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Study Objectives: This study aimed to analyze the association between habitual meal timing and sleep parameters, as well as habitual meal timing and

apnea severity in individuals with obstructive sleep apnea (OSA).

Methods: Patients in whom mild to severe OSA was diagnosed were included in the study (n = 296). Sleep parameters were analyzed by polysomnography.
Dietary pattern was obtained by a food frequency questionnaire and meal timing of the participants. Individuals with OSA were categorized by meal timing

(early, late, and skippers).

Results: Dinner timing was associated with sleep latency (8 = 0.130, P = .022), apnea-hypopnea index (AHI) (B = 1.284, P = .033) and poor sleep quality

(B =1.140, P = .015). Breakfast timing was associated with wake after sleep onset (WASO) (8 = 3.567, P = .003), stage N1 sleep (B = 0.130, P < .001), and
stage R sleep (B = -1.189, P = .001). Lunch timing also was associated with stage N1 sleep (8 = 0.095, P =.025), sleep latency (8 = 0.293, P = .001), and
daytime sleepiness (8 = 1.267, P = .009). Compared to early eaters, late eaters presented lower duration of stage R sleep and greater values of sleep latency,
WASO, stage N1 sleep, and AHI, in addition to increased risk of poor sleep quality and daytime sleepiness (P < .005).

Conclusions: Late meal timing was associated with worse sleep pattern and quality and apnea severity than early meal timing. Despite some of these results
having limited clinical significance, they can lead to a better understanding about how meal timing affects OSA and sleep parameters.
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BRIEF SUMMARY

sleep apnea and sleep disorders.

sleep architecture.

Current Knowledge/Study Rationale: Several recent studies demonstrated that the timing of food intake and eating duration (interval between the
first and last meal of the day), independent of energy intake, have a major role in obesity, which is a well-established leading risk factor for obstructive

Study Impact: Given the chronic diseases and sleep disturbance that patients with obesity and obstructive sleep apnea often have, methods
to improve dietary patterns and metabolic health should be encouraged for these individuals to reduce apnea-hypopnea index and improve

INTRODUCTION

Obstructive sleep apnea (OSA) is a significant public health
problem that is prevalent worldwide. In association with
excessive daytime somnolence rates ranged from 3% to 7% in
adult men and from 2% to 5% in women.! However, defining
OSA as an apnea-hypopnea index (AHI) > 5 events/h—as used
by the Wisconsin Sleep Cohort—the prevalence is higher; 24%
in men and 9% in women aged 30 to 60 years.? This disturbance
is characterized by recurrent episodes of partial (hypopnea) or
complete (apnea) obstruction of the upper airway, intermittent
hypoxia, and frequent arousal from sleep.> Symptoms of OSA
include daytime sleepiness and fatigue, and sleep-related loud
snoring or gasping for air, and reduced or cessation of airflow
during sleep.’
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Consistent findings from studies support a strong
bidirectional association between OSA and metabolic diseases
such as obesity.*’ In this sense, obesity is a well-established
leading risk factor for OSA, and OSA itself may promote
further weight gain.* Although the reasons underlying this
reciprocal relationship remain uncertain, evidence from
observational and laboratory-based studies demonstrates a
relationship between sleep and factors regulating body weight,
such as physical activity and food intake.*’

Several recent studies demonstrated that the timing of food
intake®? and eating duration (interval between the first and last
meal of the day)," independent of energy intake, have a major
role in obesity. These results indicate that avoiding late meals,
mainly night meals and near bedtime, could reduce weight gain
and contribute to a decrease in eating duration and an increase
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in fasting period, which is associated with reduced adiposity,
elevated lean mass, and longer sleep duration.®'°

In addition to the increased risk of obesity, late meal timing
(mainly night meals), could affect sleep pattern. Different
studies have observed the effect of the nutrients from these
meals on sleep,' and apnea severity'>'*; nevertheless, there is
little information about the isolated association between meal
times and sleep patterns of individuals with sleep apnea. The
few studies in this area did not find significant associations
between meal timing and sleep duration or self-reported sleep
parameters such as sleepiness,™® but none of them investigated
whether meal timing is associated with sleep architecture and
sleep apnea severity of individuals with OSA.

Considering the disruptive effects of obesity on sleep and
apnea severity,' an inadequate meal timing could aggravate
even more the sleep pattern and apnea severity of these indi-
viduals. Thus, we hypothesized that late eating and a longer
eating duration are associated with worse sleep parameters and
apnea severity compared to early eating and a shorter eating
duration, respectively. The objective of this study was to assess
differences in sleep parameters and AHI among individuals
who eat early/late and those with longer/shorter eating dura-
tion, as well as to analyze the association between sleep param-
eters and apnea severity with meal timing and eating duration.

METHODS

Study Population

This cross-sectional study was conducted in individuals with
sleep apnea from August 2016 to March 2017. Patients with
sleep complaints and with suspected sleep apnea were referred
by their physicians for polysomnography (PSG) in a private
sleep clinic where the study was conducted. During the study
period, all the individuals aged 20 to 60 years were invited to
take part voluntarily in the research study. Volunteers were
eligible for participation if they reported no apnea treatment,
such as surgery or continuous positive airway pressure ther-
apy, no previous diagnosis of sleep disorders, and no intake of
medication that could affect sleep. Using G*Power software
(http:/www.gpower.hhu.de/), and specifying significance
level of .05 and a power of 90%, a sample size of 282 partici-
pants was established with a post hoc power of 72%. Of 409
patients who agreed to participate in the research, 296 were
included in the study and 113 were excluded—95 for AHI <5
events/h, 13 for energy consumption above 4,000 kcal, 4 for
incomplete PSG, and 1 outlier (body mass index [BMI] and
AHI) (Figure 1).

Initially, a questionnaire was applied, which provides in-
formation about sociodemographic characteristics, personal
information (age, alcohol consumption, smoking habit, and
medication use), and previous diseases. Physical measure-
ments were collected and participants also answered question-
naires about self-reported sleep and fatigue evaluations and
dictary assessment, as will be described in detail later.

This study was approved by the Ethics Commit-
tee of the Federal University of Uberlandia (protocol no.
57610416.7.0000.5152) and was conducted according to
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international ethical standards. Informed written consent was
obtained from all volunteers before starting the study.

Physical Measurements

Physical measurements were measured by trained staff using
standardized methods'*'* and included: systolic blood pressure
(mmHg), diastolic blood pressure (nmHg), neck circumference
(NC, cm) at the thyroid cartilage level, and waist circumference
(WC, cm) at the level of the umbilicus, body weight (kg),
and height (m). Diastolic and systolic blood pressures were
measured twice for each participant using the left arm after
10 minutes of rest and the average of two measurements was
considered for analyses. The participants were weighed while
barefoot, wearing light clothes, on a digital scale that measured
to the nearest 0.1 kg. Height was measured using a stadiometer
and the participant was positioned upright, and relaxed, with
head on the Frankfurt plane. Circumferences measurements
were made with a flexible and inextensible measuring tape.
Participants were classified according to BMI, obtained by
weight and squared height ratio."

Sleep and Fatigue Evaluations

Sleep evaluation consisted of self-reported and objective
approaches (PSG). Self-reported sleep evaluations were
obtained before the PSG examination. Poor sleep quality,
habitual bedtime, and sleep duration were assessed using the
Pittsburgh Sleep Quality Index (PSQI) that includes 19 items
and yields a score from 0 (good quality) to 21 (poor quality);
a total sum greater than 5 indicates poor sleep quality.”®
Daytime sleepiness was assessed using the Epworth Sleepiness
Scale (ESS), a widely used and reliable predictor of daytime
sleepiness.”” The ESS is an eight-item, self-administered
questionnaire that is designed to provide a measure of a
person’s propensity to fall asleep in a variety of situations. A
total score of 8 indicated excessive sleepiness.”

Fatigue was measured by the Chalder Scale, a questionnaire
with 11 items that are scored on a 4-point scale from “less
than usual (0)” to “much more than usual (3)”; the higher the
summed score, the more fatigued the individual.'®

Polysomnography

A full-night PSG was accomplished using a digital system
(Alice Sleepware version 2.8.78, Respironics Inc., Murrysville,
Pennsylvania, United States) at the sleep clinic during the
participant’s habitual sleep time. The PSG evaluations were
standardized to have the same duration with an 8-hour sleep
opportunity approximately. Physiological variables evaluated
during PSG included: electroencephalogram (EEG) (C3/
A2, C4/A1, O2/A1, O1/A2), electrooculogram, chin and leg
electromyogram, and electrocardiogram. During the PSG,
airflow was monitored with nasal and oral thermocouples.
Thoracic and abdominal respiratory movements were
measured with inductive respiratory plethysmography,
arterial oxygen saturation with pulse oximetry, while snoring
was measured by tracheal microphone, and body position was
measured by a sensor located on the chest. Trained technicians
visually scored PSG results and the examination was carried
out according to specific criteria for the definition of sleep

March 15, 2019



TVC Lopes, ME Borba, RVC Lopes, et al.

stages.'” EEG arousals and leg movements were scored in
agreement with the criteria established by The AASM Manual
for Scoring Sleep and Associated Events: Rules, Terminology
and Technical Specifications.”” Apneas were scored and
classified according to the recommended respiratory rules for
adults by the AASM Manual, and hypopneas were scored by
the alternative rules."”

OSA was diagnosed in accordance with the criteria of the
International Classification of Sleep Disorders.”® OSA was
diagnosed in participants if they had AHI> 15 or AHI 5 to 14.9
and presented at least one of these complaints: loud snoring,
breathing interruptions during sleep, daytime sleepiness, and
fatigue. The complaints were assessed according to Tufik et
al.?": loud snoring and breathing interruptions using the second
and fifth questions of the Berlin Questionnaire for sleep apnea,
respectively??; daytime sleepiness using the ESS' and the eight
questions of the PSQI'®; fatigue was assessed with the Chalder
Fatigue Scale.'®

Habitual Dietary Assessment

A semiquantitative food frequency questionnaire (FFQ) was
administered in person by trained interviewers at recruitment
to assess habitual dietary intake of the study participants over
the past year. The FFQ was developed and validated* to use in
Brazilian studies, showing a good validity and reproducibility
for estimating the food consumption of adults.”

The questionnaire is composed of 67 food items. For each
food item listed, participants indicated their frequency of
consumption (from 0—10 times a day, week, month, or year) and
the portion consumed (small, medium, large, or extra large).
Questions about recent changes in eating habits, consumption
of dietary supplements, and other important foods that the
instrument did not cover were also included. Eating duration
was calculated as the interval between the first and last meal
of the day. Participants described the times of day when meals
took place and the definition of each meal was self-reported by
the participant.

The Nutrition Data System for Research software (version
2014, University of Minnesota, Minneapolis, Minnesota,
United States) was used to quantify the energy and nutrients
consumed obtained by the FFQ. Subsequently, these data were
adjusted for energy intake using the residual method.**

Physical Activity Level

Physical activity (PA) level was evaluated by the short-
form International Physical Activity Questionnaire, version
6, translated into Portuguese and validated by Matsudo et
al.» Participants were considered physically active if they
performed at least 150 minutes of PA per week, moderately
active if they performed between 10 and 149 minutes of PA,
and insufficiently active at less than 10 minutes per week.

Statistical Analysis

Initially, the normality of the data was established using
Kolmogorov-Smirnov tests. Data are presented as median and
interquartile range. Participants were dichotomized into early
and late eaters for breakfast (median: 7:30 Am), lunch (median:
12:00p™m), and dinner (median: 8:00pM) using the median
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Figure 1—Study sample flow chart.

Accepted the invitation and completed the
evaluations: physical measurements,
self-reported sleep and fatigue evaluations,
dietary assessment, physical activity
evaluation (n = 409)

Did not complete the PSG
examination (n = 4)

Patients with OSA (n = 310)

Patients without OSA (n = 95)

Energy intake over 4,000 kcal (n = 13)
and outliers (body weight x AHI; n = 1)

Remained and completed all
evaluations (n = 296)

AHI = apnea-hypopnea index, OSA = obstructive sleep apnea,
PSG = polysomnography.

values of these meals in the population as the cutoff point.®* The
results of those individuals who skipped breakfast and dinner
were also used and compared with individuals who ate early
and those who ate late; individuals who skipped lunch were
excluded for reduced sample (three individuals). In this study,
we considered as those who skipped meals the participants
who reported not eating a meal (breakfast, lunch, or dinner)
more than 4 days a week. Participants were also dichotomized
into < 12 and > 12 hours regarding eating duration (interval be-
tween the first and last meal), as proposed by Gill and Panda."
A Kruskal-Wallis test, with Games-Howell post hoc, was used
to assess median differences. Qualitative variables were ana-
lyzed using chi-square test.

In order to determine the associations between evalu-
ated variables (meal timing, eating duration, PSG and self-
reported sleep and fatigue parameters), generalized linear
models (GLzMM) were used. Individual tests were done for
each PSG and self-reported parameters (poor sleep quality,
daytime sleepiness, and fatigue) (dependent variables) and
meal timing and eating duration (independent variables), us-
ing gamma, linear, or Tweedie distributions for continuous
variables. The best model was chosen based on the smaller
Akaike Information Criterion resultant from the analysis. For
categorical variables, ordinal and binary logistic distribu-
tions were used. To establish possible factors associated with
each PSG and self-reported parameter (dependent variables),
independent multivariate logistic regression models were
performed using backward stepwise elimination (P < .15).
For collinearity diagnostic between adjustment variables,
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Table 1—Participants’ characteristics according to food patterns.

Breakfast Lunch Dinner Eating Duration (hours)
Skippers (23) |  Early (140) Late (133) Early (226) Late (67) Skippers (1) Early (226) Late (59) <12(99) >12(197)
Age (years) 36 (27-38)° 42 (39-47)° 39 (35-46)° 41(37-46) 40 (37-46) 41 (36-43) 42 (37-47p 37 (32-41)° 42 (37-48) 40 (37-46)
Sex (%)
Men | e | ere | e | es | et2 | 727 | ete | m2 | mo [ e
Marital status (%)
With partner \ 60.9 \ 707 \ 737 \ 7 \ 7041 \ 727 \ 708 \ 729 \ 747 \ 695
Monthly household income (R$) (%)
>2100 | o6 | 83 | 1 | e7 | 1 | s8 | e8| 81 | 788 | 898
Education (%)
<High school 913 55.7 60.9 61.9 55.2 727 59.7 627 4.7 53.8
Graduated 87 257 238 217 328 9.1 265 169 182 26.9
Postgraduate 0.0 186 143 16.4 19 182 137 203 71 193
Smoking habits (%)
Yes \ 174 | 86 \ 135 | 124 | 9 \ 273 \ 06 | e | 134 \ 107
Alcohol consumption (%)
Yes \ 65.2 \ 586 | s64 | 515 | 507 | 36.4 \ 58 \ 7 | 095 | 62.4
Physical activity level (%)
Insufficiently active 65.2 62.9 72.2 65 74.6 63.6 68.1 64.4 67.7 67
Moderately active 348 279 274 296 24 273 27 322 293 274
Active 0.0 93 0.8 53 30 9.1 49 34 30 56
Physical measurements
BMI (ki) 326 297 308 302 304 30.02 303 30.1 314 298
9 (28.8-36.2) (27.9-316) (28.0-33.4) (28.0-33.1) (28.7-32.4) (286-32.3) (28.0-335) (27.6-32.1) (28.7-34.4 (@1.7-322p
Waist circumference 106.0 102.0 102.0 102.0 104.0 106.0 102.0 100.0 105.0 102.0
(cm) (979-109.0) | (97.0-1070) | (97.0-1080) | (97.0-1080) | (99.3-107.0) | (1020-1089) | (96.0-1080) | (97.0-106.9) | (99.3-1086) | (97.0-107.0)
Neck circumference 400 39.0 39.0 39.0 39.0 39.0 395 385 400 39.0
(cm) (38.0-41.0) (37.0-41.0) (38.0-41.0) (38.0-41.0) (36.0-40.0) (38.0-40.0) (37.0-41.0) (38.0-40.0) (38.0-42.0) (38.0-41.0)
SBP (mnHig) 119 126 124 124 124 129 125 122 122 125
9 (115-125) (117-129) (116-129) (117-129) (117-128) (121-143) (117-129) (116-128) (116-128) (118-129)
DEP (g 76 76 e 76 76 80 76 74 75 76
9 (72-78) (71-88) (12-81) (12-81) (71-81) (76-81) (12-82) (70-77) (70-81) (12-81)
Nutrients intake
2281.16 2217.60 2145.09 2235.88 211.30 2189.19 2146.04 2429.03 2045.79 2281.22
Energy (keal) (1976.98— (1965.98— (1868.06— (1961.70~ (1750.03- (2032.09- (1858.26- (2138.16- (1751.34- (2012.02-
2486.56) 2560.58) 2490.63) 2540.63) 2473.38) 2520.92) 2480.23) 2857.71) 2325.84) 2583.43)°
Proten () 104.92 100.90 103.40 102.29 102.45 102.25 10276 10051 104.63 100.72
9 (95.30-118.85) | (96.88-10891) | (95.51-108.75) | (97.13-100.51) | (93.02-107.80) | (97.73-108.53) | (96.83-108.92) | (93.58-110.82) | (99.31-112.00) | (93.72-108.12)
Carbolydrat (g 29057 298.97 294.85 295.41 300.85 283.77 295.93 297.02 290.50 300.51
yarate (g (257.50-307.15) | (280.27-312.06) | (278.56-316.44) | (278.08-311.77) | (285.75-317.62) | (278.07-207.12) | (278.75-314.49) | (280.36-312.23) | (277.61-302.36)" | (285.29-316.35)"
Fatlg) 83.00 81.69 82.86 82.78 8261 82.86 82.69 82.84 83.36 81.75
g (80.23-89.71) | (77.86-87.68) | (76.20-86.50) | (78.08-87.30) | (76.20-86.60) | (80.17-84.75) | (77.06-87.25) | (78.86-88.09) | (78.99-87.72) | (76.76-87.10)

Age, physical measurements, and nutrients intake are presented by median (interquartile range), Kruskal-Wallis test; other variables are presented by %,
chi-square test. Protein, carbohydrates, and fat are adjusted for energy intake (kcal). Bold values and with different superscript letters represent significant
differences (P < .05). BMI = body mass index, DBP = diastolic blood pressure, SBP = systolic blood pressure.

Variance Inflation Factor < 10 and tolerance > 0.1 were con-
sidered. All variables used to adjust models were in table
notes. Multiple comparisons were performed using sequential
Sidak post hoc test when necessary. All statistical analyses
were performed using SPSS 20.0 (Chicago, Illinois, United
States). For statistical significance, o error was set at 5%.

RESULTS

Characteristics of the population of the study based on meal
timing and eating duration are shown in Table 1. Breakfast
(x = 16.773, df = 2, P < .001) and dinner (y = 11.794, df = 2,
P =.003) timing groups showed differences in age. Those who
skipped breakfast were younger than those who ate ecarly
(P < .001) and late (P = .019) and those who ate dinner early
were older than those who ate dinner late (P = .002).
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Most participants had a household income at the higher level
and education at the lower level. Breakfast timing was associ-
ated with household income (y* = 6.476, df =2, P = .039) and
education level (y*> = 11.184, df = 4, P = .025), whereas eat-
ing duration was associated with education level (3> = 13.311
df =2, P =.001) and alcohol consumption (x> = 4.533 df =1,
P =.033) (Table 1).

Individuals with eating duration > 12 hours showed
significantly lower BMI than < 12 hours (x = 4.171,
df =1, P = .041). Most participants were insufficiently active
and physical activity level was associated with breakfast
timing (> = 12.998, df =4, P = .011) (Table 1). No differences
in blood pressure were observed between the groups, with only
27% of participants using antihypertensive medication (data
not shown).

Dinner timing groups showed differences in energy intake
(x = 10.114, df = 2, P = .006), with individuals who ate late
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Table 2—Objective and self-reported sleep parameters by meal timing.

Breakfast Lunch Dinner Eating Duration (hours)

Skippers (23) Early (140) Late (133) Early (226) Late (67) Skippers (11) Early (227) Late (58) <12(99) >12(197)

TST (minutes) 440.50 447.00 447.00 446.50 445.50 438.50 447.00 443.00 44450 447.00
(417.49-443.98) | (430.32-465.50) | (426.37-463.87) | (428.98-462.09) | (423.97-472.43) | (410.93-471.85) | (427.50-465.50) | (430.06-454.76) | (431.50-459.50) | (423.51-464.86)

Sleep efficiency 92.87 93.25 93.50 93.02 94.50 93.20 93.37 92.80 93.50
(%) (90.60-95.64) (90.80-95.10) (90.30-95.32) (90.76-95.42) (90.41-95.36) (92.60-96.19) (90.30-95.29) (91.29-95.08) (89.60-95.20) (91.03-95.10)
Sleep latency 1.00 0.50 0.50 0.50 2.50 0.50 0.75 0.50 0.50
(minutes) (0.50-3.50) (0.50-2.00) (0.50-2.50) (0.50-1.50) (0.50-3.00) (0.50-3.49) (0.50-2.00) (0.50-3.50) (0.50-3.00) (0.50-2.00)
REM sleep 122.50 158.50 158.75 158.50 152.75 169.50 159.00 142.75 158.25 158.00
latency (minutes) | (109.99-165.94) | (115.31-202.46) | (135.00-202.16) | (121.39-192.85) | (128.40-205.81) | (125.34-188.86) | (124.27-206.00) | (121.09-171.26) | (123.17-209.05) | (122.51-189.00)
WASO (minutes) 19.50 28.50 28.50 28.25 25.50 28.00 27.00 28.00 28.00

(17.92-33.80) (21.00-40.00) (20.11-41.50) (20.50-40.41) (19.72-41.20) (19.96-37.14) (20.50-41.50) (19.40-40.30) (19.50-45.00) (20.50-38.68)
Stage N1 sleep 7.50 8.40 8.70 8.05 6.50 8.80 8.55 9.70 8.20
(%TST) (5.89-10.10) (5.79-11.88) (5.52-12.47) (5.40-11.52) (5.99-14.02) (4.59-7.20) (5.58-12.27) (5.99-10.12) (5.40-12.70) (5.63-11.34)
Stage N2 sleep 45.40 48.70 46.50 48.05 51.70 48.30 4372 47.20 47.90
(%TST) (39.69-52.66) (43.37-54.17) (41.56-51.52) (42.18-53.72) (40.85-50.40) (47.90-55.49) (41.60-54.15) (41.31-49.21) (41.60-54.50) (41.93-51.97)
Stage N3 sleep 26.40 25.70 28.50 26.48 30.10 26.10 28.95 26.50 27.60
(%TST) (19.80-37.38) (19.68-31.68) (22.32-32.62) (20.71-32.32) (22.98-31.97) (22.08-30.40) (20.19-31.89) (24.23-33.05) (21.10-32.20) (20.53-32.00)
Stage R sleep 12.50 13.90 13.40 14.05 12.10 13.70 14.45 12.20 14.20
(%TST) (9.30-16.87) (11.20-16.32) (10.44-15.70) (11.66-16.43) (8.93-14.73) (8.10-15.59) (10.70-15.69) (10.90-16.55) (10.00-15.20) (11.03-16.28)
AHI (eventsih) 20.30 22.80 15.90 20.75 29.80 21.00 18.45 14.90 21.50

(12.69-30.97) (12.79-29.58) (9.54-30.19) (11.47-29.44) (12.30-32.82) (24.88-52.32) (11.98-29.57) (10.79-29.19) (9.90-28.50) (12.60-30.10)
Sleep duration 7.00 7.50 8.00 775 7.00 8.00 7.00 8.00 7.50
(hours)* (6.83-8.00)** (7.00-8.00)* (7.50-8.50)° (7.00-8.43) (7.00-8.14) (6.00-7.83) (7.50-8.50)* (6.80-7.50)° (7.50-8.50) (7.00-8.00)°

12:15AM 10:30PM 10:30PM 10:30PM 10:30PM 10:30PM 10:30PM 11:00PM 10:30PM 10:30PM
Bedtime * (11:00PM- (10:00PM- (10:00PM- (10:00 PM- (9:30PM— (10:00 PM- (10:00 PM- (10:42PM— (10:00 PM— (10:00 PM—
2:00 Am)* 11:00Pm)® 11:00Pm)° 11:00 PM) 11:00 PM) 11:00 PM) 11:00 PM) 12:00 AM) 11:00PM) 11:00PM)

Results are expressed as median (interquartile range). Bold values and with different superscript letters represent significant differences (P < .05).
Parameters were obtained via polysomnography except those marked with an asterisk; these were self-reported using the Pittsburgh Sleep Quality Index.
AHI = apnea-hypopnea index, TST = total sleep time, WASO = wake after sleep onset.

showing significantly more energy intake than those who ate
early (P = .003). Individuals with eating duration > 12 hours
had higher energy (x = 8.118, df = 1, P = .004) and carbohy-
drates intake (y =4.127, df =1, P=.042) than < 12 hours, which
had higher protein intake (y = 4.431, df =1, P =.035) (Table 1).

PSG and self-reported sleep parameters (sleep duration and
bedtime) according to meal timing and eating duration are
presented in Table 2. Self-reported sleep duration (y = 6.346,
df=2, P=.002) and bedtime (y = 9.657, df =2, P < .001) were
different between breakfast timing groups. The individuals who
ate an early breakfast had higher self-reported sleep duration
than those who ate a late breakfast (P = .002), and those who
skipped breakfast slept later than those who ate early and
late (P = .036 for both). Self-reported sleep duration was also
different between dinner timing (y = 10.250, df'= 2, P < .001)
and eating duration (y = 4.410, df= 1, P = .036) groups. As for
these data, those who ate dinner early and eating duration < 12
hours presented higher self-reported sleep duration than in
individuals who ate late (P <.001) and individuals with eating
duration > 12 hours, respectively.

The association between meal patterns (meal timing and
eating duration) and PSG parameters were analyzed and dis-
played in Table 3. The GLzMM showed that in patients with
OSA, breakfast timing was associated with wake after sleep
onset (WASO) even after being adjusted for different variables
(Table 3 note) (B = 3.567, CI = 1.243-5.892, P = .003). Mul-
tiple comparisons showed that individuals who ate breakfast
late had higher values of WASO (mean = 39.77, standard error
[SE] = 2.22) than those who eat early (mean 33.21, SE = 2.02)
(P = .024) and breakfast skippers (mean = 28.61, SE = 3.76)
(P=.021). Moreover, breakfast timing was also associated with
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stage N1 sleep (B = 0.130, confidence interval [CI] = 0.060—
0.199, P < .001) and stage R sleep (B = —1.189, CI = —1.889 to
—0.490, P =.001) stages. Individuals who eat an early breakfast
(mean = 8.80, SE = 0.91) presented reduced time in stage N1
sleep in comparison with those who eat late (mean = 10.78,
SE = 1.01) (P = .038). For stage R sleep, no differences were
found between groups in the multiple comparisons test.

The timing of lunch intake was associated with sleep
latency (B = 0.293, CI = 0.124-0.463, P = .001) and stage
N1 sleep (B = 0.095, CI = 0.012-0.178, P = .025). Regarding
sleep latency, those who ate lunch early had lower latency
(mean = 2.18, SE = 0.52) than those who ate lunch late
(mean = 3.14, SE = 0.52) (P = .023). The same occurred for
stage N1 sleep (mean early = 8.85, SE = 0.89; mean late = 11.33,
SE = 1.38; P =.021) (Table 3).

Dinner timing was associated with sleep latency ( = 0.130,
CI = 0.019-0.241, P = .022) and AHI (B = 1.284, CI1 = 0.102—
2.466, P=.033). In this case, those who ate dinner early showed
lower sleep latency (mean =2.08, SD = 0.42) than those who ate
dinner late (mean = 3.30, SD = 0.59) (P = .047). For AHI, those
who ate dinner early had lower AHI (mean = 21.41, SE = 1.26)
than those who skipped dinner (mean = 34.38, SE = 5.08)
(P = .036) and those who ate late (mean = 26.89, SE = 2.20)
(P =.047) (Table 3).

Table 4 presents the association between meal patterns
(meal timing and eating duration) and self-reported sleep
and fatigue parameters. The timing of dinner intake was
positively associated with poor sleep quality (Exp(B) = 1.140,
CI = 1.025-1.267, P = .015). Lunch timing (Exp(B) = 1.267,
CI=1.060-1.515, P=.009) and eating duration (Exp(p)=0.907,
CI = 0.839-0.980, P = .014) were positively and negatively
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Table 3—Effects of meal timing and eating duration on PSG parameters.

PSG Parameters B Wald Chi-Square 95% ClI P
TST (minutes)
Breakfast time -2.613 1178 -7.331102.105 278
Lunch time -0.172 0.003 -6.068 to 5.725 .954
Dinner time -2.398 2132 -5.618 to 0.821 144
Eating duration -0.298 0.057 -2.741 t0 2.146 811
Sleep Efficiency (%)
Breakfast time -0.362 1.147 -1.025 to 0.300 284
Lunch time -0.242 0.333 -1.064 to 0.580 564
Dinner time 0.021 0.009 -0.41510 0.457 925
Eating duration 0.162 0.873 -0.178 t0 0.502 .350
Sleep Latency (minutes)
Breakfast time 0.016 0.044 -0.133t0 0.165 834
Lunch time 0.293 11.552 0.124 0 0.463 .001
Dinner time 0.130 5.232 0.019t0 0.241 .022
Eating duration 0.017 0.239 -0.052 to 0.086 625
REM Sleep Latency (minutes)
Breakfast time 0.033 1.237 -0.025 to 0.091 .266
Lunch time 0.014 0.152 -0.057 t0 0.085 697
Dinner time -0.013 0.540 -0.049 to 0.022 462
Eating duration 0.009 0.332 -0.021 t0 0.039 565
WASO (minutes)
Breakfast time 3.567 9.048 1.243 10 5.892 .003
Lunch time 1.237 0.641 -1.790 to 4.263 423
Dinner time 0.379 0.251 -1.102 to 1.860 251
Eating duration 0.013 0.000 -1.282 to 1.307 .985
Stage N1 Sleep (%TST)
Breakfast time 0.130 13.271 0.060 to 0.199 <.001
Lunch time 0.095 5.014 0.012t00.178 025
Dinner time 0.314 1.284 -0.229 t0 0.856 257
Eating duration -0.039 3.633 -0.078 to 0.001 .057
Stage N2 Sleep (%TST)
Breakfast time -0.017 1.648 -0.043 t0 0.009 199
Lunch time -0.388 0.263 -1.869 to 1.093 .608
Dinner time -0.458 0.968 -1.369 to 0.454 325
Eating duration 0.002 0.000 -0.618 t0 0.622 .996
Stage N3 Sleep (%TST)
Breakfast time 0.239 0.145 -0.990 to 1.468 .703
Lunch time -0.456 0.357 -1.951t0 1.039 .550
Dinner time 0.147 0.121 -0.679t0 0.973 728
Eating duration 0.139 0.194 -0.479 t0 0.756 659
Stage R Sleep (%TST)
Breakfast time -1.189 11.102 -1.889 to -0.490 .001
Lunch time -0.151 0.109 -1.046 to 0.745 742
Dinner time 0.104 0.156 -0.414 t0 0.623 693
Eating duration 0.166 0.864 -0.184 t0 0.517 .353
AHI
Breakfast time -0.007 0.039 -0.076 to 0.062 844
Lunch time 0.762 0.310 -1.919 to0 0.344 577
Dinner time 1.284 4.530 0.102 to 2.466 .033
Eating duration 0.507 0.798 -0.606 to 1.621 372

Model adjust: TST: diastolic blood pressure, marital status, smoking habit, waist and neck circumferences; Sleep Efficiency: physical activity, smoking
habit, protein intake, and systolic blood pressure; Sleep Latency: sex, body mass index, marital status, neck circumference, and AHI; REM Sleep Latency:
age, waist circumference, household income, education, systolic blood pressure, and fat intake; WASO: systolic blood pressure, work status, protein intake,
and waist circumference; Stage N1 Sleep: sex, age, marital status, household income, work status, diastolic blood pressure, and protein intake; Stage
N2 Sleep: AHI, sex, protein and carbohydrate intake; Stage N3 Sleep: age, sex, AHI, and smoking habits; Stage R Sleep: sex, napping, AHI, systolic
blood pressure, alcohol consumption, and work status; AHI: age, education, alcohol consumption, and neck circumference. Bold values represent P < .05.
AHI = apnea-hypopnea index, Cl = confidence interval, TST = total sleep time, WASO = wake after sleep onset.
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Table 4—Effects of meal timing and eating duration on self-reported sleep and fatigue parameters.

Self-Reported Parameters Exp(B) Wald Chi-Square 95% ClI P
Poor Sleep Quality
Breakfast time 0.908 1.991 0.794 t0 1.038 158
Lunch time 0.983 0.046 0.842 t0 1.148 830
Dinner time 1.140 5.860 1.025 to 1.267 015
Eating duration 1.049 2.043 0.983t0 1.119 153
Daytime Sleepiness
Breakfast time 1.134 2.810 0.979t0 1.314 094
Lunch time 1.267 6.772 1.060 to 1.515 .009
Dinner time 0.968 0.420 0.879 to 1.067 517
Eating duration 0.907 6.079 0.839 to 0.980 .014
Fatigue
Breakfast time 0.969 0.161 0.8321t0 1.129 688
Lunch time 0.985 0.026 0.817 to 1.187 872
Dinner time 1.017 0.114 0.923 to 1.121 735
Eating duration 1.088 3.938 1.001 t0 1.182 .047

Model adjust: Poor Sleep Quality (obtained by Pittsburgh Sleep Quality Index): body mass index, waist and neck circumferences, physical activity;
Daytime Sleepiness (obtained by Epworth Sleepiness Scale): diastolic blood pressure, alcohol consumption, energy intake, and household income;
Fatigue (obtained by Chalder Scale): body mass index, sex, physical activity, shift work, and neck circumference. Bold values represent P < .05.

Cl = confidence interval.

associated, respectively, with daytime sleepiness; with respect
to fatigue, only eating duration showed a positive association
(Exp(B) = 1.088, CI = 1.001-1.182, P = .047). No significant
associations were found for other parameters.

DISCUSSION

Although some recent studies have shown associations
between meal timing®® and eating duration'® with sleep
duration and quality, few studies evaluated these associations
through objective sleep measures and focused on sleep apnea
patients. In the current study, the GLzMM analysis showed
that habitual late meal intake was associated with worse sleep
parameters, even after adjustments for confounders. We found
that eating late was positively associated with poor sleep
quality and daytime sleepiness, and individuals who ate late
had longer WASO, time in stage N1 sleep, and sleep latency,
and higher AHI than those who ate early. Even with some of
these results being limited in terms of clinical significance, it
can be suggested that the timing of meal intake itself could
affect sleep and apnea severity of these individuals.

Individuals with sleep apnea already have sleep disruptions
characteristic of OSA, which could result in worse sleep pat-
tern (alteration in sleep duration, efficiency, latency, sleep
stages, and WASO).* Previous studies conducted in volunteers
without OSA suggested that sleep disruptions could be aggra-
vated by the timing?’ and nutrient intake' of meals, mainly
evening meals, which may result in worse sleep quality and
daytime sleepiness, as shown in the current study (Table 3
and Table 4). Furthermore, those who ate dinner late showed
a modest higher AHI than those who ate early (Table 3), even
though no differences were found in BMI, WC, and NC between
individuals who ate late and those who ate carly (Table 1),
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which would be expected as evening meals are associated with
weight gain®’ and with OSA severity.* These results lead us to
believe that not only obesity but also the habit of eating late—
in particular the evening meal—could be associated with OSA
severity. Studies in humans'? and animals®® found that a high-
fat meal before bedtime increased the number of apneas, sug-
gesting that both meal timing and nutrient intake could affect
AHI. Another potential explanatory mechanism would be the
variation in leptin levels, which could be increased after meals,
and could also induce apnea and affect AHI to enhance hyper-
capnic sensitivy.” However, this theme is controversial in the
literature.”

A higher food intake preceding the sleeping period is
associated with negative aspects in sleep patterns, such
as impairment of the consolidation of sleep onset and an
increase in the number of awakenings."" In the current study,
individuals who eat close to bedtime had a modest higher sleep
latency (Table 3). Considering that sleep apnea volunteers who
had late breakfast or lunch could also be the individuals who
had dinner close to bedtime—as preceding meal timing and
resulting satiety largely determine the size and time of the
following meal**—the higher values of WASO, sleep latency,
and stage N1 sleep of late breakfast and lunch eaters (Table 3)
may also be explained by the habit of eating late.

In the current study, those who ate a late breakfast and
lunch showed longer time in stage N1 sleep in relation to those
who ate early. This outcome, together with reductions in stage
N2 sleep, stage R sleep, and slow wave sleep are common
in individuals with obesity and apnea,”® and it represents a
common sign of severely disrupted sleep® and poor sleep
quality.®> Although those who ate an early and late breakfast
and lunch were above the recommended time (2% to 5% of
total sleep time [TST]) in stage N1 sleep (early breakfast = 8.80,
late breakfast = 10.78, early lunch = 8.85, late lunch = 11.33),
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our results lead us to believe that meal timing may contribute
even more to the increase of stage NI sleep in late eaters,
aggravating sleep quality. Ghrelin levels could also affect
the time in stage N1 sleep, because this hormone—which is
higher in individuals with sleep apnea**—could be enhanced
after meals and increase non-rapid eye movement sleep and
slow wave sleep.***> This hormone may also have influenced
the negative association between breakfast timing and stage
R sleep found in our study (Table 3), because individuals who
are late breakfast eaters could also have been the individuals
who had dinner late. Thus, the increase in ghrelin **** and other
hormones related to eating in the evening—such as cortisol
and insulin®®**7 could decrease stage R sleep.’®** Nevertheless,
it is unclear whether physiological changes in hormone level
from intake of a meal are enough to affect sleep architecture.*’

The time in stage R sleep may also be affected by nocturnal
body temperature, which could be increased after meal intake®
decreasing the stage R sleep.* Because sleep onset is triggered
by the reduction in body temperature,” thermogenic events,
such as evening meals, may improve alertness at bedtime
and delay sleep onset.®* rather than to an altered energy
intake.* In addition, Roky et al.** found that these changes in
temperature rhythm may be accompanied by alterations in the
circadian pattern of melatonin secretion,* which could also
interfere with sleep onset. Thus, it is possible that late meal
timing observed in this study may have caused an increase in
body temperature and altered melatonin secretion resulting
in worse results of individuals who are late eaters regarding
self-reported sleep quality, as well as WASO, stage N1 sleep,
and even sleep latency that showed a clinically minor, but
significant, difference between the meal timing groups (Table 3
and Table 4). Additional studies are necessary to evaluate the
relationship between late meal intake, body temperature, and
sleep pattern in individuals with sleep apnea to validate this
association and possible mechanisms involved.

Studies have shown that the absence or presence of food
at night changes the type of nutrient that will be oxidized,
which could interfere with sleep stages.* In this way, studies
with animals*® and humans***” have described that not eating
close to bedtime could help fat oxidation and, because of this,
increase slow wave sleep. In contrast, meals close to this time
favor the oxidation of other nutrients such as carbohydrates.*’
However, the mechanism behind this relationship is not well
described.* This information may support the results found
in our study whereby individual who were late eaters showed
worse sleep patterns, such as higher sleep latency (Table 3).

Several studies have reported that reductions in sleep time
and quality could contribute to an increase in obesity.*® This
relationship may be partly explained by the reduced duration
of overnight fasting after short sleep duration increases the
wakefulness period and, consequently, eating duration that
contributes to increased caloric intake.” Time-restricted eating
(without changes in caloric intake and physical activity) may
improve sleep quality and prevent weight gain, benefits that
appear to be mediated by circadian rhythms." Gill and Panda’
found that volunteers who were overweight with an eating
period of more than 14 hours decreased their body weight and
improved sleep after a reduction in eating period to 10 to 11
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hours per day for 16 weeks. In the current study, we found that
apnea volunteers with an eating period greater than 12 hours
showed higher energy and carbohydrate intake (Table 1), as
showed in another study'®; however, no relationship between
eating duration and sleep parameters (Table 3) was found.

Usually, there is no reduction in sleep time in individuals
with OSA?; however, we expected that individuals with
greater eating duration, as found among individuals who are
later eaters, would have a shorter sleep and worse sleep pattern
than those with a lower eating duration (Table 3). One of the
hypotheses for this result is that a late night snack, which
was included in the eating period as the last meal, may have
contributed to increasing the eating period without affecting
sleep, because it usually consists of a smaller food portion and,
probably, lower calorie content, not interfering in metabolic
factors that could affect sleep in the way that dinner does.

In the current study, eating duration was negatively
associated with daytime sleepiness. This result can explain,
at least in part, the fact that individuals with higher eating
duration presented with higher intake of carbohydrates
(Table 1). Some study results*® have suggested that the
amount of carbohydrates and the glycemic index may have an
important influence on sleep patterns, especially on inducing
sleepiness and decreasing sleep latency. However, more studies
are necessary to confirm the causality between carbohydrate
intake and sleepiness.

This study has some limitations. As individuals with sleep
apnea volunteered for this study there is a potential for selection
bias in that the dietary intakes of these participants may not be
completely representative. Another point is that the nutrient
results depend ontherespondents’ memory and could be affected
by measurement error in dietary intake, a common limitation
of epidemiological studies. However, the characteristics of
the participants are typical of these populations and the food
questionnaire used was previously validated. Because our
objective was to evaluate habitual dietary intake, we assessed
food intake of participants by food frequency questionnaire,
which did not allow us to obtain the distribution of energy for
each meal and its dietary composition for adjustment of the
statistical analysis. However, we have considered macronutrient
intake throughout the day for confounders. Although this study
design can detect associations, a limitation of the study is its
cross-sectional design, which does not allow determination of
cause and effect between the meal timing and eating duration
patterns and sleep parameters. Also, although a high power of
test was used in the sample size calculation and our sample
being higher than calculated (n = 296), we had a moderate
post hoc statistical power (72%). Even so, we found significant
associations between meal timing and sleep that cannot be
invalidated. This statistical power could limit the feasibility
to detect other significant results. Therefore, we emphasize
the need for future studies with large sample sizes and higher
power of the test in order to explore more associations between
meal timing and sleep parameters and consequently, results
with greater clinical significance. We also highlight that during
PSG, the first night in the laboratory could affect the duration
of some sleep stages; nevertheless, it is a common limitation in
studies that use PSG and some of them reported no significant
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effect on the results. In addition, we also used self-reported
parameters to compare to the habitual sleep pattern of these
individuals, such as bedtime and sleep duration by PSQI.

Together our findings showed that individuals with sleep ap-
nea who have late meals and higher eating duration presented
worse sleep pattern and apnea severity in addition to higher
risk of fatigue and poor sleep quality than individuals who
are earlier eaters and individuals with lower eating duration.
Therefore, the current study supports the idea that individuals
who are late eaters and individuals with higher eating dura-
tion have physiopathologic alterations that contribute to differ-
ent disturbances, including sleep. Further studies in this area
are required to provide causality in the relationship between
meal timing and eating duration with sleep, especially regard-
ing sleep architecture, and possible mechanisms involved.
However, these results may imply that methods to improve
dietary patterns and metabolic health should be encouraged
for patients with obesity and OSA to reduce AHI and improve
sleep architecture.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index

BMI, body mass index

EEQG, electroencephalogram

ESS, Epworth Sleepiness Scale

FFQ, food frequency questionnaire

GLzMM, Generalized Linear Models

ICSD, International Classification of Sleep Disorders
NC, neck circumference

OSA, obstructive sleep apnea

PA, physical activity

PSG, polysomnography

PSQI, Pittsburgh Sleep Quality Index

TST, total sleep time

WASO, wake after sleep onset

WC, waist circumference
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