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Abstract  :  The  present  s tudy evalua ted  the  inf luence  of  habi tua l  s leep
dura t ion  on  episodic  memory in  a  wakeful  s ta te .  Episodic  memory was
assessed for auditory and visual processing pathways. A total of 96 medical
s tudents  (53  male  and  43  female ,  be tween  the  age  group  18–23 years )
accustomed to different sleep durations volunteered in the tests.  The tests
included auditory free recall of 10 common words, pictorial free recall of
10  p ic tu res  and  recogn i t ion  o f  10  min ia tu re  an imal  r ep l i cas  wi th  10
distracters .  There was no gender-related difference in the visual  and the
auditory memory scores.  The visual  episodic memory scores were similar
in persons sleeping longer or shorter duration. On the other hand auditory
memory scores  were s ignif icant ly lower in  persons accustomed to > 10 h
sleep.  The resul ts  indicate  the importance of  s leep durat ion on episodic
memory processing of learned material even during wakeful state specially
which involves auditory system.
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INTRODUCTION

With  be t te r  unders tanding  of  memory
process ing ,  human memory  i s  no  longer  a
“unitary system”. The most  commonly used
memory classification is the declarative and
the  non-dec la ra t ive  memory  sys tem (1) .
Declara t ive  memory i s  associa ted  wi th  the
consc ious  reco l lec t ion  of  fac t -based
informat ion  ( i . e .  knowing  “what” ) .  Non-
dec la ra t ive  memory ,  a  re f lex ive  memory ,
inc ludes  p rocedura l  memory  ( i . e .  knowing
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“how”) and does not  involve consciousness
(2 ,  3 ) .  Dec la ra t ive  memory  sys tem has
subca tegor ies ,  inc lud ing  the  semant ic  and
the episodic memory (4).  Semantic memory
is  a  memory  of  genera l  knowledge  and
vocabula ry ,  whi le  ep i sod ic  memory  i s  a
memory about the events of particular places
at particular time (4–7). Episodic memory is
the only memory system that at the time of
re t r i eva l  t rave l s  back  in  t ime  (6 ,  7 ) .  I t
encompasses  the  pa thways  of  in format ion
process ing  inc lud ing  aud i to ry ,  v i sua l  and
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other pathways that  are concerned with the
ideas  such  as  se l f ,  sub jec t ive  t ime  and
autoneotic consciousness (7).

All forms of memory undergo processing
in sequential stages. These include encoding,
s tab i l i za t ion ,  enhancement ,  r e t r i eva l ,  and
reconso l ida t ion .  Conso l ida t ion  phase
comprises of  s tabi l izat ion and enhancement
that occurs largely during wake cycles (8, 9)
and sleep cycles,  respectively (1) .  Besides,
add i t iona l  pos t  encoding  s tages  l ike
association, translocation and active erasure
play a significant role in memory processing
(1).

There  are  several  s tudies  to  unders tand
the memory processing,  especial ly in terms
of  ro le  o f  s leep  on  lea rn ing  and  memory
conso l ida t ion ,  us ing  behaviora l ,  molecu la r
and  ce l lu la r  approaches ,  bo th  in  humans
and  an imals  (1 ,  10) .  S imi la r ly ,  s tud ies
have  been  done  to  unders tand  the  o ther
aspects of sleep and memory like the effects
of sleep preceding the learning of a task (1)
and the importance of types of sleep (REM
and NREM sleep) in memory processing (11,
12) .  Al l  these  s tud ies  have  shown the
beneficial  role of sleep on memory (1,  10–
12) .  However ,  the re  a re  no  s tud ies  ye t
avai lable  to  unders tand the  s ignif icance of
hab i tua l  s leep  dura t ion  on  memory
per formance ,  though  the  impor tance  of
hab i tua l  s leep  dura t ion  in  o ther  hea l th
re la ted  i s sues  l ike  hyper tens ion  (13) ,
cardiovascular  diseases (14,  15),  carcinoma
breast (16),  and mortality (17–19) has been
repor ted .  Therefore ,  we  examined the  ro le
of  habi tual  s leep durat ion of  an individual
on  the  ep isod ic  memory  per formance  in
wakeful  s ta te  by conduct ing the  tes t  5–7 h
after the subject woke up. Further, the study

evaluated the memory performance involving
two important  sensory inputs  v iz .  audi tory
and visual  sys tems.

MATERIALS AND METHODS

S u b j e c t s

A total of 96 medical school students (53
boys and 43 girls, of age group 18–23 years)
part icipated in the s tudy.  Informed consent
was obtained from the volunteers as per the
guidelines given by the ethical committee of
Institute of Medical Sciences for conducting
the  human s tud ies .  The  sub jec t s  wi th  a
his tory  of  hear ing impairment ,  psychia t r ic ,
neurologica l  or  any o ther  chronic  d iseases
were excluded. Similarly, subjects under the
inf luence of  any medicat ion/drug that  may
a l te r  concen t ra t ion /a le r tness  were  no t
inc luded .  Also ,  i t  was  made  sure  tha t
par t i c ipan ts  had  no  anx ie ty ,  fa t igue  or
mental  t i redness at  the t ime of tests .  Tests
were conducted between 11 AM and 1 PM
i.e. at least 5–7 hours after subject woke up
to el iminate the effects  of  immediate sleep
on memory performance (1,  20).

Prior to the tests, participants had to fill
a  ques t ionna i re  c i t ing  the  in format ion  on
age, sex, sleep duration (4–6, 6–8, 8–10 and
10–12 h per day) and any family history of
dement ic  d i sorders .  Regard ing  the  s leep
duration, subjects were specifically instructed
to furnish the natural average sleep duration
ignoring the occasional  deviat ions.

Exper imenta l  t e s t s

Participants were tested for the auditory
f ree  reca l l ,  p ic to r ia l  f ree  reca l l  and
recogni t ion  tes t .
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Auditory free recall  test

Ten words of commonly known unrelated
objec t s  (mi r ror ,  r i ce ,  fan ,  ca r ,  pa r ro t ,
pad lock ,  t ab le ,  f lu te ,  egg  and  co in)  were
recorded in an audiotape in  local  language
(Hindi), pausing equally. Subjects were asked
to  l i s t en  to  the  aud io  us ing  an  ea rphone .
Fol lowing  th i s ,  they  were  g iven  a  mind
dis t rac t ing  task ,  where  the  sub jec t  had  to
arrange the numbers in a magic cube or to
assemble a pyramid from the cut pieces. This
prevented  the  con t inuous  memor iza t ion  of
the learned materials.  At the end of 5 min,
they were asked to recall  the words within
2 min and for each correct answer one point
was given. Test duration lasted for about 8
min in each subject .

Pictorial free recall test

Ten p ic tures  o f  commonly  known
unrelated objects (shirt ,  mango, bed,  clock,
shoes ,  to r to i se ,  e lephant ,  ca r ro t ,  mobi le -
phone ,  percuss ion  ins t rument )  were  used .
The pictures chosen here were not from the
words used in the auditory test. All pictures
were  of  same s ize  (13 .5 cm × 9.5 cm)  wi th
s imi la r  background  co lour .  Subjec t  was
shown each  p ic tu re  fo r  4 s  in  sequence ,
fol lowing this ,  a  mind distract ing task was
given as earlier. At the end of 5 min, subject
was asked to recall the objects shown earlier
within a period of 2 min and for each correct
answer one point was awarded. Test duration
lasted for about 8 min in each subject.

Recogni t ion tes t

Twenty  smal l  dummies  of  var ious
animals (e.g. polar bear, camel, mouse, cow,
elephant, tiger, leopard, lion etc.), were used

for the test.  Ten of these were test animals
and remaining ten were used as distracters.
Test animals were shown for 4 s each, in a
random order .  Fo l lowing  th i s ,  a  mind
distraction task was given. At the end of 5
min all the animals including the distracters
were shown randomly and the subjects were
asked to respond ‘yes’,  i f  shown earl ier  or
‘no’, if not shown. For each correct response
0.5 score was given. This test lasted for about
9 min.

Data  ana lys i s

The  scores  fo r  ind iv idua l  t es t s  were
pooled  separa te ly  to  ob ta in  the  mean ±
standard error (SE) values of a given group.
The significant difference was evaluated by
using one way ANOVA followed by Dunn’s
tes t  for  mul t ip le  compar isons .  Student’s  t -
test was also used wherever required. P<0.05
was considered significant .

RESULTS

Episodic  memory per formance in  male  and
female

The auditory and visual episodic memory
da ta  o f  male  and  female  a re  p resen ted  in
Fig .  1 .  The  audi to ry  memory ,  p ic to r ia l
memory  and  recogni t ion  memory  in  male
were not  different  from the female (P>0.1,
S tudent ’ s  t - t es t  fo r  unpa i red  observa t ion) .
Hence,  the corresponding data of  male and
female  were  pooled  toge ther  fo r  fu r ther
eva lua t ion .

Effect of habitual sleep duration on episodic
m e m o r y

The auditory and visual episodic memory
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da ta  in  re la t ion  to  habi tua l  s leep  dura t ion
are  p resen ted  in  F ig .  2 .  The  scores  were
higher in recognit ion,  followed by pictorial
and auditory memory, respectively. Pictorial
and  recogni t ion  memory  scores  were  no t
influenced by the sleep duration (P>0.1, one
way ANOVA).  However ,  aud i to ry  memory

per formance  dec l ined  wi th  the  increas ing
s leep  dura t ion  (F ig .  2 ;  P<0 .05 ,  one  way
ANOVA).  The  sub jec t s  wi th  > 10 h  s leep
dura t ion  had  s ign i f ican t ly  lower  aud i to ry
score (P<0.05, Dunn’s test) .

DISCUSSION

The presen t  s tudy  for  the  f i r s t  t ime
looked into the effects of sleep duration on
the  ep isod ic  memory  per formance  in
ind iv idua ls  accus tomed to  d i f fe ren t  s leep
duration. The results indicate that prolonged
habi tua l  s leep  has  adverse  e f fec t  on  the
auditory episodic memory performance while
p ic tor ia l  and  recogni t ion  memor ies  remain
unaffec ted .

The tests used in this study assessed the
ep isod ic  memory  bu t  no t  the  work ing
memory or  the  semant ic  memory.  Working
memory operates ful ly at  a  conscious level
(6)  to  keep  the  incoming  in format ion
t rans ien t ly  ava i lab le  fo r  < 30  s  (21) .
Therefore,  in contrast  to a study elsewhere
(22)  where the recal l  tes ts  were performed
immediately, in the present study, 5 min time
was allowed before the retrieval/recognition
so  tha t  the  work ing  memory  i s  e rased  by
th is  t ime .  Fur ther ,  a  mind-d is t rac t ing  task
(given in the study) prevented the continuous
memorizat ion process .  Hence,  the tes ts  did
not  assess  the  working  memory.  Likewise ,
semant ic  memory  component  was  no t
assessed by the recogni t ion tes ts  used;  the
tes t  mate r ia l s  used  had  the  advantage  of
selectively assessing the episodic component
( reco l lec t ion / remember ing)  and  no t  the
semantic component (familiarity/knowing) of
recogni t ion.  Remember/know paradigm (11,
23) and process dissociation procedure (24)
have  been  used  to  d i sc r imina te  the  two

Fig.  1 : Compar i s ion  o f  ep i sod ic  memory  p ro f i l e  in
male  vs .  f emale .  No  d i f fe rences  were
observed in auditory free recall ,  pictorial  free
reca l l ,  and  recogn i t ion  memory  (P>0 .1 ,
S tuden t ’ s  t - t e s t ) .

F ig .  2 : Ep i sod ic  memory  pa t t e rn  in  r e la t ion  to  the
hab i tua l  s l eep  dura t ion .  The  mean ± SE
va lues  a re  f rom number  o f  sub jec t s
ment ioned  in  the  pa ren thes i s .  Aud i to ry
memory  scores  dec l ined  s ign i f i can t ly  wi th
inc reas ing  s l eep  dura t ion .  (P<0 .05 ,  one  way
ANOVA).  An aster isk (*)  indicates  P<0.05 as
compared  to  4 -6  h r  (Dunn’s  t e s t ) .
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components of  recognit ion.  However in our
study, the miniature replicas of animals were
used  to  ensure  recogni t ion  of  the  s tudy
mater ia l s  as  reco l lec t ion  and  no t  mere
familiari ty.  In such experimental  design,  as
used in the present study, an individual gets
a  3D image  of  an imals  a long  wi th  s t rong
emotions and feel ings unl ike the face/word
recognit ion.  Besides,  precaut ions were also
taken  in  se lec t ing  the  an imals  where  the
d is t rac te r s  resembled  the  t es t  an imals
except ing the  colour .  Consequent ly ,  dur ing
recogni t ion  mere  fami l ia r i ty  of  the  animal
or the colour might not lead to the correct
answer  un less  the  sub jec t  consc ious ly
recal led  the  animal  of  a  par t icular  colour .
Moreover, since every correct “no” response
to distracters was an evidence of remembering
the test  animal vividly,  score was provided
for  a l l  the  cor rec t  answers .  Thus ,  the
precau t ions  t aken  in  the  p resen t
exper imenta l  des ign  he lped  to  assess  the
episodic memory specifically.

This  s tudy  looked  in to  memory
per formance  of  a  l ea rned  task  in  wakefu l
s ta te .  The  neura l  components  o f  memory
include encoding, stabilization, enhancement,
re t r i eva l ,  and  reconso l ida t ion  (1 ) .  The
encoding ,  s tab i l i za t ion ,  and  re t r ieva l  were
only  involved  in  these  t es t  conduc ted
in  wakefu l  s ta te .  The  enhancement  and
reconsolidation of memory were not assessed
by these  tes ts  because enhancement  occurs
during sleep and reconsolidation assessment
requ i res  a  second  s i t t ing  of  re t r i eva l  t es t
(1).

The  resu l t s  revea l  tha t  p ic to r ia l  f ree
recal l  task showed no variat ion in memory
performance with increase in habitual  sleep
dura t ion .  S imi la r  f ind ings  were  a l so  seen

for recognition memory. Unlike both of these
visual based memory systems, auditory free
reca l l  pe r formance  was  decreased  wi th
grea te r  s leep  dura t ion  (F ig .  2 ) .  The
decreased audi tory  f ree  reca l l  per formance
of an individual with prolonged habitual sleep
duration is a novel f inding.

The importance of sleep and memory has
been  s tud ied  e l sewhere  showing  i t s
beneficial role in memory processing (1, 10,
11) .  Most  of  these  s tudies  were  performed
on sleep deprivation states (1, 11). However,
it  remained to be explored whether the pre-
lea rn ing  s ta tus  o f  cor t i ca l  pa thways  i s  a
function of habitual sleep duration especially
in terms of subsequent learning and memory
per formance .  Our  s tudy  prov ides  ev idence
for such effects as depicted by the differential
performance of auditory and visual episodic
memory (Fig.  2).

The effects  of  prolonged sleep durat ion
on  memory  mus t  be  because  of  e i ther  the
confounders  ( s leep  qua l i ty ,  menta l
depress ion ,  hypoxic  s ta tes )  o r  the  t rue
media tors  (e .g . ,  shor tened  photoper iod ,
l imi ted  sensory  cha l lenges ,  REM/NREM
variations) associated with such sleep habit
(25) .  However ,  the  resul ts  are  perhaps  not
due  to  the  confounders  because ,  in  such
s i tua t ion ,  the  aud i to ry  as  wel l  as  v i sua l
memory  process ing  a re  expec ted  to  be
inf luenced  equa l ly .  Therefore ,  i t  i s  mos t
probable that the findings of the study have
been due to the influence of true mediators
of prolonged sleep.

Yet ,  a t  p resen t ,  the  exac t  mechanisms
under ly ing  such  d i f fe ren t ia l  memory
performance as a function of habitual sleep
dura t ion  can  on ly  be  specu la ted .  The
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differential effect of habitual prolonged sleep
is likely to involve the encoding, stabilization
or  re t r i eva l  s tages  o f  v i sua l  and  aud i to ry
memory.  Addi t ional  informat ion present  in
the  v i sua l  inpu ts  may  have  he lped  i t s
encoding and stabilization and, further aided
as  cues  dur ing re t r ieval .  Likewise  absence
of  such addi t ional  cues  in  audi tory system
may have lead to  impaired s tabi l izat ion or
re t r i eva l .  The  impai red  encoding  or
s tabi l iza t ion  of  audi tory  memory may a lso
be  perhaps  because  of  re la t ive ly  smal le r
cort ical  representat ion for  audi tory system.
Thus ,  the  p resen t  s tudy  cer ta in ly  po in t s
towards  the  poss ib i l i ty  o f  the  neurona l
plasticity operating at encoding or stabilization
or retrieval stages of memory processing in
dif ferent  pathways  dur ing prolonged s leep.
In support to our hypothesis, recently, fMRI
s tudy  resu l t s  demons t ra ted  tha t  memory
processing occurs at  occipital  and temporal
a reas  d i f fe ren t ia l ly ,  dur ing  overn igh t
s leep;  where  the  grea ter  ac t iv i ty  was  seen

in occipi ta l  lobe and decreasing s ignals  in
temporal  lobe (1) .  The present  s tudy thus ,
impar t s  the  need  on  fu ture  works  to
unders tand  the  memory  process ing  a t
var ious  a reas  assoc ia ted  wi th  hab i tua l
prolonged sleep.

In  conc lus ion ,  the  p resen t  resu l t s
demonstrate that  the individual  with longer
s leep  dura t ion  have  decreased  aud i to ry
ep isod ic  memory  than  v i sua l  ep i sod ic
memory .  Fur ther ,  i t  a l so  ind ica tes  the
presence of differential pattern of visual and
audi to ry  memory  process ing  in  hab i tua l
prolonged sleep.

ACKNOWLEDGEMENTS

The authors wish to thank Indian Council
o f  Medica l  Research  for  sponsor ing  the
presen t  s tudy .  Desh  Bandhu  Nepa l  was  a
rec ip ien t  o f  ICMR Shot - te rm research

s tuden t sh ip .

REFERENCES

1 . Walker  MP,  S t i ckgo ld  R .  S leep ,  memory ,  and
plas t ic i ty .  Ann Rev  Psychol  2006;  57 :  139–166 .

2 . Schac te r  D ,  Tuv l ing  E .  What  a re  the  memory
sys tems  o f  1994 ?  In :  Memory  Sys tems  1994 ;
D.  Schac te r ,  E .  Tuv l ing ,  (Eds . ) ,  pp . 1–38 ,
Cambr idge :  MIT press ,  1994 .

3 . Squ i re  LR,  Zo la  SM.  S t ruc tu re  and  func t ion  o f
dec lara t ive  and  non-dec lara t ive  memory  sys tems.
Proc Nat  Acad Sci  USA 1996;  93:  13515–13522.

4 . Tuv l ing  E .  How many  memory  sys tems  a re
the re ?  Amer ican  Psycho log i s t  1985 ;  40 :  385–
3 9 8 .

5 . Clay ton  NS,  Dick inson  A.  Episodic - l ike  memory
during cache recovery by scrub jays. Nature 1998;
395:  272–274.

6 . Ni l sson  LG.  Memory  func t ions  in  normal  ag ing .
Acta  Neuro l  Scand  2003;  107 :  ( supp l .  179) ,
7–13 .

7 . Tuvling E. Episodic memory: From mind to brain.
Ann Rev  Psycho l  2002 ;  53 :  1–25 .

8 . Brashers -Kurg  T ,  Shadmehr  R ,  B izz i  E .
Conso l ida t ion  in  human  motor  memory .  Nature
1996;  382:  252–255.

9 . Walker  MP,  Brakef ie ld  T ,  Hobson JA,  S t ickgold
R. Dissociable stages of  human consolidation and
reconso l ida t ion .  Nature  2003;  425 :  616–620 .

10 . Maque t  P .  The  ro le  o f  s l eep  in  l ea rn ing  and
memory .  Sc ience  2001 ;  294 :  1048–1052 .

11 . Rauchs  G,  Ber t r an  F ,  Gui l l e ry -Gi ra rd  B ,
Desgranges  B ,  Ker rouche  N,  Den i se  P ,  Fore t  J ,
Eus tache  F .  Conso l ida t ion  o f  s t r i c t ly  ep i sod ic
memor ies  main ly  requ i res  r ap id  eye  movement
s leep .  S leep  2004;  27:  395–401.

12 . Gais S, Born J. Declarative memory consol idat ion:
mechan i sms  ac t ing  dur ing  human  s leep .  Learn
Mem 2004;  11 (6) :  679–685.



332 Nepal et   al Indian J Physiol  Pharmacol 2007; 51(4)

13 . Got t l i eb  DJ ,  Red l ine  S ,  Nie to  FJ ,  Ba ldwin  CM,
Newman AB,  Resn ick  HE,  Pun jab i  NM.
Assoc ia t ion  o f  usua l  s l eep  dura t ion  wi th
hyper tens ion :  the  S leep  Hear t  Hea l th  S tudy .
Sleep  2006;  29:  1009–1014.

14 . Ayas  NT,  Whi te  DP,  Manson  JE ,  S tampfe r  MJ ,
Spe ize r  FE ,  Malho t ra  A ,  Hu  FB.  A  p rospec t ive
s tudy  o f  s l eep  dura t ion  and  coronary  hea r t
d i sease  in  women .  Arch  In tern  Med  2003 ;  163 :
205–209 .

15 . Hes lop  P ,  Smi th  GD,  Metca l fe  C ,  Mac leod  J ,
Har t  C.  Sleep dura t ion  and morta l i ty :  the  ef fec t
of  short  or  long sleep durat ion on cardiovascular
and  a l l - cause  mor ta l i ty  in  work ing  men  and
women.  Sleep  Med 2002;  3:  305–314 .

16 . P inhe i ro  SP ,  Schernhammer  ES ,  Tworoger  SS ,
Miche l s  KB.  A  p rospec t ive  s tudy  on  hab i tua l
dura t ion  of  s leep  and inc idence  of  breas t  cancer
in  a  l a rge  cohor t  o f  women .  Cancer  Res  2006 ;
66:  5521–5525.

17 . Amagai  Y,  Ishikawa S,  Gotoh T,  Doi  Y,  Kayaba
K,  Nakamura  Y,  Ka j i i  E .  S leep  dura t ion  and
mor ta l i ty  in  Japan :  the  J i ch i  Medica l  Schoo l
Cohor t  S tudy .  J  Epidemio l  2004 ;  14 :  124–128 .

18 . Pa te l  SR,  Ayas  NT,  Malho t ra  MR,  Whi te  DP,
Schernhammer  ES ,  Spe ize r  FE ,  S tampfe r  MJ ,
Hu  FB.  A  p rospec t ive  s tudy  o f  s l eep  dura t ion
and  mor ta l i ty  r i sk  in  women .  S leep  2004;  27 :
440–444 .

19 . Tamakosh i  A ,  Ohno  Y.  Se l f - repor ted  s l eep

dura t ion  as  a  p red ic to r  o f  a l l - cause  mor ta l i ty :
resul ts  f rom the  JACC study,  Japan.  Sleep 2004;
27:  51–54.

20 . Drummond  SP ,  Brown GG,  Gi l l in  JC ,  S t r i cke r
JL, Wong EC, Buxton RB. Altered brain response
to  ve rba l  l ea rn ing  fo l lowing  s l eep  depr iva t ion .
Nature  2000;  403:  655–657 .

21 . Bi rd  TD,  Mi l l e r  BL.  Alzhe imer ’ s  d i sease  and
o ther  dement ia .  In :  Harr i sons ’ s  Pr inc ip les  o f
In terna l  Medic ine ,  D.  L .  Kasper ,  E .  Braunwald ,
A. S.  Fauci ,  S.  L.  Hauser,  D.  L.  Longo,  & J.  L.
Jameson (Eds.)  16th edi t ion;  pp. 2393–2406,  New
Delh i :  McGraw Hi l l ,  2004 .

22 . Yonker  JE ,  Er iksson  E ,  Ni l s son  LG,  Her l i t z  A .
Sex  d i f fe rences  in  ep i sod ic  memory :  min imal
in f luence  o f  e s t rad io l .  Brain  Cogni t ion  2003 ;
52:  231–238.

23 . Yonelinas AP, Kroll  NEA, Dobbins I ,  Lazzara M,
Knigh t  RT.  Reco l lec t ion  and  fami l i a r i ty  de f ic i t s
in  amnes ia :  convergence  o f  r emember -know,
process  d i s soc ia t ion  and  rece ive r  opera t ing
charac ter i s t ics  da ta .  Neuropsychol  1998;  5 :  657–
6 7 2 .

24 . Jacoby  LL.  A  p rocess  d i s soc ia t ion  f ramework :
Separa t ing  au tomat ic  f rom in ten t iona l  uses  o f
memory. J Memory and Language 1991; 30: 513–
5 4 1 .

25 . S tamatak i sa  KA,  Pun jab ib  NM.  Long  s l eep
dura t ion :  A r i sk  to  hea l th  o r  a  marker  o f  r i sk ?
Sleep Med Rev  2007;  11:  337–339.


