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Controlled Comparison of Electrophysiological Sleep
in Families of Probands With Unipolar Depression
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and Howard P. Roffwarg, M.D.

Objective: This study presents polysomnographic data and psychiatric history for parents
and siblings of probands with unipolar depression and short REM latency, probands with uni-
polar depression and normal REM latency, and normal comparison probands. Method: Par-
ents and adult siblings (N=252) of probands (N=64) were evaluated for lifetime history of
psychiatric disorders and were studied in the sleep laboratory for 3 nights. Results: REM
latency predicted lifetime history of major depression. Short REM latency was also associated
with slow wave sleep deficits. Rate of short REM latency in relatives of depressed probands
with short REM latency quadrupled the rate in relatives of both depressed probands with
normal REM latency and normal probands. Lifetime risk of depression was almost twice as
high in relatives of depressed probands with short REM latency as in relatives of depressed
probands with normal REM latency. Conclusions: Short REM latency and slow wave sleep
deficits are familial. Short REM latency is associated with increased risk of major depression
beyond the familial risk associated with a depressed proband. Polysomnographic abnormali-
ties also occurred in unaffected relatives. Although the data can be considered only suggestive,
these findings indicate that polysomnographic abnormalities may precede the clinical expres-
sion of depression and may be useful in identifying those at highest risk for the illness.
 (Am J Psychiatry 1998; 155:192–199)

G enetic transmission in major depression is well
documented, although common disorders, such

as depression, are genetically heterogeneous (1). Impos-
ing a genetically mediated physiological measure on
those at risk of depression can reduce heterogeneity.
Such a characteristic can simplify phenotypes, improve
detection of heritability, and increase detection of at-
risk individuals. Measures of polysomnographic sleep
can serve these functions, according to extensive evi-
dence of a genetic influence on sleep (2–6) and on well-
described sleep abnormalities in unipolar depression.

A reliable constellation of polysomnographic abnor-
malities has been observed in depressed patients, in-
cluding disrupted sleep, decreased slow wave sleep, and
REM sleep dysregulation (7, 8). The specificity of a sin-
gle abnormality has been challenged (8), yet the constel-
lation of abnormalities has been relatively specific as
well as robust (9, 10). For example, in preliminary
work we found that affected, but currently asympto-
matic, relatives of depressed probands with short REM
latency had other polysomnographic alterations consis-
tent with those found in depressed patients, including
decreased slow wave sleep and increased REM density
(11). Of critical importance, this pattern was also found
among a small sample of relatives with no personal his-
tory of depression. Polysomnographic abnormalities in
unaffected relatives suggest that a sleep signature may
identify unaffected individuals at risk of depression.

We now have a substantial cohort of families identi-
fied by depressed probands with short REM latency,
depressed probands with normal REM latency, and
normal comparison probands. Our hypotheses were
that 1) polysomnographic abnormalities, specifically
short REM latency, will occur with increased frequency
within families of affected probands, and 2) short REM
latency will be associated with increased risk of depres-
sion. The rationale for using REM latency as the sole
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physiologic characteristic followed from earlier work
confirming its utility. Short REM latency is a reliable
correlate of unipolar depression (12–14), stable during
an episode (15) and stable during remission (16–19).
We also found that it was concordant in first-degree
relatives with the same type of depression (20, 21).
REM latency, however, is only one of several poten-
tially informative sleep variables. In the present report,
we evaluated the concordance of polysomnographic ab-
normalities in a large group of families of unipolar pro-
bands and controlled for the familial nature of sleep by
including normal comparison families. Accordingly,
this report extends our previous work by including a
matched, normal comparison group and fuller repre-
sentation from families.

We tested for sleep dysregulation and for the cosegre-
gation of sleep dysregulation and unipolar depression
by assigning depressed probands to “short” and “nor-
mal” groups on the basis of REM latency. In the normal
comparison group, psychiatric history was controlled
and REM latency was free to vary. We therefore had
comparison groups for short REM latency and for psy-
chiatric history.

We planned several steps to test for cosegregation of
sleep abnormalities and depression. First, we tested our
hypothesis of greater frequency of polysomnographic
abnormalities among relatives of depressed probands
with short REM latency than among relatives of de-
pressed probands with normal REM latency and the
normal comparison group. Second, we tested the hy-
pothesis that short REM latency conferred increased
risk of depression within depressed families. Third, we
determined the sleep profile of relatives on the basis of
proband REM latency and the additive value of other
EEG sleep measures in predicting lifetime depression.
Fourth, we determined whether short REM latency oc-
curred within unaffected relatives in depressed families
and could index increased risk of depression. These hy-
potheses are addressed in this report. We have also
monitored the clinical course of unaffected and affected
relatives to determine whether polysomnographic ab-
normalities prospectively predicted onset of depression
and morbidity in the clinical course. These prospective
studies are ongoing.

METHOD

Subjects

Unipolar depressed and normal comparison probands. Data on
17.1%–23.8% of participants have been reported previously. In
1988 (21), we described the relationship between short REM latency
in 14 probands and rate of major depression in 43 parents and sib-
lings. In 1989, we commented on the secular trend in depression,
using data from 23 probands and 60 relatives (22). We also evaluated
polysomnographic data of 54 relatives of depressed probands with
short (N=10) and normal (N=13) REM latency (11).

Depressed probands were recruited from research protocols on the
basis of the following: 1) unipolar depression (Research Diagnostic
Criteria [RDC] and DSM-III-R); 2) two living biological parents and
living, fully consanguine siblings; 3) no major medical illnesses or pri-

mary sleep disorders, and 4) no bipolar disorder or schizophrenia in
first-degree relatives. Normal comparison probands were recruited
from advertisements and research protocols. Identical criteria were
used except that probands reported no personal or family history of
psychiatric disorders in first-degree relatives. Normal probands were
group-matched to depressed probands with short REM latency by
proband age and sex and by age and size of families. Written in-
formed consent was obtained after complete description of the study
to all subjects.

Probands were interviewed with the Schedule for Affective Disor-
ders and Schizophrenia—Lifetime Version (23). Symptom severity
(Hamilton Rating Scale for Depression [24]), episode, treatment,
medical history, and personal and family history of sleep disorders
were also ascertained. Family history of psychiatric disorders was ob-
tained according to Family History Research Diagnostic Criteria (FH-
RDC) (25).

First-degree relatives. Relatives were consanguine parents and sib-
lings, as ascertained by history. The design to recruit parents and
adult siblings allowed full sampling of the families, which controlled
for age of risk, and allowed psychiatric history to vary in families of
depressed probands.

After complete description of the study to relatives, written in-
formed consent was obtained. Relatives were evaluated following
procedures identical to those used with probands. Consensus diagno-
ses were derived for noninterviewed relatives by using the multiple
informant procedure, based on FH-RDC.

Relatives were eligible for sleep laboratory evaluation if they fol-
lowed a diurnal sleep/wake schedule and were medically healthy or if
neither the illness nor the treatment altered polysomnography results
(e.g., thyroid replacement hormones; antibiotics for acne). Twenty-
one relatives were interviewed but were medically inappropriate or
unwilling to be studied in the laboratory.

Most relatives (95.6%) had no acute psychiatric illness at evalu-
ation, regardless of lifetime history; 90.5% of relatives had Hamilton
depression scale scores of 7 or less. Because mood-related symptoms
affect several polysomnographic measures, however, we compared
relatives who had Hamilton depression scores of 7 or more (N=20,
mean Hamilton depression score=12.1, SD=4.2) with relatives who
were well and had Hamilton depression scores of 7 or less (N=196).
There were no sleep or clinical differences, and these data were in-
cluded in analyses.

Procedure

Subjects completed a sleep diary for 14 days before sleep study and
reported sleep onset time, bedtime, rise time, naps, medications, ex-
ercise, and meals. Subjects were instructed to 1) maintain consistent
bedtimes and rise times, 2) refrain from napping, and 3) discontinue
medication. Medications included alcohol, psychotropic drugs, and
over-the-counter products except routine vitamins and acetamino-
phen. Participants had not been treated with monoamine oxidase in-
hibitors or selective serotonin reuptake inhibitors. Five days before
laboratory assessment, subjects were asked to discontinue caffeine
products. Subjects were asked not to exercise before recordings. Pro-
bands were studied in air-conditioned, sound-attenuated bedrooms
in the sleep laboratory for a minimum of 2 nights. A few depressed
probands (15%) were studied as inpatients, and prelaboratory moni-
toring could not be followed. These patients observed hospital sched-
ules for a minimum of 7 days. First-degree relatives were studied for
3 consecutive nights. Subjects 55 years of age and older and subjects
with clinical evidence of sleep disorders were screened the first night
with the appropriate montage and were excluded if a sleep disorder
was found.

Polysomnographic data included the EEG, electro-oculogram, and
electromyogram. We used Grass Model 78 polygraphs with time con-
stant of 0.3 msec and sensitivity of 5 for the EEG, calibration of 50
µV/10 mm, and paper speed of 10 mm/second. Data were scored in
30-second epochs (26). Sleep onset was defined as the first half-min-
ute of 10 consecutive minutes of any stage sleep interrupted by no
more than 2 minutes of awake or movement time. REM latency was
calculated as time from sleep onset to the first 30-second REM epoch.
REM density was scored on a 0–8 scale per 60-second epoch. Data
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from nights 2 and 3 were used for analyses if there were no technical
difficulties. We compared sleep data between subjects for whom
nights 2 and 3 were used and subjects for whom technical difficulties
required use of alternative nights. No differences on any measures
were found.

Data Analyses

Data from four depressed families (two with short and two with
normal REM latency) were excluded from analyses. In two cases, pro-
spective follow-up revealed use of psychoactive substances during the
14-day period before sleep study; in the third case, parents had pri-
mary sleep disorders, as determined through laboratory evaluation.
In the fourth case, the proband revealed a primary diagnosis of alco-
holism in follow-up.

We used our matched-group design to identify an appropriate
threshold. Table 1 presents proportions of depressed (N=44) and nor-
mal (N=20) probands with mean REM latency at a series of threshold
values. The frequency of REM latency ≤55.0 minutes was low (20%–
25%) for both proband types. Within the normal group, sensitivity
did not differ between 55 and 60 minutes, whereas the number of
depressed probands identified by REM latency ≤60 minutes doubled.
Using the criterion value of 60 minutes, we found that 18 depressed
probands had short REM latency and 26 had normal REM latency.
Among the normal subjects, four had short REM latency; 65% of
normal subjects had mean REM latencies ≥70.0 minutes.

The Mantel-Haenszel (27) test was used to accommodate within-
family correlations of sleep measures and differential numbers of rela-
tives per family. This method takes advantage of a matched-group
design, permits estimation of the common odds ratio, and tests the
overall significance of the association on the basis of a weighted av-
erage of the differences between proportions. Thus, this procedure
controlled for within-family correlations and for different numbers of
relatives per family. Analysis of variance (ANOVA) and chi-square,
linear regression, and logistic regression analyses were also used, de-
pending on questions. When the number of degrees of freedom for
analyses is unspecified, df=1.

Thirteen relatives met lifetime criteria for alcoholism. Two rela-
tives consented only to interview, and two used alcohol during the
study. Although the remaining nine subjects had been in an extensive
period of remission, the time course for the effects of alcohol abuse
on polysomnography data is unknown, and these data were excluded.
Polysomnographic data of three additional relatives were excluded
because of a documented sleep disorder or a violation of the 14-day
prestudy preparation period. Clinical data were retained for these 16
relatives in order to test the familial association of major depression.

RESULTS

Chronology of Study

The project was initiated in 1985 at the University of
Texas Southwestern Medical Center at Dallas in col-

laboration with the third and fourth authors (A.J.R.,
H.P.R.). In November 1986, the first author (D.E.G.)
moved to the University of Pittsburgh and began col-
laboration with the second author (D.J.K.). In 1995, the
follow-up phase of the study was moved to the Univer-
sity of Rochester.

Recruitment of the identified participants occurred
from 1985 to 1993 in Dallas and Pittsburgh. Approxi-
mately 50 subjects were enrolled each year; primary years
of recruitment were 1986 to 1992. The first author con-
ducted all initial clinical research diagnostic evaluations
and was blind to polysomnography data and to family of
origin. Thus, the application of diagnostic criteria and the
interviewer were constant, and consistent, across set-
tings. Other clinical interviewers conducted prospective
follow-up assessments and were blind to polysomnogra-
phy data, family of origin, and previous psychiatric his-
tory. Polysomnographic records from the University of
Texas were rescored at the University of Pittsburgh to
standardize scoring (26) for all records.

Demographic and Clinical Data

Probands. Clinical data for proband groups were ana-
lyzed by using ANOVA or chi-square as appropriate and
are presented in table 2. Probands were similar in age
(F=1.16, df=2, 63, p=0.32), and the proportion of
women did not differ between depressed groups
(χ2=0.06, p= 0.81). Female depressed probands outnum-
bered female normal probands (χ2=9.8, p=0.007). Age at
onset (F= 0.11, df=1, 43, p=0.74), mean episode number
(F=0.12, df=1, 41, p=0.73), and proportion with recur-
rent depression were similar for the two depressed
groups. Probands with short REM latency tended more
often to have endogenous depression according to RDC
(χ2=3.37, p=0.07). According to criteria, normal pro-
bands had no history of psychiatric disorders.

First-degree relatives. Clinical data for 252 parents and

TABLE 1. REM Latency Threshold Values for Depressed and Normal
Comparison Probands

Mean REM
Latency (minutes)

Depressed
Probands
(N=44)

Normal
Probands
(N=20)

N % N %

≤50  5 11.4  2 10.0
≤55 11 25.0  4 20.0
≤60 18 40.9  4 20.0
≤65 20 45.5  7 35.0
≤70 26 59.1  7 35.0
>70 18 40.9 13 65.0

TABLE 2. Demographic and Clinical Characteristics of Depressed
Probands, by REM Latency, and of Normal Comparison Probands

Depressed Probands

Characteristic

Short REM
Latencya

(N=18)

Normal
REM

Latency
(N=26)

Normal
Probands
(N=20)

Mean SD Mean SD Mean SD

Age (years) 31.9 6.6 32.7 6.7 29.7  6.6
Age at onset (years) 23.1 8.2 23.9 7.7
Number of life-

time episodes  3.3 1.9  3.5 2.5

N % N % N %

Female gender 14 77.8 21 80.8 8 40.0
Depression type

Recurrent 15 83.3 22 84.6
Endogenous 11 61.1  8 30.8

a60 minutes or less.
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siblings were obtained: 168 parents and siblings from de-
pressed probands and 84 parents and siblings from nor-
mal comparison probands. One or more siblings were
studied in 96% of cases, and two or more siblings were
studied in 83% of cases. Polysomnographic data were
obtained for 216 relatives (85.7%). Comparative data
were analyzed by ANOVA or chi-square, as appropriate,
and are presented in table 3. The number of interviewed
relatives per family did not differ (χ2=0.35, df=2, p=0.84),
and sex distribution was closely matched (χ2=0.09, df=2,
p=0.96). Mean ages did not differ (F=1.29, df=2, 251,
p=0.28). Hamilton depression scale scores were within
normal limits in all three groups of relatives (mean=4.3,
SD=5.0, versus mean=3.4, SD=3.8, versus mean=1.3, SD=
1.5, respectively). As expected, Hamilton depression scale
scores of relatives of normal subjects were lower than
those of relatives of depressed subjects (F=12.13, df=2,
251, p<0.01).

In summary, probands and relatives were compa-
rable on features important to manifestation of depres-
sion. Probands from each group were not different in
age. Age at onset, number of lifetime episodes, and pro-
portion with recurrent depression were similar between
depressed probands with and without short REM la-
tency. Relatives in each group were comparable in size of
family, proportion interviewed, proportion studied in the
laboratory, mean age, and age range. There were more
female depressed than normal probands, consistent with
greater prevalence of depression in women. The propor-
tion of female relatives in each group did not differ.

Tests of Hypotheses

Short REM latency is more frequent in relatives of
depressed probands with short REM latency. To per-
form the Mantel-Haenszel (27) procedure, depressed
probands with normal REM latency and normal pro-
bands were matched to depressed probands with short
REM latency on age, number of siblings, and propor-
tion of female siblings. Matching was done in a manner
blind to polysomnography data and diagnoses in rela-
tives. There were, therefore, 18 families of depressed
probands with short REM latency matched with 18
families of depressed probands with normal REM la-
tency and 18 families of normal probands.

Odds ratio estimates indicated that the odds of short
REM latency were 4.4 times higher in relatives of de-
pressed probands with short REM latency than in rela-
tives of depressed probands with normal REM latency
(95% confidence limits=1.39–7.35; χ2=10.15, p=0.001) and
4.3 times higher than in relatives of normal probands (95%
confidence limits=1.27–6.66; χ2=10.25, p=0.001). The
odds ratio estimate (0.8) for short REM latency in rela-
tives of the two comparison groups was not significant
(95% confidence limits=0.35–2.03; χ2=0.10, p=0.75).

Mean REM latencies were significantly shorter in rela-
tives of depressed probands with short REM latency
(mean=63.9 minutes, SD=18.7) than in relatives of de-
pressed probands with normal REM latency (mean=75.5
minutes, SD=21.8) and of normal probands (mean=77.5

minutes, SD=27.4) (F=4.19, df=2, 21, p=0.02). The last
two did not differ from each other. When evaluated as a
threshold, short REM latency occurred 1.9 to 2.0 times
more frequently among relatives of depressed probands
with short REM latency (54.2%) than in relatives of de-
pressed probands with normal REM latency (26.6%)
and of normal probands (29.2%) (χ2=15.68, p=0.001).

Major depression is more frequent in relatives of de-
pressed probands with short REM latency. To control for
the familial nature of depression, the Mantel-Haenszel
procedure was again used. Only data from relatives of
depressed probands were included, since normal subjects
were explicitly screened for family history of depression.

The odds ratio estimate indicated that the odds of
lifetime major depression were 1.5 times higher in rela-
tives of probands with short REM latency than in rela-
tives of probands with normal REM latency (95% con-
fidence limits=1.25–3.03; χ2=4.33, p=0.04). Almost
half of the relatives (48.4%, N=31 of 64) of probands
with short REM latency reported a history of depres-
sion, while only one-quarter of relatives (27.8%, N=29
of 104) of depressed probands with normal REM la-
tency had a history of depression. The relative risk of
depression in family members of probands with short
REM latency was almost doubled (1.8).

Major depression is more frequent in relatives with
short REM latency. The preceding analysis assessed the
risk of depression in relatives on the basis of proband
REM latency. To evaluate the risk based on relatives’
own sleep, we assigned relatives to categories of short
and normal REM latency. The lifetime rate of depression
among relatives with short REM latency was 50.9% (N=
27 of 53). Among relatives with normal REM latency,
the rate was only 28.2% (N=24 of 85). The relative risk
of depression, based on short REM latency in relatives,
was 1.8 (χ2=7.21, p<0.01).

TABLE 3. Description of Parents and Siblings of Depressed Pro-
bands, by REM Latency, and of Normal Comparison Probands

Families of
Depressed Probands

Variable

With
Short
REM

Latencya

With
Normal 

REM
Latency

Families
of Normal
Probands

Family of origin
Total number of relativesb 86  130  104  
Total living relatives 82  128  104  
Relatives per family  4.8   5.0   5.2

Interviewed relatives
Total number of relatives 64  104   84  
Relatives per family  3.6   4.0   4.2
Female relatives

N 39   61   50  
% 60.9  58.7  59.5

Age (years)
Mean 47.4  45.6  43.1
SD 17.6  16.4  15.7
Range 17–84 17–77 18–73

a60 minutes or less.
bParents and siblings.
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In summary, our hypotheses of both greater fre-
quency of short REM latency and higher rates of de-
pression among relatives of depressed probands with
short REM latency were confirmed. Moreover, short
REM latency in relatives significantly increased their
risk of major depression.

Polysomnographic Profiles of Relatives
and Probability of Lifetime Depression

We compared polysomnographic profiles, including
REM latency as a continuous variable, in relatives de-
fined by proband types. We then determined the associa-
tion between lifetime depression and sleep measures.

Polysomnographic profiles in relatives. Means and stand-

ard deviations of polysomnographic
measures for relatives are presented in ta-
ble 4. Matched groups, as described ear-
lier, with regression analysis (df=18, 116)
with dummy variables to accommodate
within-family correlations, were used.
Modest differences existed in sleep con-
tinuity measures between relatives of de-
pressed and normal probands. Relatives
of depressed probands with short and
normal REM latency spent more time
awake (p=0.02 and p=0.04, respectively)
and had lower sleep maintenance (p=
0.02 and p=0.04) than normal subjects;
relatives of depressed groups were not
different (b=1.60, SD=6.03, t=–0.26, p=
0.79; b=–0.51, SD=1.34, t=–0.38, p=0.70,
respectively). Relatives of depressed pro-
bands with short REM latency had lower
mean REM latencies than relatives of de-
pressed probands with normal REM la-
tency (p=0.005) and normal probands
(p=0.002). Relatives of the two compari-
son groups did not differ (b=–1.9, SD=
4.1, t=–0.46, p=0.65).

Sleep measures and lifetime depression.
To determine whether other polysom-
nographic measures were associated with
lifetime depression in short REM latency
and normal REM latency depressed fami-
lies, we evaluated the constellation of key
abnormalities, including slow wave sleep

(%), REM sleep (%), length of the first REM period,
mean REM density, and REM latency, adjusting for age
and using logistic regression analysis in a multivariate
model (table 5). Short REM latency and age were each
associated with major depression. When the effects of age
and REM latency were included, no other polysomnog-
raphic measures significantly predicted outcome. We
evaluated combinations of these measures, one at a time
and in all permutations, adjusting for age. When measures
were evaluated one at a time, REM latency (b=–0.03,
SD=0.01; χ2=10.12, p=0.002) and length of the first
REM period (b=–0.05, SD=0.02; χ2=4.14, p=0.04) were
separately associated with depression. The effect of the
first REM period was no longer significant (b=–0.01,
SD=0.03; χ2=0.17, p=0.68) when REM latency was added
to the equation (b=–0.03, SD=0.01; χ2=6.34, p=0.01).
REM latency continued to predict depression.

Premorbid Polysomnographic Measures

To determine whether other sleep abnormalities were
associated with short REM latency in relatives and, fur-
ther, whether these abnormalities were premorbid, we
identified homogeneous groups of short REM latency
relatives who were unaffected (i.e., no history of depres-
sion) (N=28), short REM latency relatives who were af-
fected (N=27), and relatives of depressed probands with
normal REM latency who were unaffected (N=61) (table

TABLE 4. Polysomnographic Measures for Relatives of Depressed Probands, by Pro-
bands’ REM Latency, and Relatives of Normal Comparison Probands

Parents and Siblings of Each Proband Group

Depressed
Probands

With Short
REM Latencya

Depressed
Probands

With Normal
REM Latency

Normal
Probands

Measure Mean SD Mean SD Mean SD

Sleep continuity
Sleep latency (minutes) 10.0  8.5 15.6 28.5 10.1  8.0
Awakenings (number)  9.4  4.8  9.6  4.5  9.2  4.7
Awake time (minutes)b 37.1 33.2 36.7 31.5 26.3 23.2
Maintenance (%)c 91.5  7.5 91.8  7.0 94.1  5.1

Sleep architecture
Stage 1 (%)  6.2  4.2  5.9  3.7  5.4  3.5
Stage 2 (%) 60.9  8.5 59.9  8.2 61.2  9.0
Slow wave (%) 10.5  8.8 11.6  8.4 11.1  8.9

REM measures
Latency (minutes)d 63.9 18.7 75.5 21.8 77.5 27.4
Densitye  1.91  0.52  1.77  0.58  1.87  0.66
% 22.5  4.9 22.6  4.0 22.2  4.5

a60 minutes or less.
bRelatives of depressed probands with short and normal REM latency spent more time
awake than relatives of normal probands (b=11.6, SD=5.1, t=2.31, df=1, p=0.02; and
b=10.8, SD=5.2, t=2.10, df=1, p=0.04, respectively).

cRelatives of depressed probands with short and normal REM latency had lower sleep
maintenance than relatives of normal probands (b=–2.74, SD=1.12, t=–2.45, df=1, p=
0.02; b=–2.36, SD=1.14, t=–2.07, df=1, p=0.04).

dRelatives of depressed probands with short REM latency had significantly shorter mean
REM latencies than relatives of depressed probands with normal REM latencies (b=
–11.0, SD=3.9, t=–2.85, df=1, p=0.005) and relatives of normal subjects (b=–12.8, SD=
4.0, t=–3.20, df=1, p=0.002).

eScored on a 0–8 scale.

TABLE 5. Polysomnographic Measures as Predictors of Depression
for Relatives of Depressed Probands

Measure
Parameter
Estimate SE

χ2

(df=1) p

Constant –7.31 2.38  9.44 0.002
REM latency  0.05 0.02 13.64 0.0002
Slow wave sleep % –0.02 0.03  0.49 0.48
REM %  0.09 0.05  2.64 0.10
REM period 1 duration  0.001 0.03  0.00 0.98
Mean REM density  0.61 0.39  2.46 0.12
Age  0.03 0.02  4.06 0.04
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6). Sleep continuity measures did not dis-
tinguish the groups (p=0.12 to 0.58). Rela-
tives with short REM latency, whether af-
fected or not, did not differ in slow wave
sleep, and both groups had less slow
wave sleep than unaffected relatives with
normal REM latency (F=8.74, df=2,
115, p=0.005). Only REM time and non-
REM time distinguished affected and un-
affected short REM latency relatives.
Unaffected, short REM latency relatives
had more time in REM and less in non-
REM sleep than either other group (F=
7.49, df=2, 115, p=0.002, for both meas-
ures). These findings are consistent with
the position that selected polysomno-
graphic abnormalities occur together
and potentially before the first expres-
sion of depression.

DISCUSSION

We have a well-characterized cohort
of families with substantial evidence of
morbidity on the basis of sleep dysregulation. Polysom-
nographic abnormalities aggregated in families and in-
creased lifetime risk of depression. Specifically, the rate
of short REM latency was twice as high in relatives of
unipolar probands with short REM latency as in com-
parison groups (depressed proband families with nor-
mal sleep and normal comparison families unselected
for polysomnographic abnormalities). Moreover, short
REM latency was associated with increased lifetime
risk of major depression, whether the abnormality was
observed in the proband or in relatives themselves.
Short REM latency and slow wave sleep deficits oc-
curred together, yet only short REM latency was asso-
ciated with increased risk of depression in relatives. We
also observed short REM latency, slow wave sleep defi-
cits, and increased REM time in unaffected, at-risk rela-
tives. This profile is consistent with that found in pa-
tients with depression and closely mirrors the profile in
affected relatives.

One interpretation of these findings is that short
REM latency and slow wave sleep deficits are nonspe-
cific, since abnormalities are found in unaffected indi-
viduals and in patients with other psychiatric disorders
(8). We suggest, however, that an alternative interpre-
tation is equally viable.

We propose that parallel sleep dysregulation in un-
affected and affected relatives is consistent with the po-
sition that the dysregulation occurs before the first
expression of illness: that is, sleep dysregulation is pre-
morbid. The position that depressive morbidity is re-
lated to sleep dysregulation follows from evidence that
mechanisms related to sleep abnormalities implicate ge-
netic cosegregation.

The site of the primary sleep defect in unipolar de-
pression is thought to be the first non-REM–REM cycle

and includes a prolonged first REM period, increased
phasic REM activity, decreased slow wave sleep in the
first non-REM period, and short REM latency. These
features involve both REM and non-REM sleep regula-
tion. The regulatory defect in slow wave sleep is appar-
ent from loss of the normal exponential decline between
the first two non-REM periods. The observation that
this blunted decline predicts early recurrence (28) sug-
gests pathological mechanisms. The regulatory defect in
REM sleep is apparent from early onset of the first
REM period, redistribution of REM in the sleep period,
and increased phasic activity. Pathological implications
of REM abnormalities follow from evidence that short
REM latency also predicts early recurrence (29).

The primary sleep defect in depression has been
framed in the context of a depressive episode. Interac-
tions between monoaminergic and cholinergic systems
link sleep and affective dysregulation. McCarley and
Massaquoi (10) have proposed a neuronal mechanism
that accounts for the reciprocal relationship of REM
and non-REM sleep dysregulation and the cholinergic
supersensitivity found in depressed patients. Weakened
monoaminergic inhibition provides the substrate for
cholinergic hyperactivity by permitting early onset of
cholinergic activity, thereby accounting for cholinergic
effects in blocking slow wave activity, shortening the
first REM latency, and increasing the intensity and du-
ration of REM sleep. Cholinergic and monoaminergic
metabolism and cell counts have been substantiated to
be under genetic control, providing a basis for genetic
mediation of sleep dysregulation, mood regulation, and
depression.

A test for a genetic model requires that abnormalities
are present in the asymptomatic state and in unaffected
high-risk individuals. Cholinergic supersensitivity has

TABLE 6. Polysomnographic Measures for Unaffected and Affected Relatives of De-
pressed Probands, by Relatives’ REM Latencya

Unaffected
Relatives

With Short
REM Latency

(N=28)

Affectedb

Relatives
With Short

REM Latency
(N=27)

Unaffected
Relatives

With Normal
REM Latency

(N=61)

Measure Mean SD Mean SD Mean SD

Sleep continuity
Sleep latency (minutes) 11.1  9.7 10.5  9.9 14.9 27.6
Awakenings (number) 11.8  4.6  9.8  4.4  9.8  4.8
Awake time (minutes) 37.2 25.2 49.3 41.1 34.9 30.5
Maintenance (%) 91.8  5.3 88.7  9.2 92.1  6.8

Sleep architecture
Stage 1 (%)  5.8  2.8  6.6  2.7  5.9  4.3
Stage 2 (%) 61.6  7.1 63.6  8.5 59.5  8.7
Slow wave (%)  7.7  5.5  7.9  7.6 12.7  9.1

REM measures
Latency (minutes) 52.0  6.1 50.0  9.1 84.9 21.8
Densityc  1.96  0.54  1.94  0.49  1.93  0.66
Period 1 (minutes) 16.5  8.0 14.4  9.1 18.4  8.6
% 24.7  3.9 22.0  5.2 21.8  3.9

aResults of comparisons are described in text.
bAffected relatives had a lifetime diagnosis of major depression; these relatives were not
depressed at the time of sleep study.

cScored on a 0–8 scale.
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been observed in unaffected at-risk relatives (30). We
also observed preliminary evidence for fundamental
modulatory dysregulation in slow wave sleep in our
families. Our data suggest that distribution of slow
wave sleep was blunted in asymptomatic and unaf-
fected relatives of probands with short REM latency
(31). Of note, whole night slow wave sleep and slow
wave sleep in the first two non-REM periods were com-
parable between relatives of depressed probands with
and without short REM latency. Yet, onset of REM dis-
tinguished the two groups, suggesting that REM sleep
preferentially displaced slow wave sleep. We also have
preliminary support for our position that short REM
latency confers susceptibility: short REM latency dou-
bled the risk of new-onset depression in a relatively
brief prospective follow-up period (mean=3.7 years) (32).

REM sleep dysregulation has been linked to distur-
bances in affective information processing (33, 34).
There may be a cognitive/affective mechanism for REM
sleep intensification (early onset and increased activa-
tion) and subsequent mood dysregulation (34). Increased
phasic activity and inappropriate escape from motor in-
hibition during REM periods have been suggested as
physiological expressions of this affective discharge. Per-
lis et al. (34) tested the mood regulatory function of REM
sleep and found that mood disturbance was correlated
with REM abnormalities, which may interfere with this
function. Taken together, these observations implicate
premorbid REM sleep dysregulation and subsequent sus-
ceptibility to mood dysregulation.

Cosegregation of short REM latency with other
polysomnographic abnormalities and with increased
frequency of depression is consistent with previous
work (11, 21, 30, 35). In a study of unaffected relatives,
Schreiber et al. (30) did not find baseline REM dysregu-
lation; yet earlier REM sleep onset was documented
when a cholinergic probe was used. In another study
from the same group, slow wave sleep deficits were
also observed (35). The confluence of slow wave sleep
deficits and REM sleep dysregulation supports the con-
tention that sleep parameters, in aggregate, can mean-
ingfully discriminate major depression from other psy-
chiatric conditions (9, 10).

Finally, our findings suggest marked “familiality” of
polysomnographic measures. Although the frequency
of short REM latency among relatives of probands
with short REM latency is greater, the frequency of
short REM latency was 20%–23.9% in the normal
comparison group. This finding in normal subjects un-
derscores the familial influence on sleep and weakens
the notion that a single polysomnographic measure
constitutes a definitive marker for depression. The sub-
stantial difference in short REM latency between case
and comparison suggests that REM latency is an im-
portant marker but cannot stand alone. Polysomno-
graphic abnormalities must be considered in the con-
text of psychiatric history in family of origin. Factors
that also influence onset of depression include other
measures of sleep, stressful life events, and nonsleep
familial factors. Identification and prospective follow-

up of at-risk individuals are crucial to documenting the
physiological factors that precede the first expression
of major depression and provide more direct tests of
etiological influences. Determination of risk factors
that are differentially related to onset and morbidity in
the course of depression as a function of family of ori-
gin is a promising focus of ongoing research. Prospec-
tive documentation of the clinical course of susceptible
individuals can estimate the cumulative weight of these
etiologically relevant factors.
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