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Benzodiazepines and Zolpidem

for Chronic Insomnia
A Meta-analysis of Treatment Efficacy

Petar D. Nowell, MO: Sati Mazumdar, PhD; Daniel J. Buysse, MD: Mary Amanda Dew, PhD:

Charles F. Reynolds 1), MD; David J. Kupfer, MD

Objective—To evaluate the efficacy of banzodiazepings and zolpidem tartrate
in chronie Ingomnia based an a quantitative review of literature. '

Data Sources.—Articles fram 1966 to 1996 were identified using MEDLINE, by
a manual review of relevant journals, and from bibllagraphies of identified articles.

Study Selection.—Studies using randomized, double-blind, placebo-controlled,
paralel o crassover designs with hanzodiazepines ar zolpidem in adults yaunger
than 65 years with chronic insomnia (modified Diagnastic and Statistical Manual of
Mental Disarders, Faurth Edition criteria for primary insamnia) wers selected for
raviaw. Seli-report and polysomnographic measures of sleep-onset latency, total
sleep time, number of awakenings, and slaep guality were selected as oulcomas.

Data Extraction.—Twenty-two studies met the selectian critaria. A combinad

tast of P values was performed, poaling broadly from the 22 studies to determine

whether medication was superior 10 placebo. A combined test of sffect sizes was
performad on the subset of studies that reported affect size information to determing
the magnitude of medication effect.

Data Synthesls.—A homogeneous sample of studies summanized 1894 pa-
tianis treated for 2 median duration of 7 days. The combined test of £ values dam-
onstraled that medication was superior o placebo in all 4 outcome measures.
Trealment response was modarate in magnitude by the combined test of effect
sizes.

Conciuslens.—Benzodiazepines and zolpidam produced refiable improve-
ments in commonly measured parametars of sleep In patients with chronic insom-
nia. Aelative fo the chronic and recurring course of insomnia, both the imited du-
ration of treatments studied and the lack of follow-up data from controlled trials
represent challenges for developing gvidenca-based guidelines for the use of hyp-
notics in the managernent of chronic insemnia.
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Benzodiazepines are the most comtaon
class of medications for treating insamnia
and have been eonsidered tha standard in.
teyventionin outcome studiez® While ben.
zodiazepines are effective for the treat-

ment of acute insornmia, their role in the
management of chronie insormnia remain
unelear. The adverse effect profile of ben.
zodiazepines includes daytime sedation,
fator ingeordination, and cognitive im-
pairments such as antérograde amnesia*
Long-term exposure carviea the addi-
tional rizks of physical dependence, with-
drawal, and rebound insernnia.® To man-
agre the persistent and recurring symptoms
ofinsomnig, clinicians have deereased pre-
scriptions of benzodiazepines by 30%, and
increased prescriptions of antidepres-
sants (eg, trazodone hydrochloride, ami-
triptyline hydrochlaride, doxepine hydre-
chioride) by 100% from 1987 to 13917
However, there are few outeome studies
of antidepressants used a3 hypnoties, and
these medieations ean have their own ad-
varse effects such as orthostatic hypoten-
aion, cardiac dysrhythmias, and mortality
associated with overdoges >

The National Institutes of Health Car-

. gensus Conference on Sleeping Fills and

Tneomnia in 1984 developad guidelines dis
couraging the use of sedative-hypnoticsbe-
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THE PREVALENCE of chromicinsam-
nia among adults in the United States is
10% by recent estimates, and the annual
cost for ite treatment is estimated at
$10.9 billion.' Individuals with chronic
insomnia report elevated levels of
stress S anxiety depression, and
medical ilinesses®' " and demonstrate in-
terpersonal and occupational impair-
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ments when compared with good sleep-
evs.! "™ [nzomnia that extends overa 1-
year period has been demonstrated tobe
a risk factor for the development of ma-
jor depression,® and longitudinal stud-
jes indicate that untreated chronie in-
somnia does not remit with time,""

Relatively Hetle is known abaut the oti-
gin or pathophysiological characteristics of
chronic or primary insormtia, and a3 a ve-
sult, interventions have foewsed mainly on
symptom reduction.'™* Individuals with
primary insomnia are most often seen in
primary eare settings, and medieation
treatmenta for ingpmnia predominate over
behaviaral ones."* The frequeney of this
treatment is reflected in the observation
that preseription sleeping pills are used by
1% of the population in a given year and
that 0.4% of the population use hyprotics.
for more than & year»

yond 4 to 8 weeks because of concems
raised over drug misuse, dependenty,
withdrawal, and rebound insomnia = The
appropriateness of henzodiazepines inthe
management of chronie insornia would be
supported if the benefits of treatment out-
weighed the risks. Unfortunately, stud-
ien establishing the efficacy of sedative-
hypnotics in treating chronic ingomua
have suffared from several limitations. The
symptoms of insomnia andl insomnia die-
arders have been conceptoalized differ-
ently over time and across existing disf-
nostic classificationa, eg, the Diagnostic
and Slatistical Manual of Mental -
orders, Fourth Edition (DSM-IV) afthe
American Peychiatrie Association,™ the
International Classification of Sleep
Disorders (ICSDyof the American Sleep
Disorders Association,® and the Intr'-
nationg! Classification of [iseasts.
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vinth Revistrn (JCD-2) af the Warhi
fealth Organization.® These evalving
Jefinilions of insomnis have led to dif-
fering inctusion and exclugion eriteriain
medication trials, This, in tarn, has lim-
ted attempts to summanze the treat-
ment effects alzpecifiemedications used
acruss different stodies. In a similar
inshion, thig diagnostic heterogeneicy
nas made it difficult to summarize the
lifferential effecia of elasses of madica-
tion based on the expression and eourse
of insomnia symptoms over time,

In addition to differing inelusion and
exelusion eriteria, the outcome mea-
sures used to evaluate ingomnia have
also vared substantially between trials,
snd there has been little consensus on
how these onteome measures represent
or define patients who respond to treat-
ment. Quteome measures rangs from
quantitative measuras of sleep, such as
sleep-onset Iatency, to qualitative mea-
sares of sleep, such as perceived sleep
quality, to measures of daytime well-be-
ing or daytime functioning.**¥ Adding
to this complexity, there continues to be
coneiderable controversy over the
meaning of the disereparncies that exist
between subjective and objective {(poly-
somnographic) measures of good and
bad sleep, and over the interpretation of
the effects of medication on the relation-
ship between these 2 domains.®*

One proceduredeveloped torespond Lo
thisproblem is the quantitative review or
meta-analysis, This procedure draws on
the quantitative rigor and the statistical
standards used in primary data analysis,
but is applied to integrate information de-
rived from different studies.*4 To our
nowledge, whileseveral quantitative ap-
proaches have been applied to the litera-
ture that examines the effects of behav-
ioralinterventions oninsomnia, similar ef-
forts have not heen made to examine the
effects of medication on insomnia.®* In
anattempt to answer the larger questions
of whether, and towhat extent, commonly
used medication treatments benefit pa-
tients with chronicinsomnia, we report on
& meta-agnalysis of cutcome studies that
used benzodiazepines or zolpidem tar-
Irate to treat patients with a diagnosis
onsistent with the DSM-IV criterla of
primary insomnia,

METHODS
Data Sources

Poblished studies were identified
through searches of MEDLINE for the
perimd 1966 Lo 1906, through searches of
Current Contents, and from references
tited in the reparts obtained. The mid
1960s marked the introduetion of benzo-
diazgepines into clinjeal use. Various
searches were evaluated to produce the
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siyraligry eventually used. The subject
heading oo restricted to the sub-
jeet subheading of drug therapy was com-
hinad with the subject heading placebos
anl Lhe text word placebos. This fermed
the basie search strategy for MEDLINE,

This emphasized sensitivity at the ex- -

pense of specificity. The Jowrnal of Sleep
Regenrch, from the first issue to volume 4,
1995, was searched by the subject insom-
wig in Current Contents and by manual
review. The bibliographies of obtained ar-
ticles werereviewed toidentify additional
studies. Articles were Jimited to those
published in the Englieh language. Stud-
ies in unpublizhed form, abatract form,
dissertation or thesia form, and book chap-
ters were not included.

Study Selection

We chose to examine patients with
primary insoronia for several reasons,
Primary insomnia represents the proto-
typical insomnia disorder, as epposed to
ingomnia that is secondary to paychiat-
rie, general medical, or substance uze
disorders. Primary ingomnijaisabroader
classification than the chronic insomnia
subtypes in the JCS5D, and the diagnos-
tic eriteria are more readily exfracted
from research reports. In elinical
samplea, primary ingomnia is the second
most {requent insomnia diagnosis after
insomnia related to 8 mental disorder.®
Finally, the treatments for primary in-
somnia are aimed at the insomnia itself,
whereas treatments for secondary forms
of insomnia, in general, are oriented to-
ward the underlying disorder.*

Recausethe DSM-I'Veriteriahave only
recently been adopted, studies not using

DSM-IV critenia were reviewed for pa-

tient descriptions that were compatible
with the DSM-TV diagnostic criteria. Qur
goal was touse eriteria that would be sen-
sitive enough to allow as many studies as
possible to be considered, but as specific
as possible to be congistent with the cur-
rent construct of primary insomnia.
With the exception of eriterion (C),
which is the exelugion of other primary
sleep disorders from the DSM-TV deli-
nition of primary insomnia, we applied
the remaining diagnostic eriteria for pri-
mary inspmnia toidentify relevant stud-
jes to be reviewed. We required that
studies state explicitly that patients had
difficulty initiating or maintaining sleep
or experienced nonrestorative sleep for
at Jeast 1 month (A). Clinically signifi-
cant distress was inferred from patients
seeking treatment forinsomnia or symp-
tomatic volunteers (B). Investigatora
needed to state explicitly that paychiat-
ric (TN and general medical conditions
(E) were asgessed and roled out as the
cange ofthe insomnia, Inreviewing stud-
jes, it became apparent that clinical tri-
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als of patients with exclusively acute in-
somnia were rare and relied on experi-
mental manipulations to simulate acute
ingomnia.’® Therefore, in terms of the
mets-analysis, we considered it reason-
able to include studies whose investiga-
tors failed to report the duration of
gymptoms, sinee subjects more than
likely experienced persistent insomnia
gymptoms based on this pattern repré-
sented by the larger pool of studies.

While uniform assessment procedures
would improve the homogeneity of study
populations, there has been no agreed-on
procedure for establishing the absence of
psychiatri¢ or general medical condi-
tions. Furthermare, structured inter-
views were not available until the mid to
late 1970s. In an effort to balance sensi-
tivity and specificity, we choge io accept
the investigator's report that psychiatrie
and general medieal conditions were evalu-
ated and beligved not to he responsible for
the chronic insomnia condition to fulfill er-
teria D and E in the DSM-TV.

We limited our meta-analysis to stud-
ies that used a placebo-contrel group, par-
allel-group design, randemized patient as-
sigrment, and double-blind assessment of
outcomes, We also included crossover de-
signs, but to minimize the impact of car-
ryoverand order effects, we extracted data
for anly the first treatment peried, when
available. Open studies, active-control
equivalence studies, Latin-square de-
gipng, and preference atudies were not in-
cluded. While these designs contribute to
the accumulated evidence coneerning hyp-
notic affects in insomnia, our goal was to
generate the most conservative estimate
of treatment effects attributable specifi-
eally to the medication intervention.

We limited our review to specific
study designs for several additional yea-
sons. Because previous research has
shown large night-to-night variability in
sleep measures in patients with insom-
nia, patients selected for extremes of
alzep disturbances at one point in time
(ie, baseline severity eriteria) may dem-
gnstrate subsequent improvement over
the cowrse of observation that reflects
repression toward the mean rather than
the effects of treatment. 748 Symptom-
atic improvemente over time within the
structure of a clinieal study can result
from self-monitoring, sleep hygiene in-
gtruction, and the demand characteris-

tics that accompany the experimental =

protocel® These effects are reflected
in within-subject analyges and ean be
geen in analyses of waiting-list groups,
gham treatment groups, and placeba
groups.™ These factors taken together
suggeslt that an appropriate control
group and between-group comparigony
are neaded Lo isolate the specific affects
of medieation from other faetors,
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We excluded from further veview stud-
ies that were restricted to patients older
than 65 years. Age-related declines in
sleep quality and continuity, inereases in
secondary forms of insomnia, increases
in comorbid medical conditions {and
concurrent medication treatments), and
hypnetie dosage modifications were the
reagong for this restriction.™* We have
reviewed pharmacologic studies of pri-
mary insomnia Jater in life elsewhere.

‘We alse chose to [ocus our review on
studies examining zolpidem and the
benzodiazepines uged clinically in the
United States. Thesa medieations repre-
sent a class of medications whose effects
are believed to be mediated by GABAer-
gie action.™ The following is a list of
eligible bernzodiazepines: alprazolam,
chlordiazepoxide hydrochloride, diaz-
epam, estazolam, Murazepam hydrochlo-
ride, lorazepam, quazepam, temazepam,
and triazolam. For studies that evaluated
the efferts of more than 1 eligible medi-
cation, eg, triazolam vs temazepam vs pla-
eeba, we ealeulated cambined probabili-
ties and effect sizes for 1 medication v
placebo to avaid problems introduced by
caleulating multiple probabilities and ef-
fect sizes from the same sample. ¥ I {lu-
razepamwas 1 ofthe 2active agents, then
it was selected to ealenlate effect sizes.
Otherwise, the representative medica-
tion for asingle stucly with more than 1 ac-
tive agent was chosen rondomly. We
chose to “oversample” flurazepam be-
cause it was ineluded in many studies az
the “gold standard" for hypnotic treat-
mentand wasused toevaluatethesfficacy
of the other medications. Establishing its
efficacy lends support to interpreting ne-
tive control equivalence studies where
newer benzodiazepines were tested
againat flurazepam as the typical control
agent and no placebo group was used.

Measures

Aswith 2 previous meta-analyses of be-
haviora! treatments in insomnia, &% we
found that only 4 variables were mea-
sured frequently enough to be consid-

. ered central outcomes in & quantitative
review. These variables, usually mea-
sured from questionnaires and from sleep
diaries, are sleep-onset latency, total sleep
time, and the number of awakenings.
Sleep quality, when evaluated, was gen-
erally represented on an ordinal scale
with deseriptors such as fair, good, ex-
callant, ate. We conduered separate meta-
analysea for each of these 4 dependent
meagures, #5858 We yged the outcome
measure reported for the end of the clini-
cal trial to represent the findings of the
study. I a series of summary measures
were reported, such as weekly aver-
ages, then these were combined into a
single summary for the study. Polysom-
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nographic evaluations, less commonly
performed in longitudinal, between-
group designs, were also included. Wake
afterglesp onset was reported inlesa than
a gquarter of the studies we identified.
Thus, only number of awakenings was
considered in the meta-analysis.

In determining whether medications
were guperior o ptacebo and te use the
maximum amount of information, we
used a broad, inclusive approach and
combined studies at the level of P values
because effect sizes could not be ex-
traeied for a majority of studies ob-
tained, Howsaver, in an effort to quantity
the magnitude of reaponse, a subset of
studies with self-reported outcomes and
with adequate reporting of data to cal-
culate effect sizes was alao zelected. We
performed meta-analyses for postureat-
ment, between-group cornparisons from
this pool of studies. Because of limited
reparting ofbaseline information, we did
not perform befare and after betwedn-
group comparison of outcomes.

Estimatian of Combined P Values
and Effact Slzes

The approach described by Rosen-
thal’’ was used to cornlbine studies. One-
tailed P values for each ouleame were
eonverted to 2 acores, surmed, and di-
vided by the square raot of the number
of cambined teste Lo obtain an un-
weighted summary eatimate of the com-
bined F values. The summary z score was
weighted for sample size according tothe
formula: z{w) = (Zdf*=) (EdfH'?, where
df represents the degrees of freedom a3-
sociated with each stalistical test and w
represents weighted. The heterogene-
ity of P values was determined by sum-
ming the sguare of the difference be-
tween the z of each atudy and the mean
z across all studies. This summary mea-
sure of heterogeneity was compared with
a x* distribution with the degrees of free-
dom equal to 1 less than the number of
studies combined.

The value of Cahen o, the standardized
mean difference, was used in the present
analyees to quantify the magnitude of
treatment effects.™ For example, the
posttreatment value for the mean of the
experimental group wassubtracted from
that of the control group and the diffey-

“ence was divided by the pooled SDr of

the 2 proups, di=(mean, —mean; 30,
where i represents individual study; g, ex-
perimental group: £, control proup: and p,
pooled, The ealculations were performed
snch that a poaitive effect size reflected a
beneficial medication effect. Sleep—anaet
latency tends to have a skewed distribu-
tion, but most of the studies identiffed re-
ported sleep-onset latency a3 o mean
(rather than a median or othey summary
for skewed data) and parametric Losts

HO. 810

predominated. Transformation of van.
ables was seldom reported,

To account for different sizes of groyy,
for the summary estimate d,, the T
mula by Hedges (1982) was ygey.
dy=sum{w;, x di)sum(w), Where 1, j;
weighti=2N/(8 + &7 ) and Niis the toty
sample size fromthe individual study wa
All effect sizes in the current analysy
represent reported data and not eg.
mates from test statistics.

These effect sizes represent standarg.
ized @ scores that can be interpreged gy
the magnitude ofthe difference betweey
treated and control patients in units of
8D. From individual effect sizes ang
variances, a weighted summary eifeq|
gige and its confidence interval were ¢yl
culated and a test of the hetérogeneity of
effect sizes was performed. ™™ In hahgy.
joval seienea research, o of 0.2 is conaig-
ered amall, 0.5 is medium, and 0.3 iz
large.* In addition, the effect aize ¢
alao be meaningfully represented by the
relative percent improvement of the
treatment group compared withthe egn-
trol group.”® The z score for the effss;
gjze is determined directly from the m-

. mulative distribution function of & stap-

dard narmal curve.

Pata Extraction

All coding eriteria of hard measures
such as age, sleep measures, and treat-
ment duration were coded by 1 investi-
gator (F.D.N.). Study eelection was per-
formed after 2 separate reviews (o code
for each study’s eligibility. The retriaval
of study outeomes data, which involved
more subjective judgment, was com-
pleted by consensus between 2 of thein-
vestigators (B.D.N. and 8.M.) and then
reviewed hy members of the Lleam
(M.A.D., D.1.B., and C.F.R.), Thus, the
data to be retrieved and surnmarized
were sample statistics reported in the
literature from primary studies.

RESULTS

Excluded Studies

A total of 198 studies were identified
from all sources (if multiple studies re-
ported data from the same sample, only
the study whose main aim was the ques-
tion of efficacy was selected). Eleven
studies were notin the English language:.
Seventy-four studies did not presentdatd
regarding efficacy of benzodiazepinas or
2olpidem in patients with primary ingom-
nia. Thirty-one studies were exeluded
for duration and disgnostic criteria. Of
these 31, 15 stalies were conducted with
psychiatric patients, 7 were with generad
medical patients, 2 were with patienta
with other primary sleep dizorders, :m}l
T for combined daration and diagnostic
reasons. Twenty-one sindies were e¥
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[atle 1. —Study Characiericlice ol Banzodiazapings and Zolpidem in Chranic Insamnia*
Na. of Altrilion Age, Mapn % Pricr Diagnostle
Soures, v Hypnotict Subjects Ha. {Ranga}, yi % Male Hypnelie Use liness, t§ Symptams| Eritariay

fajek oL a,¥ 1994 T0.25 1507 192 51 (18-71) B& 43 Chranic NR MR
Nt et al,” 1994 0, 105 24 1 (20-65] 3 WA MNR NF NA
iohad ol &7 1904 218, 210 75 B 38 (22-60) 3G NR =3 mn MR NR
Jeremann et 3@ 1833 210, L2 a8 4 {25-85) 57 48 *>2 mo NF; DSM--R
wclerc 1 al.~ 1992 210 18 a tE0-50) [} 100 MR NA NR
Zohin &t al,® 199t Fio, E2, E1 223 L {18-85) NR NR =3 mo NR NR
Yo alal® 1930 Fap 36 0 3§ (20-59) 13 NR >12 mo 50>M=0 NR
HE el al® 1880 Fa0, F15 107 B 38 {26-57) 41 100 0.85-46 y M DCSAD
Jair &l a7 1880 Fao &0 4 47 (18-56) 53 NR 18 mo NR NR
Toncianc at &l 1880 Fau 5 2 aD (18-60] 54 NR NR NA NR
ichari el al.'! 1990 Fap. g2 244 14 41 (21-65) MR MR =3 mo NA MR
Jominguaz of al % 1986 Fap, E2 74 a a7 (2166 [¥] NE =% me NR ME
wohin k1984 ©TOA L2 LLl n 41 [18:51) 40 20 =6 g NR OCEAD
Jalo de Pouls @ 1984 F30 BQ 5 30 (1D-55) 28 NR 2-120 mo M NR
Nalsh et al.™ 1984 E2, E1 378 25 47 [21-65) 24 NR >3 mo Mz EM= 80 NR
dan e g1, ¥ 18483 Q30 57 47 [23-58) 42 NR Chranic NA NR
ernandaz-Larg et a1, 1983 Q15 36 [2R-65) A3 NR Chronic NR NR
#andels et ak™ 1983 15 ao 20 46 (20-60) [:1:] NR Chranic NR MR
wanang el 2l,"* 1882 TE2Q, TE10 B0 1 (16-59) NA NR 3-8 mo M>E0=0 MR
innola et &l Y560 Fab a fl [21-2B) 40 NA NR NR NR
Mingim 2 1476 TEAO 78 1 {18-58) 23 100 5.7y M NR
‘abre Bt Al® 1478 T05 277 83 45 (18-80) ap NR MNE NR MR

*NA indizalas not rapanad; MMA, messured but not rapoarted: ana aljpzos, sl doi b detormingd,
TE indicates estazolam; F, flurazspam hydrachloride; L, lorazepam; O, quazepam; TE, temazapam; T, trigzalam; and Z, zolpidam fanrate.
+For ihosa aniies nol listing @ mean, the original manuscripts repored pRly mnpes. ’
§Rasponees with = represent 8 minimal durslion eriterion; otherwise a rango of tima, an average, ar the spodilior *chronie” is repaned.
(SO indicates sieap onsal; SM, sleap mamtonancea; M, mixed; and O, othar.
ROEM-HA indicales Diagnostic and Stabistical Manual of Manial Disarders, Revised Third Editian; PCSAD, Diagnostic Ciassification of Sleep and Arousal Disorders.

luded by age eriteria, 20 of these for ge-
iatric subjecte and 1 for childhood ages.
(hirty-nine studies were excluded by de-
ign eriteria, primarily 2-phase designs
vhere the firet phase was a placebo wagh-
n. A pool of 22 studies met inclusion and
xelusion criteria; their charaeteristies
re presentedin Tables 1 and 24580 The
5t of 198 studies is available on request
rom the authors.

itudy Characieristics

The final pool of 22 studies span the
‘ears 1978 Lo 1396 and reported on 1894
redorninately middle-aged patients with
hronie ingomnia, who were entered into
andormized, placeba-controlled, double-
lind trisls with a seleeted benzodiaz-
‘pine o1 zolpidem intervention, These
tudies included approximately 60%
vemen. Treatment duration was at most
3 days (median of 7 days). In these 22
tudies, 32 groups were treated with a
enzodiazepine or zolpidem (several stud-
&3 had 8 or more groups). Ten groups
sedflurazepam; 6 used estazolam; b used
olpidem; 4 used triazolam; 8 used qua-
&pam; 3 uaed termazepam; and 1 used lor-
gpam. Stodies with alprazolam, chlor-
liazepoxide, or diazepam were unable
o beidentified or did not meet inclusion
riteria, W

Among potential moderators of treat-
ngnt effect (Tableg 1 and 2), the distyi-
ation of patients with a history of hyp-
Otic treatrment was reported in only 6 of
2 snclies and the symptom profile

AMA, Decamber 24/31, 1997—Viol 278, No, 24

(sleep onsel, sleep maintenance, sarly
morning awakening) was reported in
only 3 studies. The duration of symp-
toma waa difficult to summarize as stud-
ies varied in their method and detail of
reporting.

Only 3 studies reported using diag-

hostie criteria te eatablish cases, and
only 1 study reported diagnoestic crite-
ria to aseess the presence of paychiat-
rie syndromes, Moat atudies veported
that psyehiatric illness were ruled out,
but it remains unclear how this was
done and whether this would inelude,
for example, anxjety dizorders in addi-
tion to mood disorders. One study ape-
cifically asseseed and included patients
with personality disordera, thereby
clarifying the scope of results.®

Eleven studies used a placebo wash-
in or lead-in a8 a haseline measure
whereas the other studies did not use a
placebo baseline. Only 7 studies re-
ported whether aspects of sleep hy-
giene such as structuring the regularity
and duration of bedtime, restricting
napping, or medifying caffeine intake
were uged. Compliance, whether for
drug or lor sleep hygiene, was reported
in only 9 studies. The adeguacy of the
dauble-blind wais not reported in any of
the 22 studies.™

Outcame Characteristics

Sixteen of 22 studies sxamined only
ealf-reportad sleep measures, mostly re-
corded from daily diaries or logs. One

Benzodiazepings and Zolmidem for Chranic Insamma—Noweli a1 al

study reported only polysomnographic
findings, and 5 reparted both. Sixteen re-
poried putcome meagures in unita of time,
(eg, minutes or hours). Five reported out-
come measures a8 numbers of regpond-
ers. One reported dimensions on anindex
speeific to the study. Table 3 summarizes
thesefindingsintermsof whether astudy
measured the given outcome, whether
the measured outesme results were re-
ported, and the 2-tailed P value agsoci-
ated with the outcome. To avoid ealeniat-
jng multiple probabilities from the 5
studies that included both a self-report
measure and a polysomnographic mes-
gure, the self-report measure was se-
leeted for the meta-analysis of P valyes.
The F values reported for the results of
the studies by Declerck® and Monti™ were
from polysomnographic variables, as no
gelf-report measure was available,

Combined Treatment Effects

To summarize these data while ac-
counting for the magnitude of the treat-
ment effect as well as the influence of
sample size, a meta-analysis was per-
formed from the available 22 stucies.
Tables 1 and & present the 22 studies.
Table 3 presents the P value data for
these 22 studies and the number of £ val-
vesthat were ahle to be combined for each
gutcome. Table 4 presents the data for
the effect mizes that were combinable.
Table 5 sutnmarizes the combined results
for the P valuesin the Lop partion and the
combined effcel sizes in the bottom por-
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Table 2 —Swdy Charactensucs of Benzodiazepines and Zolpidam jn Chranic Insomaia™
M" Outcams .
Placebo  Treatmenl Sleap Complinnee T Folysomnograpny o
Source, y Critariat  Deslgng  Wash-In __ Duration§ Hyglana Chackad Sall-raport] (PSG]I Dlmgnshw
Haak 1 al," 1954 ¥ F NR 23 NE NA A N _T‘i_-_'_'
Manti ¢ al,’! 1884 T P Y ay Y NA k) Y T
Schart o1 o). 1904 ¥ (PG P hi as NA ki ¥ ¥ T
Harrmann, et & 1390 Y P3G P v 14 NA NAR Y Y T
Declerchk &t 4% 1932 ¥ L NA ) NR NA N Y e
Conn Bt al* 1991 Y X NR 4 NR NR Y N N
Efic & al." 1920 ¥ P ¥ 8 MR ¥ ¥ N ¥
Kripka at al® 1990 Y P Y 14 Y Y v Y T
Mair af a1, 1830 Y P Y 7 MR Y ¥ N T
Ponciana e al," 1840 v f A2 21 NR MR ¥ ] o
Schart m ol 1900 ¥ p NR 7 ¥ ¥ A N T
Dominguaz &t al.% 1286 ¥ P NA ? ¥ b ¥ N T
Cohn™ 1584 ¥ B ] 7 ¥ NA ¥ N T
Mty de Pauia, 1984 Y P Y 14 NR Y A N T
Walsh at &, 1984 ¥ [ NR 7 ¥ ¥ ¥ N T
Agan a1 al® 1983 Y P ¥ 5 ¥ MR Y N N
Hernandez-1ars at af,”' 1963 ¥ p Y 5 NR NE Y N N
Mendsels &t al,™ 1983 . P ¥ 5 MA NA A N T
Gusnang a1 al®? 1882 MR P NR 5 NR NA Y Y T
Linnaiia &l 8l,"* 1980 NR X MR 14 NR Y Y N T
Fillingim,® 1878 ¥ P NR 4 NR NA A N ¥
Fahre o1 al® 1878 v P NR 14 NR NR Y N N

*NR indicates not reportad; elipses, could not ba dalermingd.

tinsomnia symptom wasaling severity incluion earia; ¥ indica

baged on F5G.
P indieatas paralial groupa; X, cress-ouer etudy,

Days of madicalion ¥pasure botwoen hasaline and fingl autcome mis asure,
i[Y indicates yes it under 3eif-raport ar PG columns: N, aot eollactad as an tuleoms In thasa 2 talymns.

T ingdiearag limal N, numder ol peiignts; ang 9, other,

Tatle 3.—Significange Levels of Betwean-Group Statlstical Tests in Qriginal Siudies*

Slaap-Onset Tatal Skesp Ho. of '
Source, ¥ Lelency Time Awakeninga Sleop Quality

Hajak al al,’ 1994 g1 .05 ‘ M .00z
Menti et al,”* 1394 M .05 1 NM
Scharf ef al,” 1994 ] 24 M A
Harrmann at al.”? 1893 .03 479 L fex)
Becierck et al¥ 1992 .08 67 bt N
Cahn et ald 158 1 B B Al
Elig @1 a1, 1980 az AE] M NM
Kripka et aj.* 1990 i .04 M7 NM
Nair &1 8l,™ 1980 D8 M M 05
®onciann ef al.™ 1950 .04 M MM NS
Schart @t a,’ 1980 02 ooz 0oz .0z
Dominguez of al,* 1086 18 002 02 -ho2
CahnA? 1984 01 M 01 N
Malo de Paula,® 1884 W W NE NM
Walsh at al,’% 1984 a0z 002 Lo 002
Aden gl 3l.% 1983 k] 0% 05 05
Harnandas:Lare at 51," 1863 .01 as M 03
Mendels 91 al,™ 1983 i M M M
Cugnang et al~ 1352 il ol M 58
Linpoita 81 al,™ 1280 NE NE NS MM
Fillingim.® 1979 M a5 ‘ .0 a1
Fabra et al,® 1978 001 1 001 .001
Mo, ol Pvalues 18 17 10 14

*Twaelallard F values a5 reparted or calculaled (ram original studies. NM indieates nat maasured; M, maasurad,
ngt rapened; and NS, norsignilizam Bl .05 lavel bul ingdaquats data availatie 1o soleulate an affect size or a Avalue,

tian. Ideally, all 22 studies would contril-
ute a P value and an effect size to be com-
bined into summary statistics. However,
by way of example, only 18 of owr 22 stwl-
ies presented engugh information to ex-
tract & P value, 3 measured sleep-onset

N4
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latency but did nat report the result, 1
study only summarized the finding as
nonsignificant, and effeet sizes eould he
caleulated for only 9. Tha yesults of the
combined # valne tests demonstrated
that medication was superior to placebo

{65 yas sevarily criteria wera Laas o seraen patiems: ¥ (PSG), yas saverity crileria were used, and thay warg

for all 4 outeomes (£<.001), There wagno
significant heterogeneity of P values.
Nine studies reparting 1 of the 4 ont-
comes in & dimension of time and report-
ing data te allow for the caleulation of an
effact size were also combined toquantify
the magnitude of treatment effects
(Tables 4 and 5). No clear pattern distin-

_puished the 9 studies whose datacould be

extracted for effect sizes from (hose
whose effect sizes conld not be, such a8
study date, number of patients, attrition,
age, or gencder. However, the 9 studies
tended Lo yeport more study character
istics overall, to cheek patient compliance,
and tohave ysed polysomnogyaphy in ad-
dition to subjective measuras. The most
comman reason for not being able to cal-
culate an effect size was thut only a P
value was reported without a test statis-
tie, treatment and eontrol means, of 1.
A tota) of 830 patients (343 treatment,
337 contral) with primary insomnia were
represented by this subset af ) studies.
The range of ages for the { studlies wad
fuomn 19 to G5 vaars. The medinn duration
of medication treatment was 7 days, The
range of the duration of treatment acroi
the 9 studies was from 4 tos days. Of the
selected medications from the § stuclics
4 used flurazepam hydrochlorile (30 mgh
2 used temazepam (1 at 20 my, 1ut 20mg)
2 yzed zolpitdem tartrawe (10 mgh
1 used estazolam (2 mg), Tables | endd
include thiese 9 studies, Table 1 sumins

Benzadiazepines and 2eipidem lar Ghranig nsommia: « Nowiil H
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rizes the data from the individual studies
for the 4 outeome measures for postireat-
ment, between-group rormparisons.

Table 5 presents the combined statis-
ties from the individual studies for the post.
reatment, betweensgroup comparisona,
Uzing Cohen eriteria, the 4 average ef-
fect sizes abtained would be interpreted
a5 mederate in magnitude ™ The 95% con-
fidence intervals for these mean effect gizeg
exelude zevo, indicating that the average
effect size for each outcome is statisti-
cally reliable. The limits of the confidence
intervals for sleep-onset latency and for
slegp quality yemain in the moderate mag-
nitude range; the limits of the confidence
intervals for total sleep time and for the
mmber of awakenings extend fram the
mederate to the large magnitude range.
Beeause the limits of all 4’ confidence in-
tervals overlap, extrapolation as to which
measure responds most strongly to medi-
cation cannot be made,

Table & alzo includes the results of the
test for heterogeneity of effect sizes. The
obtained valuss measure the varability
in effect sizes across all studies examining
a given outcome. When there is signifi-
rant heterogeneity, examination of mod-
erator variables (ep, type of medieation)
ean be performed 1o account for the het-
erogeneity, ag was originally planned, Qur
homogenesus results, however, reflected
inthe P values greater than .05 associated
with each value of @ for the effect sizes for
gleep-anset. latency, total sleep time, and
tumber of awakenings, suggest that the
obtained effects reflect a similar underly-
ing phenormenon for each domain, None-
theless, we note that temazepam and zol-
pidem had the largest effect sizes on gleep-
onset Jatency (0,78 and 0,77, respactively),
whereas flurazepam and estazolam had
the smallest effect sizes (.44 and 0.56, re-
spectively). Flurazepam, temazepars, and
gatazalam had larger effsets ontotal sleep
time (0.84, 071, and 0.67, regpectively),
while zolpidern had the lowest (0.39).

When there is no gignificant hetero-
geneity, the combined effect size can be
used Lo summarize the papulation of
Btudies obtained. Translation of the ef-
feet size into standardized z scores pro-
vides clinically meaningful interpreta-
Dons of the statistic &, From Table 4, the
average medication-treated patient fell
agleep faster than 71% of placebo-
treated patients, slept longer than 76%,
Woke Jess often than 74%, and reported
betier sleep quality than 73%.

COMMENT

The findings from this meta-analysisin-
dicate Lhat benzadiazepines and zolpidem
¥roduced reliable improvementain guan-
tiative and qualitative subjective mea-
Bures of sleep in patients with chronic in-

JAMA, Decamber 24/31, 1987-—Vel 278, No. 24
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Table 4.—Raw Daly and EHect Sizes for 4 Seli-repor Culcome Maasuras®

*NA indicalas not avallabie,
TOrigingl shidies’ scaled scoroa,

Bource, y Prug Plocebo Pooled 50 Effecl Size, o (SI)
Slaep- Ongal Latency, min o
Cyanang et o), 1082 358 4.1 353 0.80 (0.33)
Bomlnguoz of al® 1588 oot 1.0t 0.41 0.40 (0.30)
Eile at al,” 1880 1014 10.81 17t 0.43 (0.41)
Fillingim &1 al,"* 1978 3.0 73.0 .7 0,76 (0.30)
Herrmann &l al,™ 1905 4.5 728 3.5 1.00 (0.46]
Krigka at al * 1880 4.1 44.8 4.0 051 (0.28)
Behar ot al,” 1550 2.5} 3.2t 147 .48 (0.16)
Schart af al, 1894 8.4 B4.5 386 0.68 (0.23)
Waish et al,™ 1204 249 ait 1.2% 0,56 {0.13)
Tolal Sloep Time, min
Cuanang at at,® 1682 445,8 376.6 n7 0.69 (0.33)
Cominguaz &1 81," 1986 2.0t 1.0t 1,07 0.67 {0.32)
Elle o al,5 1980 8,97 6.2t 1.2 0.80 {0.43)
Filllnglm et al,% 1878 422.0 370.0 75.2 0.57 (0.29)
Herrmanr et al,* 1983 are7 397.4 559 0.81 (0.45)
Kripka at al® 18680 300 - B8E 6 0.33 (0.28)
Sehar at al,” 1980 4.1t 3.0t 1.4 1.00(0.17)
Scharf at al,™ 1934 1.2 3454 71.6 0.22 (0.28)
Walsh el al,™ 1984 1.7 14t 0.67 D.67 {0.03)
Ha. al Awakeninge .
Cuanang &t al,® 1982 " NA MA, NA NA
Daminguez sl 61" 1965 1.0 2.0 1.0 1.00 (0,32}
Ella g1 ah® 1990 3.8 5.2 1.5 0.55 {0.43]
Fillingim &1 81,9 1479 2.3 34 1.6 0.76 {0.20)
Herrmann at al,’™ 1943 1.8 L3 1.4 0.38 .44}
Krinke &1 al, ¥ 1880 MNA WA NA NA
Sehart ol al.” 1930 1,7 2.2 0.7 0.64 {0.16)
Boharl @ al.™ 1994 NA NA MA NA
Walsh et &l 1884 1.8 21 0E 0,57 (0,131
Eloop Quality]

. Cuansng &t al.™ 1882 NA NA NA NA
Dominguez &t al™ 1866 1.0 2.0 1.0 1,00 (0,33}
Elie el al=’ 1880 NA NA NA NA
Eillingim &1 alt 1970 2.2 85 1.6 0.76 (0.204
Harmann et al,’™ 1933 NA WA MNA NA,
Kripke el al % 1360 NA NA NA NA
Sechar ot al,” 1880 a4 3.0 0.3 0.65(0.16)
Schart af al,™ 1984 26 X} n.& 0.07 {0.28}
Walsh et al,” 1884 2.4 20 D.B 0,63 (013)

Table & —5Summary of Poslireatmen! Between-Group Gomparisons; P Values and Effect Sizes

Sleep-Oneel Total Sleep Ho. of Sleap
latenay Time Awdkenings Cality
P valus analysis
Na, of efudiae 18 17 10 14
Unwelghted summary, z B.36 B.64 7.58 Ba6
Walghtadd summary, 2 §.95 5.64 ©.66 6.48
P valus of summayy, I <007 <,001 < .00 =00
x! Heteropanelly of alest size 1205 10.24 577 12,81
P value for x* 20 8 .23 E-1
Efect size analysis
No. of studise 2] 2] 1] 5
Weiphted affedt slze summary, of 0.58 b7 0,65 &2
Efinet giza 5D 0.08 0.08 o.00 0.0%
85% Confidence imerval 0.41-0.71 0.55-0.87 f1.48-0.82 D,45-D,78
= far afiact elze 0.7121 07611 0. 74y 02,7324
¥ Helgrogarelty of aitec) size 344 8.5 2.66 5.52
F vaius for y2 il a8 25 A4

. "]

gomnia. Thease medieations had a moder-
atetreatment effect. The average patient
treated with medication reported supe-

Benzodiarepings and Zalpidem 1or Chronic Insomnia—howe/l &t al

rior cutcomnes comparsd with approxi-
mately Lthree guariers of placebo-treated
patients in the time it takes to fal) asleep,
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the number ol wwakinines il night, the
total amount: of slee)r ehiaimed, gl Ehe
qualicy of steep nbtiined.

As with the meta-mnilyses hy Movin et
al*® and Murtagh ot al. ¥ which examined
the efferts of behaviorul trextment on in-
somnia, we found inconsistent, and infre-
guent uge of polysomnography or mea-
sures of caytime well-beiny or function-
ing in controlled medicition teials of
ehronie Insomnia. A general consensus on
outeome measures to includle it elinieal tif-
als, aawell as general guidelines on how ta
combineg cutgeme measures to claasify
treatment reaponders, is clearly needed.
[n turn, thiz would faeilitate the integra-
tion of aceumulating evidence on which
types of freatment are most effective
oversll as well as which treatments have
more robust effects on specific aspects of
insornnia. [tis hoped that thismeta-analy-
sis will stimulate development of adds-
tional methods to integrate and surnma-
rize the existing body of research evi-
dence of multiple pharmacalogic agents,
gtudy deaipms, and outcomes used in in-
somnia researeh to bettey inform the de-
sigm and reporting of future triala,

The duration of medication exposure
during treatment trials deserves special
emphagis. While the range of drug expo-
sure was 4 to 35 days, the madian dura-
tion of treatment wes only 7 days. Our
resultsindicate that patients with chronde
insomnia show subjective improvement
to such acuke medication lreatment a3
compared with placebo, Qur analysis
drawa attention to the lack of well-con-
tralled evidence regarding the efficacy of
long-term exposure to benzadiazepines
or zolpidem in patients with chronic in-
somnia. This may, in part, stem from risk-
to-benefit concerns about continuous and
prolonged benzodiazepine exposure to
patients in vesearch protoeals. Yet, piven
that 10% of long-term insomnia patients
who take benzodiazepines take them con-
tinnously for more than a year, such evi-
dence is sorely needed. *# Lastly, and in
contrast to studiez of the bahaviora) in-
terventions n insomnia, none of the stud-
iez reviewed had any follow-up» data ex-
amining the durability of treatment ef-
fects dor G months afiertreatment. These
observations together suggest that elini-
cal trials of medications should inclnde
longitudinal design considerations when
evaluating the efficacy of hypnotics as an
intervention in chronic insamnia.

One potential imitation of ourresults is
that we excluded the so-called orphan lit-
erature, eg, (lissertations, abstracts, or
trials conducted by pharmaceutieal com-
panies but net published in the medical
literature. A related concern is that by
foeuging on publizshed study vesults we
hias the sample toward stucdies that have
found positive and statistically significant

2176 JAMA, Decernber 24731, 1987—Vol 278, MNa. 24

results. Traditional navvative reviewsare
subject to similar limitations. Flowever,
these issues may be approached wichin
the meta-analysis with the formula N =
(52/1.645), where Ny representa the
number of studies with =06, to deter-
mine the number of studies with nul re-
sults that would have to have heen sys-
tematically emitted from our review to
reduce the cwrrent findings to marginal
stafistical gignificance.'* The number of
such omitted studies would be 135 for
sleep-onset latency, 150 for total sleep
tirne, 96 for number of wakings, and 64 for
sleep quality. [t i unlikely that these
numbers of studies with null results were
condueted and either not published or not
identified in our search. This suggests
that the results derved from gur sample
of studies would remain durable to a rea-
sonable nuynber af threats to the pavarn=
eters of our search strategy.

Arelated congern focuses on our 2tudy
selection criteria and, in particular, stud-
ica that used parallel-group or eross-over
designe. The goal of this review was to
avaluate the magnhitude of treatment gf-
fects specific to medication in patients
with echronie symptoms of insomnia unve-
iated to medical and peychiatric cavses,
and who were treated with a benzodiaz-
eping in use in the United States ar with
zolpidem. From the potantial pool af 113
English-language atudies that uaed a pla-
cebg control and that presented Efﬁcac_y
data, approximately 15% were excluded
because the insemnia waa in the context
of a major paychiatric or medical illness,
11% wars excluclec because patients were
axclusively older than 65 years, and 21%
for stucy design (primarily a single-cell,
placebo wash-in degigm). Design charac-
teristica may turn out not to infiuence ob-
served treatment effects, ig, a single-
group, open tyial comparing premeasures
to postmeasures may produce the same
treatment effect as randornized, placebo-
controlled, double-blind, parallel-group
dlesigm, Accordingly, if study design does

not influenee the effects of treatment, our

sample's results should have been similar
whetherweineluded sther designaarlim-
ited our sample ta randamized clinieal tri-
als. If, however, study design does exert
importantinfluences, we suggest that our
inclusion eriteria resulted in a set of stud-
jes whaose regults represent the most con-
servative effects attributable apecifieally
te active treatment.®

Tosummarize, the avallable evidence ve-
sulting from randomized, placehn-

controlled, double-blind treatiment triala

of benzodiazepines and zolpidem in the
tréatment of chronic insemnia demon-
atrates medelate, reliable treatment ef-
fects on subjective aleep-onuet latency, Lo-
tal sleap time, number of awakenings, and
sleepgualicy. Daytime well-being and day-

HO. @813

Litne [unetioning nead to be mestived p,.,
often (or the utility of these vutenmesg
b quantitatively reviewed. Belore stey,
ger recomnmencdations can be made Wby p
the vole of drug thevagry i ehronis (s,
nig, longitadinal and contrelled liniealty.
als with follow-up data are neaded to evy),,
ate the effects of medication treatment
heyond 4 weeks of “acute” treatment. Myra
avidence is needed to justify the trangj-
tion from benzocliazepines to sedatingap.
ticlepressants in the clinical management
of ehronic insomnia, and alternative lung~
term traatment strategies such a8 nonge.
dating antidepressant and secondary pre.
vention strategies need to be exploreg,
Laatly, comman auteomes and uniform,
definitions of treatment response yre
needed to develop evidence-based prac-
tice guidelines for the role of medieation
in the long-term clinical management of
chronie insormnia.

This study was upported in part by Na-
tionat Tnztitute of Mental Hewlth oeants
MH-16304, MH-002095, MH.27360, MH-
30M3, and MH52247
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