., 1999), and will not be discussed in further detail here.

A decrease in total sleep time with either aging or alcoholism is consistent with several previous
reports (Aldrich, 1998; Gillin et al., 1990b; Le Bon et al., 1997; Snyder and Karacan, 1985).
This study extends those findings by suggesting that alcoholism and older age together result
in an additive, not interactive, effect in decreasing total sleep time. (An additive effect indicates
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that both age and alcoholism had independent main effects on total sleep time without a
significant interaction between them.) An increase in stage 1% with age or alcoholism is also
consistent with previous reports (Aldrich, 1998; Gillin et al., 1990b; Le Bon et al., 1997;
Williams and Rundell, 1981). In contrast to total sleep time, alcoholism and older age interacted
to increase stage 1%. As expected, delta% was significantly lower in older subjects than in
younger subjects. Unexpectedly, delta% did not differ significantly between alcoholics and
controls, although the difference approached significance (F = 2.92, 1 df, p = .09). The data
are consistent with one other study that found no significant difference in delta% between
alcoholics and controls (Snyder and Karacan, 1985), although most controlled studies have
found less delta sleep in alcoholics than in non-alcoholic controls (Gillin et al., 1990b; Le Bon
et al., 1997; Williams and Rundell, 1981). Abnormalities in stage 1%, total sleep time, and
delta sleep may explain in part the frequent, subjective complaints of insomnia among older
adults and alcoholics.

Some controlled studies have found increased REM sleep percent and shortened REM sleep
latency during the post-acute alcohol withdrawal period (Gillin et al., 1990a; Moeller et al.,
1993; Williams and Rundell, 1981), while other controlled studies have not (Gillin et al.,
1990b; Le Bon et al., 1997; Snyder and Karacan, 1985). No significant differences between
the alcoholic and control groups were found for either REM sleep percent or REM sleep latency
in this study. The discrepant findings across studies suggest that REM sleep abnormalities in
alcoholics may vary by alcoholic subtypes. For example, alcoholic patients who are comorbidly
depressed (Gillin et al., 1990a; Moeller et al., 1993) and those who subsequently relapse
(Brower et al., 1998; Gillin et al., 1994) may have the highest likelihood of manifesting REM
sleep abnormalities. Further studies are needed to confirm this hypothesis.

Although multivariate analyses controlled for race, there were no black subjects in the control
group. The literature is both sparse and unclear about the differences in sleep between black
and white people. Irwin et al. (2000) found that black subjects had more objective sleep
abnormalities than white subjects did. Moreover, they reported an interaction between race and
alcoholism resulting in prolonged sleep latency, loss of delta sleep, and shortened REM sleep
latency among black alcoholics. Among older adults in the general population, however, lower
prevalence rates of insomnia were found in black than white individuals (Foley et al., 1999).
To complicate matters further, black women had the highest incidence rate of insomnia, despite
low prevalence rates (Foley et al., 1999). Further research is needed to clarify racial differences
in sleep.

Several limitations of the study deserve mention. One limitation was the exclusive use of first-
night data from polysomnographic recordings. Subjects generally sleep worse during their first
night in a laboratory and, thus, sleep disturbances may have been exaggerated in this study.
Therefore, caution is urged when comparing the absolute sleep values reported here to other
studies. Nevertheless, the first-night recording bias should have affected all study subjects
equally, so the comparisons between study groups should be relatively unbiased by the so-
called first-night effect. Another potential limitation was that some patients had their sleep
monitored in their hospital rooms rather than in the sleep laboratory, whereas all control
subjects were monitored in the sleep laboratory. It is possible that environmental factors such
as noise and interruptions by clinical staff or other patients may have contributed to the poor
sleep of alcoholic subjects. On the other hand, patients were monitored only in private rooms
without roommates, hospital staff was informed of procedures, and a “Do Not Disturb” sign
was posted on the door indicating that a sleep study was in progress.

A number of variables may have confounded the results. First, a past history of major
depression may have contributed to sleep disturbances in this study. Reduced REM sleep
latency and low SWS% are characteristic of major depression and may sometimes persist after
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depression has remitted (Thase et al., 1998). Because alcoholic patients are more likely than
control subjects to have a past history of depression, their sleep could be worse. Likewise, the
inclusion of subjects with dysthymia may have contributed to sleep abnormalities such as
increased stage 1% and low SWS% (Arriaga et al., 1990, 1995). Second, anxiety disorders and
their treatment can affect sleep. Benzodiazepines are commonly prescribed to treat anxiety and
can cause rebound insomnia upon discontinuation. Although subjects were free of anti-anxiety
medications for at least two weeks prior to study, discontinuation effects may sometimes last
longer than that. Third, the amount of drinking in recent months was not specified and may
have differed between younger and older alcoholics. Heavy, recent drinking would likely
correlate with more sleep disturbance among alcoholic patients. Fourth, the severity of acute
alcohol withdrawal, which can differ as a function of age (Brower et al., 1994), may be
associated with worse sleep during subacute withdrawal (Gillin et al., 1990b). Because the
severity of acute withdrawal was not measured in this study, no conclusions can be drawn
regarding the association between withdrawal severity and impaired sleep in the alcoholic
groups.

Another potential confound was the disproportionate number of cigarette smokers in the
alcoholic subjects. Cigarette smoking is a known risk factor for sleep-disordered breathing
(Wetter and Young, 1994), and could have confounded the RDI comparisons between alcoholic
and control subjects. When smoking status was entered as a factor in a multivariate comparison
of younger and older alcoholics, however, no main effect of smoking on RDI was found.
Cigarette smoking has also been associated with increased sleep latency (Soldatos et al.,
1980), although this study did not replicate that finding and no main effects of age group or
diagnostic group on sleep latency were revealed in this study. Other drugs of abuse can also
interfere with sleep (e.g., Thompson et al., 1995), and alcohol dependence increases the
likelihood of using other substances. Thus, other drug use – marijuana, cocaine, other
stimulants, sedatives, opiates, hallucinogens, phencyclidine -- may have accounted for some
of the differences between alcoholic and control subjects. Among the alcoholic subjects,
however, the younger group was more likely to have used drugs in the past 12 months than the
older group (30% vs. 7.7%), yet the older group had more sleep disturbance. Therefore, it does
not appear that other drug use accounted for more sleep disturbance in older vs. younger
alcoholic subjects.

Another limitation was the small number of older alcoholics (N=16), especially older female
alcoholics (N=2). Although specific data were not available, older alcoholics may have been
more likely than younger ones to be excluded for medical reasons. The exclusion criteria,
therefore, while making it easier to attribute sleep disturbances to age and alcoholism, limited
the generalization of results to the total population of older alcoholics in treatment.
Nevertheless, older alcoholics with more medical problems than those studied here would be
expected to have even more disturbances in sleep than those without medical problems. Finally,
self-selection bias was a possible limitation, because alcoholic patients with sleep disturbances
may be more likely to volunteer for sleep studies than alcoholics who sleep relatively well. We
tried to minimize this bias by screening for alcoholic subjects (as well as control subjects) who
scored below the 70th percentile on the four subscales of the SDQ. The likely effect of applying
the 70th-percentile criterion would be to minimize sleep-related differences between the study
groups. Still, self-selection bias may have accentuated the differences in sleep between
alcoholic and non-alcoholic subjects.

Sleep disturbances, as well as alcoholism, can result in decreased quality of life, impaired
daytime performance (Mendelson et al. 1984), memory dysfunction (Roehrs and Roth 1995),
deficits in concentration, and an increased risk for depression (Breslau et al., 1996; Ford and
Kamerow, 1989; Weissman et al. 1997). The risk of motor vehicle accidents due to falling
asleep while driving is a potentially fatal consequence of sleep disturbances (Aldrich, 1989;
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Hicks et al., 1998; Roehrs et al., 1994) that is increased further by drinking alcohol (Aldrich
and Chervin, 1997). Stoller (1994) estimated that about 10% of alcohol-related costs in this
country could be attributed to insomnia (e.g., the costs of falling asleep while driving because
of the enhanced sedative effects of alcohol in people with a sleep deficit [(Zwyghuizen-
Doorenbos et al., 1988]). Given that the cost of alcohol problems was estimated to be $166.5
billion in 1995 (National Institute on Drug Abuse and National Institute on Alcohol Abuse and
Alcoholism, 1998), insomnia may have contributed to $16.6 billion of those costs.

Sleep-disordered breathing, as well as alcoholism, has been associated with fatal heart disease
and stroke (Strollo and Rogers, 1996). Premature mortality has also been associated with
insomnia (Pollak et al., 1990; Wingard and Berkman, 1983) and decreased hours of sleep
(Kripke et al., 1979), even after controlling for physical health and other risk factors. More
recent studies have failed to show an association between insomnia and mortality (Althuis et
al., 1998; Brabbins et al., 1993; Foley et al., 1995), but none of these latter studies adequately
controlled for alcohol consumption, which can also impact mortality rates. Although the
evidence may be mixed for insomnia, many studies call into question the old clinical adage:
“No one ever died from not sleeping well.” Therefore, clinicians should screen for sleep
problems among alcoholic patients, especially older ones.
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Figure 1.
Stage 1% as a function of age group and diagnostic group. Significant effects were obtained
for age (F = 57.7, 1 df, p <.001), diagnosis (F = 26.7, 1 df, p < .001) and age × diagnosis
interaction (F = 4.3, 1 df, p = .038). Effects were significant after controlling for gender, race,
body mass index, psychiatric-related sleep symptoms, and other sleep variables.
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Figure 2.
RDI as a function of age group and diagnostic group. RDI was normally transformed to Natural
Log (RDI +1) for statistical analyses. Significant effects were obtained for age (F = 26.2, 1 df,
p < .001), diagnosis (F = 14.9, 1 df, p < .001), and age × diagnosis interaction (F = 4.7, 1 df,
p = .031). Effects were significant after controlling for gender, race, body mass index,
psychiatric-related sleep symptoms, and other sleep variables.
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Figure 3.
PLM index as a function of age group and diagnostic group. Significant effects were obtained
for age (F = 11.7, 1 df, p = .001), diagnosis (F = 10.2, 1 df, p = .002), and age × diagnosis
interaction (F = 8.1, 1 df, p = .005). Effects were significant after controlling for gender, race,
body mass index, psychiatric-related sleep symptoms, and other sleep variables.
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Table 1

Descriptive characteristics of the four study groupsa

Variable Younger
Controls
(N=58)

Older
Controls
(N=29)

Younger
Alcoholics
(N=123)

Older
Alcoholics

(N=16)

Age (yr) 38.4 (8.5) 64.5 (6.1) 37.7 (7.9) 64.2 (6.1)

Years of heavy drinking 0.0 0.0 11.5 (8.4) 13.9 (16.5)

Males (%) 67.2 62.1 84.6 87.5

Race/Ethnicity

   Black (%) 0.0 0.0 15.4 18.8

   White (%) 94.8 96.6 82.1 81.3

   Other (%) 5.2 3.4 2.4 0.0

Body Mass Index 24.6 (3.5) 26.8 (5.0) 25.6 (4.1) 25.4 (5.2)

SDQ Psychiatric Scale (percentile) 11.8 (9.6) 10.1 (10.3) 29.5 (18.2) 29.1 (20.8)

Current Cigarette Smokers (%) 1.7 3.4 81.3 93.8

a
Continuous variables are expressed as means (S.D.).

Note: SDQ = Sleep Disorders Questionnaire (Douglass et al., 1994)
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Table 2

Effects of age and diagnostic group on objective sleep measuresa

Variable Younger
Controls
(N=58)

Older
Controls
(N=29)

Younger
Alcoholics
(N=123)

Older
Alcoholics
(N=16)

RDI b,c,d 2.5 (13.1) 10.2 (25.8) 3.0 (7.3) 17.6 (24.2)

PLM Index b,c,d 1.9 (8.8) 3.6 (5.4) 2.9 (7.6) 16.8 (40.0)

Total Sleep Time (min)b,c 357.1 (54.4) 316.0 (49.0) 313.9 (48.4) 277.7 (58.7)

Sleep Latency (min) 26.5 (36.5) 31.7 (32.9) 34.6 (31.7) 43.5 (43.9)

Sleep Efficiency (%) e 87.2 (12.2) 78.0 (11.5) 81.2 (10.8) 71.6 (15.0)

Stage 1 Sleep (%) b,c,d 14.2 (10.5) 28.3 (18.3) 21.7 (10.4) 42.5 (23.2)

Delta Sleep (%) c 13.1 (9.8) 8.1 (10.0) 8.5 (8.8) 4.3 (7.8)

REM Sleep Latency (min) c 77.4 (45.3) 63.7 (38.3) 79.7 (52.7) 48.6 (57.3)

REM Sleep (%) 19.8 (5.5) 18.5 (7.2) 20.0 (6.2) 20.4 (8.3)

a
Variables are expressed as means (S.D.).

b
Significant diagnostic group effect (alcoholics vs. controls) after controlling for age group, gender, race, body mass index, psychiatric-related sleep

symptoms, and other sleep variables.

c
Significant age effect (<55 vs. 55+ yr) after controlling for diagnostic group, gender, race, body mass index, psychiatric-related sleep symptoms, and

other sleep variables.

d
Significant age by diagnostic group interaction after controlling for gender, race, body mass index, psychiatric-related sleep symptoms, and other

sleep variables.

e
Not entered into the multivariate analysis due to its high correlations with both total sleep time and sleep latency.
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