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Purpose: To determine the relationship between habitual food intake, resting energy expenditure and
sleep pattern in obstructive sleep apnea (OSA) patients.
Methods: Forty-five OSA obese males were included in the study. All participants were submitted to
nocturnal polysomnography, body composition measurements by plethysmography, resting energy
expenditure (REE) analysis by indirect calorimetry and they filled in a 3-day food record.
Results: No differences in body composition, REE and food intake were found between the moderate and
severe OSA groups. A trend towards higher energy intake in the severe OSA group was observed,
compared to the moderate group (p ¼ 0.08). Significant associations between apneaehypopnea index
(AHI) with body weight, body mass index (BMI) and resting energy expenditure (REE) were found.
Higher food intake in the evening period was positively correlated with sleep stage NREM1, arousal
index, and AHI and negatively correlated with sleep stage NREM3 and sleep efficiency. A multivariate
linear regression showed energy intake at breakfast to be a significant negative predictor of AHI; protein
intake (g/kg) showed a positive association, while energy intake at breakfast and at dinner were negative
predictors of sleep efficiency; and energy intake at dinner was a negative predictor of stage NREM1 sleep.
Conclusions: We conclude that higher amounts of food intake during the evening period may diminish
sleep quality in moderate and severe sleep apnea patients. In addition, despite observing no differences
between OSA severity groups, a moderate correlation between REE and sleep quality and OSA exists.

© 2018 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Obstructive sleep apnea (OSA) and obesity are tightly related [1].
Peripheral and visceral fat accumulation predisposes and increases
OSA's severity through anatomical changes in the upper airway and
increased metabolic and humoral factors released by fat, such as
leptin and inflammatory cytokines [2]. Treating obesity in OSA
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patients improves disease severity and comorbidities [3]. A po-
tential association between energy balance and sleep-disordered
breathing is also discussed in the literature. OSA may favor a pos-
itive energy balance, contributing to the development of obesity
[4]. The fragmentation of sleep that is caused by OSA may lead to
excessive sleepiness and lower energy expenditure (EE) during the
day, which is associated with a higher energy intake, contributing
to weight gain and obesity development.

In recent years, energy intake and the distribution and regu-
larity of meals have been discussed [5,6]. Hermengildo et al. [7]
showed that the practice of ingesting a higher percentage of
daily energy at lunch and a lower percentage at dinner is
y Elsevier Ltd. All rights reserved.
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associated with lower risk of weight gain. In addition to the
relationship between meal distribution and body weight, the
intake of energy over the course of a day has been related to sleep
quality. The influence of sleep on energy intake and vice versa has
been extensively investigated [8e11]. In healthy subjects, energy
intake, especially in the evening, has been correlated with worse
sleep quality parameters, such as sleep latency and efficiency [10].
All of the above associations might be more relevant in people
living with OSA. The consequences of OSA vary from excessive
diurnal somnolence [12] to increased risk of metabolic and car-
diovascular disease [13].

Lifestyle modification and weight loss are strongly recom-
mended for the treatment of OSA [14]; however, obese in-
dividuals face major difficulties in following such recommended
changes in lifestyle. Possibly, minor recommendations for
changing daily life habits e such as changes in meal times and
composition e might be easier to achieve than more complex
feeding plans. We hypothesize, therefore, that individuals with
OSA who ingest poor quality evening meals present diminished
sleep quality, when compared to those ingesting better quality
meals. Aside from the increasing interest in diet composition and
sleep quality in OSA patients, few studies have discussed the
importance of food intake in sleep patterns in these patients. This
study proposes to investigate the association between habitual
food intake and resting energy expenditure with sleep parame-
ters in OSA patients.
2. Subjects

The participants of this study responded to a media advertise-
ment for a longitudinal study related to sleep apnea and weight
loss. The sample of the present study represents the basement
evaluation of the longitudinal study. The potential volunteers were
evaluated according to inclusion and exclusion criteria. The inclu-
sion criteria were; aged between 30 and 55 years, males, obese
(Body Mass Index > 30 kg/m2 < 45 kg/m2) diagnosed as OSA
(moderate or severe). The exclusion criteria were; the presence of
metabolic diseases such as diabetes mellitus, dyslipidemia or thy-
roid diseases, shift workers, sleep disturbances other than OSA,
smoking, physical exercise practitioners or weight loss treatments.
The participants were not treated for sleep apnea or obesity.
Written, informed consent was obtained before participation in the
study, which was approved by the Human Research Ethics Com-
mittee at the Federal University of Sao Paulo and was registered
with clinicaltrials.gov (NCT01985035).
3. Materials and methods

3.1. Clinical polysomnography (PSG)

To diagnose OSA and determine its severity, we performed full
in-laboratory PSG at the sleep laboratory of the Sleep Institute,
Federal University of S~ao Paulo. Sleep state stages, respiratory
events and arousals were scored according to standard criteria [15]
by a single experienced sleep technician. For hypopnea classifica-
tion, the following criteria were used; reductions of �30% from the
pre-event baseline signal using nasal pressure, duration �10 s and
higher than 4% desaturation. Apnea was scored when a drop of
�90% from the pre-event baseline signal was determined, using
nasal pressure, with a duration of longer than 10 s [15]. The
apneaehypopnea index (AHI) was then calculated from these
measurements to provide information about OSA severity; mod-
erate severity corresponds to AHI > 15 < 30 events/h; high severity
corresponds to AHI > 30 events/h.
3.2. Food intake

Food intake was accessed using a self-administered food record
for 3 non-consecutive days. For a better understanding of food
habits, the food diary was filled in for two week days and one
weekend day. All participants were instructed to provide details
about all foods and beverages consumed over the evaluated day as
well as times of intake. Portion sizes were estimated by common
household utensils. The Virtual Nutri Plus® software was used for
calculating caloric and macronutrient intakes.

3.3. Resting energy expenditure measurements

REE was measured using the device Quark CPET® (COSMED).
The tests were conducted in the morning, during the fasting state,
and in a controlled temperature room (between 20 and 30 �C). The
participant was asked to lay down and rest without sleeping, for
30 min before the test beginning. After the rest period, 30 min of
recording were obtained.

3.4. Anthropometric and body composition measurements

Body weight was measured using a Filizola scale to the nearest
0.1 kg and height was measured to the nearest 0.5 cm using a
stadiometer (Sanny, ES 2030). Body mass index (BMI) was calcu-
lated by dividing each individual's body weight by his height
squared. Waist and hip circumferences were taken using an in-
elastic measuring tape. Body composition was estimated by
plethysmography using the BOD POD body composition system
(version 1.69, Life Measurements Instruments, Concord, CA) [16].

3.5. Statistical analysis

After the normality investigation of the data, all the variables
were presented as means ± standard deviation. We proceeded to a
comparison of the selected variables, between participants classi-
fied as moderate and severe OSA (Student's t-test for independent
samples were used to compare them). Pearson correlations were
performed to verify associations among anthropometric, body
composition, resting energy expenditure and food intake with
sleep parameters. Additionally, different models of linear multi-
variate regression analysis were used to investigate associations
between sleep parameters and meal distribution over the day. The
regression models were performed using a backward stepwise
method, considering only variables with 95% significance (p < 0.05)
in the final models. SPSS (IBM; version 20.0) and Prism (GraphPad;
version 6.0) software were used for statistical analyses.

4. Results

After recruitment using local media, a total of 163 men of be-
tween 30 and 55 years old with previous complaints of OSA
responded to the advertisement. After exclusion criteria were
applied and polysomnography examinations were performed for
OSA diagnosis, only 45 patients were included in the study, with a
mean age of 40.8 ± 6.9 years. For a better understanding of the
effects of OSA on the variables studied, results are presented for all
participants and groups of OSA severity (moderate: AHI > 15 < 30
events/h; and severe: AHI > 30 events/h). No statistical differences
were observed between OSA severity groups for the weight, BMI,
and others anthropometric and body composition measurements
(Table 1). When analysis were made for all participants, a positive
correlation between AHI and bodyweight (r¼ 0.33; p¼ 0.024), BMI
(r ¼ 0.45; p ¼ 0.024), and body fat (r ¼ 0.305; p ¼ 0.041).

http://clinicaltrials.gov


Table 1
Age and anthropometric characteristics of OSA patients.

Variables All participants, N ¼ 45 Moderate, N ¼ 18 Severe, N ¼ 27 p Value

Age (years) 40.8 ± 6.9 41.4 ± 6.9 40.4 ± 6.8 0.630
Body mass (kg) 108.5 ± 13.7 107.9 ± 10.5 108.8 ± 15.53 0.845
Height (m) 1.76 ± 0.06 1.78 ± 0.05 1.75 ± 0.07 0.178
BMI (kg/m2) 35.0 ± 3.8 34.3 ± 3.3 35.5 ± 3.9 0.271
Waist circumference (cm) 113.3 ± 9.2 116.9 ± 9.8 113.1 ± 9.6 0.968
Hip circumference (cm) 112.6 ± 13.1 109.7 ± 18.0 114.6 ± 7.9 0.235
Fat (kg) 42.9 ± 10.3 42.5 ± 10.3 43.1 ± 10.4 0.852
Fat (%) 39.0 ± 5.7 39.1 ± 6.6 39.0 ± 5.1 0.990
Fat-free mass (kg) 65.4 ± 7.1 65.4 ± 6.0 65.4 ± 7.7 0.977
Fat-free mass (%) 60.8 ± 5.8 61.0 ± 6.5 60.7 ± 5.4 0.862

Values are means ± SD. BMI: body-mass index; Student's t test was performed between moderate and severe groups.
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As expected, the severe OSA group presented a more superficial
sleep, as demonstrated by the higher percentage of stage N1 sleep
and a lower percentage of stage N3 sleep. AHI, respiratory distur-
bance index (RDI), arousal index (AI), minimum SaO2 and time
spent in SaO2 < 90%wereworse in the severe OSA group than in the
moderate OSA group (Table 2).

No significant differences were found for EE and for food intake
measurements between the OSA severity groups (Table 3). There
was a trend towards increased energy intake in the severe group,
while macronutrient intake distribution was similar between the
groups. Interestingly, moderate associations were found between
REE (kcal/day) and AHI (r ¼ 0.33; p ¼ 0.025); sleep efficiency
(r ¼ �0.29; p ¼ 0.004), percent of stage NREM1 sleep (r ¼ 0.41;
p ¼ 0.005) and arousal index (r ¼ 0.36; p ¼ 0.014).

On average, our sample ingested 3.9 ± 0.7 meals per day, and no
significant differences were observed between the OSA severity
groups (3.9 ± 0.6 and 3.9 ± 0.7 for moderate and severe groups,
respectively; p ¼ 0.864; Fig. 1). The moderate and severe groups
demonstrated similar percentages of caloric intake at all meals
(breakfast: 20.7 ± 7.0% and 16.2 ± 6.5% for the moderate and severe
groups, respectively; p ¼ 0.061; lunch: 37.4 ± 7.4% and 37.4 ± 8.1%
for the moderate and severe groups, respectively; p ¼ 0.977; eve-
ning meal: 28.8 ± 7.0% and 34.2 ± 10.8% for the moderate and se-
vere groups, respectively; p¼ 0.110). In addition, the macronutrient
composition of the evening meal did not correlate with any of the
sleep parameters.

Pearson's correlations revealed associations between evening
dinner size (percentage of total caloric intake) and sleep parame-
ters (Fig. 2). The caloric intake at dinner was positively associated
with stage NREM1 sleep (r ¼ 0.55; p < 0.001) and AHI (r ¼ 0.35;
p ¼ 0.03), and negatively associated with stage NREM3 sleep
(r ¼�0.53; p < 0.001) and sleep efficiency (r¼ �0.35; p¼ 0.03). No
Table 2
Polysomnography data of sleep apnea patients studied.

Variables All participants, N ¼ 45

Latency (min) 10.7 ± 11.6
TST (min) 365.6 ± 51.2
Sleep efficiency (%) 86.7 ± 9.9
NREM_Stage 1 (%) 17.7 ± 11.6
NREM_Stage 2 (%) 47.8 ± 9.3
NREM_Stage 3 (%) 15.2 ± 8.9
REM (%) 19.3 ± 7.2
WASO (min) 44.6 ± 40.1
RDI (n/h) 50.3 ± 23.4
AHI (n/h) 47.3 ± 25.2
Arousal index (n/h) 36.0 ± 19.2
SaO2 minimum (%) 75.5 ± 8.7
Time spent SaO2 < 90% (% of TST) 15.4 ± 17.3

Values are means ± SD. TST: total sleep time; NREM: non-rapid eye movement sleep; R
oxygen saturation. Student's t test was performed between moderate and severe groups
significant correlations were found between other meals and sleep
patterns. Different models of a multivariate linear regression were
calculated (Table 4) using different sleep variables as dependent
variables. Dietary variables, such as total energy and nutrient intake
and percentage of caloric intake in different meals, were tested as
independent variables. The first model used AHI as a dependent
variable, and only the energy intake at breakfast (percentage of TCI)
was a significant negative predictor. The second model used sleep
efficiency as a dependent variable, and protein intake (g/kg)
showed a positive association with sleep efficiency, while energy
intake at breakfast and at dinner were negative predictors. In the
third model, stage NREM1 sleep was the dependent variable, and
only the energy intake at dinner (percentage of TCI) was a signifi-
cant negative predictor.

5. Discussion

The principal finding of the current studywas that food intake in
the evening was associated with a diminished sleep quality in sleep
apnea subjects. To our knowledge, this is the first study to show this
association based on habitual food intake in OSA patients. These
results indicate that a higher food intake in the evening may
contribute to OSA severity, and recommendations regarding the
amount and time of food intake close to the sleeping period should
be included in the current OSA treatment protocol.

The relationship between body mass and sleep apnea is well
known, and obesity is one of the most important risk factors for
OSA. Our study is in agreement with others regarding the positive
association between body weight and BMI with AHI [17,18]. Weight
loss is highly encouraged as an adjunct therapy for OSA [19] and,
considering the current obesogenic environment, as well as the
difficulties in losing weight or maintaining a healthy body weight,
Moderate, N ¼ 18 Severe, N ¼ 27 p Value

10.9 ± 9.8 10.5 ± 12.7 0.916
369.9 ± 47.6 362.7 ± 53.3 0.653
89.1 ± 8.0 85.1 ± 10.8 0.195
11.5 ± 6.2 21.8 ± 12.5 0.003
48.1 ± 10.3 47.6 ± 8.6 0.866
19.7 ± 7.3 12.2 ± 8.6 0.005
20.7 ± 7.8 18.4 ± 6.7 0.297
34.9 ± 34.3 51.1 ± 42.4 0.195
28.1 ± 4.9 65.1 ± 18.7 0.000
22.8 ± 3.1 63.6 ± 19.6 0.000
21.6 ± 7.7 45.6 ± 18.6 0.000
81.3 ± 4.3 71.6 ± 8.8 0.000
5.1 ± 6.5 22.6 ± 18.8 0.001

EM: rapid eye movement sleep; AHI: apnea/hypopnea index; SaO2: arterial blood
.



Table 3
Resting metabolic rate, energy and macronutrient intake in moderate and severe OSA male subjects.

Variables All participants, N ¼ 45 Moderate, N ¼ 18 Severe, N ¼ 27 p Value

RMR (kcal/day) 2372.2 ± 332.3 2321 ± 327.3 2406.0 ± 331.5 0.414
RMR/kg (kcal/kg) 22.0 ± 2.8 21.6 ± 2.8 22.3 ± 2.7 0.393
RMR/LBM (kcal/kg) 36.5 ± 5.3 35.8 ± 5.8 37.0 ± 4.8 0.463
RQ 0.869 ± 0.09 0.875 ± 0.09 0.566 ± 0.1 0.754
kcal (day) 2921.5 ± 639.6 2709.0 ± 504.2 3083.5 ± 683.0 0.082
Carbohydrates (g/day) 339.9 ± 90.1 325.0 ± 85.1 351.3 ± 92.1 0.394
Protein (g/day) 122.5 ± 31.1 118.0 ± 29.8 125.9 ± 31.6 0.459
Lipids (g/day) 113.2 ± 30.2 105.3 ± 21.9 119.1 ± 34.1 0.179
Carbohydrates (g/kg/day) 2.65 ± 1.48 3.06 ± 0.87 3.35 ± 0.91 0.352
Protein (g/kg/day) 1.17 ± 0.34 1.11 ± 0.29 1.21 ± 0.36 0.371
Lipids (g/kg/day) 0.88 ± 0.50 0.99 ± 0.21 1.14 ± 0.37 0.352
Carbohydrates (%) 58.1 ± 6.0 58.3 ± 6.0 58.0 ± 6.0 0.917
Protein (%) 21.3 ± 3.7 21.1 ± 3.3 21.4 ± 3.9 0.856
Lipids (%) 19.6 ± 3.5 19.4 ± 4.1 19.7 ± 3.1 0.790

Values are medians means ± SD. RMR: resting metabolic rate; RQ: respiratory quotient; LBM: lean body mass. Student's t test was performed between moderate and severe
groups.

Fig. 1. Meal distribution in moderate and severe OSA patients.

Fig. 2. Pearson correlations between sleep patterns and food intake during the evening period in OSA patients.

Table 4
Multivariate linear regression analysis.

Model Dependent variable Predictors

Variable B (SE) p

Model 1 AHI, R2 ¼ 0.10 Breakfast (%TCI) �0.36 (0.16) 0.03
Model 2 Sleep efficiency,

R2 ¼ 0.28
PTN/kg/day 0.96 (0.35) 0.01
Breakfast (%TCI) �0.54 (0.18) 0.007
Dinner (%TCI) �0.51 (0.19) 0.013

Model 3 N1 (% TST), R2 ¼ 0.32 Dinner (%TCI) �0.54 (0.21) 0.016

AHI: apneaehypopnea index; NREM1: sleep stage non REM 1; PTN: protein; TCI:
total caloric intake.
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special attention and incessant encouragement to achieve im-
provements in diet quality should be given by all professionals
engaged in OSA treatment.

Sleep quantity and quality have been related to body composi-
tion changes; in animals, sleep restriction is related to a large
negative energy balance and fat-free mass loss [20,21]. In humans,
sleep restriction in association with an energy-restricted diet also
resulted in higher fat-free mass loss [22], and associations between
body composition and AHI in OSA individuals have also been re-
ported [23,24]. In a large sample, Kosacka et al. [23] showed that
severe OSA patients have reduced muscle mass and total body
water compared with control subjects. In contrast, our study did
not detect differences in body composition between OSA severity
groups. The positive correlation between AHI and fat mass
corroborate the association between weight gain and OSA severity.
The use of body composition, especially body fat measurement,
might be important in OSA patients [24].

Although controversial, there is some evidence to suggest that
EE is altered in OSA patients. Stenl€of et al. [25] observed higher REE
in OSA than in snoring subjects. Major et al. [26] found a negative
correlation between the time spent in SaO2 of lower than 90% and
REE in twenty-four adult OSA patients. Furthermore, O'Driscoll
et al. [27] described a significant association between AHI and total
(24 h) EE. Our study did not find significant differences in REE
between the OSA severity groups, but in agreement with the
aforementioned studies, we found associations, though weak, be-
tween total REE and AHI and total arousals. Methodological dif-
ferences may be responsible for controversial results in the
literature; however, it is possible that high OSA severity and
increased arousals over the night contribute to higher REE. It is
important to emphasize that REE is only one component of total EE,
and other components such as activities related to EE and the
thermic effect of food might also be altered in OSA patients.

Associations between food intake and sleep patterns have been
previously described in healthy individuals. In a study of 52 healthy
women and men, Crispim et al. [10] found that a higher food intake
close to sleeping periods is associated with worse sleep quality. The
percentage of caloric intake at night was positively associated with
sleep latency and negatively associated with sleep efficiency in
women. In contrast to our results, Crispim et al. [10] and others [28]
found relationships between macronutrient intake and sleep
quality. To our knowledge, only one study has evaluated the effect
of food intake on sleep parameters in OSA patients. In a crossover
study, Trakada et al. [29] tested the effects of a 360 kcal meal and of
a hypercaloric (1800 kcal) fat-rich meal 2 h before sleep in OSA
patients. The authors found an increase in total sleep time, AHI and
the total number of obstructive and central apneas after the fat-rich
meal. These results suggest the importance of food intake control
before sleep in sleep apnea subjects. It is important to highlight the
fact that the fat-rich meal in this study was also hypercaloricdwith
more than twice the calories of a normal mealdand that 70% of the
calories came from fat, which is an unusual meal composition in
daily life. Aside from the importance of the experimental design of
the study, this kind of meal does not represent the habitual food
intake of the general adult population. Our study found associa-
tions between food intake in the evening and sleep patterns with
usual meals of approximately 1000 kcal (32% of total caloric intake
in all participants) and a macronutrient distribution that was
similar to that of the all-day food intake. Our multivariate linear
regression analysis showed associations between AHI, sleep effi-
ciency and stage NREM1 sleep with calorie intake during breakfast
and dinner. Additionally, protein intake was a predictor of sleep
efficiency, in agreement with the findings of other studies that have
suggested that increased protein intake is related to better sleep
parameters in non-OSA subjects [30,31].
Circadian patterns influence food intake and digestion, absorp-
tion and metabolic functions [32]. Sleep is known to decrease
digestive function [32], and the discomfort of increased gastric
volume during the night might contribute to less deep sleep [10].
This might be particularly important for OSA patients. In addition to
the acute effects of a big meal before sleep on sleep quality, another
important issue is whether eating more in the evenings is associ-
ated with weight gain in OSA patients. Some studies report that
people who eat greater amounts of food in the evenings usually
have more unhealthy overall dietary habits. In an obese and sleep-
restricted population, Lucassen et al. [33] found that the evening
chronotype was associated with unhealthy eating patterns, such as
eating late, reduced meal numbers during the day and eating large
portion sizes. Moreover, the evening chronotype individuals were
more likely to have sleep apnea. Gastroesophageal reflux disease
(GERD) has also been linked to sleep quality and, especially, OSA.
GERDs are associated with obesity, and studies suggest that OSA
patients have a higher incidence of GERD [34]. Elevated amounts of
food in the evenings contribute to worsening GERD symptoms,
which, in turn, are related to reduced sleep quality.

The relationship between sleep quality and diet might be of
concern, especially for sleep apnea patients. Reduced quality of
sleep is likely to increase the caloric intake from fat and carbohy-
drates, reduce the intake of healthy foods, such as vegetables and
fruits, and may induce more irregular meal patterns and the more
unhealthy snacks [35]. On the other hand, unhealthy eating habits
contribute to weight gain and worsening OSA. Nutritional coun-
selling to recommend the increased intake of fruits, vegetables,
fiber-rich foods and less high-energy density foods is important to
help improve sleep quality in OSA patients.

Our study presents some limitations. Due to the observational
nature of this study, we are not able to precisely detect causality
between energy intake and nutrient intake in the evening and sleep
quality. However, considering the study by Trakada et al. [29] and
other studies with healthy individuals, the findings of our study
support the idea that OSA patients should consider their eating
habits before sleeping. Our sample was possibly not big enough to
detect significant differences in body composition and REE be-
tween different severities of OSA. Furthermore, the food intake of
the participants was self-reported, a common limitation across
studies using food data and, finally, the records were not made on
the same day as that on which the polysomnography study was
conducted, but a three-day food diary is a reliable instrument to
detect food habits. The use of food intake recall on the day of the
polysomnography exam would be a better measurement of the
energy and nutrient intake effect on sleep patterns, but would not
be a good method for detecting habitual food intake. Our results
reflect the habitual food intake of these patients.

In conclusion, the current study demonstrates that higher food
intake in the eveningmight be deleterious for sleep quality and OSA
severity in moderate and severe sleep apnea patients, we can also
conclude that OSA severity is associated with increased resting EE.
More studies to examine meal quality and quantity are recom-
mended for OSA patients.
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