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   Introduction 
 Current prevalence and incidence rates of type 2 diabetes (dia-
betes) have exceeded the estimated rates projected for the future 
(1,2). At the same time, the number of individuals with sleep 
disorders, including sleep apnea and insomnia, and of those who 
report suff ering from poor sleep quantity and quality, has been 
increasing (3). As sleep is considered a restorative process main-
taining normal metabolic homeostasis, it is not surprising that 
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   Key messages    

 Long but not short sleep duration is associated with  •
insulin resistance in individuals without diabetes.   
 Th is association is not explained by complaints of sleep  •
apnea or insomnia, which may underlie variations in 
sleep duration.   
 Individuals with long sleep duration may benefi t from  •
targeted preventions and interventions that that aim at 
reducing risk of future diabetes.    

   Introduction.  Both short and long sleep duration may increase risk 
of type 2 diabetes (diabetes). We studied if short and long sleep 
durations were associated with insulin resistance (IR) and insulin 
secretion in individuals without diabetes, and if the associations 
remained after we excluded individuals who reported more fre-
quent and severe complaints of sleep apnea and insomnia. 
  Participants and methods.  An oral glucose tolerance test (OGTT) 
was performed for 722 adults without diabetes. Indices of IR and 
insulin secretion were calculated. Sleep duration and complaints 
of sleep apnea and insomnia were self-reported. 
  Results.  In comparison to average sleepers (6 – 9 h/night), 
short sleepers ( �    6 h/night) had higher 120-min insulin and AUC 
glucose, and long sleepers ( �    9 h/night) had higher fasting and 
120-min insulin, 120-min glucose, and HOMA IR  and lower Insu-
lin Sensitivity Index. After adjusting for confounders and after 
excluding individuals who reported more frequent and severe 
complaints of sleep apnea and insomnia, long sleep duration 
remained signifi cantly associated with IR and insulin secretion. 
  Discussion.  Long but not short sleep duration is associated with IR 
and insulin secretion in individuals without diabetes whether or 
not accompanied by sleep complaints. Long sleepers may benefi t 
from targeted preventions and interventions that aim at reducing 
risk of future diabetes.  

 Key words:   Insulin   resistance  ,   sleep complaints  ,   sleep   duration   

sleep disorders and subjective complaints of poor sleep have been 
shown to confer a risk of diabetes (4 – 10). 

 Experimental sleep restriction studies in healthy young 
adults suggest that insulin resistance (IR) and impairments in 
insulin sensitivity and secretion, key features of diabetes, may 
mediate this link. In healthy men and women restriction of sleep 
to 4 hours for a single night was associated with increased IR and 
decreased insulin sensitivity during euglycemic clamp condi-
tions (11). In healthy men restriction of sleep to 5 hours (12) and 
4 hours (13) per night for one week was associated with decreased 
insulin sensitivity during euglycemic clamp conditions and intra-
venous glucose tolerance test (IVGTT) (12) and with reduced 
insulin secretion (12) and reduced glucose tolerance during an 
IVGTT (12,13). 

 Th e information provided by the experimental sleep restriction 
studies does not necessarily translate into natural environments 
where individuals diff er signifi cantly in their habitual sleep dura-
tion. Experimental sleep restriction studies do not provide infor-
mation on the metabolic eff ects of long sleep duration either: both 
short and long sleep duration may be equally important vulner-
ability factors for future diabetes (10). Also, very few studies have 
tested if habitual sleep duration is associated with IR and insulin 
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secretion in individuals without diabetes (6,8,14,15). Finally, 
apart from sleep apnea and habitual snoring (6,8,15), the existing 
studies have rarely taken into account if individuals have a clinical 
diagnosis of insomnia or complain about it (6,8), a condition that 
may equally well underlie either short or long sleep duration. As a 
consequence, disentangling the eff ects of habitual sleep duration 
from underlying clinical diagnoses and/or subjective complaints 
becomes diffi  cult. 

 We examined if short and long sleep durations were associ-
ated with indices of IR and insulin secretion in a sample of adult 
Finnish men and women participating in the population-based 
Prevalence, Prediction and Prevention of Diabetes (PPP-Botnia) 
Study (16 – 20). Our study contributes to the existing literature in 
the following ways. First, we tested the associations in men and 
women without known or newly diagnosed diabetes. Second, we 
carried out tests of these associations aft er we excluded partici-
pants who reported more frequent and severe complaints of sleep 
apnea and insomnia — factors that we have previously found to be 
associated with higher IR in the PPP-Botnia sample (16) and that 
may explain why sleep duration is either short or long. Finally, 
we tested if the associations were explained by a number of other 
important mediating and confounding factors including obesity 
and depressive symptoms, factors that are oft en characteristic of 
individuals who suff er from IR (18,21) and poor sleep quantity 
and quality (6,7,9,10).   

 Material and methods  

 Participants 
 Th e population-based PPP-Botnia Study in Finland has been 
described in detail previously (16 – 20). Of the 9,518 invited indi-
viduals, 5,208 (2,443 men and 2,765 women) (55%) participated 
in the study. Of those who participated, 2,232 were recruited 
from the study center in the town of Vasa. A psychological survey 
including questions on habitual sleep duration and complaints 
was added later to the study protocol and administered to 1,335 
individuals of the Vasa subpopulation; 1,066 (79.9%) returned 
the questionnaire, with 958 (541 women and 417 men) provid-
ing complete data on self-reported sleep duration and complaints 
of sleep apnea and insomnia. Of them 97 using sleep medication 
and 7 who did not answer this question were excluded. An ad-
ditional 41 individuals who had a previously and 21 who had a 
newly diagnosed diabetes and 70 who had incomplete data on 
IR were excluded. Th is resulted in a sample of 722 participants 
(400 women and 322 men) who had complete data on all study 
variables. Th ese participants diff ered from the entire PPP-Botnia 
sample without diabetes ( n     �    3,901 aft er excluding 241 with pre-
vious/new diabetes) by being more frequently retired, they had 
higher fasting glucose, consumed more alcohol, reported regular 
exercise more frequently, and they were more insulin-resistant. 
All participants gave their written informed consent, and the 
study protocol was approved by the Ethics Committee of Helsinki 
University Central Hospital, Finland.   

 Insulin resistance and secretion 
 Th e subjects participated in an oral glucose tolerance test (OGTT) 
by ingesting 75 g of glucose aft er a 12-h overnight fast. During 
the OGTT, venous samples for plasma glucose and insulin were 
drawn at 0, 30, and 120 min. Th e homeostasis model assessment 
method (HOMA IR ) (22), Insulin Sensitivity Index (ISI) (23), 
Corrected Insulin Response (CIR) (24), and Disposition Index 
(DI) (25) were used as indices of IR and insulin secretion. 
Th e following formulas were used to calculate these variables: 

HOMA IR     �    fasting plasma insulin [mU/L]  �  fasting plasma 
glucose level [mmol/L]/22.5; ISI    �    10,000/ √  (fasting plasma 
glucose level [mmol/L]  �  fasting insulin [pmol/L])  �  (mean 
OGTT glucose [mmol/L]  �  mean OGTT insulin [pmol/L]); 
CIR    �    (100    �    insulin [pmol/L] at 30 min) / ((glucose [mmol/L] 
at 30 min)  �  (glucose [mmol/L] at 30 min – 3.89 mmol/L)); 
DI    �    CIR  �  ISI. Area under the curve (AUC) of insulin and glu-
cose were calculated as follow: AUC insulin    �    15    �    fasting plasma 
insulin [mU/L]  �    15    �    insulin [mU/L] at 30 min    �    45    �    insulin 
[mU/L] at 30 min    �    45    �    insulin [mU/L] at 120 min; AUC glu-
cose    �    15    �    fasting plasma glucose    �    15    �    glucose [mmol/L] 
at 30 min    �    45    �    glucose [mmol/L] at 30 min    �    45    �    glucose 
[mmol/L] at 120 min.   

 Assays 
 Plasma glucose was measured with a glucose dehydrogenase 
method (HemoCue,  Ä ngelholm, Sweden) and serum insulin by 
a fl uoroimmunoassay (Delphia; Perkin-Elmer Finland, Turku, 
Finland).   

 Sleep duration 
 Self-reported sleep duration per night (hh:mm), over the past 
three months, was assessed with one question embedded in the 
Basic Nordic Sleep Questionnaire (BNSQ) (26). Individuals sleep-
ing 6 hours or less and 9 hours or more were categorized as short 
and long sleepers, respectively (4 – 8,14); individuals sleeping    �    6 
to    �    9 hours were categorized into the referent, average sleeper 
category.   

 Sleep complaints 
 Th e BNSQ also included questions on subjective complaints, 
over the past three months, of sleep apnea (frequency and qual-
ity of snoring, and frequency of breathing pauses) and insomnia 
(frequency of diffi  culties in falling asleep, maintaining sleep, and 
frequency of awakenings per one night). Th e questions were 
rated on a scale ranging from never or less than once per month 
(rated 1) to every day/night or almost every day/night per week 
(rated 5); except that, the quality of snoring was assessed using a 
scale ranging from  ‘ I don ’ t snore ’  (rated 1) to  ‘ I snore very loudly 
and intermittently (there are silent breathing pauses when snoring 
is not heard and at times very loud snorts with gasping) ’  (rated 5), 
and frequency of awakenings during one night was assessed using 
a scale ranging from  ‘ I do not wake up at night ’  (rated 1) to at least 
fi ve times per night (rated 5). 

 We calculated two separate sum scores, one composed of 
answers to questions of sleep apnea and one composed of answers 
to questions of insomnia. On both sum scores the top quartile was 
used as a cut-off  for identifying individuals with more frequent 
and severe sleep apnea and insomnia, respectively (16). Indi-
viduals with no or minor complaints of sleep apnea and insomnia 
scored below these cut-off s, respectively (16).   

 Mediating and confounding factors 
 Body weight and height were measured with subjects in light 
indoor clothing and without shoes. Body mass index was cal-
culated as weight (kg) divided by height (m) squared. Waist cir-
cumference (cm) was measured by a research nurse with a soft  
tape on standing subjects midway between the lowest rib and the 
iliac crest. Depressive symptoms were self-rated using the Beck 
Depression Inventory II (27) (with scores 14 or above indicat-
ing at least mild symptomatology), and feelings of anxiety using 
the Spielberger Trait Anxiety Inventory (28). Th e participants 
also self-reported their weekly alcohol consumption (g/week), cur-
rent smoking status (yes versus no or former smoker), occupational 
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status (categorized according to the classifi cation system of 
Statistics Finland: manual workers, junior clericals, senior 
clericals, students, and retirees), and family history of known 
diabetes (yes versus no) in at least one fi rst-degree relative 
(father, mother, or sibling). In addition, frequency and intensity of 
current physical activity and physical activity during the past 12 
months were assessed using the validated Kuopio Ischemic Heart 
Disease Questionnaire (29). Th is questionnaire provides detailed 
information on common lifestyle, commuting, and leisure-time 
physical activity and enables assessment of total physical activity 
as metabolic equivalent (MET) hours per week (MET  �  hours/
week). Based upon leisure-time activity, the participants were as-
signed into two groups: if they performed more than 30 minutes 
physical activity three or more times per week with an intensity 
resulting in breathlessness and/or sweating, they were assigned 
to regularly exercising group (yes), and if they performed less or 
performed no activity they were assigned to less/no exercising 
group (no).   

 Statistical analyses 
 First, we examined unadjusted mean diff erences between short 
and average sleepers and between long and average sleepers in 
fasting and 120-min glucose and insulin, area under the curve 
(AUC) of insulin and glucose, HOMA IR , ISI, CIR, and DI by using 
independent samples  t  test. We then computed multiple linear re-
gression analyses, with short and average sleep duration and long 
and average sleep duration as dichotomous independent variables 
in two separate models and indices of IR and insulin secretion as 
continuous outcome variables each tested in a separate model, to 
examine if these associations remained signifi cant when we made 
adjustments for age and sex (Model 1) and further for the mediat-
ing and confounding factors (Model 2). To test if the expected 
associations between sleep duration and IR were independent 
of subjective sleep complaints, we re-ran the analyses fi rst by 
excluding individuals who reported more severe and frequent 
complaints of sleep apnea and then by excluding individuals who 
reported more severe and frequent complaints of insomnia, and 
fi nally by excluding those who reported either or both complaints. 
Variables were log-transformed where appropriate. We used IBM 
SPSS 21 soft ware to analyze the data.    

 Results 
 Characteristics of the study sample according to sleep duration 
per night are shown in Table I. In comparison to average sleepers, 
short sleepers had a higher BMI and a larger waist circumference, 
were older, more oft en smokers, and reported more frequent and 
severe complaints of insomnia. Long sleepers reported more of-
ten depressive symptoms of at least mild severity and reported 
less alcohol consumption. Both short and long sleepers less of-
ten worked in senior and junior clerical occupations. Of short, 
long, and average sleepers, respectively, 65, 12, and 154 reported 
more frequent and severe complaints of sleep apnea, insomnia, 
or both. 

 Table I shows unadjusted mean values of the indices of IR 
and insulin secretion according to sleep duration in the entire 
sample. In the unadjusted models, short sleepers had higher 120-
min insulin, and long sleepers had higher fasting and 120-min 
insulin, higher HOMA IR , and lower ISI than the average sleep-
ers (Table I). When we made adjustment for age and sex (Model 
1), only the associations of long sleep duration with fasting in-
sulin, 120-min insulin, HOMA IR , and ISI remained signifi cant 
(Table I). Exclusion of individuals with more frequent and severe 
complaints of sleep apnea or insomnia, and individuals with 

either or both complaints, did not alter the signifi cant associa-
tions, except that long sleep duration was no longer signifi cantly 
associated with 120-min insulin (Table I). 

 Table I also shows that when we made adjustments for the 
other mediating and confounding factors (Model 2), short sleep 
duration was not signifi cantly associated with any of the indices 
of IR and insulin secretion, while the association of long sleep 
duration with fasting insulin, HOMA IR , and ISI remained sta-
tistically signifi cant. We also computed a series of analyses to 
supplement these fi ndings. When we replaced BMI with waist 
circumference the associations of long sleep duration with fasting 
insulin, HOMA IR , and ISI did not change ( P  values    �    0.05; data 
not shown). When we made adjustments for Spielberger Trait 
Anxiety Inventory score the signifi cant associations of long sleep 
duration with fasting insulin, HOMA IR , and ISI did not change 
either ( P  values    �    0.05; data not shown).   

 Discussion 
 Our main fi nding is that while short sleep duration, namely 
sleeping 6 hours or less per night, was associated with higher 
glucose values during an OGTT in individuals without diabe-
tes, this association was no longer statistically signifi cant when 
we made adjustments for age and sex and the other mediating 
and confounding factors. Also, this association was not statisti-
cally signifi cant in individuals who did not report more frequent 
and severe complaints of sleep apnea and insomnia. In contrast, 
long sleep duration, namely sleeping 9 hours or more per night, 
was associated with higher insulin and glucose values during 
an OGTT, and higher IR. Th ese associations remained statisti-
cally signifi cant when we made adjustments for age and sex and 
the mediating and confounding factors. Th e associations also 
remained statistically signifi cant when we excluded individuals 
who reported more severe and frequent complaints of sleep ap-
nea and insomnia. Our fi ndings thus suggest that in individuals 
without diabetes, short sleep duration is not associated with IR 
and insulin secretion, while long sleep duration is, whether or not 
accompanied by more frequent and severe complaints of sleep 
apnea and insomnia. 

 Our fi ndings add signifi cantly to the previous literature 
which has suggested that both short and long sleep duration are 
associated with increased risk of diabetes and with higher IR in 
individuals without diabetes, though the fi ndings are not entirely 
consistent (4 – 10,14,15). Th ese studies have, however, not ad-
equately controlled for sleep disorders or subjective complaints 
of sleep, above and beyond sleep apnea and habitual snoring 
(6,8,14,15). It remains unclear if some of the associations between 
short and long sleep duration with diabetes and IR are driven by 
potentially underlying sleep problems. Th erefore, further studies 
are needed that will either confi rm or refute our main fi ndings. 

 Experimental sleep restriction studies may provide some 
insight into our null fi ndings of short sleep duration and IR. 
Sleep restriction to 4 – 5 hours per night has been associated with 
higher IR in healthy individuals (11 – 13). Th us, the metabolic 
consequences of short sleep duration may be limited to condi-
tions where the natural need for sleep is severely challenged. 
Short sleepers in our study reported more frequent and severe 
complaints of insomnia. Th is suggests that for some individuals in 
our sample short sleep duration refl ected underlying sleep prob-
lems. For a subset of individuals, short sleep duration occurred 
without sleep complaints. For them, short sleep duration may be 
an intrinsic trait that is in concordance with their natural need 
of sleep. Hence, whether short sleep duration poses metabolic 
challenges in certain subgroups of individuals warrants further 
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  Table I. Characteristics and mean values of insulin resistance indices and insulin secretion in average, short, and long sleepers.  
Sleep duration

Average   (6 – 9 hours/
night) (Referent)    n     �    515

Short   ( �    6 hours/
night)  n     �    161

 P  average 
versus Short

Long   ( �    9 hours/
night)  n     �    46

 P  average 
versus Long

Characteristic: Mean 	    SD/ n  (%) Mean 	    SD/ n  (%) Mean 	    SD/ n  (%)
Age (years) 48.7    	    14.5 51.6    	    14.6 0.028 47.7    	    16.8 0.642
Sex, women,  n  (%) 288 (55.9) 80 (49.7) 0.166 32 (69.6) 0.073
Family history for diabetes, fi rst-grade yes,  n  (%) 139 (27.0) 42 (26.1) 0.821 8 (17.4) 0. 156
Current smoker, yes,  n  (%) 61 (11.9) 30 (18.8) 0.028 1 (2.2) 0 . 044
Regular exercise, yes,  n  (%) 321 (62.8) 87 (55.1) 0.081 32 (69.6) 0.363
Alcohol consumption,  n  (%)

None 100 (19.4) 44 (27.3) 0.098 16 (34.8) 0.023
12 – 48 g/wk 254 (49.3) 70 (43.5) 22 (47.8)
60    �    g/wk 161 (31.3) 47 (29.2) 8 (17.4)

Occupational status,  n  (%)
Senior clerical 137 (27.0) 28 (17.4) 0.005 7 (15.6) 0.008
Junior clerical 175 (34.4) 50 (31.1) 14 (31.1)
Manual worker 71 (14.0) 31 (19.3) 4 (8.9)
Retired 115 (22.6) 52 (32.3) 16 (35.6)
Student 10 (2.0) 0 (0.0) 4 (8.9)

Beck Depression Inventory (score    �    14),  n  (%) 32 (6.3) 14 (8.7) 0.289 7 (15.2) 0.023
Spielberger Trait Anxiety Inventory (score) a 36.3    	    8.4 36.4    	    8.6 0.972 38.3    	    8.0 0.104
Weight (kg) 76.1    	    14.3 78.5    	    15.6 0.066 78.1    	    16.7 0.364
Height (cm) 171.0    	    9.6 170.2    	    8.7 0.390 170.4    	    8.8 0.703
Body mass index (kg/m 2 ) 25.9    	    3.8 27.0    	    4.8 0.003 26.8    	    4.7 0.143
Waist circumference (cm) 87.7    	    12.2 91.1    	    12.7 0.002 88.2    	    13.4 0.785
Sleep apnea, yes,  n  (%) 98 (21.5) 37 (28.0) 0.119 3 (8.1) 0.052
Insomnia, yes,  n  (%) 76 (17.6) 41 (30.1) 0.002 10 (22.7) 0.395
Sleep apnea and Insomnia, yes,  n  (%) 20 (3.9) 13 (8.1) 0.031 1 (2.2) 0.558
Napping, yes,  n  (%) 77 (15.0) 31 (19.3) 0.204 10 (21.7) 0.230
Insulin (mU/L) a 

Fasting 6.5    	    6.2 6.7    	    4.4 0.398 9.2    	    7.8 0.001 bcdef 
120 minutes 29.7    	    31.2 36.8    	    39.2 0.026 e 43.3    	    48.2 0.032 b 
Area under the curve (mU/L/120-min) 4600.4    	    3222.6 5034.9    	    3160.9 0.072 5584.1    	    4262.1 0.087

Glucose (mmol/L) a 
Fasting 5.5    	    0.5 5.5    	    0.5 0.911 5.6    	    0.5 0.184
120 minutes 5.2    	    1.4 5.5    	    1.7 0.072 5.7    	    1.5 0.053
Area under the curve (mmol/L/120-min) 823.9    	    119.8 849.1    	    133.5 0.031 841.5    	    130.9 0.403

HOMA IR  a 1.6    	    1.7 1.7    	    1.1 0.406 2.4    	    2.1 0.001 bcdef 
Insulin Sensitivity Index a 9.3    	    4.9 8.7    	    4.6 0.114 7.5    	    4.4 0.004 bcdef 
Corrected Insulin Response a 155.0    	    113.8 149.9    	    110.4 0.622 169.1    	    106.0 0.259
Disposition Index a 1248.1    	    958.7 1146.6    	    935.7 0.071 1164.3    	    1131.5 0.179

     a  P  values are derived from models where the values were log-transformed.   
  b Association remains statistically signifi cant ( P   �  0.05) aft er controlling for age and sex (Model 1).   
  c Association remains statistically signifi cant ( P   �  0.05) when participants with more severe and frequent complaints of sleep apnea were excluded.   
  d Association remains statistically signifi cant ( P   �  0.05) when participants with more severe and frequent complaints of insomnia were excluded.   
  e Association remains statistically signifi cant ( P   �  0.05) when participants with more severe and frequent complaints of sleep apnea, insomnia, or both, were 
excluded.   
  f Association remains statistically signifi cant ( P   �  0.05) aft er controlling for age, sex, family history for diabetes, current smoking status, alcohol consumption, 
regular exercise, occupational status, body mass index, and depressive symptoms (Model 2).   

studies. Our previous fi ndings in this sample may off er further 
insight into this null association. We have previously shown that 
individuals who reported more frequent and severe complaints of 
sleep apnea and insomnia were more likely to be insulin resistant 
(16). 

 In our study long sleep duration was not associated with sleep 
apnea and insomnia. Th is may suggest that long sleep duration 
may not in our sample be a compensatory response to sleep prob-
lems. It is therefore not surprising that long sleep duration was 
associated with higher insulin values and IR even when we ex-
cluded those individuals who reported more frequent and severe 
complaints of sleep apnea and insomnia. Because our study design 
was cross-sectional we cannot rule out that, even in individuals 
without diabetes, long sleep duration may be a symptom resulting 
from altered insulin and glucose metabolism. Th is interpretation 
is in agreement with fi ndings from one previous study suggesting 
that long sleep duration did not predict an increased risk of hav-
ing impaired fasting glucose in individuals who at baseline had 
normal fasting glucose values (14). Clearly our fi ndings warrant 

further longitudinal studies that allow testing for the direction of 
eff ects. Yet, a series of studies have demonstrated that long sleep 
duration increases the risk of future diabetes (10). 

 A further contribution of our study is that we were able to 
make adjustments for multiple factors that were expected either 
to mediate or confound the associations. When we made adjust-
ments for age and sex the associations with short sleep duration 
were rendered non-signifi cant while the associations with long 
sleep duration remained. When we made further adjustments for 
family history of diabetes, smoking, alcohol consumption, physi-
cal activity, occupation, obesity, waist circumference, depressive 
symptoms, and trait anxiety the associations of long sleep duration 
with IR and insulin secretion remained signifi cant. Th ese fi ndings 
may suggest that the biological mechanisms underlying the as-
sociations between short and long sleep durations may diff er, a 
suggestion also posed in other previous studies (10,14,15). Th e 
exact biological mechanisms remain elusive, however. Further-
more, even though sleep duration and IR have been linked with 
depressive symptoms in the previous studies by us (18,30 – 32) and 
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others (6,7,21), depressive symptoms did not provide mechanistic 
insight into the associations between sleep duration and IR and 
insulin secretion. 

 Strengths of this study lie in the population-based study 
design and detailed clinical examination. Th ere are limitations to 
our study as well. Due to a cross-sectional study design we cannot 
draw causal inferences. A further limitation relates to generaliz-
ability from our fi ndings beyond Caucasians. It is also noteworthy 
that we measured sleep duration and complaints using a self-
reported, though validated questionnaire (26). Th is methodology 
diff ers from more objective measurement tools, such as actig-
raphy and polysomnography. Th ere are advantages supporting 
the use of questionnaires in epidemiological study settings: they 
are cost-eff ective and easy to administer in larger populations. 
Validation studies do provide additional support for using ques-
tionnaire data in estimations of sleep duration and complaints 
(33). Finally, even though we were able to account for a number of 
mediators and confounders, our study did not provide diagnostic 
data on illnesses that may interfere with sleep, such as respiratory 
illnesses, or pain. Neither do our data off er detailed information 
on psychotropic medication use, such as use of hypnotics. 

 Our fi ndings may have direct clinical relevance. While short 
sleep duration may not be signifi cantly associated with indices 
of IR and insulin secretion in individuals without diabetes, long 
sleep duration may, whether or not it is accompanied by reports 
of more frequent and severe complaints of sleep apnea and in-
somnia. Th e group of long sleepers may benefi t form targeted 
preventions and interventions that aim at reducing the risk of 
future diabetes.   
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