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CLINICAL SCIENCES

Over 8 Hours of Sleep – Marker of In creased Mor tal ity in Med i ter ra nean Pop u la tion:
Fol low-up Pop u la tion Study
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Aim. To in ves ti gate night and to tal sleep du ra tion in re la tion to all-cause, car dio vas cu lar, and non-car dio vas cu lar mor -
tal ity, con trol ling for rec og nized pre dic tors of mor tal ity in a pop u la tion where the prac tice of si esta is com mon.

Methods. Our com mu nity-based sam ple in cluded 1,842 res i dents (1,001 women) of a West Je ru sa lem neigh bor hood,
aged 50 years and over. The study was con ducted in the 1985-87 pe riod, with a re sponse rate of 85%. The par tic i pants
were fol lowed-up for 9-11 years. At the be gin ning of the study, the par tic i pants were asked at what time they usu ally fell 
asleep at night and awoke in the morn ing, and the av er age du ra tion of their day time nap if they slept dur ing the day.
Cox sur vival anal y sis was used to pre dict time to death for all-cause, car dio vas cu lar, and non-car dio vas cu lar mor tal ity.

Re sults. The over all num ber of deaths was 403 (205 women), which in cluded 170 deaths from car dio vas cu lar causes
(93 women). Men who re ported long to tal sleep du ra tion (>8h) had a sub stan tially el e vated risk of all-cause mor tal ity
(ad justed haz ard ra tio, 2.1; 95% con fi dence in ter val [CI], 1.2-3.7), and a stron ger as so ci a tion with car dio vas cu lar mor -
tal ity (haz ard ra tio, 2.9; 95% CI, 1.2-7.1). The pop u la tion at trib ut able risk as so ci ated with more than 8 h of sleep was
12% (95% CI, 4-21%) for to tal mor tal ity and 17% (95% CI, 4-33%) for car dio vas cu lar causes of death. There was no
sig nif i cant as so ci a tion in women, al though those who slept 6-8 h seemed to have the low est risk.

Con clu sions. Du ra tion of sleep is an im por tant risk marker of mor tal ity also in pop u la tions that prac tice af ter noon si esta.

Key words: car dio vas cu lar dis eases; cir ca dian rhythm; ep i de mi ol ogy; Med i ter ra nean re gion; mor tal ity; sleep

Peo ple are of ten con cerned with quality and du -
ra tion of their sleep, as a re flec tion of their well-be ing. 
There is some ev i dence that pro longed sleep is as so ci -
ated with higher mor bid ity and mor tal ity (1-8). Large
pro spec tive stud ies con ducted in the USA doc u -
mented an op ti mal sur vival of men and women who
slept 7 h per night and ex cess mor tal ity as so ci ated
with sleep du ra tion of 8 h or more (1-4). Ex cess mor -
tal ity as so ci ated with lon ger sleep has also been ob -
served in smaller stud ies in the USA (5), UK (6), and
Ja pan (7). Lon ger sleep (>8 h) has also been as so ci -
ated with ex cess risk of cor o nary heart dis ease and
stroke among Amer i can men and women (8). There
is, ob vi ously, rather con sis tent ev i dence that du ra tion
of sleep may be an in de pend ent risk marker for mor -
bid ity and mor tal ity in pop u la tions that tra di tion ally
do not prac tice tak ing af ter noon naps.

Yet lit tle is known about mor tal ity as so ci ated
with sleep pat terns in Med i ter ra nean coun tries that
en gage in the time-hon ored prac tice of si esta. In such
coun tries, it has been ar gued that short af ter noon
naps that healthy adults usu ally take might be ben e fi -

cial as a stress-al le vi at ing mech a nism (9,10). The ef -
fects of a short day time nap have also been linked to
an in crease in alert ness and may com pen sate for re -
stricted night sleep (11). How ever, re search re sults on 
the pos si ble health ef fects of si esta are con flict ing
(9,10,12,13).

There fore, the same to tal sleep du ra tion (sleep
per 24 hours) might have dif fer ent health im pli ca tions
in individuals who prac tice af ter noon naps and those
who do not.

We investigated night sleep and to tal sleep du ra -
tion in re la tion to all-cause and car dio vas cu lar mor tal -
ity in mid dle-aged and el derly men and women in a
West Je ru sa lem com mu nity, where the prac tice of si -
esta is com mon. The pop u la tion had been fol lowed
up for 9-11 years.

Participants and Methods

Study Pop u la tion

The third round of the Kiryat Yovel Com mu nity Health
Study took place be tween 1985 and 1987 (14-16). All res i dents
50 years of age or older, first iden ti fied by a house hold cen sus of
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3,434 dwell ing units, were in vited to par tic i pate in the study. The 
re sponse rate was 96%. A to tal of 1,948 men and women gave
in formed con sent and agreed to par tic i pate (85% re sponse rate)
(14-16). The study pop u la tion was eth ni cally het er o ge neous,
con sist ing mainly of peo ple who im mi grated in 1950s and 1960s 
from the Cen tral and East ern Eu rope, North Af rica, and Mid dle
East, as well as those born in Is rael. Age and sex dis tri bu tion was
sim i lar in both nonrespondents and re spon dents (14). The study
was ap proved by the Hadassah In sti tu tional Re view Board.

Data Col lec tion

Data were col lected via a struc tured ques tion naire and
phys i cal ex am i na tion, which in cluded mea sure ment of blood
pres sure, weight, height, and draw ing of blood in the non-fast ing
state (14-16). In a 10-year mor tal ity fol low-up un der taken by link -
age of the study pop u la tion with the Na tional Pop u la tion Reg is -
try, 453 deaths were iden ti fied. The un der ly ing cause of death,
coded by the Cen tral Bu reau of Sta tis tics us ing the In ter na tional
Clas si fi ca tion of Dis eases 9th re vi sion, was avail able for 424 of
deaths (17); in for ma tion for 29 deaths was un avail able. We clas -
si fied cause-spe cific mor tal ity as car dio vas cu lar dis ease mor tal ity
(In ter na tional Clas si fi ca tion of Dis eases 9th re vi sion codes 390-
 458) and non-car dio vas cu lar dis ease mor tal ity (all other codes).

Vari ables

Sleep. Par tic i pants were asked at what time they usu ally fell
asleep at night and awoke in the morn ing. This en abled us to cal -
cu late night sleep du ra tion. Sub jects were also asked about their
day time sleep (“Do you usu ally sleep dur ing the day?”) and the
av er age du ra tion of their day time nap. To tal sleep du ra tion was
cal cu lated for each par tic i pant. In the anal y sis, night and to tal
sleep du ra tion were coded as <6h, 6-8h, >8h, based on pre vi -
ous stud ies (5,8).

Out of 841 men (97%) and 1,001 women (93%) who pro -
vided data on their sleep hab its, 403 (198 men and 205 women)
died dur ing the fol low-up. This in cluded 170 car dio vas cu lar
deaths, 77 in men and 93 in women.

Covariates. The anal y sis in cluded data on age, sex, so cial
class (based on oc cu pa tion), coun try of or i gin, ed u ca tional level,
cig a rette smok ing, al co hol con sump tion, phys i cal ac tiv ity, self-
 ap praised health sta tus, ac tiv i ties of daily liv ing, an ab bre vi ated
ver sion of the Cor nell Med i cal In dex (18), the de mor al iza tion
scale (19,20), pre-ex ist ing self-re ported chronic con di tions (di a -
be tes, cor o nary heart dis ease, and stroke), con ges tive heart fail ure 
ob tained by in ter view, blood pres sure, body mass in dex, se rum
glu cose, creatinine, al bu min, to tal cho les terol, HDL-cho les terol,
thiocyanate, and to tal plasma homocysteine. The meth ods have
been de scribed else where (14-17).

Data Anal y sis

Sex-spe cific age-strat i fied Kaplan-Meier sur vival anal y sis of
night sleep and to tal sleep du ra tion was per formed. Ad just ment
for age was per formed with the log rank method.

Cox sur vival anal y sis was used to pre dict time to death for
all-cause, car dio vas cu lar, and non-car dio vas cu lar mor tal ity, sep a -
rately for men and women, by in tro duc ing night and to tal sleep
du ra tion as cat e gor i cal terms. The as sump tion of pro por tional
haz ards, tested by in spect ing log-mi nus-log sur vival plots and by
the in tro duc tion of time-de pend ent covariates, was not found to
be vi o lated. Ini tial mod els in cluded only age and night or to tal
sleep du ra tion. Sub se quently, all covariates were added to the
mod els and re moved in a back ward step wise pro ce dure if their
p-value ex ceeded 0.10. Age-ad justed and multivariable-ad justed
haz ard ra tios were cal cu lated as well as their 95% con fi dence in -
ter vals (CI).

Ad just ment for mul ti ple covariates that re flect health sta tus
at base line may nev er the less be in ad e quate. To fur ther re duce
pos si ble re sid ual con found ing ef fects of ill-health at base line, the
Cox anal y ses were re peated af ter ex clu sion of deaths that oc -
curred in the first 2 and 5 years of fol low-up.

In ter ac tions with age were tested by the in tro duc tion of
prod uct terms of age (ei ther con tin u ous or cat e gor i cal) and sleep
du ra tion.

Nom i nal p-val ues were pre sented, and cor rec tion for mul ti -
ple com par i sons was not made.

The Sta tis ti cal Pack age for So cial Sci ences (SPSS ver sion 10.0;
SPSS Inc., Chi cago, IL, USA) was used for all sta tis ti cal anal y ses.

Re sults

Char ac ter is tics of Study Pop u la tion
The study pop u la tion was eth ni cally het er o ge -

neous with re spect to coun try of or i gin, so cial class,
and ed u ca tion (Ta ble 1), as well as their health-rel e -
vant be hav ior (al co hol in take is par tic u larly low in the 
Is raeli pop u la tion), self-ap praised health sta tus, se -
lected chronic con di tions, phys i cal mea sures and
clin i cal chem is try, and func tional sta tus. The me dian
age was 64 (interquartile range, 56.5-72.0) years for
men and 63 (interquartile range, 56.0-70.0) for
women.

Sleep Du ra tion
To tal sleep du ra tion of less than 6 h was re ported

by 15% of men and 15% of women, whereas 22% of
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Ta ble 1. Base line char ac ter is tics of the study pop u la tion con -
sist ing of 1,842 res i dents of a West Je ru sa lem neigh bor hood*
Variables† Men Women

Categorical variables (No, %)
Origin:
 Asia 153 (18)* 187   (19)*
 Africa 156 (19) 193   (19)
 Europe/America 319 (38) 401   (40)
 Israel 213 (25) 220   (22)
 total 841 (100) 1,001 (100)
Social class:
 white collar 486 (58) 571   (57)
 blue collar 355 (42) 430   (43)
 total 841 (100) 1,001 (100)
Education:
 0-8 years 289 (34) 481   (48)
 9-11 years 166 (20) 176   (18)
 >12 years 386 (46) 336   (34)
 total 841 (100) 993   (100)
Smoking:
 never 274 (33) 688   (69)
 past 347 (42) 162   (16)
 current 213 (25) 147   (15)
 total 834 (100) 997   (100)
Alcohol consumption:
 never 426 (51) 790   (81)
 <1-2drinks/week 254 (31) 152   (16)
 >3-4drinks/week 151 (18)  31   (3)
 total 831 (100) 973   (100)
Self-appraised physical activity:
 not active/low activity 160 (20) 122   (13)
 intermediate 315 (38) 414   (43)
 active/very active 348 (42) 428   (44)
 total 823 (100) 964   (100)
Self-appraised poor health: 285 (34) 479   (48)
 high blood pressure 116 (14) 128   (13)
 prevalence of diabetes 111 (13) 141   (14)
 history of CHD 146 (17) 102   (10)
 history of stroke  30 (4)  44   (4)
 restriction in ADL  33 (4)  43   (4)
Congestive heart failure:
 absent 472 (56) 484   (49)
 suspected 291 (35) 343   (34)
 positive  74 (9) 167   (17)
 total 837 (100) 994   (100)
Continuous variables (mean±SD):
 BMI (kg/m2)  26.5±3.6  28.1±4.9
 cholesterol level (mmol/dL)  5.55±1.11  6.29±1.19
 HDL cholesterol (mg/dL)  42.4±13.4  54.1±15.8
 creatinine (mmol/L)  97.0±22.1  77.7±18.9
 thiocyanate (mmol/L)  33.4±34.6  28.6±29.3
 homocysteine (µmol/L)  13.2±7.7  11.6±5.3
 glucose (mmol/dL)  5.90±2.70  6.08±2.80
 serum albumin (g/L)  44.2±2.6  44.0±2.6
 systolic blood pressure (mm Hg) 132.3±20.7 133.5±22.5
 diastolic blood pressure (mm Hg)  79.0±11.6  76.6±10.9
*Ab bre vi a tions: CHD – chronic heart dis ease; ADL – ac tiv i ties of daily liv ing;
BMJ – body mass in dex; HDL – high den sity li po pro tein.
†Dis crep ancies in to tals are due to miss ing val ues.



men and 27% of women re ported to sleep more than
8 h a day (Ta ble 2). Long night sleep du ra tion was re -
ported by 12% of men and 20% of women. The to tal
sleep du ra tion in creased with age in both sexes, be ing 
higher in women across all age groups. Forty per cent
of men and 35% of women re ported tak ing a nap dur -
ing the day. Long si es tas (2 h or more) were more
prev a lent among men than among women (12% vs
7%, re spec tively).

As so ci a tion of Sleep Du ra tion with Covariates
Lon ger sleep du ra tion was as so ci ated with nu -

mer ous risk fac tors or risk mark ers for mor tal ity (Ta ble 
3). North Af ri can or i gin and lower ed u ca tion level
were as so ci ated with sig nif i cantly lon ger sleep in
both sexes (p<0.014 for eth nic dif fer ences, and
p<0.02 for ed u ca tional dif fer ences). Lower so cial
class was as so ci ated with lon ger sleep du ra tion in
women only (p<0.030). Al though obe sity, cig a rette
smok ing, and al co hol con sump tion were not sig nif i -
cantly as so ci ated with sleep vari ables in ei ther sex, se -
rum high den sity li po pro tein (HDL) cho les terol
showed an in verse re la tion to sleep du ra tion in both
sexes (p<0.031 for to tal sleep du ra tion). Men, but
not women, with poor self-ap praised health, di a be tes, 
con ges tive heart fail ure, or past stroke slept sig nif i -
cantly lon ger.

As so ci a tion of Sleep Du ra tion with Mor tal ity
Kaplan-Meier sur vival curves for all-cause and

cause-spe cific mor tal ity by night and to tal sleep du ra -
tion were cal cu lated sep a rately for men and women
(data not shown). In both sexes, the crude sur vival
prob a bil i ties for all-cause, car dio vas cu lar dis ease,
and non-car dio vas cu lar dis ease mor tal ity were the
low est among those re port ing long sleep du ra tion
(p<0.020 for all out comes in both sexes). Upon ad -
just ment for age, there were no sig nif i cant dif fer ences
for any out come for night and to tal sleep du ra tion in
women, whereas in men an as so ci a tion per sisted for
all-cause and car dio vas cu lar dis ease mor tal ity. The

as so ci a tion of night and to tal sleep du ra tion with
all-cause and car dio vas cu lar dis ease mor tal ity was
seen in men aged 65 years or more, but not in youn -
ger men.

Age-ad justed haz ard ra tios ob tained from Cox re -
gres sion mod els for all-cause, car dio vas cu lar dis ease,
and non-car dio vas cu lar dis ease mor tal ity were cal cu -
lated sep a rately for men and women (Ta ble 4). In
women, there were no sig nif i cant as so ci a tions be -
tween sleep du ra tion and any out come, al though
those who slept 6-8 h a day seemed to have the low est 
risk. Long du ra tion of night sleep (>8h) in men was
pos i tively as so ci ated with all-cause mor tal ity (haz ard
ra tio, 1.9; 95% CI, 1.2-2.9). Long to tal sleep du ra tion
in men was as so ci ated with the high est haz ard for
all-cause mor tal ity (haz ard ra tio, 1.8; 95% CI,
1.1-2.9), and for car dio vas cu lar dis ease mor tal ity
(haz ard ra tio, 2.1; 95% CI, 1.0-4.4). There was no sig -
nif i cant dif fer ence in mor tal ity be tween men with a
sleep du ra tion of <6h and those with sleep du ra tion
of 6-8 h. In women, there was a trend to wards an as so -
ci a tion of short sleep (<6h) with in creased mor tal ity.

Multivariate ad just ment in women did not af fect
the re sults. Among men, the multivariate haz ard ra -
tios were ei ther un al tered or ac cen tu ated, com pared
with the age ad just ment (haz ard ra tio for all-cause
mor tal ity, 2.1; 95% CI, 1.2-3.7; haz ard ra tio for car di -
o vas cu lar dis ease mor tal ity, 2.9; 95% CI, 1.2- 7.1, for
the com par i son of >8h with <6h to tal sleep).

Since bed time it self might be im por tant, the anal -
y sis was re peated by in tro duc ing time-to-bed at night
data for each par tic i pant (data not shown). There was
no ob serv able ef fect of bed time on es ti mates of haz -
ard ra tios in ei ther sex.

Poor health be fore death could be a con found ing 
fac tor in the sleep-mor tal ity as so ci a tion. How ever,
ex clu sion of deaths in the first 2 and 5 years of fol -
low-up did not sub stan tially af fect the re sults in ei ther
sex (data not shown).
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Ta ble 2. Base line dis tri bu tion of night and to tal sleep du ra tion ac cord ing to sex and age-group in the study pop u la tion con sist ing
of 1,842 res i dents of a West Je ru sa lem neigh bor hood

Number of subjects (No.) and number of deaths (D) in age-group (years)

Sleep 50-64 65-74 >75 total

duration No. (%) D (%) No. (%) D (%) No. (%) D (%) No. (%) D (%)

Men (n=841)
  Night sleep:
   <6h  93 (21)  9 (21)  62 (25) 12 (18)  30 (20) 15 (17)   185 (22)  36 (18)
   6-8h 321 (72) 32 (74) 144 (59) 36 (55)  87 (59) 50 (56)   552 (66) 118 (60)
   >8h  33 (7)  2 (5)  40 (16) 18 (27)  31 (21) 24 (27)   104 (12)  44 (22)
   total 447 (100) 43 (100) 246 (100) 66 (100) 148 (100) 89 (100)   841 (100) 198 (100)
 Total sleep:
  <6h  75 (17)  8 (19)  36 (15)  7 (11)  17 (12)  7 (8)   128 (15)  22 (11)
  6-8h 312 (70) 29 (67) 143 (58) 29 (44)  71 (48) 39 (44)   526 (63)  97 (49)
  >8h  60 (13)  6 (14)  67 (27) 30 (45)  60 (40) 43 (48)   187 (22)  79 (40)
  total 447 (100) 43 (100) 246 (100) 66 (100) 148 (100) 89 (100)   841 (100) 198 (100)
Women (n=1,001)
  Night sleep:
   <6h  96 (17)  7 (15)  54 (20) 17 (20)  29 (19) 17 (22)   179 (18)  41 (20)
   6-8h 392 (68) 30 (65) 163 (60) 44 (53)  69 (45) 31 (41)   624 (62) 105 (51)
   >8h  87 (15)  9 (20)  56 (20) 22 (27)  55 (36) 28 (37)   198 (20)  59 (29)
   total 575 (100) 46 (100) 273 (100) 83 (100) 153 (100) 76 (100) 1,001 (100) 205 (100)
  Total sleep:
   <6h  76 (13)  6 (13)  41 (15) 15 (19)  22 (14) 14 (18)   140 (15)  35 (17)
   6-8h 381 (66) 28 (61) 149 (55) 38 (46)  62 (41) 28 (37)   592 (58)  94 (46)
   >8h 118 (21) 12 (26)  83 (30) 30 (35)  69 (45) 34 (45)   269 (27)  76 (37)
   total 575 (100) 46 (100) 273 (100) 83 (100) 153 (100) 76 (100) 1,001 (100) 205 (100)



The sex dif fer ence in the sleep-mor tal ity as so ci a -
tion was nominally sig nif i cant for the as so ci a tion of to -
tal sleep du ra tion with all-cause mor tal ity (p=0.011).

Ad just ment for siesta (yes/no) did not al ter the as -
so ci a tion of to tal or night sleep du ra tion with mor tal -
ity in men. Al though the mor tal ity as so ci a tion seemed 
stron ger in those who took a si esta (multivariable ad -
justed haz ard ra tio, 2.2; 95% CI, 1.1-4.3), a test for in -
ter ac tion was not sta tis ti cally sig nif i cant (p>0.300).

In men, the pop u la tion-at trib ut able risk as so ci -
ated with more than 8 h of to tal sleep was 11.7%
(95% CI, 4.2-20.9%) for all-cause mor tal ity, and
16.5% (95% CI, 4.2-32.6%) for car dio vas cu lar dis -
ease mor tal ity.

Dis cus sion

The prin ci pal find ing of our study, con ducted in
a Med i ter ra nean pop u la tion where si esta is a time-
 hon ored prac tice, was the pos i tive as so ci a tion of long 
to tal sleep du ra tion with mor tal ity in men. Day time
nap ping did not at ten u ate this as so ci a tion, which was
non-sig nif i cantly stron ger in those who took a si esta.
The frac tion of mor tal ity in the pop u la tion at trib ut able 
to (or as so ci ated with) sleep du ra tion of >8h was sub -
stan tial. The as so ci a tion of pro longed sleep with mor -

tal ity in men is con sis tent with pre vi ous large stud ies
con ducted in the USA, where af ter noon sleep is not a
tra di tional prac tice and where long sleep was as so ci -
ated with higher all-cause and spe cific-cause mor tal -
ity in both sexes af ter con trol ling for socio-de mo gra p -
hic vari ables, known risk fac tors, and chronic con di -
tions (2,4,5). A large pro spec tive ep i de mi o log i cal
study con ducted in the USA in the 1960s (which in -
cluded about 800,000 men and women aged 40-79
years upon en roll ment, with a 6-year mor tal ity fol -
low-up), re ported that the low est death rates from
both cor o nary heart dis ease and stroke were found in
sub jects who said that they usu ally slept about 7 h per
night (29). By far, the high est rates were found among
those who usu ally slept over 9 h per night (2). In a re -
cently pub lished pro spec tive study that en rolled 1.1
mil lion US men and women, the op ti mal sur vival was 
re ported for those who slept 7 h per night (4). Par tic i -
pants who re ported sleep ing 8 h or more ex pe ri enced
sig nif i cantly in creased mor tal ity haz ard, as did those
who slept 6 h or less. The in creased risk ex ceeded
15% for those re port ing more than 8.5 h of sleep or
less than 3.5-4.5 h (4).

In our study, there was no sta tis ti cally dif fer ent
risk of all-cause or car dio vas cu lar dis ease mor tal ity
be tween those sleep ing <6 h and those sleep ing 6-8
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Ta ble 3. As so ci a tion of sleep du ra tion with socio-de mo graphic fac tors and pre-ex ist ing con di tions ac cord ing to sex, in the study
pop u la tion con sist ing of 1,842 res i dents of a West Je ru sa lem neigh bor hood, with age-ad justed re sults from bi nary lo gis tic re gres -
sion

Men (n=841) Women (n=1,001)

long night sleep
duration (>8h)*

long total sleep
duration (>8h)†

long night sleep
duration (>8h)*

long total sleep
duration (>8h)†

Variable‡ OR p (df)§ OR p (df) OR p (df)‡ OR p (df)

Education: 0.011 (2) 0.020 (2) 0.011 (2) 0.020 (2)
 0-8 years 2.50 0.013 1.61 0.014 3.36 0.013 1.45 0.013
 9-11 years 2.20 0.023 1.64 0.063 2.10 0.032 1.10 0.102
 >12 years 1.00 - 1.00 - 1.00 - 1.00 -
Low social class 1.15 0.53 1.23 0.401 1.60 0.012 1.83 0.030
Origin: 0.012 (3) 0.014 (3) 0.011 (3) 0.012 (3)
 Asia 1.30 0.473 0.91 0.750 2.21 0.014 1.45 0.144
 Africa 3.02 0.014 2.09 0.013 3.47 0.012 2.23 0.013
 Europe/America 0.74 0.361 0.69 0.152 1.60 0.094 1.30 0.241
 Israel 1.00 - 1.00 - 1.00 - 1.00 -
Obesity (BMI>30) 0.80 0.53 1.10 0.724 1.20 0.402 1.39 0.104
Smoking: 0.223 (3) 0.193 (2) 0.101 (2) 0.232 (2)
 never 1.00 - 1.00 - 1.00 - 1.00 -
 past 1.22 0.454 1.08 0.704 0.46 0.401 0.72 0.121
 current 1.67 0.082 1.50 0.082 0.98 0.190 1.10 0.674
Alcohol consumption: 0.510 (2) 0.644 (2) 0.370 (2) 0.532 (2)
 never 1.00 - 1.00 - 1.00 - 1.00 -
 <1-2 drinks/week 1.15 0.704 1.06 0.822 0.80 0.262 0.79 0.594
 >3-4 drinks/week 1.30 0.271 1.21 0.353 0.56 0.420 0.80 0.312
Poor health 1.62 0.030 1.83 <0.001 1.12 0.501 1.01 0.971
CHD 0.93 0.782 1.05 0.813 0.76 0.324 0.98 0.923
Stroke 2.37 0.062 2.69 0.010 0.75 0.49 1.14 0.704
CHF: 0.013 (2) <0.001 (2) 0.673 (2) 0.530 (2)
 absent 1.00 - 1.00 - 1.00 - 1.00 -
 suspected 1.44 0.131 1.57 0.021 0.93 0.703 0.96 0.784
 positive 2.77 0.012 2.71 <0.001 1.15 0.532 1.21 0.352
Diabetes 1.96 0.012 1.83 0.011 1.14 0.554 1.36 0.121
Hypertension (SBP>165 and/or
 DBP<95 mm Hg)

1.15 0.604 1.20 0.553 0.90 0.351 0.95 0.204

High cholesterol (>6.5 mmol/dL) 0.75 0.190 1.06 0.744 0.67 0.154 0.76 0.152
Low HDL-cholesterol (<35 mg/dL) 1.49 0.093 1.52 0.031 1.50 0.160 1.61 0.013
High blood glucose (>6.7 mmol/L) 1.94 0.014 1.86 <0.001 0.98 0.941 1.24 0.301
High creatinine (>130 mmol/L) 0.65 0.351 0.92 0.803 0.58 0.504 1.04 0.950
*Odds ra tios (OR) rel a tive to night sleep du ra tion <8h.
†Odds ra tios (OR) rel a tive to to tal sleep du ra tion <8h.
‡Ab bre vi a tions: BMI – body mass in dex; CHD – cor o nary heart dis ease; CHF – con ges tive heart fail ure; SBP – sys tolic blood pres sure; DBP – di a stolic blood pres sure;
HDL – high den sity li po pro tein.
§Over all p-value; df – de grees of free dom.



h. In Alameda County, Cal i for nia, higher over all and
car dio vas cu lar dis ease mor tal ity was re ported among
those who slept 6 h or less, com pared with those
sleep ing 7 or 8 h per day (5). Since the num ber of car -
dio vas cu lar dis ease deaths in our study was mod est,
the power to de tect dif fer ences be tween the <6 h
and 6-8 h groups was lim ited, es pe cially for car dio -
vas cu lar dis ease.

In our study, the as so ci a tion of lon ger sleep du ra -
tion with mor tal ity in men per sisted af ter con trol ling
for an ar ray of socio-de mo graphic vari ables, known
risk fac tors, psy cho-be hav ioral mea sures, and chronic 
con di tions. It also per sisted af ter ex clud ing deaths in
the first 2 or 5 years of fol low-up. Al though the sta tis ti -
cal sig nif i cance de creased be cause of the re duc tion in 
the num ber of events, the strength of the as so ci a tion
was largely main tained. Ad just ment for a wide se lec -
tion of covariates and ex clu sion of early deaths was
de signed to min i mize the con found ing ef fect of pre-
 ex ist ing con di tions on the as so ci a tion be tween sleep
and mor tal ity. These anal y ses re duced but did not
elim i nate the pos si bil ity that pre-ex ist ing con di tions
were im por tant de ter mi nants in our find ings.

It has been con vinc ingly ar gued that the ad verse
out comes as so ci ated with long sleep du ra tion may be 
the re sult of spe cific sleep dis or ders (21). In di vid uals
may sleep lon ger be cause some com po nent of their
sleep is dis turbed, re sult ing in more pro longed sleep.
A com mon spec u la tion on the na ture of this al ter ation 
has of ten fo cused on re spi ra tory dys func tion in sleep,
usu ally called sleep apnea (22). Sleep apnea, an
age-re lated male-pre dom i nant con di tion, has been re -
lated to car dio vas cu lar risk (22). Snoring, obe sity, and 
day time nap ping have been re ported as key symp -
toms of sleep apnea (22). We did not have data on
snor ing, but we did have data on day time nap ping (si -

esta) and obe sity. We found no as so ci a tion be tween
night sleep or to tal sleep du ra tion and obe sity; nei ther 
did we find night or to tal sleep du ra tion to be as so ci -
ated with day time sleep (si esta). How ever, in our
study, the as so ci a tion of lon ger sleep with mor tal ity
seemed largely re stricted to men who re ported day -
time nap ping, which raises the pos si bil ity that un -
healthy som no lence may play a role. The fact that si -
esta was not as so ci ated with shorter night sleep in our
pop u la tion also sug gests that si esta, par tic u larly of
long du ra tion, may be a marker of som no lence rather
than a com pen sa tion for re stricted night sleep.

On the other hand, lon ger sleep du ra tion might
rep re sent a mod i fi able life style or be hav ioral risk fac -
tor the same as food in take, smok ing, al co hol con -
sump tion, or ex er cise (23-25). Yet, the mech a nisms of 
the as so ci a tion be tween sleep du ra tion, viewed in
this con text, and mor tal ity need fur ther in ves ti ga tion.

In our study, the less ed u cated, lower so cial
class, and those of North Af ri can or i gin re ported to
sleep lon ger. This is con sis tent with a re port from the
UK, where long sleep was as so ci ated with man ual so -
cial classes (6). It is also con sis tent with the find ings
from the NHANES 1 study, where those with 12 years
or more of ed u ca tion were less likely (odds ra tio, 0.6;
95% CI, 0.5-0.8) than those with less than 12 years of
ed u ca tion to re port a long sleep du ra tion (>8 h) (8).
In our study, sleep du ra tion did not dif fer be tween
groups de fined by over weight, cig a rette smok ing, or
high cho les terol level, which is con sis tent with the
find ings from the NHANES 1 study (8). In our study,
long sleep among men was as so ci ated with chronic
con di tions (di a be tes and con ges tive heart fail ure),
which was also re ported in the UK (6).

Al though we did not find a sig nif i cant as so ci a -
tion of night or to tal sleep du ra tion with mor tal ity in
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Ta ble 4. As so ci a tion of night sleep and to tal sleep du ra tion in men and women, with all-cause, car dio vas cu lar (CVD) and
non-car dio vas cu lar mor tal ity and multivariable-ad justed haz ard ra tios (HR) from Cox mod els

Age-adjusted Multivariable-adjusted*

all-cause mortality CVD mortality non-CVD mortality all-cause mortality CVD mortality non-CVD mortality 

Sleep
duration

HR 95% CI† p (df)‡ HR 95% CI p (df) HR 95% CI p (df) HR 95% CI p (df) HR 95% CI p (df) HR 95% CI p (df)

Men (n=841) (n=826) (n=826) (n=760) (n=750) (n=750)
 Night: 0.021 (2) 0.281 (2) 0.132 (2) 0.030 (2) 0.271 (2) 0.130 (2)
 <6h 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
 6-8h 1.21 0.83-1.76 0.310 1.14 0.64-2.040.664 1.40 0.83-2.360.201 1.25 0.83-1.87 0.282 1.35 0.71-2.58 0.362 1.38 0.79-2.42 0.264
 >8h 1.86 1.19-2.91 0.012 1.72 0.84-3.510.143 1.92 1.03-3.590.040 1.91 1.16-3.13 0.014 1.91 0.86-4.23 0.113 2.02 1.01-4.03 0.052
 Total: 0.011 (2) 0.013 (2) 0.164 (2) 0.012 (2) 0.020 (2) 0.183 (2)
 <6h 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
 6-8h 1.03 0.65-1.64 0.893 0.92 0.44-1.920.831 1.24 0.65-2.370.513 1.41 0.83-2.39 0.201 1.57 0.65-3.78 0.324 1.54 0.75-3.15 0.244
 >8h 1.81 1.12-2.93 0.020 2.07 0.98-4.370.051 1.75 0.89-3.460.112 2.13 1.23-3.71 0.013 2.86 1.15-7.13 0.024 2.02 0.94-4.35 0.071
Women (n=1,001) (n=987) (n=987) (n=915) (n=910) (n=910)
 Night: 0.464 (2) 0.752 (2) 0.833 (2) 0.201 (2) 0.672 (2) 0.474 (2)
 <6h 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
 6-8h 0.82 0.57-1.17 0.273 0.85 0.49-1.450.540 0.86 0.51-1.450.570 0.80 0.54-1.17 0.250 0.83 0.47-1.45 0.511 0.81 0.46-1.43 0.460
 >8h 0.95 0.63-1.42 0.792 0.99 0.54-1.810.961 0.94 0.52-1.700.841 1.08 0.70-1.66 0.743 1.02 0.54-1.93 0.963 1.10 0.58-2.07 0.773
 Total: 0.131 (2) 0.294 (2) 0.532 (2) 0.092 (2) 0.250 (2) 0.491 (2)
 <6h 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
 6-8h 0.68 0.46-1.01 0.060 0.68 0.38-1.230.203 0.73 0.41-1.280.274 0.64 0.42-0.97 0.044 0.61 0.33-1.12 0.114 0.69 0.37-1.29 0.250
 >8h 0.84 0.56-1.27 0.424 0.93 0.50-1.710.811 0.82 0.45-1.480.503 0.80 0.51-1.24 0.313 0.79 0.42-1.48 0.461 0.82 0.43-1.57 0.553

*The fol low ing vari ables were in cluded in a back ward stepwise pro ce dure with a p-value >0.10 as an ex clu sion criterium: age, so cial class (based on oc cu pa tion),
coun try of or i gin, ed u ca tional level, self-ap praised health sta tus, ac tiv i ties of daily liv ing, the Cor nell Med i cal In dex, a de mor al iza tion scale, re ported pre-ex ist ing chronic 
con di tions (di a be tes, cor o nary heart dis ease [CHD], stroke), con ges tive heart fail ure, cig a rette smok ing, al co hol con sump tion, phys i cal ac tiv ity, blood pres sure, body
mass in dex (BMI), se rum lev els of glu cose, thiocyanate, creatinine, al bu min, to tal cho les terol and HDL-cho les terol, plasma homocysteine as well as si esta and its du ra -
tion. 81 men and 86 women with miss ing val ues for covariates were ex cluded from the anal y sis. Twenty-nine deaths (15 men and 14 women) with un avail able in for ma -
tion were ex cluded from cause-spe cific mor tal ity anal y ses. The fi nal model in men in cluded: age, self-ap praised health, ac tiv i ties of daily liv ing, CHD, al co hol con sump -
tion, sys tolic blood pres sure, homocysteine and glu cose. Mod els with night sleep du ra tion were also ad justed for si esta and its du ra tion. The fi nal model in women in -
cluded: age, di a be tes, con ges tive heart fail ure, BMI (lin ear and qua dratic terms), sys tolic blood pres sure, and al bu min. Mod els with night sleep du ra tion were also ad -
justed for si esta and its du ra tion.
†Con fi dence in ter val.
‡Over all p-value; df – de grees of free dom.



women, the up per bounds of the con fi dence lim its do 
not ex clude an as so ci a tion, and there was a hint of
lower risk for all three out comes in the 6-8 h sleep
group. Test for in ter ac tions in our study re vealed a
mod i fy ing ef fect of sex on the as so ci a tion be tween to -
tal sleep and all-cause mor tal ity. How ever, it is not
clear what other rea sons but chance could ac count
for dif fer ent as so ci a tion in women vs men. Very large
pro spec tive stud ies did not re port sex dif fer ences in
the as so ci a tion of sleep du ra tion with mor tal ity (2,4).

In con clu sion, our find ings in di cate that long
sleep du ra tion is an im por tant risk marker for mor tal -
ity in mid dle-aged and el derly men in a pop u la tion
with a high prev a lence of si esta, and that this as so ci a -
tion was not at ten u ated in those tak ing a si esta.
Whether lon ger to tal sleep (>8 h) du ra tion is also as -
so ci ated with mor tal ity in other Med i ter ra nean pop u -
la tions that en gage in the prac tice of si esta re mains to
be de ter mined. The ev i dence sug gest that there is no
over all ben e fit and pos si bly a health cost in sleep ing
lon ger than 8 hours a day, ir re spec tive of whether it is
re stricted to night sleep or in cludes also day time nap -
ping. It does seem that sim ple and readily ac quired in -
for ma tion on sleep du ra tion can pro vide use ful clues
to the gen eral health sta tus of mid dle-aged and el -
derly peo ple.
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