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Summary. Objective: This study was planned to determine the associations between sleep duration, efficiency, 
quality with dietary components in adults. Methods: This cross-sectional study was conducted with young 
adults aged between 19-30 years. Sleep duration and efficiency were assessed with Metabolic Holter. Sleep 
quality was assessed with Pittsburgh Sleep Quality Scale. Three consecutive days’ dietary record was taken at 
the same time with metabolic holter. Body composition was analyzed with Bioelectric Impedance Analysis. 
Results: Body fat mass, body fat percent, waist circumference, and waist/hip ratio was found higher in females 
with poor sleep efficiency, and decreased sleep efficiency correlated with increased waist/hip ratio (r=-0.324; 
p=0.054). Being female gender and decreased fat mass were shown as major predictors for increased sleep 
efficiency according to regression analyses. Also, in females with poor sleep quality had higher percentage of 
body fat mass and body mass index than females with good sleep quality (p<0.05). The body mass index and 
waist/hip ratio were found higher in males with sleep duration <7 hours. Decreased sleep efficiency correlates 
with increased body fat mass and the body fat percent in males (p<0.05). Daily dietary protein, tryptophan, 
polyunsaturated fatty acids and cholesterol intake are significant higher in males who sleep ≥7 hours (p<0.05).  
Conclusion: Poor sleep efficiency and short sleep duration in males and poor sleep efficiency in females is as-
sociated with increased obesity indicators. These associations were found to be partially related by nutrient 
intakes, especially in males. 
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O r i g i n a l  a r t i c l e

Introduction

Sleep problems such as insufficient sleep (short 
sleep duration and poor sleep quality) have been ex-
tensively reported in modern societies during recent 
years (1). Sleep can be assessed from the two aspects of 
quantity (such as short sleep duration: <7 hours, long 
sleep duration: >9 hours, changes in sleep duration) 
and quality (such as sleep latency, sleep fragmentation, 
sleep deprivation, sleep disturbances and sleep apnea). 
In addition, sleep efficiency commonly defined as the 
ratio of total sleep time in a night compared to the 
total amount of time spent in bed (2). 

Changes in mean sleep duration, quality and ef-

ficiency are associated with many health problems (3). 
Short sleep duration is associated with weight gain and 
obesity, diabetes, cardiovascular disease, psychiatric ill-
ness, performance deficits and total mortality. Simi-
larly, long sleep duration is associated with the poor 
physical and mental health (4-7). Furthermore, indi-
viduals with poor quality of sleep report significantly 
more problems with physical and psychological health 
than those experiencing a good quality of sleep (8). 

Sleep deprivation (insufficient sleep duration) 
leads to changes in diet and appetite, and increases the 
risk of developing diseases by alterations in metabolic 
regulation (9). Theoretically, sleep duration influences 
the appropriate time to eat (10). After sleep restriction, 
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leptin levels reduce and ghrelin levels increase (11, 12). 
In addition, many factors related to eating patterns, 
such as skipping breakfast, eating at late hours and a 
reduction in the number of meals, are associated with 
altered metabolic response, poor diet quality and obe-
sity (13, 14). The frequency of breakfast skipping is 
higher in individuals with reduced sleep duration (15). 

Sleep duration and diet connections have been 
demonstrated in previous studies. Increased unhealthy 
eating habits, such as a preference for fatty foods, skip-
ping breakfast, an increase in snacking and frequency 
of eating out, are associated with short sleep duration 
(7, 16, 17). Both short and long sleep duration are as-
sociated with a higher body mass index (BMI) (4, 18-
20). Individuals who sleep less than six hours per day 
tend to be more overweight or obese (21). 

Dietary factors affecting sleep quality can be eas-
ily improved; however, changing the sleep quality inde-
pendently is not possible. Although, sleep quality may 
be improved with some lifestyle modifications such as 
exercise, modifying nutritional habits are more practical 
than changing lifestyle behaviors (22). For this reason, it 
is important to evaluate the relationship between sleep 
quality and duration, and food intake (7, 23).

Sleep quality has been assessed using various 
methods, including subjective measurements and ob-
jective measurement. Subjective measurements mainly 
contribute to define the effects of sleep disturbance 
in individuals, in addition to objective measurements 
can distinguish the sleep and wake more correctly and 
they gave another sleep evaluation parameter is sleep 
efficiency (24, 25). As a metabolic holter, Sense Wear 
Armband-derived sleep duration, and sleep efficiency 
were validated by polysomnography. It was reported 
that Sense Wear Armband a reliable method for deter-
mining sleep when compared with the gold standard 
polysomnography (26). 

Inadequate and unbalanced diet and low physical 
activity level are the main mediators leading obesity 
and alteration of the body fat composition. On the 
other hand, the duration and quality of sleep effect on 
food preference, meal frequency, and the total amount 
of food consumption (9, 13). 

With this background, sleep duration, quality and 
efficiency should be considered together with energy 
and nutrient intake, as well as body composition and 

obesity. Therefore, this study was planned to determine 
the relationship between sleep duration, quality, and 
efficiency with nutritional status.

Material and Methods

Sample and Procedure
This study was conducted in Gazi University, De-

partment of Nutrition and Dietetics. Eighty-three vol-
unteers were included at baseline. However, twenty-
three participants were excluded because of technical 
reasons (eleven participants did not wear the metabolic 
holter for three days consecutively, seven participants 
were disturbed to wear metabolic holter and five par-
ticipants’ data could not be transferred to the software). 
Finally, this cross-sectional study was completed with 
60 healthy individuals (24 males, 36 females) aged 19-
30 years. Subjects were selected considering not having 
any chronic diseases: diabetes mellitus, hypertension, 
cardiovascular diseases etc, and not receiving hormone 
treatment and medication and, for female subjects in 
pregnancy and lactation period were excluded.

The study protocol was approved by the Ethical 
Committee of the Gazi University of Ankara/Turkey 
(77082166-604.01.02) and written informed consent 
was obtained from all participants.

Data Collection
Data were collected using a questionnaire pre-

pared by researchers. General information and food 
records (3 days) of individuals were taken. Pittsburgh 
sleep quality scale (PSQI) was applied. Anthropomet-
ric measurements were measured following standard-
ized procedures and body composition was analyzed 
by bioelectrical impedance analysis (BIA). Metabolic 
holter (BodyMedia Sense Wear™ Armband) was 
worn for three days in order to evaluate sleep efficiency 
and daily energy expenditure.

Objective Measurement of Sleep Duration and Efficiency 
(Metabolic Holter)

Multisensory body monitor (BodyMedia Sence 
Wear™ Armband) has been validated for use in es-
timating activity levels, energy expenditure. Further-
more, the sensors in the armband measure skin tem-
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perature, galvanic skin response, heat flux from the 
body, and movement to validate the detection of sleep 
and wake (27, 28).

All participants were instructed to wear multisen-
sory body monitor for three consecutive days (one of 
the days is a weekend) on the triceps muscle of their 
right arm, at the midpoint between the acromion and 
olecranon processes. Sleep duration and efficiency 
(%) were assessed with Metabolic Holter for a total 
of 180 days. Sleep duration, efficiency and also daily 
energy expenditure data were obtained by movement, 
skin temperature, and stress sensors of the device and 
displayed with BodyMedia Sense Wear™ 7.0 profes-
sional software program. 

Sleep efficiency (%) commonly defined as the 
ratio of total sleep time to time in bed ((total sleep 
time /time in bed )*100) (28). The cut off points of 
the percentage of sleep efficiency was determined 50th 
percentile (79.1%) and classified as high (≥79.1%) or 
low (<79.1%). Daily sleep duration data from armband 
was evaluated according to National Sleep Foundation 
recommendations and minimum sleep duration was 
taken as 7 hours in adult age group (29).  

Subjective Measurement of Sleep Quality (Pittsburgh 
sleep quality scale)

Pittsburgh sleep quality scale (PSQI) was gold 
standard of subjective sleep quality that could reliably 
categorize individuals’ sleep quality as either “good” or 
“poor” (24). The scale was developed by Buysse et al. in 
1989 and it was shown adequate internal consistency, 
the test-retest reliability and validity (30). Reliabil-
ity and validity of scale were conducted in our country 
in 1996 by Ağargün et. al., Cronbach’s alpha internal 
consistency coefficient was found to be 0.804 (31). The 
PSQI has nineteen questions combined into seven 
clinically derived component scores from 0 to 3. These 
components are subjective (1) sleep quality, (2) sleep la-
tency, (3) sleep duration, (4) normal sleep efficiency, (5) 
sleep disturbances, (6) the application of sleep medicine, 
and (7) daytime dysfunction. The sum of scores for these 
seven components yields PSQI total score ranging from 
0 to 21. The PSQI scores >5 are indicative of poor sleep 
quality less than ≤5 is indicate of good sleep quality. The 
PSQI is quick and easy to administer, making it an at-
tractive tool for sleep quality assessments (30).

Dietary Record
A consecutive three-day dietary record (one of the 

days is at weekend) was completed by all participants at 
the same time with metabolic holter. Food consump-
tions were taken by using Food and Nutrition Photo 
Catalog (32). Dietary data from the food records were 
entered into a food analysis software: Nutrition Infor-
mation Systems (BEBIS) to calculate the total daily 
intake of energy and nutrients (33).

Anthropometric Measurements and Evaluation of Body 
Composition

Anthropometric measurements, including height 
(cm), waist and hip circumference (cm) were measured 
by well-trained investigators, using standard measure-
ment protocols. Waist/hip was calculated, and used 
for correlation analyses. The individuals were weighed 
using a body composition analyzer (Tanita BC-418, 
Body Composition Analyzer) to the nearest 0.1 kg 
and also body fat mass (kg), lean body mass (kg), body 
water mass (kg) and body fat percentage (%) were ob-
tained by this analyzer. All participants underwent 
body composition analysis following at least 4 hours 
fasting, not consume any fluid (water, tea, coffee etc.), 
not do heavy physical activity and not contain metal 
objects in any contact with skin. Waist circumference 
was measured at the mid-point, above the iliac crest 
and below the lowest rib margin at minimum respira-
tion, using a flexible tape to the nearest 0.1 cm. The hip 
circumference measurement is taken from the widest 
part of the hip at side of the individual. 

Statistical Analyses
Mean and standard deviation values of quantita-

tive data obtained from individuals were given in tables 
according to their gender. Data were analyzed using 
visual (histogram and probability plots) and analytical 
methods (Kolmogorov-Smirnov/Shapiro-Wilk test) to 
determine whether they are normally distributed. Sig-
nificance was assessed using t-test or chi-square test for 
parametric data and Mann-Whitney U test for non-
parametric data. Correlation between sleep efficiency 
and sleep quality with certain anthropometric measure-
ments were calculated using Spearman/Pearson test. 
Correlation coefficients were determined and shown 
with Simple Scatter graph. Finally, a multiple linear re-
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gression model was used to identify independent pre-
dictors of sleep efficiency. The model fit was assessed 
using appropriate residual and goodness of fit statistics. 
The SPSS Version 15.0 statistical software package (34) 
was used for all analyses in the 95% confidence interval.

Results 

According to body mass index 66.7% of male and 
80.6% of female were in normal weight (18.5-24,9 
kg/m2), 20.8% of male and 8.3% of female were over-
weight (25.0-29,9 kg/m2) and only 8.3% of male were 
obese (>30 kg/m2) (Data not shown). General charac-
teristics of subjects were shown in Table 1. The mean 
age of the male and female subjects were 25.7±2.89; 
26.4±2.57 years respectively (p>0.05). PSQI scores 
and sleep duration were statistically similar in both 
genders. But sleep efficiency of females (80.6±9.80) 
was significantly higher than males (76.2±7.20).

Anthropometric measurements and body compo-
sition of the individuals according to gender, sleep du-
ration, efficiency and quality classification were given 
in Table 2. Mean BMI values and waist-hip ratio was 
lower in males whose sleep duration ≥7 hours (respec-
tively; 22.3±2.49 and 0.81±0.04) than whose sleep du-
ration was 7 hours (25.5±3.06 and 0.87±0.05 respec-
tively) (p<0.05). The mean percentage of body fat was 
higher in males with having sleep duration <7 hours 
than ≥7 hours but the difference was not statistically 
significant (p>0.05). There was no statistically signifi-
cant difference between the mean sleep duration with 
anthropometric measurements and body composition 
in females (p>0.05). 

Mean body fat mass, percentage of body fat, waist 
circumference and waist hip ratio values are signifi-

cantly lower in females high sleep efficiency (p<0.05). 
Similar to females, mean body fat mass, percentage of 
body fat, waist circumference, waist hip ratio and BMI 
are lower in males with high sleep efficiency but not 
statistically significant (p>0.05). Also mean height is 
higher in males with high sleep efficiency (p=0.032). 
Anthropometric measurements and body composition 
of the males were not statistically different according 
to PSQI classification. However, females with poor 
sleep quality had significantly higher percentage of 
body fat and BMI than females with good sleep qual-
ity (p<0.05) (Table 2). 

Table 3 identifies the results of the multiple linear 
regression model, where six determinants significantly 
associated with sleep efficiency. Three of determinants 
percentage of body fat (%), body mass index (kg/m2) 
and waist-hip ratio had negative predictors of sleep ef-
ficiency. Female gender and percentage of body fat (%) 
were most powerful determinants of sleep efficiency 
(p<0.05). 

Dietary energy and nutrient intakes of the indi-
viduals were given in Table 4. Daily dietary protein, 
tryptophan, polyunsaturated fatty acids and choles-
terol intake are higher in males with sleep duration 
≥7 hours (respectively; 84.4±14.83 g, 932.4±152.20 
mg, 30.5±5.05 g and 365.3±96.89 mg) than <7 
hours (respectively; 72.0±21.28 g, 814.6±250.96 mg, 
24.9±10.37 g and 248.0±85.73 mg) (p<0.05) (Table 4).

Correlation between sleep quality and sleep effi-
ciency of individuals was shown in Figure 1A. Nega-
tive weak correlations between PSQI score and sleep 
efficiency was found (p=0.036). Increased sleep ef-
ficiency correlates decreased body fat mass and per-
centage of body fat in males (p<0.05) (Figure 1B and 
1C). Liminal correlation between sleep efficiency and 
waist/hip ratio in females was indicated in Figure 1D 
(p=0.054).

Discussion

Sleep, like eating is an essential need. Nutrition 
and sleep are interrelated, each influence and is affect-
ed by the other. In the present study, we aimed to de-
termine the possible relationships between sleep dura-
tion, quality, efficiency, dietary food & nutrient intake 

Table 1. General characteristics related to sleep of individuals 
by gender

General characteristics
Male 
(n:24)

Female 
(n:36) p

±SD ±SD
Age (years) 25.7±2.89 26.4±2.57 0.533
Sleep quality (PSQI score) 4.7±2.40 5.5±2.60 0.266
Sleep efficiency (%) 76.2±7.20 80.6±9.80 0.019*
Sleep duration (hour) 6.1±1.70 6.3±1.76 0.673
*p<0.05
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and anthropometric parameters of body composition. 
Although, there are studies indicating sleep duration 
and quality were related with obesity indicators; sleep 
efficiency along with dietary energy and nutrient in-
take have not been studied. There is a lack of informa-
tion about this issue (35, 36). 

Low sleep quality and efficiency could be an in-
dicator of obesity (37-40). Individuals with low sleep 
quality have more body fat mass and an increased obe-
sity risk (39). Low sleep efficiency correlates with in-
creased body fat mass (38). In the present study body 
fat mass, body fat percent, waist circumference and T

ab
le

 2
. A

nt
hr

op
om

et
ri

c 
m

ea
su

re
m

en
ts

 a
nd

 b
od

y 
co

m
po

si
tio

n 
of

 th
e 

in
di

vi
du

al
s 

ac
co

rd
in

g 
to

 g
en

de
r, 

sl
ee

p 
du

ra
tio

n,
 e

ffi
ci

en
cy

 a
nd

 q
ua

lit
y 

cl
as

si
fic

at
io

n

Va
ri

ab
le

s 

Sl
ee

p 
du

ra
ti

on
Sl

ee
p 

ef
fic

ie
nc

y
Sl

ee
p 

qu
al

it
y

M
al

e 
(n

:2
4)

Fe
m

al
e 

 (n
:3

6)
M

al
e 

(n
:2

4)
Fe

m
al

e 
 (n

:3
6)

M
al

e 
(n

:2
4)

Fe
m

al
e 

 (n
:3

6)
<7

h 
(n

:1
5)

≥7
h

(n
:9

)
<7

h 
 

(n
:2

1)
≥7

h 
(n

:1
5)

H
ig

h 
 

(n
:8

)
L

ow
  

(n
:1

6)
H

ig
h 

(n
:2

2)
L

ow
 

(n
:1

4)
Po

or
  (

n:
6)

G
oo

d 
 

(n
:1

8)
Po

or
  

(n
:1

8)
G

oo
d 

(n
:1

8)
±S

D
±S

D
±S

D
±S

D
±S

D
±S

D
±S

D
±S

D
±S

D
±S

D
±S

D
±S

D
H

ei
gh

t (
cm

)
17

5.
0±

8.
25

17
9.

0±
5.

85
16

2.
0±

4.
76

16
4.

3±
5.

47
18

0.
8±

4.
73

*1
74

.3
±7

.8
8*

16
3.

2±
5.

02
16

2.
7±

5.
44

17
4.

1±
6.

11
17

7.
2±

7.
99

16
1.

3±
4.

86
16

4.
6±

4.
94

W
ei

gh
t (

kg
)

78
.3

±1
1.

10
71

.5
±8

.4
6

56
.8

±5
.9

6
59

.1
±6

.6
4

76
.1

±1
4.

50
75

.6
±8

.4
9

56
.2

±5
.3

4
60

.2
±7

.0
1

72
.5

±9
.0

8
76

.8
±1

1.
01

58
.6

±5
.9

6
56

.8
±6

.6
0

B
od

y 
fa

t m
as

s 
(k

g)
15

.0
±5

.9
4

11
.3

±4
.7

0
15

.0
±4

.1
1

16
.6

±5
.0

0
12

.1
±6

.6
1

14
.4

±5
.2

5
14

.3
±3

.9
2*

18
.0

±4
.5

4*
11

.1
±6

.9
7

14
.4

±5
.1

7
16

.8
±3

.8
9

14
.6

±4
.8

9
B

od
y 

le
an

 m
as

s 
(k

g)
63

.2
±8

.0
5

60
.2

±4
.6

4
41

.7
±2

.8
5

41
.8

±3
.6

8
63

.9
±8

.5
2

61
.2

±6
.2

4
41

.5
±3

.3
8

42
.1

±2
.8

9
61

.4
±4

.0
7

62
.3

±7
.8

4
41

.7
±2

.8
2

41
.7

±3
.5

7
Pe

rc
en

ta
ge

 o
f b

od
y 

fa
t (

%
)

18
.9

±6
.4

3
15

.3
±5

.2
1

26
.1

±5
.0

5
27

.5
±5

.6
6

15
.1

±5
.6

7
18

.8
±6

.1
5

24
.9

±5
.1

2*
29

.5
±4

.3
5*

14
.6

±7
.9

9
18

.5
±5

.2
9

28
.5

±4
.3

2*
25

.0
±5

.6
8*

W
ai

st
 c

irc
um

fe
re

nc
e 

(c
m

)
89

.8
±8

.0
4

82
.5

±9
.7

0
74

.7
±6

.7
0

77
.2

±8
.3

2
86

.0
±9

.4
2

87
.7

±9
.3

9
73

.5
±6

.4
4*

79
.3

±7
.6

5*
85

.0
±9

.6
9

87
.8

±9
.2

4
77

.7
±6

.6
3

73
.8

±7
.8

3
B

od
y 

m
as

s 
in

de
x 

(k
g/

m
2 )

25
.5

±3
.0

6*
*

22
.3

±2
.4

9*
*

21
.6

±2
.2

9
21

.8
±2

.0
8

23
.1

±3
.8

7
24

.9
±2

.8
0

21
.1

±2
.0

6
22

.7
±2

.0
7

24
.1

±4
.1

9
24

.4
±2

.9
8

22
.5

±1
.9

4*
20

.9
±2

.1
6*

W
ai

st
-h

ip
 ra

tio
0.

87
±0

.0
5*

0.
81

±0
.0

4*
0.

78
±0

.0
4

0.
78

±0
.0

4
0.

83
±0

.0
4

0.
85

±0
.0

6
0.

77
±0

.0
4*

0.
79

±0
.0

3*
0.

85
±0

.4
4

0.
84

±0
.0

6
0.

79
±0

.0
4

0.
77

±0
.0

4
*p

<0
.0

5,
 **

p<
0.

01

Table 3. Effects of some properties on sleep efficiency

B β SE t p

MODEL 1

Constant 122.217 21.746 5.620 <0.001

Gender 6.170 .336 5.174 1.192 0.238
Percentage of  
body fat (%)

-.588 -.466 .658 -.895 0.375

Waist circumfer-
ence (cm)

.110 .120 .404 .273 0.786

Body mass 
index (kg/m2)

-.633 -.204 .816 -.777 0.441

Waist-hip ratio -39.750 -.264 44.745 -.888 0.378

MODEL 2

Constant 116.650 18.901 6.172 <0.001

Gender 4.726 .257 4.412 1.071 0.289
Percentage of  
body fat (%)

-.353 -.280 .275 -1.283 0.205

Body mass 
index (kg/m2)

-.366 -.118 .630 -.581 0.563

Waist-hip ratio -29.752 -.198 23.959 -1.242 0.220

MODEL 3

Constant 114.087 18.270 6.244 <0.001

Gender 6.332 .344 3.419 1.852 0.069
Percentage of  
body fat (%)

-.462 -.366 .200 -2.305 0.025

Waist-hip ratio -34.979 -.232 22.076 -1.584 0.119

MODEL 4

Constant 85.772 3.855 22.252 <0.001

Gender 9.390 .511 2.859 3.285 0.002
Percentage of  
body fat (%)

-.542 -.430 .196 -2.763 0.008

Multiple linear regression analysis Model 1 R2 :0.46, Model 2 
R2 :0.45, Model 3 R2 :0.45, Model 4 R2 :0.41, (p < 0.05) β: Coef-
ficient of regression, SE: Standard error of mean
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waist/hip ratio were found significantly higher in fe-
male with low sleep efficiency than females with high 
sleep efficiency (Table 2). Similarly, percentage of body 
fat and BMI were higher in females with poor sleep 
quality (Table 2). Also, we found that sleep efficiency 
negatively correlates with body fat mass and body fat 
percent in males (Figure 1B and 1C). In accordance 
with these findings, previous studies report that great-
er BMI and body fat percent were associated with low 
sleep efficiency (41). 

Decrease in sleep quality and efficiency may 
change an individual’s behaviors regarding sleep pat-
terns. In the present study, females with low sleep ef-
ficiency woke more often during the night than those 
with high sleep efficiency (x2=7.819, p=0.05, data not 
shown). Similarly, a longitudinal follow-up study in-
dicated that interruptions in females’ sleep is a major 
risk factor for obesity (40). Interruptions to night sleep 
may cause night eating which reduces REM sleep and 
may cause fluctuations in insulin and GLP-1 con-
centration (37). We found that mean daily energy in-
take in females with poor sleep efficiency was higher 
than females with good sleep efficiency (respectively 
1781.3±385.85 kcal, 1741.7±531.78 kcal, p>0.05). 
These results can explain; increasing percent of body 

fat and obesity tendency in female with poor sleep 
quality and efficiency. Sleep quality was also found 
to be low in males with low sleep quality. Males who 
sleep <7 hours have poor sleep quality score (PSQI 
score=5.1±2.65) and males who sleep more than seven 
hours have good sleep quality (PSQI score=4.3±2.23) 
(data not shown in Table). Furthermore, multiple lin-
ear regression analysis showed that being female gen-
der and decreased fat mass were two major predictors 
to increase sleep efficiency in total (Table 3). 

Short sleep duration which is another important 
risk factor, is associated with body weight gain and 
obesity (4, 9, 11, 12, 20). These relations are consis-
tent with the present study results. The BMI values 
and waist/hip ratio were higher in males with a sleep 
duration of <7 hours (Table 2). It was found that a re-
duction in sleep duration affects general and abdomi-
nal obesity in males but not in women. The reason for 
this is that average sleep efficiency and sleep duration 
of men were lower than women in this study (Table 
1). These findings indicate that insufficient sleep leads 
to increased obesity risk and gender differences should 
be considered when assessing sleep problems. Previ-
ous studies have reported that sex hormones may affect 
sleep patterns (42-44).

Table 4. Energy and certain nutrients of the individuals according to gender and sleep duration classification

Energy and nutrients
Male (n:24) Female (n:36)

< 7 hours (n:15) ≥ 7 hours (n:9) < 7 hours (n:21) ≥ 7 hours (n:15)
±SD ±SD p ±SD ±SD p

Energy (kcal) 2116.8±829.52 2366.5±451.44 0.114 1756.7±508.37 1718.1±441.60 0.860
Protein (g) 72.0±21.28 84.4±14.83 0.034* 59.9±13.56 58.8±14.58 0.885
Protein (%) 14.6±2.79 14.7±2.04 0.739 14.3±2.49 14.2±2.36 0.745
Fat (g) 91.8±24.74 109.8±25.08 0.060 79.0±22.52 73.9±24.32 0.574
Fat (%) 40.4±6.54 41.4±7.60 0.858 40.3±4.00 37.6±4.88 0.122
Carbohydrate (g) 241.0±134.35 255.3±76.07 0.325 194.5±67.28 200.3±47.52 0.619
Carbohydrate (%) 45.0±8.60 44.0±7.87 0.905 44.9±4.09 48.2±4.73 0.055
Dietary fiber (g) 20.4±13.17 24.7±5.55 0.053 19.4±5.66 20.7±4.52 0.619
Tryptophan (mg) 814.6±250.96 932.4±152.20 0.043* 676.2±157.29 662.1±177.13 0.736
Saturated fatty acids (g) 29.4±7.61 31.9±9.38 0.493 26.2±8.30 24.8±9.37 0.736
Monounsaturated fatty acids (g) 31.3±7.95 39.4±12.20 0.053 27.8±7.56 25.0±10.03 0.173
Polyunsaturated fatty acids (g) 24.9±10.37 30.5±5.05 0.043* 19.7±7.64 19.0±7.88 0.748
Cholesterol (mg) 248.0±85.73 365.3±96.89 0.011* 220.1±109.14 227.9±127.52 0.987
Omega-3 fatty acids (g) 1.5±0.84 1.7±0.71 0.531 1.3±0.48 1.4±0.77 0.873
Omega-6 fatty acids (g) 23.3±9.77 28.6±5.06 0.064 18.2±7.23 17.2±7.50 0.619
Caffeine (mg) 0.9±2.11 4.1±10.94 0.238 1.8±3.45 1.1±3.42 0.102
*p<0.05
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Insufficient sleep duration was indicated as one of 
the potential risk factors for increased food intake (4). 
When sleep duration is restricted, food intake may in-
crease during awake time and, in particular, increased 
fat intake and decreased carbohydrate consumption 
leads to obesity by affecting total energy balance (45, 
46). Spiegel et. al. showed that fat and carbohydrate 
intake increased after sleep restriction in healthy ado-
lescents (12). Another study was stated that nocturnal 
sleep duration was negatively associated with fat and 
energy intake in females (47). In the present study, it 
was found that energy and nutrients intake of females 
were not statistically significant different according 

to sleep duration (Table 4). A large sample nationally 
representative study in the US showed that sleep dura-
tion who had less than 6 hours, mean carbohydrate, 
protein and cholesterol intake was lower (4). Similar to 
these results dietary energy, protein, fat, carbohydrate 
and cholesterol intake were found lower in males with 
sleep <7 hours, and the differences were statistically 
significant for only dietary protein and cholesterol in-
takes in this study (p<0.05) (Table 4). 

It was reported that interaction between macro-
nutrient composition of the diet with sleep parame-
ters such as sleep quality, efficiency, and duration was 
weak. Studies emphasized that tryptophan is the most 

Figure 1. Relationship between sleep efficiency with total PSQI score and sleep efficiency with body composition of individuals ac-
cording to gender a. Correlation between sleep quality and sleep efficiency of individuals (r=-0.272; p=0.036) b. Correlation between 
sleep efficiency and body fat mass in males (r=-0.412; p=0.045) c. Correlation between sleep efficiency and percentage of body fat in 
males (r=-0.431; p=0.036) d. Correlation between sleep efficiency and waist hip ratio in females (r=-0.324; p=0.054)
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promising candidate as a sleep-promoting micronutri-
ent because of it is a precursor to the sleep-regulating 
hormone serotonin (1, 48). Tryptophan is often men-
tioned as important in the proposed relationships be-
tween diet and sleep (7). Results of this study support 
this opinion, especially males whose sleep duration 
is ≥7 hours have higher levels of tryptophan intake 
(p<0.05) (Table 4). 

Sleep quality was evaluated by the PSQI, sleep 
duration and efficiency were assessed by a Metabolic 
Holter Armband in the current study. The PSQI is 
a validated instrument and records the statements of 
the individual; its use together with objective meth-
ods increases the reliability of the sleep data obtained. 
The Metabolic Holter Armband was shown to be as 
reliable as polysomnography, which is the gold stan-
dard for assessing sleep efficiency (49, 50). In this 
study, however, there was a weak negative correlation 
between sleep efficiency values obtained by the arm-
band and sleep quality scores obtained from the PSQI 
(Figure 1A). Thus, this study has been strengthened 
by using an objective method, instead of a subjective 
method alone. 

In conclusion, decreases in both sleep efficiency 
and sleep duration in both genders are associated with 
obesity indicators. Problems with sleep duration, ef-
ficiency and quality can vary with gender. It is em-
phasized that sleep is an important modulator of the 
neuroendocrine system. Therefore inadequate sleep 
duration and quality strong risk factor for obesity and 
also associated with diseases such as atherosclerosis 
(51) hypertension (52), type 2 diabetes (53) and meta-
bolic syndrome (54). However, the individual’s sleep 
state is not routinely questioned and it is often over-
looked. The sleep quality and duration of individuals 
should be taken into account for weight loss program 
and also the practice of medical nutrition therapy of 
chronic diseases. In this regard, it would be also useful 
to query the individual’s sleeping habits when taking 
a dietary history. On the other hand, there is a need 
for further intervention studies in order to clarify the 
underlying hormonal mechanisms, the association 
between sleep quality and food/nutrients intake and 
obesity.  

Limitations

Cross-sectional nature of the study does not give 
causality, and generalization is not possible for the 
whole population.
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