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Associations Between Delayed Sleep Phase
Syndrome and Daytime Napping with the Metabolic
Syndrome Among Adults: Results from the Ravansar
Non-Communicable Disease [RaNCD] Cohort Study

ABSTRACT

Objective: Adverse sleep and wake patterns are associated with physical health com-
plaints, including metabolic disorders. The aim of this study was to evaluate the relation-
ship between delayed sleep phase syndrome (DSPS) and napping during the day with
metabolic syndrome (MetS).

Methods: This study was conducted on 10 065 participants aged 35-65 years using base-
line data from the Ravansar Non-Communicable Disease (RaNCD) cohort study. Delayed
sleep phase syndrome was evaluated through a clinical interview to rule out the possi-
bility that the sleep complaints were a result of psychiatric disorders. Logistic and linear
regression models were used to determine associations.

Results: The severity of MetS was found to be higher in men, older age groups, married
people, subjects with a lower education level, urban residents, smokers, people with low
physical activity, and DSPS. In the fully adjusted model, the odds of having MetS were 26%
(95% Confidence interval (Cl): 1.08, 1.48) higher in those with DSPS compared to those
without DSPS. Additionally, the odds of MetS were 18% higher in people who napped less
than 1 hour per day, 26% higher in those who napped 1-2 hours per day, and 21% higher
in those who napped over 2 hours per day, compared to non-nappers. All of these associa-
tions were statistically significant. The odds of having the severity of MetS were signifi-
cantly 6% (95% Cl: 0.01, 0.12) higher in those with DSPS compared to those without DSPS.

Conclusion: The findings of this study indicate that DSPS and daytime napping are associ-
ated with an increased risk of MetS. Interventions aimed at improving sleep quality are
recommended as potential strategies to help reduce the risk of developing MetS.

Keywords: Delayed sleep phase syndrome, metabolic syndrome, physical inactivity,
Ravansar non-communicable disease cohort study

Introduction

Metabolic syndrome (MetS) has become a global epidemic and a global problem." Key fea-
tures of this complex syndrome is a cluster of interconnected factors including abdominal
obesity, elevation of arterial blood pressure (hypertension), dysregulated blood homeostasis,
hyperlipidemia (dyslipidemia) in blood analyses, and insulin resistance.? More specifically, in
the Middle East, MetS-related risks were 15.9% for cardiovascular diseases, 11.7% for coro-
nary heart diseases, and 16.2% for stroke.? In general, as regards the prevalence rates among
adults in the Middle East (Turkiye, Saudi Arabia, Pakistan, Qatar, Kuwait, Emirates, Iran, and
Yemen), rates range between 2.2% (Turkiye) and 63% (Pakistan), with higher intercountry
variability and with an average prevalence of 25%.2 Further, as regards the prevalence rates
of MetS in Iran, the overall prevalence rate was 30.4%, with higher prevalence rates among
females (34.8%) compared to males and with higher prevalence rates with increasing age:
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the prevalence rate was 12.1% for those aged 20-29; the prevalence
rate was 51.7% among those aged 60 years and older.*

The main drivers of metabolic syndrome seem to be a high-calorie,
low-fiber diet and decreased physical activity due to reliance on
mechanical transportation. To address the incidence of metabolic
syndrome, interventions should aim to modify these lifestyle factors
through a low-calorie, high-fiber diet and increased regular physical
activity like walking and cycling.!

For the following three reasons, the emergence of metabolic syn-
drome was associated with sleep disorders,*® and delayed sleep
phase syndrome (DSPS) demands particular attention.*® Delayed
sleep phase syndrome is the most common circadian rhythm sleep-
wake phase irregularity, compared to advanced sleep phase syn-
drome (ASPS), and while DSPS typically emerges in adolescence,
adults also report DSPS. Additionally, DSPS leads to shortened sleep
durations. In particular, naturally occurring and experimentally
induced shortened sleep durations were causally associated with the
risk of impaired cognitive,"" emotional,’*'* behavioral'™'® and social
and interactional performance.®® Given this, DSPS and the related
shortened sleep duration could be considered a risk factor for further
health issues.

While the lack of regular physical activity and the excess of unhealthy
energy intake were traditionally identified as risk factors for MetS
and obesity, these two factors were unable to fully explain the high
prevalence of MetS.% As such, both insufficient sleep and circadian
misalignment were considered further independent and additional
drivers for the emergence and maintenance of MetS. Indeed, poor
sleep, in general, and circadian misalignment, more specifically, have
been identified to causally trigger obesity,?'? insulin resistance,?
and higher scores for MetS,>%?* such that Zimmet et al*® proposed
labeling the co-occurrence of circadian misalignment and MetS as
“circadian syndrome”. Among 4579 adults aged 60 years and older,
Qian et al.** observed a J-shaped association, with very short and very
long nocturnal sleep durations being associated with higher scores
for MetS, while a sleep duration of about 7 hours was associated with
lower scores for MetS, at least among males compared to females.?*

Previous studies have looked at the links between sleep and MetS,
but no one has really dug into the relationship between DSPS and
MetS in Iran. Therefore, this study evaluates the association between

MAIN POINTS

« The prevalence of metabolic syndrome (MetS) was 33.53% in the
study population.

« Delayed sleep phase syndrome (DSPS) was significantly more prev-
alent in people with MetS compared to those without MetS (62.1%
vs. 37.9%).

- The severity of MetS was found to be higher in men, older age
groups, married people, those with lower education levels, urban
residents, smokers, people with low physical activity, those suffer-
ing from DSPS, and participants who took longer daytime naps.

+ The odds of having MetS were 26% higher in those with DSPS
compared to those without DSPS. Additionally, the odds of having
more severe MetS were 6% higher in those with DSPS compared to
those without DSPS.
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DSPS and MetS among a large group of Kurdish adults living in west-
ern lran.

Material and Methods

Study Population

This cross-sectional study is the baseline phase of the Ravansar
Non-Communicable Disease (RaNCD) cohort study conducted in
Kermanshabh, Iran. The RaNCD cohort study is part of the PERSIAN
(Prospective Epidemiological Research Studies in Iran) cohort study
established in March 2015. Pasdar et al.*® reported the protocol in
detail. Both the Digestive Disease Research Institute (DDRI) and the
Ministry of Health and Medical Education of Iran (https://irancohorts.
ir/prospective-epidemiological-research-studies-in-iran/) approved
the study, which has been conducted in accordance with the seventh
an current? edition of the Declaration of Helsinki.

As extensively described elsewhere,* the RaNCD cohort was established
in 2015, when 10 065 adults aged 35-65 years who were permanent res-
idents of urban or rural areas of Ravansar were willing to participate in
the study. They had good health status and were able to communicate.
Further, the RaNCD study was the first cohort study to investigate non-
communicable diseases (NCDs) in a Kurdish population.

Measures
We collected information via clinical interviews, self-rating question-
naires, and lab analyses (see details below).

Sociodemographic  Information: All  interviews and all
measurements for all participants were assessed in cohorts run
by well-trained and experienced staff members. Participants
completed sociodemographic questionnaires within 45-60 minutes.

Lifestyle Factors

Tobacco Smoking: A smoker was defined as someone who had
smoked at least 100 cigarettes in his or her lifetime.

Sleep Patterns: Delayed sleep phase syndrome was assessed based
on a thorough clinical interview for psychiatric disorders® to rule out
sleep complaints as a result of psychiatric disorders and based on a
thorough clinical interview for sleep disorders.”® To this end, we
performed a clinical interview to more specifically ask participants
for circadian rhythm sleep-wake disorders (chapter 4 of the
International Classification of Sleep Disorders).? Further, participants
completed the Farsi version® of the Composite Scale of Morningness
(CSM)*' to assess diurnal preferences.

1. Advanced sleep phase syndrome is characterized by a stable
sleep schedule that is several hours earlier (onset of sleep from
06:00 PM to 09:00 PM, and morning wake time from 02:00 AM to
05:00 AM) than the conventional or desired time.

2. Delayed sleep phase syndrome is characterized by a stable sleep
schedule that is substantially later than the conventional or
desired time; that is to say, the onset of sleep is 2 or more hours
later than 11:00 PM to 01:00 AM early in the morning, and morn-
ing wake time is from 09:00 AM to 11:00 AM. These time frames
are based on previous definitions. Typically, DSPS is observed
when going to bed and starting to sleep are delayed for 2 or
more hours compared to the socially acceptable and usual bed-
time for people of the same age.*®
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Physical Activity Patterns; Metabolic Equivalent of Task: The level of
physical activity was calculated using metabolic equivalent (MET)
rates based on the self-reported daily activities of the RaNCD
participants.?> One MET equals the amount of oxygen/energy
consumed in 1T minute when quiet (resting metabolic rate), which is
approximately 3.5 mL/kg/min. Following the example, 4 METs require
16 mL/kg/min of energy,*® and we calculated the METs for each
activity using a compendium of physical activities.?* The mean MET
rates of the cohort participants were calculated (i.e., 41 METs/h/day),
and participants with less than the mean MET rate were considered
to have an insufficient level of physical activity.

Anthropometric Information: Weight, height, blood pressure, and
the waist-to-hip-ratio were objectively assessed as a proxy for
central obesity. To define central obesity, the following cut-off
values were employed: For females: Waist-to-hip ratio (WHR) > 0.85;
for males: WHR = 0.90. A bio-impedance analyzer (BIA) (InBody 770
BIOSPACE, Seoul, Korea) and a stadiometer were employed to
objectively measure weight (kg) and height (in cm, with 0.1 cm
accuracy). A manual sphygmomanometer was employed to
measure blood pressure.

Metabolic Syndrome: To define MetS, we followed the National
Cholesterol Education Program (NCEP), Adult Treatment Panel Ill (ATP
l1);** MetS is identified, when three or more of the following criteria
are met: central obesity, high fasting glucose, high serum triglyceride,
high serum high-density lipoprotein (HDL) cholesterol, and high
blood pressure. Further, to calculate MetS severity, we followed Lee
et al® (http://mets.health-outcomes-policy.ufl.edu/calculator/).

Statistical Analysis

Mean and SD (standard deviation) of parametric continuous vari-
ables and median with the interquartile range (Q1-Q3) values were
reported for nonparametric continuous variables, and frequency
distribution of categorical ones was described using descriptive
statistics. Testing for statistical significance of difference was per-
formed using the independent t-test and 1-way ANOVA test for con-
tinuous variables and the chi-square test for categorical variables.
We also utilized the Wilcoxon rank-sum test, a non-parametric sta-
tistical method employed to assess whether there is a significant
difference between the medians of two independent groups. Cliff’s
delta is used as a non-parametric effect size measure that quantifies
the difference between two groups of observations beyond chance.
The measure ranges from —1 to 1, where 0 indicates stochastic
equality and 1 indicates that the first group completely dominates
the second group. To calculate Cliff’s delta values for more than
two groups, the effect size is first computed for each pair of groups.
Then, a weighted mean of the Cliff’s delta values across all these
pairwise comparisons is calculated to provide an overall measure
of the effect size.

We evaluated the distribution of circadian rhythm sleep disorders in
the population and how they varied by the incidence of MetS and
MetS severity. Additionally, a series of multiple logistic and linear
regression analyses were performed to calculate the associations
between the circadian rhythm sleep disorders with MetS and MetS
severity, while adjusting for age, sex, education categories, employ-
ment status, smoking consumption, BMI (Body Mass Index) catego-
ries, and regular exercise. The statistical level of significance was P
< .05. All statistical calculations were performed with SPSS v21.0
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(Statistical Package for the Social Sciences [SPSS] Manufacturer: IBM
Corporation Headquarters: Armonk, New York, United States).

Results

Sociodemographic and Health-Related Indices Between
Participants with and Without Metabolic Syndrome

Table 1 provides the sociodemographic and health-related descrip-
tive and statistical indices, separated between participants with MetS
(n=3367 (33.53%)) and without MetS (n=6698 (66.47%)). Compared
to individuals without MetS, those with MetS were more likely to be
female, older, have a lower level of education, and engage in less
physical activity (less than 41 MET-hours per week). Individuals with
MetS also had a higher prevalence of DSPS and longer daytime nap-
ping periods. Additionally, the presence of MetS was associated with
higher diastolic blood pressure, systolic blood pressure, fasting blood
glucose, triglyceride levels, and a larger waist circumference.

Associations Between Metabolic Syndrome Severity Score and
Sociodemographic and Health-Related Dimensions

The median Metabolic Syndrome Severity Score (MSSS) was found
to be higher in men compared to women. The median MSSS exhibits
a positive association with increasing age, implying that older indi-
viduals tend to present with higher severity scores. Conversely, the
median MSSS demonstrates an inverse relationship with elevated
daytime naps and educational levels, indicating that higher degrees
of educational attainment and daytime nap attainment are linked
to lower severity scores. Additionally, the severity of metabolic syn-
drome was higher in people with low physical activity, those suffering
from DSPS, and participants who took longer daytime naps (Table 2).

Delayed Sleep Phase Syndrome, Daytime Napping and Further
Sociodemographic Information to Predict the Occurrence of
Metabolic Syndrome (MetS)

In the crude model, the odds of having MetS were significantly 26%
(95% ClI [confidence interval]: 1.08, 1.48) higher in those with DSPS
compared to those without DSPS. The odds of MetS were 18% (OR
[odds ratio]=1.18, 95% ClI: 1.06, 1.33) higher in people who napped
for less than 1 hour per day, 24% (OR=1.24, 95% Cl: 1.11, 1.38) higher
in those who napped 1-2 hours per day and 21% (OR=1.21, 95% Cl:
1.05, 1.39) higher in those who napped more than 2 hours per day,
compared to people who did not nap during the day (for all P < .05).
This association also remained significant after adjusting for potential
confounding factors. In the fully adjusted model, the odds of having
MetS were significantly 23% (95% Cl: 1.06, 1.42) higher in those with
DSPS compared to those without DSPS. The odds of MetS were 19%
(OR=1.19, 95% ClI: 1.07, 1.34) higher in people who napped for less
than 1 hour per day, 27% (OR=1.27,95% Cl: 1.15, 1.42) higher in those
who napped 1-2 hours per day, and 29% (OR=1.29, 95% Cl: 1.13, 1.49)
higher in those who napped more than 2 hours per day, compared to
people who did not nap during the day (for all P < .05) (Table 3).

Delayed Sleep Phase Syndrome, Daytime Napping, and Further
Sociodemographic Information to Predict the Metabolic
Syndrome Severity Score

In the crude model, the risk of having MSSS was significantly 5% (95%
Cl: =0.01, 0.11) higher in those with DSPS compared to those without
DSPS. The odds of MetS were 8% (=0.08, 95% Cl: 0.03, 0.12) higher
in people who napped for less than 1 hour per day, 24% ($=0.11,
95% Cl:0.07, 0.15) higher in those who napped 1-2 hours per day, and
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Table 1. Sociodemographic and Anthropometric Characteristics of Participants in the Ravansar Non-Communicable Disease Cohort Study by

Metabolic Syndrome

Metabolic Syndrome, N (%)

Variables Subgroups N (%) No Yes P
Total population 10041 (100) 6674 (66.47) 3367 (33.53) -
Gender Male 4761 (47.42) 3416 (71.75) 1345 (28.25) <.0012
female 5280 (52.58) 3258 (61.71) 2022 (38.29)
Age groups (year) 35-44 4323 (43.05) 3276 (75.78) 1047 (24.22) <.001°
45-54 3355 (33.41) 2124 (63.31) 1231 (36.69)
55-65 2357 (23.47) 1270 (53.88) 1087 (46.12)
Marital status Single/divorced/widow 981 (9.77) 671 (68.40) 310 (31.60) 772
Married 9054 (90.17) 5999 (66.26) 3055 (33.74)
Education level llliterate 2474 (24.64) 1425 (57.60) 1049 (42.40) <.001°
1-5 years 3840 (38.24) 2524 (65.73) 1316 (34.27)
6-9 years 1674 (16.67) 1189 (71.03) 485 (28.97)
10 and more years 2047 (20.39) 1532 (74.84) 515 (25.16)
Residence area Urban 5988 (59.64) 3890 (64.96) 2098 (35.04) <.001°
Rural 4047 (40.3) 2780 (68.69) 1267 (31.31)
Smoking Yes 2014 (20.06) 1365 (67.78) 649 (32.22) 1612
No 8006 (79.73) 5294 (66.13) 2712(33.87)
Low physical activity (MET <41) Yes 6421 (63.95) 4040 (62.92) 2381 (37.08) <.001°
No 3614 (35.99) 2630 (72.77) 984 (27.23)
Delayed sleep phase syndrome No 9191 (91.53) 6146 (66.9) 3045 (33.1) .005°
Yes 844 (8.41) 524 (62.1) 320(37.9)
Daytime nap No 3696 (36.81) 2572 (69.59) 1124 (30.41) <.001°
Less than 1 hour 2385 (23.75) 1565 (65.62) 820 (34.38)
1to 2 hours 2698 (26.87) 1732 (64.20) 966 (35.80)
2 hours and more 1256 (12.51) 801 (63.77) 455 (36.23)
Diastolic Blood Pressure, mmHg, Mean + SD 10026 (100) 141.54 (1.41) 73.39(11.01) <.001°
Systolic Blood Pressure, mmHg, Mean + SD 10026 (100) 220 (2.19) 115.24 (19.28) <.001°
Fasting Blood Glucose, mg/dL, Mean + SD 10026 (100) 200.05 (1.99) 109.12 (38.93) <.001°
High Density Lipoprotein, mg/dL, Mean + SD 10026 (100) 90.25 (0.9) 41.13 (9.21) <.001°
Triglyceride, mg/dL, Mean + SD 10026 (100) 301.7 (3) 191.24 (101.79) <.001°
Waist Circumference, cm, Mean + SD 10041 (100) 196.92 (1.96) 102.09 (8.83) <.001°

Results from the chi square test.

bResults from the independent sample t test.
MET, Metabolic Equivalent; SD, Standard Deviation.

13% ($=0.13, 95% Cl: 0.07, 0.18) higher in those who napped more
than 2 hours per day, compared to people who did not nap during
the day (for all P < .05).

In the fully adjusted model, the odds of having MSSS were signifi-
cantly 6% (95% Cl: 0.01, 0.12) higher in those with DSPS compared to
those without DSPS. The odds of MetS were 6% (#=0.06, 95% Cl: 0.01,
0.10) higher in people who napped for less than 1 hour per day, 8%
($=0.08, 95% CI: 0.04, 0.12) higher in those who napped 1-2 hours
per day, and 9% ($=0.09, 95% Cl: 0.03, 0.14) higher in those who
napped more than 2 hours per day, compared to people who did not
nap during the day (Table 4).

Discussion

We investigated among 10 065 adults aged 35 to 65 years the asso-
ciations between MetS and specific sleep phase syndromes, includ-
ing daytime napping. The key findings were that MetS was highly
associated with the occurrence of DSPS, along with the occurrence
and the duration of daytime napping. This pattern remained robust,
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even when controlling for sociodemographic factors such as age,
sex, marital status, residence area, education level, smoking status,
and physical activity. The present results add to the current litera-
ture in four ways. First, while previous studies investigated single
possible confounders (see below), we integrated a broad variety of
possible confounders in the same statistical model, which allowed
a more accurate and broad description of sociopsychological and
sociodemographic factors possibly associated with both MetS and
DSPS. Second, we tested the statistical models among a large sample
of adults. Third, we introduced daytime napping as a further possible
and independent factor. Given this background, we claim that the
present data are of practical and clinical importance in that adults
with DSPS and daytime napping were at a statistically increased risk
to suffer from MetS. Fourth, we provide an accurate picture of health
issues related to MetS and sleep patterns, including daytime naps,
among a larger sample of Iranian adults aged 35 to 65 years.

As shown inTable 1, the first pattern of results showed that the occur-
rence of MetS was associated with a broad variety of physiological
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Table 2. Metabolic Syndrome Severity Score Across the Subgroups of Participants in the Ravansar Non Communicable Disease Cohort Study

Cliff's Delta Metabolic Syndrome Severity Score
Variable Subgroup N (%) Values Median (p50) p25 p75 P
Gender Male 4761 (47.42) 0.051 0.19 —0.31 0.69 <.001
Female 5280 (52.58) 0.06 -0.45 0.62
Age groups (years) 35-44 4323 (43.05) -0.27 -0.02 —-0.50 0.50 <.001
45-54 3355 (33.41) 0.23 -0.28 0.76
55-65 2357 (23.47) 0.29 -0.26 0.83
Marital status Single/divorced/widow 981 (9.77) -0.18 -0.06 —-0.06 0.052 <.001
Married 9054 (90.17) 0.14 -0.36 0.67
Education level Illiterate 2474 (24.64) 0.15 0.16 -0.35 0.73 <.001
1-5 years 3840 (38.24) 0.11 -0.40 0.66
6-9 years 1674 (16.67) 0.09 -0.39 0.64
10 and more years 2047 (20.39) 0.10 —-0.39 0.60
Residence area Urban 5988 (59.64) 0.15 0.17 -0.33 0.69 <.001
Rural 4047 (40.3) 0.05 -0.46 0.60
Smoking Yes 2014 (20.06) 0.10 -0.41 0.63 <.001
No 8006 (79.73) 021 -0.29 0.74
Low physical activity ~ Yes 6421 (63.95) 0.12 0.02 -0.33 0.71 <.001
(MET < 41) No 3614 (35.99) 0.02 -0.48 0.55
Delayed sleep phase  No 9191 (91.53) 0.026 0.12 -0.39 0.66 <.001
syndrome Yes 844 (8.41) 0.17 -0.35 0.72
Daytime nap No 3696 (36.81) -0.11 0.06 -0.42 0.58 <.001
Less than 1 hour 2385 (23.75) 0.16 -0.36 0.67
1to 2 hours 2698 (26.87) 0.18 -0.31 0.76
2 hours and more 1256 (12.51) 0.22 -0.37 0.80

2Results from Wilcoxon rank-sum test.

(high diastolic and systolic blood pressure, higher fasting glucose
and triglycerides, greater waist circumference), behavioral (low phys-
ical activity levels), and above all, sleep-related factors. Among the
sleep-related factors, a DSPS, along with longer daytime napping,
was the most critical deteriorating factor. Further, female gender,
older age, lower education and living in rural areas were identified as
sociodemographic factors.

Table 2 reports the predictors of MetS severity. Almost identical fac-
tors were identified for MetS severity as already observed for MetS
occurrence, that is to say: female gender, higher age, lower education,

modest physical activity levels, and, importantly, DSPS and daytime
napping predicted higher MetS scores. For physical activity, MetS
was associated with higher physical inactivity; as such, the present
data confirmed previous results.3”

For daytime napping, the occurrence of DSPS and daytime napping
were unique predictors of MetS and MetS severity, above and beyond
sociodemographic and physiological variables (Tables 3 and 4). The
present result expanded upon the current literature, as we showed the
prominent factors of DSPS and daytime napping in predicting higher
scores for MetS and MetS severity. Importantly, daytime napping

Table 3. Association Between Delayed Sleep Phase Syndrome and Daytime Nap with Metabolic Syndrome by Logistic Regression Models

IDF Metabolic Model 1 OR Model 2 Model 3 Model 4*¢
Syndrome (95% ClI) P OR (95% Cl) P OR (95% Cl) P OR (95% CI) P
Delayed Sleep Phase Syndrome
No 1 1 1 12
Yes 1.23(1.06, 1.42) .005 1.34(1.15, 1.56) <.001 1.30(1.11,1.51) .001 1.26 (1.08, 1.48) .003
Daytime Nap
No 1 1 1 1°
Less than 1 hour 1.19(1.07, 1.34) .001 1.21(1.08,1.35) .001 1.20(1.07, 1.34) .002 1.18 (1.06, 1.33) .004
1to 2 hours 1.27 (1.15,1.42) <.001 1.27 (1.14,1.47) <.001 1.28 (1.15,1.42) <.001 1.24(1.11,1.38)  <.001
2 hours and more 1.29(1.13, 1.49) <.001 1.25(1.09, 1.44) .001 1.27 (1.10, 1.46) .001 1.21(1.05, 1.39) .009
models’ P <.001 <.001 <.001 <.001

Model 1: Crude model.

Model 2: Adjusted for age and sex.

Model 3: Adjusted for age, sex, marital status, residence area, and education level.

Model 4% Adjusted for age, sex, marital status, residence area, education level, smoking status, physical activity, and daytime nap.

Model 4°: Adjusted for age, sex, marital status, residence area, education level, smoking status, physical activity, and delayed sleep phase syndrome.

IDF, International Diabetes Federation; OR, Odds Ratio; Cl, Confidence Interval.
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Table 4. Association between Delayed Sleep Phase Syndrome and Daytime Nap with Metabolic Syndrome Severity Score by Linear Regression

Models

Metabolic Model 1 Model 2 Model 3 Model 4*»
Syndrome Severity B (95% CI) P B (95% Cl) P B (95% Cl) P B (95% Cl) P
Delayed sleep phase syndrome

No 1 1 1 1°

Yes 0.05 (-0.01,0.11) .085 0.10 (0.04, 0.15) .001 0.08 (0.02,0.14) .009 0.06 (0.01,0.12)  .046
Daytime Nap

No 1 1 1 10

Less than 1 hour 0.08 (0.03,0.12) <.001 0.07 (0.02,0.11) .002 0.06 (0.02,0.10) .005 0.06 (0.01,0.10) .010
1to 2 hours 0.11 (0.07,0.15) <.001 0.09 (0.05,0.13) <.001 0.09 (0.05,0.14) <.001 0.08 (0.04,0.12)  <.001
2 hours and more 0.13(0.07,0.18) <.001 0.10 (0.05,0.16) <.001 0.11(0.06, 0.16) <.001 0.09 (0.03,0.14)  .002

Models’ P <.001 <.001

<.001 <.001

Model 1: Crude model.
Model 2: Adjusted for age and sex.
Model 3: Adjusted for age, sex, marital status, residence area, and education level.

Model 4% Adjusted for age, sex, marital status, residence area, education level, smoking status, physical activity, and day-time nap.
Model 4°: Adjusted for age, sex, marital status, residence area, education level, smoking status, physical activity, and delayed sleep phase syndrome.

increased the odds of reporting both DSPS and MetS. However, given
the cross-sectional nature of the study, it remains unclear if daytime
napping was the consequence or the trigger of higher DSPS and MetS
levels. Poor night sleep was associated with more daytime sleepi-
ness***? and with a higher propensity for day napping. In contrast,
daytime napping reduced sleep need in the evening and delayed
bedtime. As such, a bidirectional and vicious cycle between daytime
napping and DSPS appears to be the most plausible model.

Despite the novelty of the results, the following limitations should
be considered. First, while the results remained robust above and
beyond sociodemographic, socioeconomic, and physiological con-
founders, the cross-sectional design does not allow for a causal
relationship between DSPS, daytime napping, and MetS; as such, a
bidirectional influence is highly conceivable. Though previous theo-
retical and meta-analytical data implied that circadian misalignments
preceded MetS and not vice versa.>¢#% Given this, we claim that the
statistical approach chosen was justified. Second, psychosocial fac-
tors such as being single or having financial issues* were not consid-
ered. As such, physiological and chronobiological factors to explain
DSPS appeared to neglect important psychosocial factors. Third, a
major methodological flaw is the coarse-grained definition of day-
time naps of “less than 1 hour”; a more fine-grained subdivision of
daytime napping in <15 minutes, 15-30 minutes, 30-45 minutes and
45-59 minutes would have allowed for a further and more detailed
inspection of the associations between daytime napping and MetS.
A daytime nap of <15 minutes is physiologically not equal to a day-
time nap of 45-59 minutes.* Fourth, the assessment of delayed (or
advanced) sleep phases might pose some issues: While delayed
(or advanced) sleep phases are well-defined as circadian rhythm
sleep-wake disorders (chapter 4 of the International Classification of
Sleep Disorders);*® much more flexibility is given to the measures to
assess such phases. Specifically, in the present study, we employed
the Farsi version® of the Composite Scale of Morningness (CSM).*'
Other studies with small samples*“¢ the salivary dim-light melato-
nin onset (DLMO) as an objective physiological assessment. Fifth, the
prevalence of sleep apnea was not assessed, though there is suffi-
cient reason to consider the prevalence of sleep apnea as an impor-
tant factor impacting MetS and sleep patterns, including daytime
napping.*=!" As such, it is conceivable that including sleep apnea

710
—

in the multiple regression models might have brought additional
and important information on the complex association between
circadian misalignment, sleep-related issues, and the prevalence of
MetS among adults aged 35-65 years. Sixth, while we focused on
the relations between sleep patterns and daytime napping, focusing
on sleep durations might have further contributed to a fine-grained
pattern of results. Given these findings, future studies in this field
should be longitudinal and interventional and report participants’
sleep duration. Interventional studies to modify lifestyles such as
nutritional and physical activity counseling might have the potential
to favorably impact sleep schedules, including the reduction of day-
time napping. To show the case to this point, Powell and Appelhans>?
proposed a thorough lifestyle modifying program using the Obesity-
Related Behavioral Intervention Trials (ORBIT) model for the behav-
ioral treatment among participants with MetS (mean age: 53 years;
77% females). More specifically, the intervention focused on dieting,
physical activity and coping with stress, with an intensive 6-month
phase followed by monthly, participant-led maintenance meetings
for a consecutive 2.5 years. Results showed that 2.5 years later, MetS
remission was achieved in about 54% of participants. Similarly, Kim
and Chung®® proposed in their statement to deal with MetS-related
health issues among the Korean population by focusing on 6 lifestyle
modifications: weight control, smoking cessation, alcohol drinking in
moderation, diet control, exercise and physical activity, and cognitive
behavioral therapy. Last, given that the prevalence of MetS is associ-
ated with risks of cardiovascular diseases and all-cause mortality,**
appropriate interventions to decrease both MetS and MetS-related
mortality are more than justified.

Conclusion

The findings of this study indicate that DSPS and daytime napping are
associated with an increased risk of MetS. Interventions that promote
a healthier lifestyle and improve sleep quality should be considered
as potential ways to decrease the risk and severity of MetS in general.
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