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Objective: In this cross-sectional study, we aim to investigate the interactions

ranean population, in whom siesta is deeply rooted.

Methods: We applied a previously generated Siesta-Polygenic Score (PGS) in the
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characterized using questionnaires. We further determined obesity grade. Secondarily,

nance. Logistic regression analyses were performed to address our aim.

Results: A total of 42.4% of the population usually took siesta. A significant genetic
influence on siesta propensity was found, with a higher genetic predisposition linked
to taking siesta more frequently (odds ratio [OR] = 1.17, 95% CI: 1.03-1.32;
p = 0.015). Participants with a higher genetic propensity for siesta showed poorer
dietary habits (p < 0.05). Among individuals with a high genetic propensity for siesta,
we found that those who usually take siesta have lower odds of having obesity (p =
0.038) compared with those who do not. Similarly, in exploratory analysis, among

individuals with a high genetic propensity for siesta, we found that those who usually
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GENETICS AND SIESTA BEHAVIOR FOR OBESITY

who do not.

INTRODUCTION

Siesta is a short daytime sleep episode that generally occurs in a post-
prandial state [1, 2]. Siesta is heritable [3], evolutionarily conserved
across species ranging from flies to mammals [4, 5], and is deeply rooted
in the Mediterranean culture. However, many other cultures now take
naps for reasons other than climatic reasons, such as to combat fatigue
and sleepiness from excessive working hours [6, 7]. In Spain, siesta is a
social norm that is deeply embedded in the culture; more than 40% of
Spaniards habitually take 1-h siestas, generally at post-lunch times dur-
ing a break from work (between 3 p.m. and 5 p.m.) [8].

We, among others, have speculated about a siesta habit as a
marker of related diseases such as obesity [1, 9-12]. We have previ-
ously found, in a Mediterranean population from Southeast Spain
(i.e., the Obesity, Nutrigenetics, Timing, and Mediterranean [ONTIME]
study) [13], that long siestas (>30 min) were associated with higher
values of body mass index (BMI), waist circumference, fasting glucose,
systolic blood pressure (SBP), and diastolic blood pressure (DBP), along
with a higher prevalence of metabolic syndrome (MetS) [13]. In con-
trast, the probability of having elevated SBP was lower among individ-
uals with short siesta duration (<30 min) than in those who do not take
siesta [13]. In addition, a beneficial effect of siesta on metabolic health
has been suggested in countries where siesta is a common practice, but
it might be detrimental in those with no regular siesta habit [11].

Genetic factors have been shown to contribute to siesta [1,
3, 14, 15]. Our previous study involving twins found that the heritabil-
ity of siesta was similar to or even higher than other sleep characteris-
tics such as nighttime sleep duration and timing [3]. In addition, we
previously studied the genetic architecture of daytime napping in a
large population (i.e., the UK Biobank; n = 452,633 with 44% who
nap) and discovered 123 genetic variants associated with napping fre-
guency, and we developed a napping propensity genome-wide poly-
genic score (PGS) herein referred to as Siesta-PGS [1]. We also
showed that daytime napping was associated with both obesity and
central adiposity, with Mendelian randomization showing a causal
effect of napping on increasing waist circumference [1] in this older
(aged 40-69 years) UK population. However, this population is from
the UK, where daytime napping (or siesta) is not embedded in its cul-
ture. Also, no study, to our knowledge, has yet explored whether nap-
ping genetics associate with other aspects of napping behavior. In
addition, previous literature has shown that genetic predisposition can
influence behavior, and engaging in or abstaining from such behaviors

based on individual genetic makeup can significantly impact health
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take siesta have higher odds of weight-loss success (p = 0.007) compared with those

Conclusions: Considering the ongoing debate regarding whether siesta is beneficial
or detrimental, our findings suggest that individual genetic predisposition to siesta

might influence the association between siesta and health.

Study Importance
What is already known?

e Siesta is a deeply rooted habit in the Mediterranean cul-
ture that occurs in a postprandial state.
o A siesta habit might be a marker of related diseases such

as obesity.

What does this study add?

o Siesta genetics may interact with siesta behavior to influ-
ence the deleterious relationship between siesta and
obesity.

e This study contributes to a deeper understanding of the
genetic basis of siesta and its associations with obesity in

Mediterranean populations.

How might these results change the direction of
research or the focus of clinical practice?

o Further research is necessary to elucidate the mecha-
nisms underlying the observed potential role of genetics
in the associations between siesta and obesity.

o Our results shed light on targeted and personalized inter-
ventions aimed at promoting healthier sleep and lifestyle
habits in diverse populations.

outcomes [16]. A conflict between individual internal tendency to take
siesta and actual siesta behavior might influence adverse outcomes.

Based on these results, we consider that it is important to try to
replicate this Siesta-PGS in a younger population and in a country
where siesta is part of the culture, as is the case in a Mediterranean
population from Southeast Spain. Furthermore, we hypothesize that
genetic propensity for siesta is associated with more frequent siesta
and other Mediterranean lifestyle behaviors such as summer siesta or
higher energy intake. We also expect that, among individuals with a
high genetic propensity for siesta, not taking siesta is associated with
obesity, but that this is not the case for those with a high genetic pro-
pensity for siesta who usually take siesta.

The primary aims of this study are as follows: 1) to determine
whether the previous Siesta-PGS discovered in the UK Biobank is
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generalizable to a highly relevant population in whom siesta is culturally
embedded, such as our Mediterranean population (i.e., the ONTIME
study) and test for associations between Siesta-PGS and siesta behavior
(frequency in times per week); and 2) to test for potential associations
between this Siesta-PGS and obesity traits. We further tested the inter-
action of Siesta-PGS with siesta frequency for obesity risk.

In exploratory analyses, we aimed to test the associations between
Siesta-PGS and other siesta characteristics such as siesta duration, season-
ality, place of siesta (sofa/bed), choosing siesta if you could, and feeling
hungry after siesta; blood pressure, weight loss during the dietary program,
and long-term weight-loss maintenance (WLM); and other Mediterranean
lifestyle behaviors (dietary intake, physical activity, nighttime sleep, etc.).

METHODS
Participants

For this observational cross-sectional study, we collected genetic data
from 1278 participants enrolled in the ONTIME study (ClinicalTrials.

n=5830

Excluded participants

gov: NCT02829619) who were recruited from six weight-loss clinics in
Spain. All participants were adults and generally had overweight or obe-
sity. Sample size was selected based on a previous study [17]. Participant
exclusion from the study has been previously described [13]. All partici-
pants provided written informed consent before entering the study. The
study procedures were approved by the Committee of Research Ethics
of the University of Murcia (identifier: 632/2017) before recruitment,
and the protocol followed good clinical practice. A flowchart of partici-
pants is presented in Figure 1. For further information, see the Extended

Methods section in online Supporting Information.

General characteristics, obesity, and metabolic trait
variables

Age, sex, and other general characteristics were recorded at the clini-
cal center.

BMI was calculated as weight in kilograms divided by height in
meters squared. Having obesity was categorized as “yes” when BMI

was 230 kg/m? and “no” when BMI was <30 kg/m2. As previously

Did not provide a DNA

With genetic data

Goal:
n=1278

With weight at baseline data

sample for genotyping

replication of Siesta-Polygenic Score

(PGS) association with siesta characteristics

n=1276

Goal: association between Siesta-PSG and obesity
prevalence and interaction between Siesta-PGS
and frequency for obesity

Excluded participants

With weight loss data

n=1268

Recontacted

"

)
“' n=1268
N

Excluded participants

Abandoned weight loss treatment

Goal: association between Siesta-PSG and weight
loss success and interaction between Siesta-PGS
and frequency for success in weight loss

Rejected participation: 37.4%

With long-term weight loss
maintenance (WLM) data

: 47.4%
n=485

" Did not answer: 15.2%
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WLM and interaction between Siesta-PGS
and frequency for WLM

FIGURE 1 Participant flowchart. [Color figure can be viewed at wileyonlinelibrary.com]
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described [13], total body fat was measured, and high body fat per-
centage was considered >37.1%, according to the median. Central adi-
posity was assessed as previously described [13]. To assess metabolic
health, we determined fasting plasma concentrations of glucose, cho-
lesterol, triglycerides, and lipoproteins. MetS score was also calculated
as previously described [13]. Further MetS details are provided in the
Extended Methods section in online Supporting Information.

Weekly weight loss was evaluated during the mean (SD) ~16
(9)-week behavioral-based dietary program for weight loss. The charac-
teristics of the weight-loss program have been described elsewhere in
detail [18]; we calculated the percentage of weight loss as total weight
loss in kilograms with respect to the weight at baseline (weight at the
first visit of the weight-loss treatment). Next, we divided participants
into a group of those with success in weight loss (5% weight loss) and
a group of those with non-success (<5% weight loss). The average kilo-
grams of body weight lost per week during the participants’ interven-
tion period was considered as rate or speed of weight loss.

Those participants who attended the clinical center to lose weight
were recontacted to assess their current weight in the follow-up,
which was measured in similar conditions to baseline and final body
weight at the end of the treatment. WLM percentage (WLM%) was
calculated as follows: (follow-up weight — end-of-treatment
weight) x (100/end-of-treatment weight). WLM was categorized as
“yes” when WLM% was <0 and “no” when WLM% was >0.

Siesta genetics

Genotyping, imputation, and quality control were performed in 1278
ONTIME participants as previously described [17]. A genome-wide
PGS for siesta was calculated for each participant using Polygenic Risk
Score of Continuous Shrinkage (PRS-CS) [19], using our previously
developed daytime napping PGS in the UK Biobank population [1].
The Siesta-PGS was standardized with a mean of O and an SD of
1. For further explanation of Siesta-PGS, see the Extended Methods
section in online Supporting Information.

Mediterranean lifestyle behaviors

Every individual included in the study had the opportunity to take
siesta daily. Daytime napping was characterized using the siesta
characteristics questionnaire that was administered to the partici-
pants at baseline (Table S1). The siesta questionnaire evaluated
weekly siesta frequency, duration in minutes (to categorize siestas
as short, i.e., <30 min, and long, i.e., >30 min, based on previous
studies) [13, 20-22], and other dimensions of siesta behavior as
previously described [13].

We also evaluated other sleep characteristics, including weekly
duration of nighttime sleep, which was computed as the interval
between its onset and offset. None of the participants was a shift
worker. We used the validated 19-item scale Morningness-Evening-

ness Questionnaire (MEQ) scale to determine participants’ morning or
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evening preference [23]. Both nighttime sleep and MEQ were catego-
rized according to the median because the median value reflects the
typical sleep/chronotype distribution for this specific group and makes
the analyses more relevant to the specific population being studied.
Furthermore, using the median allows for equal comparison groups
and, thereby, robust statistical analysis and easier interpretation.

We performed a single 24-h dietary recall to evaluate partici-
pants’ dietary intake at baseline. An extended explanation of the 24-h
dietary recall is provided in the Extended Methods section in online
Supporting Information. Participants also reported their typical meal-
times on weekdays and weekends. Evaluation of energy intake and
macronutrient composition was performed using the GRUNUMUR
nutritional evaluation software program, using Spanish food composi-
tion tables [24]. A Mediterranean dietary score ranging from O to
9 was also calculated as previously described [25]. Food intake vari-
ables were categorized as high or low according to the median.

Regular physical activity over the past 7 days was evaluated using
the International Physical Activity Questionnaire (IPAQ), and a total
activity score was calculated [26]. We divided participants into low
(<2012 metabolic equivalents [Met]-min/week) and high physical

activity level groups (22012 Met-min/week) according to the median.

Statistical analyses
Associations

The primary outcomes in the current study were the association
between Siesta-PGS and siesta behavior and the association between
Siesta-PGS and obesity.

For these outcomes, logistic regression analyses were performed
between Siesta-PGS and categorical variables (i.e., siesta frequency
and obesity). We divided Siesta-PGS in tertiles, and ANOVA was used
to determine differences in siesta frequency. In addition, x? analysis
was performed to determine significant differences between a high
and low genetic propensity for siesta (divided by median) and siesta
frequency categories (i.e., always, sometimes/usually, and never/
rarely). We considered these siesta frequency categories following the
same approach that has been previously published in the UK Bio-
bank [1]. Never/rarely included frequency of siesta of never or once
or twice per week; sometimes/usually included frequency of siesta
three to six times per week; and always included frequency of siesta
every day, i.e., seven times per week.

Interactions

For these primary outcomes, logistic regression models were used to
test for the interaction between Siesta-PGS and siesta frequency for
obesity. A likelihood ratio test was used to compare the model that
includes the interaction with the model without the interaction.
Siesta-PGS cutoffs were established when statistical significance

appeared.
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Within the exploratory outcomes, logistic regression analyses
were used (see further details in the Extended Methods section in
online Supporting Information). Given the exploratory nature of these
analyses, multiple comparison corrections were not applied.

Primary and exploratory outcomes classification is shown in
Table S2.

Sex, age, and 10 principal components of ancestry were included
as covariates in all analyses. For the primary outcomes, we further
included nighttime sleep duration as a covariate in primary sensitivity
analyses and added diet (daily energy intake in kilocalories) and physi-
cal activity (total activity score in Met-min per week) in secondary
sensitivity analyses. Regression analyses were performed using Stata
(StataCorp LLC). A Hosmer-Lemeshow test in Stata did not show lack
of fit for any regression model (p > 0.05). Descriptive data, x? tests,
and ANOVA were performed using SPSS Statistics (IBM Corp.).
P < 0.05 was considered statistically significant for all analyses. We
chose not to impute the missing values given the nature of our study
and to avoid bias of imputation methods. For all analyses, we used the

available data, and missing values were not included.

RESULTS

The general characteristics of the population divided by siesta fre-
quency (never/rarely, sometimes/usually, and always) are presented
in Table 1. Those participants with a higher siesta frequency were sig-
nificantly older than those who never/rarely took siesta (p < 0.05). A
total of 81% of the population was female, and 53% had obesity. Par-
ticipants had a mean BMI of 31.2 kg/m? at baseline and lost an aver-
age of 7.97 kg (9.26% of baseline body weight) during the weight-loss
intervention. Success in long-term WLM was seen in 24.1% of the
population.

In this Mediterranean population, 42% of the participants usually
took siesta, with an average frequency of siesta of four times per
week and the highest frequency among those who took siesta every
day (7 days/week; 13.2% of the total population; Table 2). The main
cause of siesta was to relax (43%), followed by tiredness (39%), need

(11%), and to disconnect from work (6%).

Association of siesta genetics and siesta frequency

Our Siesta-PGS was associated with a higher frequency of siesta per
week, indicating that those individuals who had a greater genetic pro-
pensity for siesta took siesta more frequently (Figure 2). Indeed, logis-
tic regression analyses showed that an increase of 1 SD in Siesta-PGS
was associated with higher odds of taking siesta (odds ratio
[OR] = 1.17, 95% confidence interval [CI]: 1.03-1.32; p = 0.015).
Interestingly, in those individuals with a higher Siesta-PGS (2mean),
the proportion of individuals who took siesta was significantly higher
(22% sometimes/usually and 15% always) than in those with lower
genetic scores (<mean; 18% sometimes/usually and 12% always; x>

p = 0.029; Figure 2A). Furthermore, there were significant differences

in the frequency of siesta among the three tertiles of Siesta-PGS, with
a higher frequency in the highest Siesta-PGS tertile (p = 0.044;
Figure 2B). Further exploratory analyses showed that no significant
associations were found between Siesta-PGS and siesta duration
(b = 0.494) or other characteristics of siesta, such as the place for
siesta (p = 0.442), desire to always take siesta if they could
(p = 0.120), or being hungry after siesta (p = 0.894; all data shown in
Table S3). Figure S1 shows the distribution of Siesta-PGS.

Genetic propensity for siesta and obesity

As a primary outcome, no significant association was found between
Siesta-PGS and obesity (OR =0.98, 95% Cl: 0.87-1.11 kg/mz;
p=0.771).

Obesity distribution in each Siesta-PGS decile and in each siesta
frequency group (0-7 times per week) is presented in Figure S2A,B.
As an exploratory analysis, we further selected only those participants
who were aged 240 years to compare them with the UK Biobank
population (aged 40-69 years), and no significant association was
found between Siesta-PGS and BMI (3 = —0.110, 95% CI: —0.531 to
0.311; p = 0.609).

Furthermore, exploratory analyses showed no significant associa-
tions between Siesta-PGS and body fat percentage or central adipos-
ity (measured as waist circumference and waist-hip ratio; all p > 0.05).
Based on our previous Mendelian randomization findings of a causal
effect of more frequent daytime napping on higher DBP and SBP [1],
we also secondarily studied the association between genetic propen-
sity for siesta and SBP and DBP. However, the association was not
significant (p = 0.699 and p = 0.689, respectively), nor was the asso-
ciation between siesta frequency and these variables (all p > 0.05) in
our population.

As a secondary outcome, we studied the associations between
Siesta-PGS and success in weight loss (25% weight loss) during the die-
tary treatment and between Siesta-PGS and long-term WLM (yes/no).
Results showed no significant associations in both cases (p = 0.403 and
p = 0.943, respectively). The distribution of success in weight loss in each
Siesta-PGS decile is presented in Figure S2C and in each siesta frequency
group (0-7 times per week) in Figure S2D.

In addition to sex, age, and 10 principal components of ancestry,
we performed further sensitivity analyses using nighttime sleep dura-
tion as a covariate in primary analyses, but significance remained pre-
sent or absent, as was the case without adjusting for nighttime sleep,
in all association analyses (p = 0.026 for siesta frequency, p = 0.938
for obesity, p = 0.406 for success in weight loss, and p = 0.967 for
WLM [yes/no]). We further adjusted for diet (daily energy intake) and
physical activity (Met-min per week), and significance was lost for
siesta frequency (p = 0.473) and remained nonsignificant for obesity
(p =0.270) and for WLM (yes/no; p = 0.631; Table S3A). Interest-
ingly, when adding diet and physical activity to the model, a significant
association was found between a higher Siesta-PGS and less probabil-
ity of success in weight loss (p = 0.048). These new results are shown
in Table S3A.
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TABLE 1 Descriptive data of general characteristics and obesity traits in the population studied.

Never/rarely

Sometimes/usually Always siesta

Total population siesta frequency siesta frequency frequency p value

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
Age 1276  40.6 (13.12) 813 39.17 (12727 241 41.17(1251?* 160 46.58(14.01)° <0.001
Sex (% woman) 1028 80.60 671 825 184 763 125 781 0.068
Race (% White) 1272 99.60 809 995 240 99.6 160 100.0 0.798
Study level (% university studies) 338 66.90 209 67.2 75 694 35 684 0.721
Weight (kg) 1276  84.77 (17.60) 813 84.55(17.54) 241 85.16(17.57) 160 85.41(18.84) 0.797
Height (m) 1276  1.64(0.08) 813 1.64(0.08) 241  1.65(0.08) 160 1.64(0.08) 0.616
BMI (kg/m?) 1276  31.24(5.49) 813 31.17(5.60) 241 31.21(5.26) 160 31.56(5.44) 0.711
Obesity (% yes) 681 53.40 424 522 129 535 92 575 0.460
Waist circumference (cm) 1274 102.61(14.64) 811 102.24(14.57) 241 102.66(14.77) 160 104.71(15.19) 0.152
Total weight loss (kg) 1275 7.97 (5.23) 813 7.75(5.22) 240 8.43(5.37) 160 8.08(5.01) 0.196
Total weight loss (% of 1275 9.26 (5.33) 813 9.05(5.43) 240 9.73(5.46) 160  9.19 (4.50) 0.221
baseline body weight)
Weight loss (% of success) 992 77.8 616 75.8% 195 81.3° 133 83.1° 0.044
Rate of weight loss (kg/wk) 1275 0.59 (0.43) 813 0.59(0.46) 240 0.62(0.38) 160 0.56(0.35) 0.409
Long-term WLM (% of body weight) 485  9.05(13.57) 324 9.21(14.30) 85 8.86(13.23) 57 7.55(10.14) 0.699
Long-term WLM (% of success) 117 244 84 259 16 1838 14 24.6 0.399
MetS score 1116 2.11(1.17) 704  2.08(1.19) 212 2.13(1.13) 146  2.25(1.06) 0.232
SBP (mm Hg) 1118 117.14(14.92) 708 116.30(14.92) 209 11855(13.78) 148 118.62(16.07) 0.062
DBP (mm Hg) 1118 71.27 (10.17) 708 71.84(10.37° 209 7479 (9.27)° 148  73.35(9.75*"  <0.001
Glucose (mg/dL) 1258 86.54(13.26) 803 86.31(13.43) 238 86.12(11.34) 158 88.02(14.37) 0.291
Total cholesterol (mg/dL) 1272 192.38(37.77) 812 191.97(38.98) 241 193.05(34.04) 160 191.78(36.24) 0.918
LDL cholesterol (mg/dL) 1270 114.21(32.39) 811 113.80(32.78) 241 114.77(30.98) 160 114.59 (31.83) 0.900
HDL cholesterol (mg/dL) 1272  57.74 (15.53) 812 57.89(15.71) 241 57.46(15.52) 160 56.30 (15.06) 0.492
Triglycerides (mg/dL) 1271  101.59(51.91) 811 100.74(53.86) 241 104.04(50.03) 160 104.17 (45.74) 0.574

Note: Values are mean (SD) for numerical variables and percentage for categorical variables for each characteristic in the total sample and in siesta
frequency categories. P value from ANOVA for numerical variables and x? test for categorical variables. Bold values indicate statistically significant results
(p < 0.05); italicized values indicate those with borderline significance (p < 0.1). Superscript letters indicate differences among groups according to
Bonferroni post hoc. Given the exploratory nature of these analyses, multiple comparison corrections were not applied.

Abbreviations: DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MetS, metabolic syndrome; SBP, systolic blood

pressure; WLM, weight-loss maintenance.

We also explored associations (logistic regression) of siesta behavior
(siesta frequency) with obesity, success in weight loss, and WLM. None of
these associations was significant when adjusting for sex, age, and 10 prin-
cipal components of ancestry or when further adjusting for nighttime
sleep. Nevertheless, when adding diet and physical activity to the model, a
significant association was found between a higher siesta frequency and a
higher probability of success in weight loss (p = 0.026) as previously
shown with ANOVA (Table 1). These results are shown in Table S3B.

Interaction between genetic propensity for siesta and
siesta frequency for obesity traits

Our primary analyses results showed that there was a significant

interaction between Siesta-PGS and frequency of siesta regarding the

presence of obesity (obesity yes/no; likelihood ratio test, p = 0.038)
when dividing the frequency of siesta into three categories (never/
rarely, sometimes/usually, and always). These results suggest that the
effect of siesta on the probability of having obesity is modified by
genetics.

Those participants with a higher genetic propensity for siesta
who took siesta sometimes/usually compared with no siesta (i.e.,
never/rarely) had a lower probability of having obesity. However, for
those participants with a lower genetic propensity for siesta, no signif-
icant differences were found in the probability of having obesity
between those participants taking siesta sometimes/usually or those
who never/rarely take siesta. The association between siesta behavior
and a lower probability of having obesity started to be significant in
those participants with Siesta-PGS > 1 (Figure 3). Interestingly, for
any Siesta-PGS cutoff, we did not find statistically significant
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FIGURE 2 (A) Differences in the prevalence of siesta (always,
sometimes/usually, and never/rarely) in participants with low genetic
propensity for siesta (siesta-polygenic score [PGS] < 0) and high
genetic propensity for siesta (Siesta-PGS > 0). (B) Average siesta
frequency (times per week) in each Siesta-PGS tertile (standardized).
Error bars represent SEM.

differences between never/rarely taking siesta and always taking
siesta (7 days/week) regarding the risk of obesity (all p values in the
range of 0.405-0.981; Figure S3). We secondarily tested for an inter-
action between Siesta-PGS and frequency of siesta regarding the
presence of high central adiposity measured as waist circumference
and waist-hip ratio and for higher SBP and DBP. None of the interac-
tions was significant (all p > 0.05).

Another exploratory analysis that we performed was the potential
interaction between Siesta-PGS and frequency of siesta regarding the
success in weight loss by dividing the frequency of siesta into three
categories, but no significance was found. However, when we catego-
rized siesta into two groups, i.e., never/sometimes (0-3 days/week)
and usually/always (4-7 days/week), we found a significant interac-
tion between genetic propensity for siesta and siesta frequency for
the success of weight loss during the treatment (25% weight loss;
p = 0.007).

Among those participants with a higher genetic propensity for
siesta, the probability of success in weight loss was significantly higher
when participants reported taking siesta usually/always than when

they reported never/sometimes siesta (significance was reached for
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FIGURE 3 Association between siesta (sometimes/usually)
compared with no siesta (never/rarely) and obesity as a function of
Siesta-Polygenic Score (Siesta-PGS; primary result). Odds ratio (OR)
and 95% ClI. Interaction p value (P int) from likelihood ratio test. The
never/rarely category includes frequency of siesta of never or once or
twice per week. The sometimes/usually category includes frequency
of siesta three to six times per week. For example, for the lowest
Siesta-PGS standardized value (—2.1; i.e., lower siesta genetic
propensity), those who usually take siesta have an OR of having
obesity 1.9 higher than those who do not take siesta, whereas, among
those participants with the highest genetic propensity for siesta
(Siesta-PGS value 2.1), those who usually take siesta have an OR of
having obesity 0.6 lower than those who do not take siesta. [Color
figure can be viewed at wileyonlinelibrary.com]

Siesta-PGS = 1.1; p < 0.05; Figure 4). No significant interaction
between Siesta-PGS and siesta frequency was found for long-term
WLM (p = 0.875).

Association of genetic propensity for siesta and other
Mediterranean lifestyle behaviors (exploratory)

Descriptive data of Mediterranean lifestyle behaviors in the popula-
tion studied and differences in each characteristic among siesta fre-
quency groups are shown in Table 2.

We secondarily aimed to test for potential associations between
Siesta-PGS and different lifestyle factors of this Mediterranean popu-
lation (Table S4). A higher Siesta-PGS was significantly associated with
higher energy intake, higher protein intake, and higher saturated fat
intake and a trend to higher carbohydrate and total fat intake
(Figure 5; Table S2). We also observed a trend to seasonal summer
siesta with a higher Siesta-PGS (p = 0.064). No significant associa-
tions were observed between Siesta-PGS and other lifestyle factors
(Table S2).
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FIGURE 4 Association between siesta (usually/always)
compared with no siesta (sometimes/never) and success in weight
loss (WL) as a function of Siesta-Polygenic Score (Siesta-PGS;
secondary result). Odds ratio (OR) and 95% Cl. Interaction p value
(P int) from likelihood ratio test. After exploratory analyses, the
sometimes/never category includes frequency of siesta of never or
once, twice, or three times per week, and the usually/always
category includes frequency of siesta four to seven times per week.
For example, for the lowest Siesta-PGS standardized value (—2.1;
i.e., lower siesta genetic propensity), those who usually take siesta
have an OR of success in WL 0.2 lower than those who do not
take siesta, whereas, among those participants with the highest
genetic propensity for siesta (Siesta-PGS value 2.1), those who
usually take siesta have an OR of success in WL 2.6 higher than
those who do not take siesta. [Color figure can be viewed at
wileyonlinelibrary.com]
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DISCUSSION

Our results showed that siesta behavior and siesta genetics interact
to have an influence on obesity risk. This confirms our initial hypothe-
sis supporting that those individuals who have a genetic propensity
for siesta and, in fact, take siesta frequently are less likely to develop
obesity and more likely to lose weight during the treatment than
those who have a genetic propensity for siesta and do not. We further
found a possible interaction between siesta behavior and genetics to
influence success in weight loss.

Currently, multiple genome-wide PGSs have been generated to
determine the individual genetic propensity for a certain trait or ill-
ness. One example is the interaction between the circadian genetic
risk and sleep quality in determining the risk for myocardial infarc-
tion [16]. Our results suggest that characterizing genetic propensity
for siesta of the individual may be beneficial for obesity and metabolic
health management because people with a high genetic propensity
for siesta who usually take siesta had a lower probability of having
obesity and a higher probability of losing body weight during a dietary
treatment compared with those who did not take siesta.

In the current population, surprisingly, those who took siesta
7 days/week and had genetic propensity for siesta had similar associa-
tions with the probability of developing obesity to those who never
took siesta. Both situations may be physiologically comparable
because both are constant habits; therefore, the body may not per-
ceive relevant changes across the 7 days of the week [27]. Both of
these situations are consistent with our hypothesis that misalignment
of a high genetic propensity for siesta and infrequent siesta behavior
is associated with adverse obesity outcomes.

Although siesta has been previously associated with obesity and
other metabolic alterations [1, 9-12], it has recently been shown that
a siesta habit is potentially positive for higher alertness [28]. Lou et al.

concluded their study with the need for a targeted intervention

Genetic propensity for siesta

Mediterranean lifestyle behaviors (High vs. low)

OR (95% CI. Lower; Upper) P

Energy intake (kcal/day) A 1.149 (1.013;1.303) 0.031
Carbohydrate intake (kcal/day) H—— 1.126 (0.989;1.281) 0.072
Protein intake (kcal/day) — 1.198 (1.050;1.367) 0.007
Fat intake (kcal/day) I — 1.120 (0.983;1.276) 0.089
SFA intake (kcal/day) —— 1.164 (1.021;1.327) 0.024
Seasonal siesta (only summer) —a 1.240 (0.987;1.556) 0.064
0 1 2
Odds ratio

FIGURE 5 Associations between genetic propensity for siesta and Mediterranean lifestyle behaviors (secondary results). Logistic regression
analyses between standardized Siesta-PGS (as continuous variable) and each Mediterranean lifestyle categorized into high and low. High and low
categories in every lifestyle variable are defined considering the median value of the population as the cutoff point. Given the exploratory nature
of these analyses, multiple comparison corrections were not applied. SFA, saturated fatty acids. [Color figure can be viewed at

wileyonlinelibrary.com]
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focused on maximizing siesta benefits [28]. We propose here that,
among other factors, the beneficial or detrimental effects of siesta
could be modulated by genetics, potentially explaining the controver-
sial results found. Our genetic instrument was developed from a UK
population and, in this study, applied to the Spanish cohort. About
42% to 44% of participants in both the UK Biobank and ONTIME
populations, respectively, reported daytime napping or siesta. The
prevalence of a high genetic propensity for siesta is expected to be
similar across European populations given that allele frequencies of
nap-associated alleles are similar across these populations [1].

This novel consideration of misalignment between genetic predis-
position for siesta and siesta behavior could enhance our understand-
ing of the controversial effects of siesta on health in different
populations. Studies regarding interactions between siesta genetic
propensity and siesta behavior for obesity traits in a non-Spanish pop-
ulation are needed to test the generalizability of our discovery to the
global human population.

The genetic component of siesta found is in agreement with the
results that we previously obtained from a classical twin study [3],
which showed the relative contribution of genetic factors to daytime
napping [3], and also with previous studies in animals [29-31]. A genetic
influence on midday napping has been shown in humans [1, 14, 15] and
rodents [30, 31]. This genetic propensity for siesta could explain why
certain individuals who have the opportunity to take siesta choose not
to take it; however, other individuals who do not have the opportunity
to take siesta or do not have an optimal place for siesta fall asleep at
the slightest opportunity. This is common even among members of the
same family. An anti-siesta gene, i.e., daywake (dyw), has been found in
flies, which may regulate this behavior [32].

Although previous research in the UK Biobank has suggested a
link between siesta genetics and obesity, in the context of this Medi-
terranean population in whom siesta is habitual, we did not find a sig-
nificant association between our Siesta-PGS and obesity. This lack of
association is not surprising, taking into account that the current
Siesta-PGS is capturing siesta frequency, whereas siesta duration
seems to be a stronger factor for obesity, with higher BMI values
relating to longer siestas [13, 20, 21]; no significant association has
been previously found between a higher frequency of siesta and obe-
sity in this Mediterranean population [13]. Additionally, in the current
study, we did not find associations between a higher genetic propen-
sity for siesta and higher central adiposity or higher blood pressure
(both SBP and DBP) or between a higher siesta frequency and these
variables.

Contextual factors may be involved in these differences between
Mediterranean and British populations. For example, the current Med-
iterranean population is relatively younger (mean age 40.60 [SD
13.12] years) than the UK Biobank population, with a more precise
assessment of siesta [1]. Another potential reason for the lack of asso-
ciation between genetic propensity for siesta and obesity could be
that, different from the UK Biobank population, in the current Medi-

terranean population, 53% of the participants had obesity. Another

factor that may be involved in the reason why we did not find an
association between our Siesta-PGS and obesity in our Mediterra-
nean population is that genetic propensity for siesta was associated
with siesta but did not necessarily imply less sleep at night. Previous
studies have shown that late nocturnal bedtime and short nocturnal
sleep have been associated with increased risk of developing obesity
[33]. However, in the current Mediterranean population, we
observed no associations between siesta genetic propensity and
nighttime sleep duration and timing, individual chronotype, and
physical activity level. This is in agreement with a previous study in
flies which showed that the anti-siesta dyw gene did not affect
nighttime sleep levels [32].

It is also worth highlighting the fact that siesta is highly embedded
in the Mediterranean culture; therefore, as opposed to the UK, a high
frequency of siesta in this population from the Mediterranean coast
may not be as deleterious and may be favorable in those individuals
with a high genetic propensity for siesta. Spanish siesta typically
occurs in a postprandial state, after lunch, as it is thought that food
consumption may induce sleepiness [34]. Thus, taking siesta in this
Mediterranean area may be a consequence of this postprandial sleepi-
ness and not due to aging, illness, or problematic work schedules [6,
7]. Timing of siesta is also characteristic because it is on a protected
timing (from ~3 p.m. to 5 p.m.) and occurs during a time of day when
work schedules allow being at home, making it an intentioned decision
that is preferred over other activities.

Our results showed that genetic propensity for siesta was associ-
ated with worse lifestyle habits in this Mediterranean population, and
a previous study showed that subjective siesta was positively corre-
lated with higher intake of energy, total fat, and saturated fat, among
other factors, in 459 postmenopausal women [35].

As we mentioned earlier, Mediterranean siesta is a cultural habit
embedded in the Spanish population. The differences between world-
wide daytime napping and Mediterranean siesta underscore the impor-
tance of considering cultural and contextual factors when interpreting
genetic influences on health outcomes. Because long-term environmental
and cultural processes might affect human evolution, gene-culture inter-
actions are a growing field of study [36]. The relevance of studying
Siesta-PGS in other populations and its interaction with siesta behavior is
that it could provide evidence on health implications of siesta (or other
forms of daytime naps) globally. Indeed, the previously detrimental associ-
ation between genetic propensity for siesta/napping and obesity in the
British population might be influenced by the less frequent siesta habit in
Northern European countries.

Our study has some limitations. The results are derived from a
cross-sectional study focused on a specific population of adults with
overweight and obesity participating in the ONTIME study. Conse-
quently, we need to be careful about generalizing these findings to
other populations. Additionally, the exploratory nature of some ana-
lyses may incur type | error, and further analyses considering multiple
comparison correction are recommended. Importantly, causality cannot

be inferred from our results because this is an observational study.
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CONCLUSION

Overall, this study sheds light on a deeper understanding of the
genetic basis of daytime napping and the potential association with a
siesta habit. Importantly, those participants who have a genetic pro-
pensity for siesta and, in fact, take siesta frequently are less likely to
develop obesity and more likely to lose weight during the treatment
than those who have a genetic propensity to take siesta and do not.
These findings are clinically relevant for the pursuit of personalized

lifestyle recommendations depending on genetic background.O
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