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ABSTRACT

Objective
To evaluate the influence of self-reported sleep duration on ghrelin secretion and nutritional
indicators in obese women.

Methods

This is an observational study, including 36 adult women with obesity. Sleep duration was
reported while completing the general questionnaire. Dietary, laboratory, anthropometric,
and body composition indicators, and resting metabolic rate, were evaluated. For statistical
analysis, sleep duration data were grouped into tertiles: less than six (first tertile); equal to or
above six; and less than eight (second tertile); equal to or greater than eight hours of sleep per
day (third tertile). The indicators were compared for the different ranges of the sleep duration.

Results

There was no significant difference when comparing anthropometric, laboratory, and energy
expenditure indicators between sleep tertiles. However, women with shorter sleep duration
(less than 6 hours per day) had a higher mean caloric intake, compared with the tertile of eight
hours or more of sleep per day. For total lipid intake, the mean consumption was higher in the
first tertile (up to six hours a day).

Conclusion
Sleeping less than six hours a day led to an increase in energy and lipid intake in obese women.
However, it did not change the plasma ghrelin concentration.
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RESUMO
Objetivo
Avaliar a influéncia da duracéo de sono autorrelatada na secre¢do de grelina e indicadores nutricionais na obesidade.

Meétodos

Trata-se de um estudo observacional, incluindo 36 mulheres adultas com obesidade. A duragédo do sono foi relatada
durante o preenchimento do questiondrio de dados gerais. Foram avaliados indicadores dietéticos, laboratoriais,
antropométricos e de composicdo corporal, além da taxa metabdlica de repouso. Para andlise estatistica, os dados
de duracgdo de sono foram agrupados em tercis, sendo menor do que seis (primeiro tercil), igual ou acima seis e
menor do que oito (segundo tercil), igual ou maior do que oito horas de sono por dia (terceiro tercil). Os indicadores
supracitados foram comparados entre as diferentes faixas dos tercis de duracdo de sono.

Resultados

Ndo houve diferenca significativa ao comparar os indicadores antropomeétricos, laboratoriais e do gasto de
energia, entre os tercis de sono. Porém, mulheres com menor tempo de duracéo do sono (menos de 6 horas por
dia) apresentaram maior média da ingestdo caldrica, comparado com o tercil de oito horas ou mais de sono por
dia. Para a ingestdo de lipidios totais, a média de consumo foi maior no primeiro tercil (até seis horas por dia).

Conclusao
Dormir menos do que seis horas por dia levou ao aumento na ingestdo energética e de lipidios em mulheres com
obesidade, porém, ndo alterou a concentracéo de grelina plasmadtica.

Palavras-chave: Ingestdo de alimentos. Grelina. Obesidade. Taxa metabdlica de repouso. Sono.

INTRODUCTION

Obesity is a chronic disease with rising prevalence in Brazil and the world [1]. In 2016, more
than 1.9 billion adults around the globe presented elevated body mass. Among those, more than
650 million were diagnosed with obesity [2]. In Brazil, the number of individuals with high body
weight grew 30.8% in the last 12 years, corresponding to 55.7% of the total population, more than
half of it. For obesity, the percentage rose 8% in 12 years, especially for women (20.7%) compared
with men (18.7%) [3].

A complex illness unleashed by multiple factors and frequently resulting from a positive
energy balance, obesity is related to the imbalance between the ingestion and expenditure of body
energy [4,5]. Other etiological agents, such as genetic modifications, environmental factors, and
hormonal deregulations, are relevant [6-8].

Moreover, evidence shows that alterations in sleep duration disrupt the circadian rhythm,
possibly favoring body weight gain and obesity [9]. Transversal studies suggest a relationship
between shorter sleep durations (less than six hours a night) and elevated body weight. In contrast,
prospective studies show inconclusive results, leaving this association unclear [10-13].

Possible relations between reduced sleep duration and excessive weight are reported in
connection to hormonal deregulation. They might lead to alterations in the secretion of regulatory
appetite hormones, such asincreasing ghrelin levels (orexigenic hormone) and energy expenditure,
thus modifying food consumption [14]. Analyses are heterogenous in the connection between
declared reduced sleep duration and ghrelin secretion in individuals with excessive weight and
suggest the need for more studies on the theme [15,16].

Thus, investigating the association between reported sleep duration and obesity is greatly
important, including the analysis of the hormones connected with hunger, food consumption,
biochemical and anthropometric parameters, and Energy Expenditure (EE). This is the present study’s
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objective, which contains a review of the updated and pertinent literature adequate to presenting
the problem and highlighting its relevance.

METHODS

The study was approved by the Research Ethics Committee of the Hospital Clementino Fraga
Filho (HUCFF) under protocol CAAE 97290918.2.0000.5257, opinion 3.015.648, and published in the
Brazilian Record of Clinical Trials under number RBR-7k6v3v. The present study is observational and
analytic, and it was carried out in a sample of a larger study. It is a randomized and parallel clinical trial.

We evaluated adult women from 20 to 45 years old, with degrees | and Il of obesity (BMI
between 30 and 39.9 kg/m?) [17], of any race or color, before menopause, without recent alterations
in body weight (+ three kilos in the last three months), and that have not gone into diets for losing
weight in the last three months or undergone bariatric surgery. Athletes, users of medication
or supplementation for weight control, smokers, drinkers, women with cardiac or respiratory
complications, diagnosed with diabetes Mellitus types 1 and 2, uncontrolled hypothyroidism
(laboratory markers out of normality), pregnant women, lactating women, illiterate, or those with
cancer, and severe hepatopathy and nephropathy were considered ineligible. Women who reported
severe binge eating, as assessed by the Binge Eating Scale (BES), were also not selected.

Participants who did not comply with the entire protocol proposed during the intervention
or with intercurrences that interfered with their participation in the larger study (clinical trial) were
excluded. The research was published on the webpage of the Instituto de Nutri¢éo Josué de Castro
(Institute of Nutrition Josué de Castro), where the recruitment took place.

Data collection happened in Institute of Nutrition Josué de Castro’s Laboratdrio de Avalia¢éio
Nutricional (Laboratory for Nutritional Assessment). The first meeting aimed to check eligibility
criteria, apply BES, check body weight and Body Mass Index (BMI). At the occasion, participants
received general orientation on the research, filling in the three-day dietary registers, preparation for
blood collection, EE, and body composition evaluation. The researchers also collected information
like sleep duration with questionnaires on general, nutritional, and clinical data. Forms for registering
their diets for three days were handed in to the participants, who were expected to return them on
the first day of the intervention.

In the second meeting, the women came to the Laboratdrio de Andlises Clinicas - Faculdade
de Farmdcia (Laboratory of Clinical Analyses - Faculty of Pharmacy) for drawing blood after fasting
for 12 hours. They were subsequently conducted to Laboratory for Nutritional Assessment for
anthropometric, body composition, and EE evaluations.

Sleep duration was investigated in the interviews (participant and responsible researcher),
as the general questionnaire was filled up. The duration of habitual sleep at night was questioned.

Participants filled in forms of dietary records for three non-consecutive days - two typical and
one atypical day - for the assessment of eating habits. The nutritionists revised the records to check
for the possible omission of information (number of meals, added sugar, size of spoon, consumed
portions, and type of preparation) and notes that could generate posterior doubt (few registered
items, unknown food items, mistakes in informing home measures, and absence of any meal) [18].

The assessments of energy, protein, carbohydrates, lipids, Monounsaturated (MUFA),
Polyunsaturated (PUFA), and Saturated (SFA) fatty acids, cholesterol, and fibers were carried out
in the software for diet analyses DietProClinico® (version 6.1). The chemical composition of food
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items, obtained from the dietary registers, was compared to the Recommended Daily Intake (RDI).
The total consumption of fiber and fatty acids was contrasted with the recommendation, and the
values considered adequate were as follows: 25 g/day of dietary fiber; SFA below 10% of the Total
Energy Intake (TEI); MUFA from 15 to 20% of TEIl; and PUFA from 6 to 11% of TEI [19,20].

The BES was applied, translated, adapted, and validated to observe the magnitude of eating
behaviorsin each individual at the beginning of the research, given that 47% of the obese population
may present a pattern of binge eating that compromises adequate eating habits [21,22].

The body weight, height, Waist Circumference (WC), and body composition were measured
by trained professionals in the morning after fasting for 12 hours. The body weight was evaluated
with light clothes and without shoes, using the electronic platform scale Filizola® model Personal
Line 200, with a 200 kg capacity and 50-gram precision. The height was determined with a portable
vertical anthropometer Alturexata® with a one-millimeter precision. To verify the stature, the
participant stood up without shoes, joined feet, relaxed arms, and head in the Frankfort plane [23].

The WC was analyzed using a flat steel anthropometric tape with a total extension of two
meters and one-millimeter precision, brand Sanny®, model TR4011, and verified at the medium
point between the last rib and iliac crest [17]. The BMIwas classified according to the cutting points
suggested by the World Health Organization [24,25].

The evaluation of body composition was performed with a multi-frequency BIA (Biodynamics®
model 450) [26]. For estimating Fat-Free Mass (FFM), a predictive equation validated for obese women
was employed: FFM (kg) = 0.0015 (height [cm] 2) - 0.344 (resistance) + 0.140 (weight) - 0.158 (age)
+20.387[27,28]. After the calculation, The Body Fat Mass (BFM) was determined by the difference
of the total body mass, considering the model of two body compartments (fatty and fat-free).

The EE was evaluated with a calorimeter with a pulmonary function analyzer (Vmax 29¢,
ViasysHealthcare, EUA) [29]. The orientations were for starting preparation three days before the
evaluation, including not drinking alcohol, maintaining daily activities, avoiding intense physical
activity and exercise in general, and following specific nutritional guidelines which stressed not
consuming food with excessive fat, protein, and the main sources of caffeine, as well as fasting for
12 hours at night [30].

The measures were taken in the morning, in a room with ambient temperature maintained
at the thermoneutral zone, controlled humidity, soft lighting, lack of noise, and the participant in
dorsal decubitus or a slightly elevated posture, according to the need [31,32]. Before the analyses
began, the participant rested for 20 minutes, and the mask (canopy) connected to the calorimeter
was positioned. The Volumes of Carbon Dioxide (VCO,) and Oxygen (VO,) were measured for 30
minutes with the participant laying down without moving and not considering the first five minutes.
An equation described by Weir (1949) [33] was also employed to determine the body’s Resting
Metabolic Rate (RMR): ((3.9 x VO, L/minute) + (1.1x VCO, L/minute)) x 1440.

Blood samples were collected in the morning after a minimum fasting period of 12 hours
and a maximum of 14 hours. Other factors evaluated were glucose (Glucose PAP Liquiform, Labtest
Diagnostica®), insulin (Beckham®), total cholesterol (TC) (Cholesterol Liquiform, Labtest Diagndstica®),
triglycerides (TG) (Triglycerides Liquiform, Labtest Diagndstica®), and High-Density Lipoproteins
(HDL-c) (HDL LE, Labtest Diagndstica®). Active ghrelin was analyzed with Elisa, using the commercial
kit E-EL-H2002°.

The considered concentrations of Low-Density Lipoprotein (LDL-c) were calculated by
Laboratory of Clinical Analyses-Faculty of Pharmacy with the equation proposed by Friedwald et
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al. [34]. Insulin Resistance (IR) was estimated with the HOMA-IR method = fasting insulin serum
concentration (uU/mL) x fasting glycemia (mmol/L) / 22.5, and analyzed according to Stern et al.
(2005) and Matthews et al. (1985) [35,36]. Glycemia results were analyzed according to the Sociedade
Brasileira de Diabetes (Brazilian Society of Diabetes) guidelines. Lipidemia was evaluated according
to the Update for Brazilian Guidelines for Dislipidemia and Preventing Atherosclerosis [37,38].
Insulin Sensitivity (IS) was estimated using the Quantitative Insulin Sensitivity Check Index (QUICKI)
method, QUICKI = 1/(LOG (fasting insulin serum concentration) + LOG (fasting glycemia) [39].

The results were expressed as mean and standard deviation. Normality was assessed by
comparing the mean values with the Kolmogorov-Smirnorv test. The test for outliersin active ghrelin
was carried out with GraphPad Prism 8.3. Afterward, the results for the variable sleep duration were
grouped in tertiles between percentile 33 (P33) and percentile 66 (P66). The distribution of tertiles was
as follows: the first included women with less than six hours of sleep a night; the second comprised
those who slept six to eight hours a night; and the third included eight or more hours a night.

After evidencing the gaussian distribution (normal), the homogeneity of variables with
Levene's test, and the division of tertiles, the variables were compared among the different tertiles
of sleep duration with variance analysis (ANOVA one way), followed by Tukey's post-hoc tests. The
program of statistical analysis was SPSS (Statistical Package for Social Science, IBM Corporation,
NY) version 22.0, considering p-value <0.05.

RESULTS

Among the 276 women who were interested in participating in the study, 156 met the eligibility
criteria, but 120 gave up or presented intercurrences and were excluded from the study. The main
reasons for non-inclusion were: BMI of less than 30 kg/m? or more than 40 kg/m?, associated chronic
diseases, menopause, smoking, lactating, alcoholism, bariatric surgery post-operatory procedures,
weight loss of more than three kilos in the last three months, continuous use of medication for
controlling anxiety and appetite, and corticotherapy.

Among the eligible participants, 58 were included and 40 women concluded the study. After
the ghrelin analysis, outlier values were excluded, and 36 participants finalized the study (Figure 1).

The tertile groups presented similarities in age and anthropometric indicators, in body
weight (p=0.452) and WC (0.607). The participants presented diagnoses of obesity degrees | and
Il (BMI between 30.00 and 39.99 kg/m?), as well as an increased risk for metabolic complications
associated with the accumulation of fat in the abdominal region (WC of more than 88 cm) [40].

No difference was observed when comparing the anthropometric indicators of GE among
the sleep tertiles. Biochemical results show that different sleep strands did not lead to significant
alterationsin these indicators. The comparisons between concentrations of fasting active ghrelinin
the tertiles also did not show significant statistical differences. The values of glucose were normal.
However, the HOMA-IR results presented IR. The plasmatic lipidic profile was according to the
recommendations for all tertiles [38,41] (Table 1).

Table 2 allows the comparison of the habitual dietetic ingestion between different sleep
tertiles. Analyzing the total energy consumption, a statistical difference between tertiles was found,
with the first tertile being different from the third (p=0.021), but not from the second (p=0.176).
This shows that the average ingestion of energy is smaller when the sleep duration is reduced (less
than six hours a day).
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Eligible participants

(n=156)
Not included (n=120):
= Not able to contact (n=6)
= Did not show up (n=98)
= Gave up (n=12)
= Result for outlier ghrelin (n=4)
Selected
(n=36)
1 tertile 2" tertile 3" tertile
(n=8) (n=14) (n=14)

Figure 1 - Recruitment and selection flowchart.

Table 1 - Comparison of anthropometric, energetic expenditure, and laboratory indicators among sleep duration tertiles.

Indicators First tertile (n=8) Second tertile (n=14) Third tertile (n=14) p-value
Age (years) 33.37 (+6.58) 29.64 (+8.88) 2914 (+7.85) 0.468
Anthropometric and energy expenditure
Weight (Kg) 92.75 (+£7.62) 93.85 (+10.48) 89.34 (+9.70) 0.452
BMI (Kg/m?) 35.24 (+2.87) 35.07 (+4.07) 34.99 (£4.30) 0.990
WC (cm) 97.05 (+10.85) 99.63 (+9.20) 100.97 (+6.93) 0.607
RMR (kcal) 1491.58 (+116.58) 1515.28 (+182.80) 1437.63 (+137.26) 0.405
Laboratory
Ghrelin (pg/mL) 9813 (+103.62) 113.45 (+97.24) 139 (£100.52) 0.614
TC (mg/dL) 188.87 (£38.03) 16414 (£23.94) 174.57 (£32.43) 0.219
LDL (mg/dL) 114.87 (+10.85) 95.71 (£17.74) 106.14 (+26.03) 0.258
HDL (mg/dL) 52.00 (+12.46) 48.28 (+11.89) 47.35 (+9.00) 0.626
TG (mg/dL) 110.50 (+33.83) 100.71(+22.53) 105.42 (+32.03) 0.747
Glucose (mg/dL) 87.75 (£11.29) 87.35(+7.88) 91.28 (+22.10) 0.778
Insulin (uU/mL) 19.81(+8.05) 2447 (+14.35) 19.15 (£8.97) 0.432
HOMA IR £4.30 (+1.83) 5.32 (+3.16) 4.30 (+2.12) 0.508

Note: Caption: First tertile: <6 hours of sleep/night; Second tertile: 26<8 hours of sleep/night; Third tertile: 28 of sleep/night. Results expressed as means and standard
deviation. The comparison between groups was carried out with the ANOVA one way test, considering p<0.05 as statistically significant. BMI: Body Mass Index; HDL:
High-Density Lipoprotein; HOMA IR: Homeostasis Model Assessment Index; LDL: Low-Density Lipoprotein; RMR: Resting Metabolic Rate; TC: Total Cholesterol;
TG: Triglycerides; WC: Waist Circumference.

Table 2 — Comparison of feeding consumption indicators among sleep tertiles.

1of 2
Indicators First tertile (n=8) Second tertile (n=14) Third tertile (n=14) p-value
Energy (kcal) 2310.54 (+544.63) 1934.14 (+503.98) 1729.81(+366.20) 0.028
Carbohydrates (% TEI) 47.45 (£8.20) 52.34 (+5.79) 50.87 (+5.07) 0.212
Protein (% TEI) 16.48 (£4.51) 16.71 (+4.55) 17.61(3.01) 0.769
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Table 2 — Comparison of feeding consumption indicators among sleep tertiles.

20f2
Indicators First tertile (n=8) Second tertile (n=14) Third tertile (n=14) p-value
Lipids (% TEI) 37.02 (+5.02) 31.28 (+5.39) 33.00 (¥2.77) 0.023
Cholesterol (mg) 420.07 (£171.22) 301.52 (£142.12) 304.40 (£113.17) 0.124
SFA (% TEI) 175 (+2.21) 9.92 (+2.08) 10.53 (£1.96) 0152
MUFA (% TEI) 10.22 (+2.27) 9.02 (+2.47) 9.62 (+1.81) 0.461
PUFA (% TEI) 5.98 (+2.88) 6.79 (+2.16) 733 (+2.12) 0.433
Fibers (g) 18.09 (£7.74) 20.27(+5.47) 18.19 (+8.07) 0.685
Meals a day 4.37 (£0.91) 4,57 (+0.93) 3.85(+0.86) ons

Note: First tertile: <6 hours of sleep/night; Second tertile: 26<8 hours of sleep/night; Third tertile: >8 of sleep/night. Results expressed as means and standard
deviation. The comparison between groups was carried out with the ANOVA one way test, considering p<0.05 as statistically significant. MUFA: Monounsaturated
Fatty Acids; PUFA: Polyunsaturated Fatty Acids; SFA: Saturated Fatty Acids; TEIl: Total Energy Intake.

Regarding the consumption of carbohydrates, total fibers, and proteins, as well as the number
of meals a day, the results were similar among tertiles. In general, carbohydrate and protein ingestion
was within the recommended levels, but fiber consumption did not reach 25 grams a day.

A significant difference was observed among the tertiles of total lipid ingestion, and the
first tertile was different from the second (p=0.017), but not from the third (p=0.119). The average
consumption of lipids was larger when sleep was in the first tertile (up to six hours a day) when
compared to the second tertile (six to eight hours a day). No difference was found for the ingestion
according to the sleep tertile for lipidic fractions. Cholesterol, SFA, and MUFA ingestion were
inadequate in every tertile, with no difference among them [37,38].

DISCUSSION

The literature isinconsistent regarding the results of short sleep duration’s influence on ghrelin
secretion in obese individuals [15,42]. Ghrelin is an orexigenic peripherical hormone that activates
receptors mostly found in the center of appetite (hypothalamus and pituitary gland), and acts in
energetic homeostasis, possibly influencing body weight [43,44]. Thus, our data may contribute to
research and intervention measures for the growing problem in the world that is overweight, which
elevates the risk of metabolic complications [1].

Some studies show that short sleep duration did not change the concentration of ghrelin
in obesity [15,45]. The present work also did not associate sleep with growing plasmatic ghrelin in
obese women.

A systematic review with meta-analysis including 2,250 individuals showed that obese people
with short sleep durations did not show differences in ghrelin values. A limitation, however, is the
small number of studies including only obese people [42]. The review affirms the need for more
studies confirming these findings. Although the feeding state is the most relevant factor for ghrelin
emission, other factors, not sleep, may be related to this result. Thus, caution is recommended for
analyzing the issue.

Inthe literature, another potential mechanism is that short sleep duration may reduce energy
expenditure and influence body weight [46]. We did not observe alterations in the TMR, verified by
indirect calorimetry, for different sleep durations in obese women. Thus, we also highlight the need
for more studies explaining the possible mechanisms involved in this association for adults [47].

Some studies point to gender and age as factors interfering with the association between
sleep, hormone secretion, food ingestion, and excessive body fat [48,49]. Thus, one of the present
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study’s positive points is having analyzed only adult women with obesity. A study by association
demonstrated that sleep duration was related to weight gain among women, for which short sleep
duration appears to be a risk factor [50]. The present work did not show significant differences
between sleep hours and weight, WC, and body composition. Ning et al. [47] showed that among
21,958 adult Chinese individuals, those who slept six or less hours had greater chances of gaining
weight and having central adiposity. A limitation of that study is the reduced number of women
among those who participated.

As for laboratory markers of glycemia, studies suggest insufficient sleep duration may lead
to glycemic deregulation, with blood insulin and glucose rising [51-53]. St-Onge et al. [54], however,
show that short sleep duration did not affect glycemia or insulin levels for both women and men.
These results are similar to those in our study.

Concerning indicators related to energy consumption, a study by Hart et al. [45] showed
that overweight or obese women with short sleep durations had increased protein ingestions and
no significant alteration in total energy consumption. Grandner et al. [55] also show a complex
relationship between feeding, sleep, and nutritional state, with individuals who sleep five to six
hours a night tending to consume more proteins, lipids, carbohydrates, and simple sugar, as well
as a smaller quantity of fibers, compared to those who sleep six to eight hours a day.

Studies assessing post-menopausal women showed a negative correlation between sleep
duration and total lipid, MUFA, PUFA, SFA, trans fat, and cholesterol consumption. On the other
hand, no association between (self-reported) sleep and dietary consumption was observed [56].
Although inconsistent results still exist, the evidence points to an increased tendency of elevated
ingestion of total lipids in short sleep duration [14]. Accordingly, the present study observed larger
energy and total lipid ingestion in short sleep duration.

CONCLUSION

The study suggests that different sleep durations a day did not influence ghrelin secretion, body
weight, BMI, glycidic and lipid profile, carbohydrate, protein, fiber, and lipidic fraction consumption,
as well the number of meals a day. However, sleeping less than six hours a day increased the caloric
and total lipidic profile in obese women, which may hinder the reduction and maintenance of body
weight in the mid and long term. We highlight that, despite the limitation of the sample size in the
study, the results of the association demonstrate it is a positive pilot, and more studies are needed
on this theme.
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