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Abstract: Research examining associations between objectively-measured napping time and type
2 diabetes (T2D) is lacking. This study aimed to evaluate daytime napping in relation to T2D and
adiposity measures in elderly individuals from the Mediterranean region. A cross-sectional analysis of
baseline data from 2190 elderly participants with overweight/obesity and metabolic syndrome, in the
PREDIMED-Plus trial, was carried out. Accelerometer-derived napping was measured. Prevalence
ratios (PR) and 95% confidence intervals (CI) for T2D were obtained using multivariable-adjusted
Cox regression with constant time. Linear regression models were fitted to examine associations of
napping with body mass index (BMI) and waist circumference (WC). Participants napping ≥90 min
had a higher prevalence of T2D (PR 1.37 (1.06, 1.78)) compared with those napping 5 to <30 min per
day. Significant positive associations with BMI and WC were found in those participants napping
≥30 min as compared to those napping 5 to <30 min per day. The findings of this study suggest that
longer daytime napping is associated with higher T2D prevalence and greater adiposity measures in
an elderly Spanish population at high cardiovascular risk.

Keywords: nap; actigraphy; type 2 diabetes; body mass index; waist circumference; PREDIMED-Plus

1. Introduction

Daytime napping (“siesta”), defined as a short sleep typically taken in the early afternoon, is a
common practice in many parts of the world, including the Mediterranean region. Older adults take
a nap more often than younger ones [1–3] and its duration can range from a few minutes to several
hours. A short nap (<30 min) confers several benefits by promoting alertness, enhancing performance
and improving cognitive function [4], as well as, reducing the risk of mortality [5]. On the other hand,
longer naps, and especially ≥60 min/day have been associated with higher morbidity and mortality as
compared with no napping [4,6]. Similarly, a higher prevalence of metabolic syndrome was observed
in nappers than in non-nappers [7]. A more recent dose-response meta-analysis identified a J-curve
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relationship between nap time and the risk of type 2 diabetes (T2D),which is the relative risk of T2D
was decreased by a short nap (<30 min), followed by a sharp increase at longer nap times [8]. However,
the studies included in this meta-analysis did not use objective napping measures and therefore
measurement error is inevitable. Furthermore, the association between napping and adiposity,
the single most important predictor of T2D [9], has only scarcely been investigated. A previous
prospective study evaluating associations between subjective measures of nap and the incidence of
obesity suggested that napping for 30 min per day may be a protective factor for obesity [10]. On
the other hand, each one hour increase in objectively-measured daytime napping was associated
with greater adiposity in the Study of Osteoporotic Fractures [11] and, recently, in the Hispanic
Community Health Study/Study of Latinos [12]. To the best of our knowledge, no study has previously
examined associations between objectively-measured napping time and T2D. Furthermore, daytime
napping in relation to T2D and adiposity measures has been mostly examined in non-Mediterranean
populations [8]. Whether there are differences in the health effects of daytime napping between
Mediterranean countries where nap time is considered as a common tradition and countries where nap
is not a routine is unknown. Furthermore, examining the relationship between nap and T2D in older
adults with metabolic syndrome is of public health importance for the development of interventions
specifically targeted at the improvement of sleep habits in this vulnerable group.

Therefore, in the present cross-sectional study based on the PREDIMED-Plus trial, we addressed
the following hypotheses: Longer daytime napping is associated with (1) a high prevalence of T2D,
and (2) greater body mass index (BMI) and waist circumference (WC).

2. Methods

2.1. Study Design and Sample

We cross-sectionally analyzed baseline data from the PREDIMED-Plus trial, a 6-year ongoing
parallel-group, multicenter lifestyle intervention study involving 6,874 participants from Spain.
The design of the PREDIMED-Plus trial has been described in detail elsewhere [13]. Community-dwelling
adults (ages 55–75 years) with BMI ≥ 27 and <40 kg/m2, and meeting ≥3 metabolic syndrome individual
components were included [14]. Out of the 6,874 participants, data derived from accelerometry was
available in a subsample of 2,190 participants, while 4 participants were excluded due to incomplete nap
data and an additional 18 participants who were no nappers (Figure 1). Therefore, the final sample size
for the present analysis was 2205. The institutional review boards of the recruitment centers approved
the study protocol, and participants provided written informed consent.

2.2. Sleep Assessment by Accelerometry

A wrist-worn triaxial accelerometer (GENEActiv, ActivInsights Ltd., Kimbolton, UK) was provided
to participants who were asked to wear it on their non-dominant wrist for 8 consecutive 24-h days.
At least 2 valid days and ≥16 h per day of accelerometer usage were considered for the present analyses.
The data was recorded at 40 Hz with a±8 g dynamic range, and acceleration data was expressed relative
to gravity (g) units (1 g = 9.81 m/s2). Raw data were processed using the open-source R-package GGIR,
version 1.7-1 [15,16]. Daytime napping was estimated as a period of sustained inactivity during the
day, itself detected as the absence of change in arm angle greater than 5 degrees for at least 5 min [17].
The average sleep duration was also calculated [17].

2.3. T2D Prevalence

T2D was defined as previous clinical diagnosis of diabetes, or HbA1c ≥6.5% or use of antidiabetic
medication or insulin at baseline or fasting plasma glucose >126 mg/dL in both the screening visit and
baseline visit [18].
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Figure 1. Flow-chart of study participants.

2.4. Adiposity Measures and Other Covariates

Weight and height were measured with light clothing and no shoes with calibrated scales and a
wall-mounted stadiometer, respectively. BMI was calculated as weight (kg) divided by height (meters)
squared. WC (cm) was measured half way between the last rib and the iliac crest by using an anthropometric
tape. All anthropometric variables were determined in duplicate. Information about age, sex, education,
marital and employment status, smoking, depression, sleep apnea and use of sedatives were provided
by structured interviews. Adherence to an energy-restricted Mediterranean diet (MedDiet) was assessed
using a 17-item questionnaire. Physical activity was measured using the accelerometer and moderate to
vigorous physical activity (MVPA) was calculated as described previously [19]. A new binary variable was
created according to compliance of the WHO recommendations for MVPA set in ≥150 min/week [20].

2.5. Statistical Analysis

The normal distribution of the variables was evaluated using the Kolmogorov-Smirnov test.
Participants’ characteristics according to categories of daytime napping are presented as means (±SD)
or median (interquartile range) for quantitative variables, and percentages (%) and numbers (n) for
categorical variables. These characteristics were examined across four categories of daytime napping
(5 to <30, 30 to <60, 60 to <90, and ≥90 min). One-way ANOVA (Bonferroni post hoc analysis for
pairwise comparisons) or Kruskal-Wallis (Mann-Whitney tests in the post-hoc multiple comparisons)
and Chi-square tests were used, as appropriate, to assess differences in characteristics according to
nap categories. Since T2D is highly prevalent (>10%), Cox regression models with constant time of
follow-up set at t = 1 (given the cross-sectional design) and robust variance estimates [21,22] were applied
to assess prevalence ratios (PR) for T2D. We compared three categories of napping (30 to <60, 60 to
<90, and ≥90 min) for prevalent T2D using those participants napping between 5 and <30 min as the
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reference category based on reports [4,5]. We also examined the associations of 10 ln transformed minutes
increment in daytime napping with T2D. Three models were examined. Model 1 was adjusted for sex
and age (continuous). Model 2 was further adjusted for BMI (continuous), marital status (single/divorced,
married and widower), employment (working, nonworking, retired), education (primary education,
secondary education, academic/graduate), smoking habit (current smoker, past smoker, never smoked),
sedative treatment (yes/no), sleep apnea (yes/no), hypertension (yes/no), depression (yes/no), 17-score
energy-restricted Mediterranean diet (continuous), compliance to MVPA recommendations (yes/no),
sleep duration(continuous) and intervention center. A third model was fitted by including variables
from model 2 except for BMI which was replaced by WC. Linear regression models were also fitted
to compare the three categories of napping with the reference category for BMI and WC measures.
We also examined the associations of 10 ln transformed minutes increment in daytime napping with
BMI and WC. For these analyses we used models 1 and 2 but instead of obesity we adjusted for T2D
(yes/no). Prior to usage of daytime napping as continuous variable a log-transformation was performed.
We also added a multiplicative term (1 degree of freedom) between education status (secondary education,
academic/graduate merged versus primary education) and categories of daytime napping into the
multivariable regression models for T2D, BMI and WC stratified on education status, to test for interactions
by means of likelihood ratio tests. The low number of current smokers (11%) and current workers (20%)
did not allow us to further test for interactions and stratify analyses by these variables. Significance was set
at p values <0.05. All analyses were performed using STATA, version 14.1 (StataCorp. LP, College Station,
TX, USA) using the available 12 March 2019 PREDIMED-Plus database.

3. Results

General characteristics for the total population and by categories of daytime napping are displayed
in Table 1. The mean age of the participants was 65.0 years and the median napping was 62.4 (39.0;
92.4) with a range from 5.4 to 275.4 min per day. According to napping categories, those participants
napping 5 to <30 min per day were more likely to be young and women, adhere more to the MedDiet and
MVPA recommendations, and less likely to be current smokers. They were also more likely to have lower
adiposity measures and T2D and be currently employed. In addition, increased napping was associated
with reduced sleep duration. No significant differences in main characteristics such as age, sex, weight,
BMI, WC, obesity, and T2D prevalence rates were found between participants with accelerometry-derived
sleep data and the rest of the participants enrolled in the PREDIMED-Plus trial. Furthermore, non-nappers
had no significant differences in metabolic characteristics compared with nappers.

In the fully adjusted model, 10 ln transformed minutes increment daytime napping was associated
with a higher prevalence of T2D (PR 1.17 (1.04, 1.32), p = 0.008) (Table 2). Furthermore, compared with
those napping 5 to <30 min per day, participants napping ≥90 min, had a higher prevalence of T2D (PR
1.40 (1.08, 1.82), p = 0.011) (Table 2). Further adjustment for WC instead of BMI slightly changed the results.

Table 3 shows theβ-coefficients (95% CI) for BMI and WC per 10 ln transformed minutes/day increment
in daytime napping and according to napping categories. In the fully adjusted model, 10 ln transformed
minutes/day increment napping was directly associated with BMI and WC ((β = 0.48, p < 0.001) and
(β = 1.04, p < 0.001), respectively). Participants napping between 30 and 60 min, between 60 and 90 min,
and ≥90 min per day had increased BMI, as compared to those napping 5 to <30 min ((β = 0.73, p = 0.001),
(β = 0.84, p ≤ < 0.001) and (β = 1.11, p < 0.001), respectively). Additionally, participants napping between
30 and 60 min, between 60 and 90 min, and at least 90 min per day had increased WC, as compared to those
napping 5 to <30 ((β= 1.52, p = 0.009), (β= 1.51, p = 0.012) and (β= 2.43, p < 0.001), respectively). In stratified
analyses by education status, low educated participants napping between 30 and 60 min, between 60 and
90 min, and ≥90 min per day had increased BMI, as compared to those napping 5 to <30 min ((β = 0.69,
p = 0.036), (β = 1.08, p = 0.002) and (β = 1.55, p < 0.001), respectively). On the other hand, high educated
participants napping between 30 and 60 min, between 60 and 90 min, and ≥90 min per day had increased
BMI, as compared to those napping 5 to <30 min ((β = 0.87, p = 0.004), (β = 0.72, p = 0.022) and (β = 0.70,
p = 0.030), respectively), (p for interaction = 0.007).
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Table 1. Baseline characteristics of the study population from PREDIMED-Plus trial across categories of daytime napping.

Categories of Daytime Napping (min)

Total
n = 2190

5 to <30 min
n = 344

30 to <60 min
n = 692

60 to <90 min
n = 562

≥90 min
n = 592 P-Value

Sleep parameters
Napping duration, median interquartile range, min 62.4 (39.0; 92.4) 20.4 (14.4; 25.2) 44.4 (37.2;52.2) 73.2 (66.6;79.8) 115.8 (100.8; 139.2) <0.001
Napping duration, min, max 5.4, 275.4 5.4, 29.4 30.0, 59.4 60.0, 89.4 90.0, 275.4
Sleep duration, mean ± SD, h 6.2 ± 1.2 6.4 ± 1.0 6.3 ± 1.0 6.1 ± 1.2 5.9 ± 1.5 <0.001

Age, mean ± SD, y 65 ± 5 64 ± 5 65 ± 5 65 ± 5 65 ± 5 0.001
Male, n (%) 1163(53) 145(40) 361(52) 300(53) 362(61) <0.001
BMI, mean ± SD, kg/m2 32.6 ± 3.4 32.0 ± 3.3 32.6 ± 3.3 32.7 ± 3.5 32.9 ± 3.5 0.001
WC, mean ± SD, cm 107.4 ± 9.5 104.8 ± 9.4 107.2 ± 9.4 107.4 ± 9.4 109.1 ± 9.6 <0.001
Type 2 diabetes, n (%) 720(33) 89(24) 216(31) 191(34) 228(38) <0.001
Sleep apnea, n (%) 283(13) 47(13) 85(12) 74(13) 79(13) 0.944
Depression, n (%) 482(22) 70(19) 140(20) 125(22) 152(25) 0.049
Sedative treatment, n (%) 530(24) 90(25) 153(22) 138(24) 156(26) 0.365
Smoking, n (%)

Never 940(43) 195(54) 317(46) 230(41) 207(35) <0.001
Former 989(45) 141(39) 309(45) 270(48) 277(47)
Current 253(11) 26(7) 62(9) 59(10) 107(18)

Adherence to energy-restricted MedDiet
(score from 0 to 17 item), mean ± SD 8.5 ± 2.7 8.9 ± 2.7 8.4 ± 2.6 8.5 ± 2.9 8.6 ± 2.6 0.083

Compliance of MVPA recommendations a, n (%) 755(34) 130(36) 252(36) 211(37) 169(28) 0.005
Education status, n (%)

Primary education 1071(49) 174(48) 341(49) 265(47) 303(52) 0.088
Secondary education 610(28) 107(30) 203(29) 147(26) 158(27)
Academic/graduate 479(22) 78(21) 141(20) 139(25) 122(21)

Employment status, n (%)
Working 439(20) 93(26) 127(21) 115(21) 86(15) <0.001
Non-working 535(24) 102(28) 197(28) 121(21) 135(23)
Retired 1215(55) 165(45) 365(53) 322(58) 365(62)

Marital status, n (%)
Single/divorced 323(14) 62(17) 83(12) 84(15) 94(16) 0.716
Married 1630(75) 262(72) 536(77) 415(74) 432(73)
Widower 228(12) 37(10) 72(10) 59(10) 62(10)

Data are presented as mean ± SD or median interquartile range unless otherwise indicated. Abbreviations: BMI, body mass index; WC, waist circumference; MedDiet, Mediterranean Diet;
MVPA, moderate to vigorous physical activity. a Recommendations for MVPA set on ≥150 min/week for elderly persons, based on accelerometry-derived 10-min bout MVPA. P-value for
differences between categories of nocturnal sleep duration was calculated by chi-square or one-way analysis of variance test for categorical and continuous variables, respectively. In case
of non-normally distributed variables we performed Kruskal-Wallis test.
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Table 2. Multivariable-Prevalence Ratio (95% CI) for type 2 diabetes according to categories of daytime napping and per increment of 10 min in daytime napping
(ln-transformed).

Categories of Daytime Napping (min) 10 min Increment in Daytime Napping (ln Transformed)

5 to <30 min 30 to <60 min 60 to <90 min ≥90 min P-Value 2 vs. 1 P-Value 3 vs. 1 P-Value 4 vs. 1 Continuous P-Value

n 344 692 562 592 2190
T2D (%) n (24) 89 (31) 216 (34) 191 (38) 228
Model 1 1 (ref.) 1.24 (0.96, 1.59) 1.34 (1.04, 1.74) 1.50 (1.17, 1.93) 0.096 0.025 0.002 1.22 (1.09, 1.37) 0.001
Model 2 1 (ref.) 1.25 (0.97, 1.61) 1.29 (0.99, 1.68) 1.40 (1.08, 1.82) 0.086 0.054 0.011 1.17 (1.04, 1.32) 0.008
Model 3 1 (ref.) 1.24 (0.96, 1.60) 1.28 (0.98, 1.66) 1.37 (1.06, 1.78) 0.101 0.064 0.017 1.16 (1.03, 1.31) 0.012

Model 1 adjusted for sex, age (years). Model 2 adjusted for Model 1 plus body mass index, marital status (single/divorced, married and widower), employment (working, nonworking,
retired), education (primary education, secondary education, academic/graduate), smoking habit (current smoker, past smoker, never smoked), sedative treatment (yes/no), sleep apnea
(yes/no), hypertension (yes/no), depression (yes/no), 17-score energy-restricted Mediterranean diet, compliance to MVPA recommendations set in ≥150 min/week (yes/no), sleep duration
and intervention center. Model 3 adjusted for Model 2 except for body mass index that was replaced by waist circumference. Category 1 Participants napping 5 to <30 min per day.
Category 2 Participants napping between 30 and 60 min per day. Category 3 Participants napping between 60 and 90 min per day. Category 4 Participants napping ≥90 min per day.

Table 3. Multivariable-adjusted β-coefficients (95% CI) according to categories of daytime napping and per increment of 10 min in daytime napping (ln-transformed)
in relation to body mass index and waist circumference.

Categories of Daytime Napping (min) 10 min Increment in Daytime Napping (ln Transformed)

5 to <30 min 30 to <60 min 60 to <90 min ≥90 min P-Value 2 vs. 1 P-Value 3 vs. 1 P-Value 4 vs. 1 Continuous P-Value

BMI, kg/m2

n 344 692 562 592 2190
Model 1 0 (ref.) 0.70 (0.26, 1.15) 0.82 (0.35, 1.28) 1.15 (0.69, 1.61) 0.002 0.001 <0.001 0.50 (0.28, 0.71) <0.001
Model 2 0 (ref.) 0.73 (0.29, 1.16) 0.84 (0.38, 1.29) 1.11 (0.65, 1.58) 0.001 <0.001 <0.001 0.48 (0.27, 0.70) <0.001

WC, cm
n 344 692 562 592 2190

Model 1 0 (ref.) 1.66 (0.50, 2.81) 1.75 (0.55, 2.95) 2.95 (1.75, 4.15) 0.005 0.004 <0.001 1.31 (0.75, 1.86) <0.001
Model 2 0 (ref.) 1.52 (0.39, 2.66) 1.51 (0.33, 2.70) 2.43 (1.23, 3.64) 0.009 0.012 <0.001 1.04 (0.47, 1.60) <0.001

BMI, body mass index; WC, waist circumference. Model 1 adjusted for sex, age (years). Model 2 adjusted for Model 1 plus type 2 diabetes (yes/no), marital status (single/divorced,
married and widower), employment (working, nonworking, retired), education (primary education, secondary education, academic/graduate), smoking habit (current smoker, past
smoker, never smoked), sedative treatment (yes/no), sleep apnea (yes/no), hypertension (yes/no), depression (yes/no), 17-score energy-restricted Mediterranean diet, compliance to MVPA
recommendations set in ≥150 min/week (yes/no), sleep duration and intervention center. Category 1 Participants napping 5 to <30 min per day. Category 2 Participants napping between
30 and 60 min per day. Category 3 Participants napping between 60 and 90 min per day. Category 4 Participants napping ≥90 min per day.
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4. Discussion

In the present cross-sectional study of 2,190 elderly participants from the PREDIMED-Plus trial,
we observed that 10 ln transformed minutes increase in daytime napping was associated with a higher
prevalence of T2D and greater BMI and WC. Furthermore, compared to napping 5 to <30 min, napping
≥90 min per day was associated with higher T2D prevalence, whereas napping at least 30 min per day
was positively associated with adiposity measures.

To the best of our knowledge, this is the first study examining associations between objectively
measured napping and T2D. A previous meta-analysis of case-control studies, including elderly adults,
showed that a longer self-reported nap time (≥60 min/day) was associated with higher odds for T2D
versus no nap, while napping for 90 min increased the risk by up to 50% [8]. Similarly, in our study,
the magnitude of the association with T2D increased when participants napped for at least 90 min
and was independent of potential confounders including sleep duration, diet, physical activity, and
adiposity. Potential disturbances in the immune–endocrine system could explain the aforementioned
association. Increased sympathetic activity upon awaking from daytime naps, especially prolonged
ones, could lead to disruption of the sympatho-vagal balance, activation of the renin-angiotensin
system, and subsequent decrease in pancreatic beta-cell secretion and glucose dysregulation [23,24].
Increased sympathetic nervous system activity could also induce elevations in cortisol levels. Post-nap
cortisol increases have been observed following 90-min afternoon napping compared to 50-min
ones [25]. Whether longer napping increased cortisol levels among our study participants leading
to glucometabolic disturbances, including insulin resistance, and eventually T2D, is a hypothesis
that deserves further investigation [26]. Furthermore, daytime napping has been associated with
higher levels of IL-6 [27] and C-reactive protein [28]. Since these pro-inflammatory markers have
been associated with increased risk ofT2D [29], this could be another plausible explanation. Given the
cross-sectional nature of this study, we cannot exclude the possibility that daytime napping could be a
consequence of T2D. Indeed, in the Health ABC study diabetic patients had higher odds of day time
napping compared to those without T2D [30].

The associations between napping and adiposity measures are in line with previous studies [10,11]
and independent of sleep duration, diet, physical activity, and diabetes status. Napping ≥30 min
per day may have induced elevations in post-nap cortisol levels which, in turn, may increase fat
deposition [31] and induce alterations in appetite with a preference for more palatable, energy-dense
foods [32]. These observations are suggestive of a causal role of cortisol in the development of greater
adiposity. It is of interest that the magnitude of these associations was higher for WC than BMI.
Taking this into account, we can speculate that cortisol elevations following napping may lead to
the accumulation of fat in the abdominal area through fat redistribution from peripheral to central
depots [26]. Inflammation triggered by napping may also result in increments in adiposity. In two
longitudinal studies, a large weight gain was more common in subjects with elevated markers of
inflammation [33,34].

It would be important to mention that previous studies [7,8] evaluating self-report or objective
napping in non-Mediterranean populations found higher prevalence of non-napping than in our study.
Even in studies recruiting participants from the Mediterranean region, the prevalence of non-nappers
was notably higher [5,10]. Our specific aged population with metabolic syndrome and errors in the
interpretation of napping due to the methodology (lack of sleep log including specific questions for
naps) could explain these discrepancies.

5. Limitations

A limitation of the study is its cross-sectional design, which does not allow any causal inference of
the observed associations to be made. Daytime napping might be the result of the high prevalence
of metabolic syndrome affecting the quality of night sleeping. The study participants across higher
categories of napping appeared to sleep less in the night and this may be due to other concomitant
diseases accompanying the metabolic syndrome. Another limitation is that the participants were
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elderly Mediterranean patients with metabolic syndrome. Thus, results cannot be extrapolated to other
ethnicities, age groups, and subjects without metabolic syndrome. Furthermore, we cannot rule out
the possibility of residual and unmeasured confounding such as family history of T2D, socioeconomic
status, insomnia and daytime sleepiness. In addition, even though we adjusted for sleep duration;
sleep quality may confound the results, but given the strong statistical significance, it seems unlikely
that a nocturnal sleep pattern entirely explains these associations. The lack of non-nappers in our
sample also does not allow us to conclude the association between short naps and T2D as relative to
no-naps. Nap frequency was also not analysed in our study, which could shed light on the complicated
relationships with T2D and adiposity. Finally, we did not use a sleep log including specific questions
for naps and it is possible that the association between napping and outcomes of interest may actually
reflect periods of quiet wakefulness.

6. Conclusions

In conclusion, longer napping was associated with higher prevalent T2D and greater adiposity
measures in an elderly Spanish population at high cardiovascular risk. Whether cortisol and
inflammation could contribute to the relationship between napping, T2D, and increased adiposity is a
hypothesis that deserves further investigation. More prospective studies are needed to confirm our
findings, clarify the temporal nature of this relationship, and elucidate possible mechanisms underlying
these observations.

Author Contributions: M.A.M.-G., D.C., D.R., J.V., A.M.A.-G., J.W., A.J.M., L.S.-M., R.E., X.P., J.A.T., A.B.-C.,
M.D.-R., P.M.-M., L.D., V.M.-M., J.V., C.V., E.R., J.S.-S. designed the PREDIMED-Plus study. C.P, J.S.-S., designed the
research. C.P., A.D.-L., N.B., M.A.M.-G., M.B., D.C., M.F., D.R., J.V., A.M.A.-G., J.W., A.J.M., L.S.-M., R.E., J.C.F.-G.,
J.L., X.P., J.A.T., A.G.-R., A.B.-C., M.D.-R., P.M.-M., L.D., V.M.-M., J.V., C.V., E.R., P.B.C., N.B.-T., R.M.-L.,H.S., J.K.,
M.G.-H., A.M.-R., J.B.-L., N.P.-F., I.A., I.B.C., R.C., A.M.-G., J.M.S.-L., F.T., L.G.-A., M.R.-C., R.B., A.G., A.M.G.-P.,
A.G.-B., J.V.-L., E.T., O.C., and J.S.-S., conducted the research. C.P., J.S.-S., analyzed the data. C.P. wrote the article.
C.P., J.S.-S., are the guarantors of this work and, as such, had full access to all the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis. All authors revised the manuscript
for important intellectual content and read and approved the final manuscript.

Funding: The PREDIMED-Plus trial was supported by the official funding agency for biomedical research of the
Spanish government, ISCIII through the Fondo de Investigación para la Salud (FIS), which is co-funded by the
European Regional Development Fund (four coordinated FIS projects led by Jordi Salas-Salvadó and Josep Vidal,
including the following projects: PI13/00673, PI13/00492, PI13/00272, PI13/01123, PI13/00462, PI13/00233, PI13/02184,
PI13/00728, PI13/01090, PI13/01056, PI14/01722, PI14/00636, PI14/00618, PI14/00696, PI14/01206, PI14/01919,
PI14/00853, PI14/01374, PI16/00473, PI16/00662, PI16/01873, PI16/01094, PI16/00501, PI16/00533, PI16/00381,
PI16/00366, PI16/01522, PI16/01120, PI17/00764, PI17/01183, PI17/00855, PI17/01347, PI17/00525, PI17/01827,
PI17/00532, PI17/00215, PI17/01441, PI17/00508, PI17/01732, PI17/00926, the Especial Action Project entitled:
Implementación y evaluación de una intervención intensives obre la actividad física Cohorte PREDIMED-PLUS
grant to Jordi Salas-Salvadó, the European Research Council (Advanced Research Grant 2013-2018; 340918) grant
to Miguel Ángel Martínez-Gonzalez, the Recercaixa grant to Jordi Salas-Salvadó (2013ACUP00194), the grant
from the Consejería de Salud de la Junta de Andalucía (PI0458/2013; PS0358/2016), grants from the Consejería de
Salud de la Junta de Andalucía (PI0458/2013; PS0358/2016; PI0137/2018), the PROMETEO/2017/017 grant from
the Generalitat Valenciana, the SEMERGEN grant and FEDER funds (CB06/03), Olga Castaner is granted by the
JR17/00022, ISCIII. Christopher Papandreou is supported by a postdoctoral fellowship granted by the Autonomous
Government of Catalonia (PERIS 2016-2020 Incorporació de Científics I Tecnòlegs, SLT002/0016/00428). Jadwiga
Konieczna is supported by the "FOLIUM" program within the FUTURMed project. Talent for the medicine within
the future from the Fundació Institut d’Investigació Sanitària Illes Balears. This call is co-financed at 50% with
charge to the Operational Program FSE 2014-2020 of the Balearic Islands. José C. Fernández-García is supported
by a research contract from Servicio Andaluz de Salud (SAS) (B-0003-2017). None of the funding sources took part
in the design, collection, analysis or interpretation of the data, or in the decision to submit the manuscript for
publication. The corresponding authors had full access to all the data in the study and had final responsibility to
submit for publication.

Availability of Data and Materials: The datasets generated and analysed during the current study are not
publicly available due to national data regulations and for ethical reasons, including the possibility that some
information might compromise research participants’ consent because our participants only gave their consent for
the use of their data by the original team of investigators. However, these data can be requested by signing a
data sharing agreement as approved by the relevant research ethics committees and the steering committee of the
PREDIMED-Plus study.



J. Clin. Med. 2019, 8, 1053 10 of 12

Acknowledgments: The authors especially thank the PREDIMED-Plus participants for their enthusiastic
collaboration, the PREDIMED-Plus personnel for their outstanding support, and the personnel of all associated
primary care centers for their exceptional effort. Centros de Investigación Biomédica en Red: Obesidad y Nutrición
(CIBEROBN), Centros de Investigación Biomédica en Red: Epidemiología y Salud Pública (CIBERESP) and
Centros de Investigación Biomédica en Red: Diabetes y Enfermedades Metabólicas asociadas (CIBERDEM) are
initiatives of Instituto de Salud Carlos III (ISCIII), Madrid, Spain. We thank the PREDIMED-Plus Biobank Network,
part of the National Biobank Platform of ISCIII for storing and managing biological samples. Food companies,
Hojiblanca and Patrimonio Comunal Olivarero, donated extra-virgin olive oil and Almond Board of California,
American Pistachio Growers and Paramount Farms donated nuts.

Conflicts of Interest: J.S.-S. reports serving on the board of and receiving grant support through his institution
from International Nut and Dried Fruit Council; receiving consulting personal fees from Danone, Font Vella
Lanjaron, Nuts for Life, and Eroski; and receiving grant support through his institution from Nut and Dried
Fruit Foundation and Eroski. E.R., reports grants, non-financial support, and other fees from California Walnut
Commission and Alexion; personal fees and non-financial support from Merck, Sharp & Dohme; personal fees,
non-financial support and other fees from Aegerion, and Ferrer International; grants and personal fees from
Sanofi Aventis; grants from Amgen and Pfizer and; personal fees from Akcea, outside of the submitted work. X.P.,
reports serving on the board of and receiving consulting personal fees from Sanofi Aventis, Amgen, and Abbott
laboratories; receiving lecture personal fees from Esteve, Lacer and Rubio laboratories. M.D.-R., reports receiving
grants from the Diputación Provincial de Jaén and the Caja Rural de Jaén. L.D. reports grants from Fundación
Cerveza y Salud. All other authors declare no conflict of interest.

References

1. Pressman, M.R.; Fry, J.M. What is normal sleep in the elderly? Clin. Geriatr. Med. 1988, 4, 71–82. [CrossRef]
2. Yoon, I.Y.; Kripke, D.F.; Youngstedt, S.D.; Elliott, J.A. Actigraphy suggests age-related differences in napping

and nocturnal sleep. J. Sleep Res. 2003, 12, 87–93. [CrossRef] [PubMed]
3. Picarsic, J.L.; Glynn, N.W.; Taylor, C.A.; Katula, J.A.; Goldman, S.E.; Studenski, S.A.; Newman, A.B.

Self-reported napping and duration and quality of sleep in the lifestyle interventions and independence for
elders pilot study. J. Am. Geriatr. Soc. 2008, 56, 1674–1680. [CrossRef] [PubMed]

4. Dhand, R.; Sohal, H. Good sleep, bad sleep! The role of daytime naps in healthy adults. Curr. Opin. Pulm.
Med. 2006, 12, 379–382. [CrossRef] [PubMed]

5. Naska, A.; Oikonomou, E.; Trichopoulou, A.; Psaltopoulou, T.; Trichopoulos, D. Siesta in healthy adults and
coronary mortality in the general population. Arch. Intern. Med. 2007, 167, 296–301. [CrossRef] [PubMed]

6. Yamada, T.; Hara, K.; Shojima, N.; Yamauchi, T.; Kadowaki, T. Daytime Napping and the Risk of
Cardiovascular Disease and All-Cause Mortality: A Prospective Study and Dose-Response Meta-Analysis.
Sleep 2015, 38, 1945–1953. [CrossRef]

7. Lin, D.; Sun, K.; Li, F.; Qi, Y.; Ren, M.; Huang, C.; Tang, J.; Xue, S.; Li, Y.; Yan, L. Association between habitual
daytime napping and metabolic syndrome: A population-based study. Metabolism 2014, 63, 1520–1527.
[CrossRef]

8. Yamada, T.; Shojima, N.; Yamauchi, T.; Kadowaki, T. J-curve relation between daytime nap duration and
type 2 diabetes or metabolic syndrome: A dose-response meta-analysis. Sci. Rep. 2016, 6, 38075. [CrossRef]

9. Rana, J.S.; Li, T.Y.; Manson, J.E.; Hu, F.B. Adiposity compared with physical inactivity and risk of type 2
diabetes in women. Diabetes Care 2007, 30, 53–58. [CrossRef]

10. Sayón-Orea, C.; Bes-Rastrollo, M.; Carlos, S.; Beunza, J.J.; Basterra-Gortari, F.J.; Martínez-González, M.A.
Association between sleeping hours and siesta and the risk of obesity: The SUN Mediterranean Cohort.
Obes. Facts 2013, 6, 337–347. [CrossRef]

11. Patel, S.R.; Hayes, A.L.; Blackwell, T.; Evans, D.S.; Ancoli-Israel, S.; Wing, Y.K.; Stone, K.L. Osteoporotic
Fractures in Men (MrOS); Study of Osteoporotic Fractures (SOF) Research Groups. The association between
sleep patterns and obesity in older adults. Int. J. Obes. 2014, 38, 1159–1164. [CrossRef]

12. Loredo, J.S.; Weng, J.; Ramos, A.R.; Sotres-Alvarez, D.; Simonelli, G.; Talavera, G.A.; Patel, S.R. Sleep Patterns
and Obesity: Hispanic Community Health Study/Study of Latinos Sueño Ancillar Study. Chest 2019.
[CrossRef]

13. Martínez-González, M.A.; Buil-Cosiales, P.; Corella, D.; Bulló, M.; Fitó, M.; Vioque, J.; Romaguera, D.;
Martínez, J.A.; Wärnberg, J.; López-Miranda, J.; et al. Cohort Profile: Design and methods of the
PREDIMED-Plus randomized trial. Int. J. Epidemiol. 2018. [CrossRef]

http://dx.doi.org/10.1016/S0749-0690(18)30766-3
http://dx.doi.org/10.1046/j.1365-2869.2003.00345.x
http://www.ncbi.nlm.nih.gov/pubmed/12753345
http://dx.doi.org/10.1111/j.1532-5415.2008.01838.x
http://www.ncbi.nlm.nih.gov/pubmed/18662202
http://dx.doi.org/10.1097/01.mcp.0000245703.92311.d0
http://www.ncbi.nlm.nih.gov/pubmed/17053484
http://dx.doi.org/10.1001/archinte.167.3.296
http://www.ncbi.nlm.nih.gov/pubmed/17296887
http://dx.doi.org/10.5665/sleep.5246
http://dx.doi.org/10.1016/j.metabol.2014.08.005
http://dx.doi.org/10.1038/srep38075
http://dx.doi.org/10.2337/dc06-1456
http://dx.doi.org/10.1159/000354746
http://dx.doi.org/10.1038/ijo.2014.13
http://dx.doi.org/10.1016/j.chest.2018.12.004
http://dx.doi.org/10.1093/ije/dyy225


J. Clin. Med. 2019, 8, 1053 11 of 12

14. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.;
Loria, C.M.; Smith, S.C., Jr. Harmonizing the metabolic syndrome: A joint interim statement of the
International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and
Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society;
and International Association for the Study of Obesity. Circulation 2009, 120, 1640–1645.

15. GGIR: Raw Accelerometer Data Analysis. Available online: https://cran.r-project.org/web/packages/GGIR/

index.html (accessed on 1 April 2019).
16. Van Hees, V.T.; Fang, Z.; Langford, J.; Assah, F.; Mohammad, A.; da Silva, I.C.; Trenell, M.I.; White, T.;

Wareham, N.J.; Brage, S. Autocalibration of accelerometer data for free-living physical activity assessment
using local gravity and temperature: An evaluation on four continents. J. Appl. Physiol. 2014, 117, 738–744.
[CrossRef]

17. Van Hees, V.T.; Sabia, S.; Anderson, K.N.; Denton, S.J.; Oliver, J.; Catt, M.; Abell, J.G.; Kivimäki, M.;
Trenell, M.I.; Singh-Manoux, A. A Novel, Open Access Method to Assess Sleep Duration Using a Wrist-Worn
Accelerometer. PLoS ONE 2015, 10, e0142533. [CrossRef]

18. American Diabetes Association. Standards of medical care in diabetes-2014. Diabetes Care 2014, 37, S14–S80.
[CrossRef]

19. Menai, M.; van Hees, V.T.; Elbaz, A.; Kivimaki, M.; Singh-Manoux, A.; Sabia, S. Accelerometer assessed
moderate-to-vigorous physical activity and successful ageing: Results from the Whitehall II study. Sci. Rep.
2017, 8, 45772. [CrossRef]

20. World Health Organization. Global Recommendations on Physical Activity for Health. 2010. Available
online: http://www.who.int/dietphysicalactivity/factsheet_olderadults/en/ (accessed on 3 April 2018).

21. Barros, A.J.; Hirakata, V.N. Alternatives for logistic regression in cross-sectional studies: An empirical
comparison of models that directly estimate the prevalence ratio. BMC Med. Res. Methodol. 2003, 3, 21.
[CrossRef]

22. Lee, J. Odds ratio or relative risk for cross-sectional data? Int. J. Epidemiol. 1994, 23, 201–203. [CrossRef]
23. Smolensky, M.H.; Hermida, R.C.; Castriotta, R.J.; Portaluppi, F. Role of sleep-wake cycle on blood pressure

circadian rhythms and hypertension. Sleep Med. 2007, 8, 668–680. [CrossRef]
24. Rasch, B.; Dodt, C.; Mölle, M.; Born, J. Sleep-stage-specific regulation of plasma catecholamine concentration.

Psychoneuroendocrinology 2007, 32, 884–891. [CrossRef]
25. Devine, J.K.; Wolf, J.M. Determinants of cortisol awakening responses to naps and nighttime sleep.

Psychoneuroendocrinology 2016, 63, 128–134. [CrossRef]
26. Anagnostis, P.; Athyros, V.G.; Tziomalos, K.; Karagiannis, A.; Mikhailidis, D.P. Clinical review: The

pathogenetic role of cortisol in the metabolic syndrome: A hypothesis. J. Clin. Endocrinol. Metab. 2009,
94, 2692–2701. [CrossRef]

27. Jakubowski, K.P.; Boylan, J.M.; Cundiff, J.M.; Matthews, K.A. Poor sleep moderates the relationship between
daytime napping and inflammation in Black and White men. Sleep Health 2017, 3, 328–335. [CrossRef]

28. Leng, Y.; Ahmadi-Abhari, S.; Wainwright, N.W.; Cappuccio, F.P.; Surtees, P.G.; Luben, R.; Brayne, C.;
Khaw, K.T. Daytime napping, sleep duration and serum C reactive protein: A population-based cohort study.
BMJ Open 2014, 4, e006071. [CrossRef]

29. Wang, X.; Bao, W.; Liu, J.; Ouyang, Y.Y.; Wang, D.; Rong, S.; Xiao, X.; Shan, Z.L.; Zhang, Y.; Yao, P.; et al.
Inflammatory markers and risk of type 2 diabetes: A systematic review and meta-analysis. Diabetes Care
2013, 36, 166–175. [CrossRef]

30. Goldman, S.E.; Hall, M.; Boudreau, R.; Matthews, K.A.; Cauley, J.A.; Ancoli-Israel, S.; Stone, K.L.; Rubin, S.M.;
Satterfield, S.; Simonsick, E.M.; et al. Association between nighttime sleep and napping in older adults. Sleep
2008, 31, 733–740. [CrossRef]

31. Jackson, S.E.; Kirschbaum, C.; Steptoe, A. Hair cortisol and adiposity in a population-based sample of 2527
men and women aged 54 to 87 years. Obesity 2017, 25, 539–544. [CrossRef]

32. Fardet, L.; Fève, B. Systemic glucocorticoid therapy: A review of its metabolic and cardiovascular adverse
events. Drugs 2014, 74, 1731–1745. [CrossRef]

https://cran.r-project.org/web/packages/GGIR/index.html
https://cran.r-project.org/web/packages/GGIR/index.html
http://dx.doi.org/10.1152/japplphysiol.00421.2014
http://dx.doi.org/10.1371/journal.pone.0142533
http://dx.doi.org/10.2337/dc14-S014
http://dx.doi.org/10.1038/srep45772
http://www.who.int/dietphysicalactivity/factsheet_olderadults/en/
http://dx.doi.org/10.1186/1471-2288-3-21
http://dx.doi.org/10.1093/ije/23.1.201
http://dx.doi.org/10.1016/j.sleep.2006.11.011
http://dx.doi.org/10.1016/j.psyneuen.2007.06.007
http://dx.doi.org/10.1016/j.psyneuen.2015.09.016
http://dx.doi.org/10.1210/jc.2009-0370
http://dx.doi.org/10.1016/j.sleh.2017.06.005
http://dx.doi.org/10.1136/bmjopen-2014-006071
http://dx.doi.org/10.2337/dc12-0702
http://dx.doi.org/10.1093/sleep/31.5.733
http://dx.doi.org/10.1002/oby.21733
http://dx.doi.org/10.1007/s40265-014-0282-9


J. Clin. Med. 2019, 8, 1053 12 of 12

33. Engström, G.; Hedblad, B.; Stavenow, L.; Lind, P.; Janzon, L.; Lindgärde, F. Inflammation-sensitive plasma
proteins are associated with future weight gain. Diabetes 2003, 52, 2097–2101. [CrossRef]

34. Duncan, B.B.; Schmidt, M.I.; Chambless, L.E.; Folsom, A.R.; Carpenter, M.; Heiss, G. Fibrinogen, other
putative markers of inflammation, and weight gain in middle-aged adults-the ARIC study. Atherosclerosis
Risk in Communities. Obes. Res. 2000, 8, 279–286. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2337/diabetes.52.8.2097
http://dx.doi.org/10.1038/oby.2000.33
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Design and Sample 
	Sleep Assessment by Accelerometry 
	T2D Prevalence 
	Adiposity Measures and Other Covariates 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

