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Summary: The development of the Sleep Disorders Questionnaire (SDQ) from the Sleep Questionnaire and 
Assessment of Wakefulness (SQA W) of Stanford University is described in detail. The extraction of the best question 
items from the SQA Wand their subsequent rewording in the SDQ to insure greater completion rates are described. 
Two item test-retest reliability studies are reported on 71 controls and on 130 sleep-disorder patients, which 
confirmed adequate reliability. To create multivariate scoring scales, SDQ was then given in a multicenter study 
to 519 persons, 435 of whom were sleep-disorder patients with full polysomnography. Canonical Discriminant 
Function Analysis was employed, which resulted in four clinical-diagnostic scales: SA for sleep apnea, NAR for 
narcolepsy, PSY for psychiatric sleep disorder and PLM for periodic limb movement disorder. Each was adjusted 
for male and female responses and transformed to a percentile using the observed distribution of raw scores. Using 
Receiver Operating Characteristics analysis, cutoff points were determined for each scale to maximize its sensitivity 
and specificity. Positive and negative predictive values were also calculated. The SA and NAR scales proved to be 
the most discriminating. Key Words: Questionnaire- Multivariate scales- Narcolepsy-Sleep apnea-Sensitivity­
Specificity - Recei ver operating characteristics. 

The field of sleep-disorders medicine is relatively 
new. Its progress can be attributed to the objective 
diagnosis of sleep pathophysiologies made possible by 
the nocturnal polysomnogram (NPSG) and the mul­
tiple sleep latency test (MSLT). Patient questionnaires 
about sleep habits and symptoms have been less fo­
cused upon, although many sleep laboratories have 
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developed one that they use for various purposes, such 
as a data base of symptoms, a research tool, clinical 
documentation, a teaching aid or as a screening tool 
for referrals to the laboratory. 

Despite the wide availability of sleep disorder cen­
ters in the U.S.A., the diagnostic procedure is expen­
sive ($1 ,000 Up). In many other countries sleep labo­
ratories are either not available or are not reimbursed 
by government health plans. General practitioners are 
increasingly aware of sleep disorders, but they often 
identify more suspected patients than they can reason-
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ably refer for a full sleep-laboratory study. There is, 
therefore, a need for a "triage questionnaire" able to 
distinguish a patient at high risk from a larger group 
that the general practitioner believes possesses some 
of the symptoms of sleep disorder. Few available sleep 
questionnaire instruments have this diagnostic point 
of view. One exception is an inventory designed to 
assess the presence of sleep apnea by self-report (1). 

Many existing instruments, such as the St. Mary's 
Sleep Questionnaire (2), address subjective dimensions 
of the previous night of sleep, such as "sleep quality" 
and "sleep satisfaction". Some, like Buysse's Pitts­
burgh Sleep Quality Index (3) elicit subjective reports 
about sleep that have been validated by polysomnog­
raphy. The Buysse paper also contains a thorough re­
view of other sleep questionnaires that will not be men­
tioned further here. There are instruments that deal 
with psychological symptoms surrounding sleep (4,5). 
Others are special-use questionnaires for daily symp­
tom ratings or research, such as the Stanford Sleepiness 
Scale (6), the Leeds Sleep Evaluation Questionnaire (7) 
and a "momingness-eveningness" instrument (8) for 
use in circadian rhythm studies. A related instrument 
is the sleep diary, which Carskadon has found es­
pecially useful for chronobiological studies (9). 

A general clinical questionnaire with wide usage is 
the Sleep Questionnaire and Assessment of Wakeful­
ness or SQAW (10), written by several of the present 
authors and used since the 1970s at Stanford Univer­
sity. The present report describes the derivation of a 
new questionnaire (11), the Sleep Oisorders Question­
naire (SDQ), from the existing SQAW. 

The goals of the SOQ project are multiple. We wish 
to (a) recast the clinical experience gained with the 
SQA W using modem multivariate methods; (b) create 
a uniform database of clinical responses that could be 
used by a sleep clinic for chart documentation, aug­
mented history-taking, outcome research or differen­
tial diagnosis; (c) estimate the chance of a patient on 
a waiting list actually having a sleep disorder diagnos­
able by polysomnogram and (d) create a pool of items 
from which a small subset could be used as a screening 
test for sleep disorders in the general public. In this 
report, only goals (a), (b) and (c) are discussed. Goal 
(c) has not yet been confirmed by replication. Goal (d) 
is a future development of SOQ that may depend on 
the success of the earlier goals. 

An item test-retest reliability (consistency) study of 
SOQ in controls has already been published as an ab­
stract (12). In summary, 71 persons without sleep com­
plaint were administered the SOQ twice over a 2-week 
interval. Mean age of the subjects was 24.8 years, SD 
= 8.3. Of these subjects, 57 were college undergraduate 
students and 14 were psychotherapy outpatients. The 
item reliabilities (Pearson correlation) ranged from r 

= 0.999 to 0.163; mean r2 = 0.495 (representing a mean 
r = 0.704). All except three items achieved correlations 
that were significant at p < 0.0001. The completion 
rate was 95.7% of items. 

The approach used in the present multicenter project 
was to reword the SQA W's questions and derive di­
agnostic scales. Only patients who were diagnosed as 
having sleep disorders on NPSG and MSLT formed 
the groups upon which the scales were based. Included 
below are descriptions of item selection, item test­
retest reliability, scoring scale derivation by multivar­
iate methods and reliability of the derived multivariate 
scales. Finally, the results of a Receiver Operating 
Characteristics (ROC) analysis of the sensitivity, spec­
ificity, positive predictive value (PPV) and negative 
predictive value (NPV) of each scale are presented. 

METHODS 

Item selection for the SDQ 

Several properties of the SQA W items prevented a 
multivariate analysis, and the SQA W also had a poor 
completion rate among clinical patients. We selected 
items from the SQA W for retention in the SOQ by 
applying four selection criteria: (a) high completion 
rate; (b) significant difference on univariate ANOV A 
or chi-square analysis between the clinical groups nar­
colepsy, sleep apnea, periodic limb movement disorder 
(PLMD) and psychiatric sleep disorder; (c) adequate 
face validity upon review by three accredited polysom­
nographers and (d) describes a pathognomonic symp­
tom of any major sleep disorder, even if of low fre­
quency in the population. In addition, factor analyses 
on six homogeneous subgroups of SQA W items were 
performed, and items with the highest loading on the 
two factors with highest eigenvalues were also included 
in the SOQ if they had not already met the above 
criteria. Six new items not present in the SQAW, re­
garding sleep apnea and sleep interruption, were writ­
ten. 

The SQA W items were then totally reworded into 
approximately eighth grade reading-level before being 
included in the SDQ. We chose a consistent five-level 
response format for all the items and arranged the 
wording so that higher numerical scores always reflect­
ed greater clinical severity of symptom, which was not 
the case on the SQAW. The I 75-item SOQ was com­
pleted in 1986. Items retained from SQAW as (re­
worded) SDQ items have been published (11). Body 
Mass Index (item 176) is a special case. It is not present 
as a numbered item on the SOQ, but rather is calcu­
lated from patient data: (weight in kg)/(height in me­
tersy. 
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Item test-retest reliability study of SDQ in 
sleep-disorder patients 

This preliminary study is reported here for the first 
time. Its purpose was to insure that the item reliabil­
ities observed in normals were replicable in actual sleep­
disorder patients. The patients were expected to have 
lower average educational levels than the college stu­
dents, to be older and perhaps have impaired reading 
concentration due to their illness. 

One hundred thirty patients who were referred to a 
sleep disorders center by their general practitioner were 
given the SDQ twice while on a waiting list: once by 
mail upon initial telephone contact and again 3-4 
months later when they were studied in the sleep lab­
oratory. There were 85 males and 45 females, mean 
age 43.6 years (SD = 12.9). Both administrations of 
the SDQ occurred before diagnosis by polysomnog­
raphy. There was no control or monitoring of the treat­
ment the referring physician provided in the interim, 
which may have caused a change in SDQ responses. 
No sampling technique was used. These were the first 
130 sequential patients from the waiting list who were 
found to have a sleep disorder by polysomnography. 

To measure item reliability over the time interval, 
Spearman rank correlation rho was used for the five­
level items (1-152), and Pearson correlation was used 
for numeric items 153-175. Completion rate was 93.8% 
of items. Range of correlation was rho or r = 0.308-
0.985 (all significant at p < 0.0001); mean r2 = 0.404 
or mean r = 0.636. There were 28 items that achieved 
an r or rho 2: 0.80. The pattern of highly reliable items 
resembled that ofthe normal controls, except for some 
symptoms pathognomonic of the major sleep disor­
ders. In the latter, the patient group showed a higher 
reliability than the controls. 

Multivariate analysis of SDQ 

After the patient had completed the SDQ and po­
lysomnography, the clinical chart primary diagnosis 
was used to place him in a diagnostic group. Both 
primary and secondary diagnoses were allowed. Mul­
tivariate statistics based upon primary group classifi­
cation were then used to select those SDQ items that 
most strongly predicted group membership, thus cre­
ating scoring scales. 

Subjects and methods 

The study involved the responses of 519 persons, 
435 of whom were clinical sleep-disorder patients. 
There were five groups: sleep apnea (APNEA), nar­
colepsy (NARCO), inpatient psychiatric (PSYCH), 
nocturnal myoclonus/PLMD (MYOCL) and normal 
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TABLE 1. Experimental groups subdivided by sex 

Males Females 
Total 

Mean Mean (n = 

Group n age SO n age SO 519) 

Sleep apnea 141 49.2 8.4 17 50.9 11.1 158 
Narcolepsy 39 34.9 5.6 34 37.1 11.4 73 
Psychiatric 47 32.3 16.1 61 32.6 13.9 108 
PLMO 66 47.3 9.8 30 46.7 9.4 96 
Normal control 39 28.4 11.3 45 25.4 9.1 84 

controls (CONTR). See Table I for the size of each 
group and ages. 

All subjects were diagnosed using polysomnography, 
except 71 of the 84 controls. The control group con­
sisted of 57 of the 71 controls mentioned above. (The 
14 psychotherapy patients mentioned in test-retest 
study number 1 were removed from the control group 
and replaced by 14 hospital workers to avoid con­
founding psychiatric illness in the control group.) An 
additional 13 hospital workers were recruited by ad­
vertisement as additional normal controls. All of the 
latter had full NPSG studies that showed normal sleep. 
Final sleep-disorder diagnoses were made by the pa­
tient's treating sleep clinician, based upon the case his­
tory and polysomnography, according to the Diagnos­
tic Classification of Sleep and Arousal Disorders (13). 
In the case of the psychiatric patients only, all were 
additionally diagnosed using the Schedule for Affective 
Disorders and Schizophrenia (14). Thirty of the psy­
chiatric patients had schizophrenia; the remaining 78 
had a major depression. It was not possible to screen 
the controls for psychiatric illness or with a physical 
examination. The 130 sleep-disorder patients from the 
test-retest study were included among the 435 sleep­
disorder patients. 

To reduce variance, only one hospital in the multi­
center project provided the members for a given diag­
nostic group. This meant that all members of a given 
group were seen in diagnostic interview by the same 
group of sleep clinicians, studied in the same sleep 
laboratory and scored by the same technicians. To avoid 
bias in the clinician's diagnosis all entries on the clin­
ical chart including primary and secondary diagnoses 
were completed before the multivariate scale scores 
were calculated. The following numbers of patients had 
only a single diagnosis: apnea (B4), 129;' narcolepsy 
(B6), 30; psychiatric (A2), 103 and PLMD (B5), 68. 
Twenty-seven apnea patients had a secondary diag­
nosis of PLMD. Secondary diagnoses among narco­
lepsy patients included apnea, 14, and PLMD, 24. Five 
psychiatric patients had apnea. Secondary diagnoses 
among PLMD patients included apnea, 21; central ner­
vous system hypersomnolence (B7), 2 and psychiatric, 
4. The only tertiary diagnoses recorded were five nar­
coleptics with PLMD. 
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TABLE 2. Results of canonical discriminant function analysis (CANDISC)a 

Cumulative 
Canonical variance Likelihood 

Variable r SE r' Eigenvalue explained ratio (F) df p 

I 0.847 0.012 0.716 2.53 0.62 6.00 256 <0.000 I 
0.683 0.023 0.466 0.87 0.83 3.53 189 <0.0001 ~ 0.538 0.031 0.289 0.41 0.94 2.42 124 <0.0001 

a The first three significant canonical variables from the CANDISC are shown. Raw data consisted of 64 items from SDQ measured ?,n 
519 subjects. Significance of the CANDISC multivariate procedure: Wilk's Lambda = 0.085, F = 6.01, df = 256, p < 0.000 I; PIllaI s 
Trace = 1.68, F = 5.12, df= 256, p < 0.0001. 

Polysomnography 

The standard NPSG monitoring included electro­
encephalogram (C3, C4, 01, 02, AI, A2 leads), elec­
trooculogram by disk electrodes at the outer canthi, 
nasal airflow by thermistor, electromyogram of chin 
and anterior tibialis muscles, inductance plethysmog­
raphy ofthe chest and abdomen, oxygen saturation by 
finger oximetry, and electrocardiogram "lead II". If 
there was a suspicion of narcolepsy from the clinical 
interview, an MSLT was performed the next day using 
a standard protocol (15). The NPSG and MSLT are 
not reported in detail here. They can be found in a 
comparison article ("SDQ II"). 

Statistical methods 

(1) multivariate statistical deSign. To derive scoring 
scales, 64 SDQ items with test-retest reliability r ~ 
0.70 were chosen for entry into a Canonical Discrim­
inant Function analysis (CANDISC program, SAS ver­
sion 6.03, SAS Institute, Cary, NC). Due to the dif­
ferent pattern of item reliability in the normal controls 
versus the sleep-disorder patients, an item was selected 
if it achieved r ~ 0.70 in either subject pool. 

CANDISC was selected because of the nature ofthe 
multivariate sample. Rather than a homogeneous sub­
ject sample, which could be assumed to have a mul­
tivariate normal distribution, the present sample was 
assembled from five separate populations-four pa­
tient groups and normals. Accordingly, a single factor 
analysis was inappropriate. Discriminant function 
analysis would have provided a weighted sum of item 
scores for each group, but we wished to derive normally 
distributed clinical scoring scales for each diagnosis. 
The CANDISC procedure created canonical variables 
from the items of the SDQ. Three significant canonical 
variables were found. The "between-groups" loading 
of each item on the canonical variables was calculated. 
Each had zero as a center point, with positive and 
negative "between groups" item-loadings on either side. 
The SDQ items were found to cluster away from the 
zero point on all except the third canonical variable. 
The tips of canonical variable vectors I and 2 were 
homogeneous and were interpretable as three of the 

specific diagnostic scales: sleep apnea (SA), narcolepsy 
(NAR) and psychiatric sleep disorder (PSY). Items for 
the last scale (PLM) came from canonical variable 3. 

To qualify tentatively for scale membership, an item 
had to have a "between groups" loading of ~0.80. In 
the case of an item having similar loadings on more 
than one diagnostic scale, it was included only in the 
scale upon which it achieved the highest mean score. 

(2) Internal consistency of scales. The four prelimi­
nary scales were submitted to a Cronbach's Alpha pro­
cedure, n = 519, to test for scale homogeneity. Several 
items were deleted at this point due to lack of consis­
tency with their scale. Each item on each scale was 
then correlated with its scale total, minus that item. 

(3) Scoring calculations. Due to the high completion 
rate of the SDQ, a procedure for filling in the small 
number of missing data was created as follows: a stra­
tum mean value was calculated for males and females 
for each of the five groups in the analysis, giving 10 
possible values for each of the 175 items. Missing data 
were then replaced by the appropriate mean, stratum­
wise. 

Once the item membership for the four scales was 
finalized scale scores were calculated for each subject 
by sum~ing the" 1 ... 5" item scores of the scale's 
items. No weighting factor was used. 

In all versions of SDQ before version 2.00, the nu­
meric items 153-175 were written by the subject in a 
blank space with suggested units of measurement (e.g. 
" inches" for height). This manner of response is 
time-consuming to encode for computer analysis, so 
the 519 subjects were used to estimate an empirical 
distribution of the numerical scores. An SAS routine 
("proc UNIVARIATE") created "quintiles" of the ob­
served cumulative score distribution. When this ap­
proach was incorporated into SDQ (version 2.00, 1991) 
the response set for the whole questionnaire became a 
"1 ... 5" numeric choice, facilitating subject compli­
ance. 

(4) Scale test-retest reliability and validity. To assess 
the test-retest reliability of the four new scales, data 
from the item test-retest reliability study with 130 sleep-
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TABLE 3. Scale membership of items and correlation to 
total scale 

Diag-
nostic 
scale Item r Description 

SA Q21 0.71 Snore that bothers others 
Q22 0.70 Stop breathing in sleep 
Q23 0.51 Awake unable to breathe 
Q25 0.19 Sweat at night 
Q71 0.38 High blood pressure (history) 
QI39 0.38 Nose blocks up while trying to sleep 
QI41 0.67 Snoring/breathing worse if on back 
Q142 0.52 Snoring/breathing worse with alcohol 
QI63 0.62 Current weight 
QI70 0.43 Number of years as a smoker 
QI73 0.55 Age 
QI76 0.65 Body Mass Index 

alpha = 0.855 

PLM Q4 0.49 Wake up often during night 
QI2 0.50 Restless legs as falling asleep 
Q24 0.31 Palpitations at night 
Q31 0.53 Restless legs disturb sleep 
Q45 0.35 Insomnia 
Q80 0.28 Lessening of sexual desire/interest 
QI08 0.20 Smoking two hours before bedtime 
QI54 0.32 Length of longest wake period at night 
QI55 0.32 Night urination (number of times) 

alpha = 0.695 

PSY Q3 0.54 Trouble getting to sleep 
Q6 0.55 Racing thoughts at bedtime 
Q7 0.69 Sad/depressed at bedtime 
Q33 0.66 Sadness/depression disturbs sleep 
Q38 0.45 A lot of nightmares 
Q43 0.41 Unable to sleep for days 
Q84 0.48 Unhappy with loving relationships 
Q89 0.41 Considered/attempted suicide 
Q101 0.23 Family: psychiatric hospitalization 

alpha = 0.800 

NAR Qll 0.41 Feel paralyzed as falling asleep 
Q39 0.51 Paralyzed after a nap 
Q40 0.46 Hallucinations upon awakening 
Q42 0.46 Slept for several days 
Q55 0.60 Sleepy during the day 
Q56 0.47 Accidental sleep 
Q57 0.44 Bad grades due to sleepiness 
Q58 0.57 Trouble on job due to sleepiness 
Q59 0.51 Too sleepy to drive 
Q60 0.50 Hallucinations after napping 
Q62 0.53 Paralyzed upon morning awakening 
Q63 0.46 Failure to remember driving 
Q66 0.50 Weak knees when laughing 
Q67 0.49 Muscular weakness if strong emotion 
QI56 0.34 Work accidents due to sleepiness 

alpha = 0.853 

A brief description of each SDQ question item is shown, not the 
actual item wording. "Alpha" is Cronbach's Alpha, a measure of 
scale consistency. SA = sleep apnea scale, NAR = narcolepsy scale, 
PSY = psychiatric sleep disorder scale and PLM = periodic limb 
movement disorder scale. All correlations are Pearson correlations 
and were done with the item temporarily removed from scale. 

disorder patients were used. Subjects this time were 
scored using the four scales, and the observed scale 
scores over a 4-month interval were then correlated 
using Spearman's rho. 

Sleep. Vol. 17. No.2. 1994 

Diagnostic scales should be independent of one an­
other unless the diseases they purport to diagnose over­
lap. This was tested by intercorrelating the four scales. 

The observed frequency distributions of scale scores 
were tested against an assumption of Gaussian nor­
mality using Wilk's "W test" (16). 

The means of the four scales in the five experimental 
groups were calculated. As a further test of internal 
validity, a multivariate analysis of variance (MANO­
V A) followed by univariate ANOV A was performed 
on the four scales to confirm that the five groups dem­
onstrated significant differences from one another. This 
should always be the case if valid scales were created 
by the CANDISC/Cronbach's Alpha/item-deletion 
procedure. 

(5) Sensitivity and specificity. A preliminary assess­
ment of these psychometric properties was obtained 
using the original 519 subjects, although confirmation 
with a new sample needs to be done. Sensitivity and 
specificity for each of the four SDQ scales were si­
multaneously maximized, using the ROC technique 
(17) to set the "cutpoint" (scale score that marks the 
border between normal and abnormal). Sensitivity is 
the extent to which a scale detects patients with the 
target illness, whereas specificity is the extent to which 
it identifies normals as not having the illness. PPV and 
NPV were also calculated and may have more clinical 
utility because they bring the observed prevalence of 
the illness into the calculation. 

(6) Criterion validity. Finally, a test of external or 
criterion validity of the scales was required. This is 
best accomplished by relating the NPSG and MSLT 
results of each group to their scores on the four SDQ 
scales (e.g. apnea index for apnea patients, MSLT sleep 
latency for narcoleptics, etc.). Higher scale scores should 
predict higher amounts of pathology on polysomnog­
raphy. These results will be presented in two future 
articles (SDQ II, SDQ III). 

RESULTS 

The CANDISC procedure produced four significant 
variables; the first three were used to create scales. 
Table 2 shows these results. Although significant, vari­
able 3 had a low eigenvalue. Its loading related to 
identification of PLMD symptoms, which proved to 
be the least powerful scale. 

The test-retest reliability of the four scales in 130 
sleep-disorder patients over 4 months was as follows 
(Spearman rho): SA 0.842, NAR 0.753, PSY 0.848 
and PLM 0.817. All were significant at p < 0.0001. 

Final scale membership of SDQ items is shown in 
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Table 3. Each item ("Q") is shown beside its correla­
tion to the total scale value minus that item. It has 
been suggested (18) that such correlations should fall 
between 0.2 and 0.4 so that all items are not asking 
the same question in a different way but, rather, tap­
ping different aspects of the condition. Cronbach's Al­
pha is shown at the bottom of each scale, indicating 
greater scale homogeneity as it approaches 1.00. 

The intercorrelations of the four scales were SA­
NAR = 0.14, SA-PSY = -0.20, SA-PLM = 0.34, 
NAR-PSY = 0.27, NAR-PLM = 0.38 and PSY -PLM 
= 0.48. All were significant at p < 0.001. Because 
variance explained is proportional to r2, the intercor­
relations show little connection between the scales ex­
cept for the PSY and PLM scales, which have a com­
monality of about 25% of the variance. Also, the PLM 
scale persistently shows the highest correlation with 
other scales, suggesting that it might reflect a general 
condition such as "results of sleep interruption" rather 
than being specific to PLMD. 

The empirical distributions of scale scores are shown 
graphically in Fig. 1. The first graph shows only mem­
bers of a single patient group, subdivided by sex, on 
the SDQ scale diagnostic of their condition. In the 
second part of Fig. 1, the results from the CONTR 
group for all four SDQ scales are plotted in a similar 
manner. The greatest separation of the patient groups 
from controls is seen in the SA and NAR scales. 

The scales achieved relatively normal distributions 
when scored separately by group and by sex. Wilk's W 
(a test of normality that approaches W = 1.00 in a true 
Gaussian normal distribution) varied from a low of 
0.840 among male controls on the NAR scale to a high 
of 0.971 among male sleep apnea patients on the SA 
scale. When patient groups were scored on the scale 
appropriate to their diagnosis, the lowest was W = 0.92 
in female PLMD patients on the PLM scale. 

The ROC analysis results are shown in Table 4. Sen­
sitivity and specificity ofthe SA, NAR and PSY scales 
were higher than the PLM scale. NPV was uniformly 
high on all scales. As expected, PPV varied strongly 
with prevalence, despite similar sensitivity and spec­
ificity. This is best illustrated by the male versus female 
apnea patients. 

The post hoc MANOV A to assess internal validity 
was significant (Table 5). Four subsequent one-way 
ANOV As are shown, one for each scale across clinical 
groups. Bonferroni post hoc pairwise comparisons of 
means demonstrated that the "characteristic" scale for 
a group had a significantly higher mean in that group 
compared to all other groups in every case except the 
PLM scale. In the latter, the only significant difference 
was between the CONTR and MYOCL groups. The 
PLM scale mean in the CONTR group, however, dif­
fered significantly from all four patient groups. 

Four Patient Groups on Own Scales 
7·~---------.==~--~~----------------~ 

!sAl I NAR I /95 %10 

l.."".,.,I 90%10 
60····················································· ...... "/ .......................................................................... . 

75%10 I PSY I 

~. 

! 20-~::' _ .... _-
10 ................................................................................................................ . 

Apnea, n= Narcolepsy, Psychiatric. Noct. Myo., 
141 17 n=39 34 n=47 61 n=66 30 

o~.--.--~--.--.---.--.---.--,---.--~ 
M F M M F M 

Clinical Group, SubdiVided by Sex 

Control Group: scores on scales 
70~-----------------------------------. 

60 ............................................................................................................................ . 

N for each distribution: m = 39, f = 45 
50····························· .................... . 

!!? 

~ I NAR I IpSYI 
OM F M F M F M F 

SOO Scale Name, subdivided by sex 

FIG. 1. Distribution graphs of SDQ scales. Observed distribu­
tions of SDQ scale scores, total n = 519. Upper panel: members of 
single patient groups, by sex, on the SDQ scale diagnostic of their 
condition. Percentile (%i\e) ::s5 means that a patient had few or 
milder symptoms in common with other patients who received the 
same polysomnographic diagnosis. Percentile ~95 means that a pa­
tient had all the symptoms of the illness shared by other patients 
with this diagnosis, and symptoms were in the greatest severity. 
Lower panel: CONTR group only. Scores shown for all four SDQ 
scales. Percentiles are coded in the same way on the box-whisker 
plots of both panels. Percentiles in the lower panel refer to com­
parisons within the CONTR group only. 

DISCUSSION 

The goal of creating diagnostic SDQ scoring scales 
for several major sleep disorders receives preliminary 
support from these results. SDQ scale scores best dis­
tinguished the APNEA and NARCO groups from the 
other groups in this sample. The PLM scale showed 
the poorest sensitivity, specificity, PPV and NPV. The 
PPV sand NPV s in this study are lower than they might 
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TABLE 4. Sensitivity and specificity analyses 

SDQ scale name" 

SA NAR PSY PLM 

M F M F M F M F 

Sample prevalence C%) of 
scale's target diagnosisb 42 9 12 18 14 32 20 16 

Scale cut-off point (by ROC) 36 32 30 31 19 21 21 21 
Sensitivity 0.85 0.88 0.84 0.80 0.79 0.79 0.67 0.65 
Specificity 0.76 0.81 0.68 0.72 0.65 0.64 0.46 0.49 
Positive predictive value 0.72 0.31 0.26 0.38 0.28 0.51 0.23 0.19 
Negative predictive value 0.87 0.99 0.97 0.94 0.95 0.87 0.86 0.99 

These data come from an ROC analysis of each scale, by sex, on the full 519 subjects including controls. The cutoff points in row 2 are 
also shown in Fig. I as black arrow heads. 

a M = male; F = female. 
h Prevalence percentages should add to 100% for males, 100% for females. They do not because the normal controls are not shown as a 

"target diagnosis". 

have been ifpure diagnostic groups had been available. 
For example, some narcolepsy and PLMD patients had 
apnea. Because this is the first clinical test ofSDQ, the 
suggested scale cutpoints, PPVs and NPVs should be 
regarded as provisional, pending confirmation in larg­
er-scale studies with more sophisticated methodology, 
as described below. 

There were limitations of the present study due to 
the number of subjects. With only 519 subjects, it was 
not possible to subdivide all of the diagnoses by sex 
before calculating the CANDISC item-loadings. That 
this would have been desirable is illustrated by Fig. 1; 
virtually every SDQ scale shows a substantial sex dif­
ference in the magnitude of response. This design prob­
lem also made it impossible to include any questions 
from the for men only or for women only sections of 
the SDQ. A goal of any future recalculation of the SDQ 
will be to create unique scales for males and females. 
It is likely that increased diagnostic specificity could 
be achieved. Similarly, 111 out of 175 questions of the 
SDQ were not used in this analysis, and many of these 
have test-retest reliabilities over 0.6. It will be a future 
goal to refine the scales using more subjects and more 
SDQ items. 

Another limitation of the present findings resides in 
the control group, largely normal individuals under age 

35. It would have been preferable to have an age-strat­
ified control matched to the clinical patients. There are 
clinical data to suggest that some sleep disorders wors­
en with age, which makes age-norming a future goal 
of research with the SDQ. Also, because only about 
20% of controls had NPSGs, one cannot be sure that 
the rest were entirely free of sleep disorder. Because 
controls were not screened for psychiatric disorder, it 
is possible that some had such conditions, which would 
confound the calculation of the PSY scale. Efforts will 
be made to acquire more carefully screened, polysom­
nographically normal age-matched controls in future. 

The multicenter design of this study may have in­
troduced some diagnostic errors into the results. Be­
cause a given center provided only one diagnostic group, 
it is possible that there was variation in differential 
diagnosis or implementation of diagnostic criteria be­
tween centers. A better design would involve a larger 
number of cases, all from one center. A further refine­
ment would be to make diagnoses via a structured 
interview using two or more clinicians simultaneously, 
so that inter-rater reliability of diagnosis could be as­
sessed. 

What role should the SDQ play in screening indi­
viduals for the possibility of sleep disorder at this early 
stage of its development? The whole SDQ is too long 

TABLE 5. MANOVAa and one-way ANOVAs of scale scores 

Significant pairwise 
Dependent Sum of Mean comparisons (Bonferroni 

variable Source df squares square Fvalue p at alpha = 0.05) 

SA Group 4 38,091 9,522 163.20 <0.0001 A-C, A-P, A-N, A-M 
NAR Group 4 11,508 2,877 31.49 <0.0001 N-C, N-P, N-M, N-A 
PSY Group 4 6,952 1,738 35.11 <0.0001 P-C, P-N, P-M, P-A 
PLM Group 4 3,107 776 18.48 <0.0001 M-C, C-P, CoN, C-A 

This multivariate analysis of variance was a post hoc confirmatory test of the final SDQ scales after item deletion using Cronbach's 
Alpha criteria. Groups in the pairwise comparisons were: A = Sleep Apnea group; C = Control group; M = Nocturnal Myocionus/PLMD 
group; N = Narcolepsy group; P = Psychiatric group. 

a MANOVA significance: Wilks' Lambda = 0.249, F = 56.02, df= 16/1,558, P < 0.0001; Pillai's Trace = 1.005, F = 43.04, df= 161 
2,052, p ,,; 0.0001. 
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to be used as a general-population epidemiological 
screening tool, and base rates would be lower than 
those observed in this sample, so more false positives 
would be detected. In the future, 5-10 items will be 
selected from the SDQ and studied for the purpose of 
general-population screening. 

The usefulness of SDQ in supporting a diagnosis in 
patients suspected by a general practice physician of 
having sleep apnea or narcolepsy seems to be con­
firmed by the present study. Although statistically sig­
nificant results were also found for psychiatric and 
PLMD groups, the PPVs of these scales were low. We 
suggest that SDQ be used as a confirmatory diagnostic 
tool after the clinical interview in general practice, in 
much the same way that psychological testing is used 
to support suspected psychiatric diagnoses. Although 
we do not show the supporting data here, we have also 
used it to decide whether to schedule a patient for 
NPSG alone or NPSG plus MSLT, based upon scores 
on the SA and NAR scales. In those laboratories doing 
limited or ambulatory polysomnography, such infor­
mation might be all the more important. 

Although it would be feasible to give subjects a short­
ened questionnaire consisting only of the items that 
appear on the four scales, we recommend that the whole 
175-item SDQ be given. Testing time (under 30 min­
utes) is not much longer, and it is anticipated that 
scoring scales for other disorders will be derived from 
this pool of questions as usage increases. Shortened 
questionnaires will not allow calculation of the new 
scales. 

The fact that sleep disorders have overlapping symp­
toms to some degree is suggested by the high NAR 
scale in the PSYCH group-perhaps related to hyp­
nagogic hallucination in depressives and schizophren­
ics with very short rapid eye movement sleep latencies. 
Likewise, there are some NARCO and MYOCL group 
patients who have fairly high scores on the SA scale. 
In the companion article (SDQ II), it can be seen that 
this represents the accurate detection of dual pathology 
by SDQ. 

A final disclaimer: the scales presented are not a 
replacement for a clinical assessment by a trained sleep 
clinician plus polysomnography. They should neither 
be used as the only diagnostic tool nor to make treat­
ment decisions in the absence of such an assessment. 
The scales do allow a clinician to compare the SDQ 
responses of a new patient to the 519 persons in this 
study. 

A manual about the scoring of the SDQ, scoring 
software and copyright release are available by mail 
from the first author. SDQ is currently being translated 
into the major European languages. 
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