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Abstract

Purpose Chronotype is the attitude to perform most of the daily activities in the morning (“morning chronotype”, MC) or in
the evening (“evening chronotype”, EC). The latter, as well as vitamin D deficiency, has been associated with an increased
risk of obesity-related complications, likely through the promotion of insulin resistance. Therefore, we aimed to investigate
whether there is any relationship between vitamin D (25-OH-D) and chronotype in individuals with obesity.

Methods In this cross-sectional study, we enrolled 59 individuals (43.1 + 13 years; 17M/42F) with obesity. Anthropometric
parameters, lifestyle habits, personal medical history, chronotype, insulin resistance, and 25-OH-D were assessed.

Results Individuals with EC presented significantly higher BMI than MC (p < 0.001), greater waist (p =0.012), and hip cir-
cumferences (p =0.001). Individuals with EC showed significantly lower insulin sensitivity (p =0.017) and 25-OH-D than
MC. In addition, the prevalence of vitamin D deficiency and impaired fasting glucose was significantly higher in EC than
in MC. 25-OH-D directly correlated with chronotype score (r=0.351; p=0.019) whereas inversely with BMI (r=— 0.363;
p=0.016). The regression analysis showed that BMI was most tightly associated with 25-OH-D concentrations (f=-0.323,
p=0.032), followed by chronotype score (#=0.340, p=0.042). Using chronotype score as the dependent variable, BMI
significantly predicted a lower chronotype score (f=-0.586, p <0.001).

Conclusion The present study showed that 25-OH-D, as well as chronotype, correlate independently with obesity.

Keywords Chronotype - Vitamin D - Insulin resistance - Obesity - 25-OH-D

Abbreviations EC Evening chronotype
25-OH-D  Vitamin D HOMA-IR Homeostasis Model Assessment
BMI Body mass index MC Morning chronotype
MEQ Morningness—Eveningness Questionnaire
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Introduction

Chronobiology refers to several physiological functions modu-
lating circadian rhythm in humans whose behavioral aspect
is represented by chronotype [1]. Individuals with morning
chronotype present the attitude toward morningness habits
(wake up early and perform activities in the morning), whereas
those belonging to the evening chronotype are more active
during the late afternoon or evening [2]. Therefore, chrono-
type relies upon behavioral habits (i.e., nutrition, sleep—wake
cycle) as well as can influence the health status [3, 4]. Indeed,
it has been shown that evening chronotype is associated with
unhealthier lifestyle [5-8], i.e., low concentrations of physi-
cal activity, low-quality diet (high intake of processed foods,
alcoholic beverages, sugary drinks, and low adherence to the
Mediterranean diet) and is more prone to develop insulin
resistance and type 2 diabetes [9—13] Notably, all these factors
have been proven as risk factors for obesity and obesity-related
cardiometabolic complications [14, 15].

In addition, individuals with the evening chronotype have
been reported to experience sleep disorders. This can be
explained, at least in part, by the higher prevalence of obe-
sity and obesity-related complications, i.e., “obstructive sleep
apnea” and subclinical inflammation, which have detrimental
effects on sleep quality [16, 17].

The main hormone involved in sleep regulation is repre-
sented by melatonin. Vitamin D can modulate the conversion
of tryptophan into serotonin, a precursor of melatonin [18].
Several studies reported that low vitamin D concentrations
are associated with sleep disorders [19]. Furthermore, data
from The National Health and Nutrition Examination Survey
(NHANES) suggested that adequate vitamin D concentrations
are one of the main factors associated with good sleep quality
in a large cohort of adults [20].

Notably, the presence of vitamin D receptors also in sev-
eral regions of the brain supports its role in other important
biological functions, which can influence individual behaviors
and the central circadian clock [21].

Vitamin D deficiency (plasma vitamin D <20 ng/ml), a
common finding in individuals with obesity, has been reported
to be associated with cardiometabolic disorders, likely through
the promotion of insulin resistance [22—-24]. Thus, we aimed
to investigate whether there is any relationship between vita-
min D concentrations and chronotype categories in individuals
with obesity. In addition, the association between vitamin D
concentrations and insulin resistance was explored.

@ Springer

Materials and methods
Participants and study design

This cross-sectional study was conducted in compliance
with the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) statement checklist [25].

From October 2021 to April 2022, all patients referring
to Centro Italiano Per La Cura E Il Benessere del Paziente
Con Obesita (C.1.B.O) of Federico II University Hospital
(Naples, Italy) were screened for eligibility according to the
following inclusion criteria: both gender, age 18—65 years,
body mass index (BMI) > 30 kg/m?, and stable body weight
(change < + 10% of body weight) for 3 months before the
study without any treatment. The exclusion criteria were
as follows: women who were breastfeeding or pregnant;
night-shift-workers or shift-workers; presence of known
cardiovascular and cerebrovascular diseases (defined on the
form as coronary heart disease, stroke, or revascularization),
kidney and hepatic failure and malignant tumors; type 1 and
type 2 diabetes or medications for diabetes and pre-diabetes;
alcohol abuse (weekly consumption of alcohol is more than
70 g in women or 140 g in men); current or history of treat-
ment with medications that may cause significant weight
gain within 3 months before the study; current or history
of treatment with GLP-1 receptor agonist, orlistat, naltrex-
one/bupropion within 3 months before the study; current or
history of treatment with glucocorticoids within 3 months
before the study; current or history of treatment with vitamin
D supplements within 3 months before the study; major psy-
chiatric disorders and/or current or history of treatment with
antipsychotic medications within 3 months before the study;
chronic inflammatory diseases. The study has been approved
by the Ethical Committee (n. 173/16). All participants were
informed about the study design and aim and provided writ-
ten informed consent.

Lifestyle habits’ assessment

Trained nutritionists asked standard questions including
demographic information, personal medical history, and
lifestyle habits that were assessed according to standard
procedures as in previous studies [12, 13, 26]: individuals
who smoke at least one cigarette (YES/NO) per day were
defined as current smokers, while individuals who reported
having quit smoking at least 1 year prior to the survey were
be defined as former smokers. Participants who regularly
exercised at least 30 min per day (YES/NO) were defined as
physically active.
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Anthropometric measurements

Anthropometric measurements were performed in the
morning, after an overnight fast, and by the same operator
(nutritionist experienced in body composition assessment).
During the measurements, the individuals wore only light
clothing and no shoes. Height was measured by a wall sta-
diometer, with an accuracy of 0.5 cm, and body weight by
a calibrated beam scale, with an accuracy of 0.1 kg. Weight
and height were then used to calculate the BMI. BMI was
classified according to WHO criteria [27]: normal weight
(18.5-24.9 kg/m?); overweight (25.0-29.9 kg/m?); obesity
grade I (30.0-34.9 kg/m?); obesity grade II (35.0-39.9 kg/
m?); obesity grade IIT (>40.0 kg/m?). Waist circumference
(WC) was measured with a non-stretchable tape measure,
to the nearest 0.1 cm, according to the National Center for
Health Statistics [28].

Chronotype assessment

The Morningness—Eveningness Questionnaire (MEQ) [29]
was administered as validated tool to assess participants’
chronotype categories, which consists of 19 multiple-choice
questions, each with 4 or 5 response options, on sleep habits
and daily performance. For example, some questions asked
about the time of day when one feels most productive in
physical or mental activities, the time of day when one is
most tired, and the time of day when one would prefer to
wake up for maximum energy. The sum of the individual
items provided a score ranging from 16 to 86. In particular,
a score of 59-86, 42-58, and 14-41 defined morning, inter-
mediate, and evening chronotype, respectively. Neverthe-
less, since intermediate chronotype presents mixed behavior
and clinical features [30], we considered only individuals
belonging to morning and evening chronotype.

Biological sample collection and storage

Sample collection was performed the day after a non-fast-
ing day. After overnight fasting (> 10 h), peripheral venous
blood samples were drawn and collected. Samples were
stored at — 80 °C until analysis. Measurements of plasma
glucose and insulin, liver enzymes, creatinine, and vitamin
D (25-OH-D) were assessed in this study.

Assay methods and calculations

The analyses were done in the central biochemistry labo-
ratory of our institutes. Roche Modular Analytics System
was used to perform all biochemical analyses. The Immu-
nolite Diagnostic Products Co, Los Angeles, CA, USA with
solid-phase chemiluminescent enzyme immunoassay kit
were used to measure fasting insulin concentrations. The

intra- and inter-test coefficient of variation (CV) values
are < 7% for all tests performed.

Plasma 25-OH-D concentrations were measured with
chemiluminescence (Liaison, DiaSorin, Saluggia, Italy). The
analytical measurement range of detection was 4—150 ng/ml,
whereas the intra-assay CVs were 5.4%, 2.8%, and 4.7%, and
the inter-assay CVs were 10.1%, 4.8%, and 7.9% for low,
medium, and high points of the standard curve, respectively.

Homeostasis Model Assessment for Insulin Resistance
(HOMA-IR) and Homeostasis Model Assessment for $-cell
function (HOMA-f) were calculated in accordance with
Matthews et al. [31]. Impaired fasting glucose was defined
as plasma fasting glucose concentrations between 100 and
126 mg/dL according to the American Diabetes Associa-
tion [32]. Vitamin D deficiency was defined as a plasma
25-OH-D concentration < 20 ng/mL (50 nmol/L), vitamin
D insufficiency between 21 and 29 ng/mL (from 52.5 to
72.5 nmol/L), and normal concentrations > 30 ng/mL [33].

Sample size calculation and statistical analysis

Sample size calculation was performed a priori, since no
previous similar studies were available. The calculation
included a conventional effect size (0.50) with a type I error
of 0.05 and a power of 80%. The total number of individu-
als to be enrolled was 42 (21 per group). Considering a 40%
non-response rate or missing information, we included 59
individuals in the study. The calculation of the sample size
was performed using G Power Software. Accordingly, we
consecutively enrolled individuals meeting the inclusion
criteria and being morning or evening chronotype.

Kolmogorov—Smirnov test was used to test data distribu-
tion and variables not normally distributed were analyzed
after logarithmic transformation (Log10). Continuous varia-
bles with normal distribution were reported as mean + stand-
ard deviation, while categorical variables were expressed
as frequency or percentage. Differences between groups
were tested by independent sample Student’s 7 test using
crude means or by Chi-square test for categorical variables.
Bivariate associations were assessed by Pearson’s correla-
tion. Moreover, linear regression analysis with a stepwise
method was also used to test parameters that best predicted
the outcomes (used as dependent variable). More in detail,
plasma 25-OH-D concentrations and chronotype were used
as dependent variable in two different regression models
(model A and model B, respectively). Parameters tested as
predictors were age, sex, BMI, HOMA-IR, and HOMA-p.
In addition, chronotype or plasma 25-OH-D concentrations
were added in the model A and model B, respectively.

The p values were considered significant at p < 0.05 with
95% confidence interval (CI). Statistical analysis was per-
formed according to standard methods using the Statistical
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Package for Social Sciences software 26.0 (SPSS/PC; SPSS,
Chicago, IL, USA).

Results

According to the sample size calculation, the study popu-
lation consisted of 59 participants (43.1 + 13 years), 17
men (28.8%), and 42 women (71.2%). All participants pre-
sented obesity (BMI: 45.9 +7 kg/m?), with obesity class II
(35-39.9 kg/m?) and class III (>40 kg/m?) accounting for
23.7% (n=14) and 76.3% (n=45), respectively. Individu-
als performing physical activity were 10.2% (n=6), while
smokers were 3.4% (n=2). All the individuals had normal
liver and kidney function as demonstrated by the follow-
ing mean concentrations: aspartate aminotransferase (AST):
23.5+ 10 (U/L), alanine aminotransferase (ALT): 30.5+ 15
(U/L), gamma-glutamyl-transpeptidase (GGT): 39.9 +24
(U/L), creatinine: 0.74 +0.1 mg/dl.

Participants with insulin resistance were 86.4% (n=51),
while 22.0% (n=13) presented impaired fasting glucose.
In addition, vitamin D insufficiency (25-OH-D 20-29 ng/
ml) and deficiency (25-OH-D <20 ng/ml) were observed in
16.9% (n=10) and 47.5% (n=28) of participants, respec-
tively. According to the chronotype score, 50.8% (n=30) of
individuals belonged to the morning chronotype and 49.2%
(n=29) were evening chronotype.

Although individuals with the morning chronotype and
the evening chronotype did not differ for age (p =0.183),
gender distribution (p =0.533) and lifestyle habits, indi-
viduals with the evening chronotype presented significantly
higher BMI values than the morning chronotype (p <0.001),
as well as greater waist (p =0.012) and hip circumfer-
ences (p=0.001), while no difference in waist-to hip ratio
(»p=0.524) has been detected (Table 1).

There was no significant difference in the prevalence of
obesity class IT and class III and complications between the
two groups, except for a higher prevalence of impaired fast-
ing glucose in the evening chronotype than in the morning
chronotype (p=0.024) (Fig. 1).

As for the main metabolic parameters, individuals with
the evening chronotype were significantly more insulin
resistant than individuals with the morning chronotype
(p=0.017), while no difference was observed for p-cell
function (p =0.255). Interestingly, individuals with the
evening chronotype showed significantly lower plasma
25-OH-D concentrations than individuals with the morning
chronotype (Fig. 2).

This difference remained significant also stratifying the
participants according to the obesity classes (Fig. 2). In addi-
tion, the prevalence of vitamin D deficiency was signifi-
cantly higher in the evening chronotype than in the morning
chronotype (58.6% vs. 36.7%, p=0.008).
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Table 1 Demographic, clinical, and biochemical parameters of the
study participants according to the assessed chronotype

Variables Morning Evening p value*
chronotype chronotype
(n=30) (n=29)
Sex (M/F) 9/21 8/21 0.533
Age (years) 45+13 41+13 0.183
BMI (kg/m?) 42+5 50+38 <0.001
Obesity II (n. %) 9 (30) 5(17) 0.199
Obesity III (n. %) 21 (70) 24 (83)
Waist circumference (cm) 126+ 12 136+ 16 0.012
Hip circumference (cm)  132+11 145+17 0.001
Waist/hip ratio 0.96+0.07 0.94+0.09 0.524
Fasting glucose (mg/dl) 96 +29 102+23 0.362
Fasting insulin (uU/ml) 18+8 24+11 0.056
HOMA-IR 4.1+2 5.7+2 0.017
HOMA-p 225+108 276 +187 0.255
AST (U/L) 23+10 24+10 0.652
ALT (U/L) 32+15 29+14 0.330
GGT (U/L) 3127 3122 0.968
Creatinine (mg/dl) 0.77+0.09 0.72+0.10 0.067

AST aspartate aminotransferase, ALT alanine aminotransferase, BMI
body mass index, GGT gamma-glutamyl-transpeptidase, HOMA-IR
Homeostasis Model Assessment for Insulin Resistance, HOMA-f
Homeostasis Model Assessment for -cell function

Data are expressed as mean + standard deviation or n (%)

*Independent sample Student’s ¢ test for continuous variables and y?
test for categorical variables

According to the bivariate correlation analyses, plasma
25-OH-D concentration correlated directly with chronotype
score (r=0.351; p=0.019) whereas inversely with BMI
(r=-0.363; p=0.016). No significant correlation with
age (r=-0.248; p=0.104), WC (r=- 0.244; p=0.115)
fasting plasma glucose (r=- 0.097; p=0.531), insulin
(r=-0.291; p=0.061), HOMA-IR (r=-0.242; p=0.122),
and HOMA-B (r=- 0.133; p=0.482) were observed. In
addition, chronotype score inversely correlated with BMI
(r=-0.505; p<0.001), WC (r=-0.321; p=0.016), fast-
ing plasma insulin (r=- 0.300; p=0.034), and HOMA-IR
(r=-10.314; p=0.027). No significant correlation with age
(r=0.170; p=0.199), fasting plasma glucose (r=- 0.098;
p=0.463) and HOMA-B (r=- 0.064; p=0.729) were
observed.

The regression analysis (Table 2) showed that BMI
was most tightly associated with plasma 25-OH-D con-
centrations (f=- 0.323, p=0.032), followed by chrono-
type score (#=0.340, p=0.042), whereas age (f#=0.287,
p=0.073), HOMA-IR (= — 0.139, p=0.392), and
HOMA-B (f=- 0.063; p=0.711) were not predictors of
plasma 25-OH-D concentrations and respectively). Using
chronotype score as dependent variable, BMI significantly
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Table 2 Regression models using plasma 25-OH-D concentrations
and chronotype as dependent variables

£ (95% CI) p value

25-OH-D concentrations

Obesity class Il Obesity class Il

predicted lower chronotype score (evening chronotype,
p=-0.586, p<0.001), whereas age (f=0.089, p=0.378),
plasma 25-OH-D concentrations (#=0.078, p=0.440),
HOMA-IR (f=- 0.171, p=0.103), and HOMA-p
(f=-0.182; p=0.273) were not associated with chrono-

type score (Table 2).

Chronotype score 0.340 (- 0.307 t0 0.471)  0.042
Age 0.287 (- 0.053t0 0.350)  0.073
Sex 0.271 (- 0.528 to 1.153)  0.072
BMI -0.323 (-0420t0-0.511)  0.032
HOMA-IR —0.139 (- 1.4841t00.859)  0.392
HOMA-p —0.063 (- 1.378t00.953)  0.711
Chronotype score
25-OH-D concentrations 0.078 (-0.230t0 0.354)  0.440
Age 0.089 (- 0.155t00.204)  0.378
Sex -0.019 (-5.714t0 0.516)  0.237
BMI —0.586 (- 1.502 to — 0.751) <0.001
HOMA-IR -0.172 (- 1.781 t0 0.185)  0.103
HOMA-B -0.182 (- 1.927t00.194)  0.273

BMI: body mass index, HOMA-IR: Homeostasis Model Assessment
for Insulin Resistance, HOMA-B: Homeostasis Model Assessment for
f-cell function

Discussion

The main finding of our study was that individuals with
the evening chronotype have significantly lower plasma
25-OH-D concentrations than individuals with the morn-
ing chronotype. In addition, the prevalence of vitamin D
deficiency was significantly higher in individuals with
the evening chronotype than individuals with the morn-
ing chronotype. As previously reported [9-13], we found
that individuals with the evening chronotype had signifi-
cantly higher BMI and WC than individuals with the morn-
ing chronotype. Indeed, De Amicis et al. [34] performed

@ Springer
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a cross-sectional study in 416 adults finding a negative
association between chronotype score (assessed by reduced
MEQ, rMEQ) and WC; in particular, they found a lower
WC (- 0.06 cm) for every 1 point of rMEQ score and that
individuals with the evening chronotype have 4+2 cm of WC
than individuals with the morning chronotype, after adjust-
ment for gender, age, BMI, physical activity, and adherence
to the Mediterranean Diet.

As well known, worsen anthropometric parameters in
individuals with the evening chronotype could be due to
their attitude to eat fewer, larger, and unhealthy food that
result in a lower adherence to the Mediterranean Diet com-
pared to other chronotype categories. We previously carried
out a cross-sectional study [35] including 172 middle-aged
adults (71.5% women; 51.8 +15.7 years) during a campaign
to prevent obesity called the OPERA (Obesity, Programs of
nutrition, Education, Research, and Assessment of the best
treatment) Prevention Project that was held in Naples on
11-13 October 2019. Interestingly, we found that individu-
als with the evening chronotype were more prone to follow
unhealthy lifestyle, to be less regular in performing physical
activity, and were more frequently smokers than individuals
with the morning chronotype. In addition, the lowest adher-
ence to the Mediterranean Diet has been reported by indi-
viduals with the evening chronotype compared to individu-
als with the morning chronotype. The lower the chronotype
score, the higher BMI values were detected in the whole
population [7]. Individuals with the evening chronotype are
more prone to develop sleep disturbances that in turn have
been reported to increase the risk of developing obesity [16,
17]. Furthermore, unhealthy food usually consumed by indi-
viduals with the evening chronotype negatively influences
the quality of sleep [5, 6, 8]. Conversely, high adherence to
the Mediterranean Diet as assessed by Prevencion con Dieta
Mediterranea (PREDIMED) score has been associated with
a better sleep quality assessed by the Pittsburgh Sleep Qual-
ity Index (PSQI) in a study carried out in 172 middle-aged
adults [7].

In this study, individuals with the evening chronotype had
higher values of insulin resistance and more frequently
impaired fasting glucose. Our finding was in agreement with
our previous studies reporting an increased risk of having
derangements of glucose metabolism in post-menopausal
women with the evening chronotype, as well as individuals
with obesity with the evening chronotype [7, 12, 13]. As
known, individuals with the evening chronotype have shown
alterations of the adrenocortical circadian rhythm that results
in an inadequate synchronization with a potential consequent
negative effect on glucose metabolism [36-39].

Additionally, we found that individuals with the
evening chronotype had significantly lower concentra-
tions of 25-OH-D. Interestingly, we found a significant
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association between plasma 25-OH-D concentrations with
chronotype score suggesting that as low 25-OH-D con-
centrations as high the chance to be evening chronotype.
The regression analysis highlighted that BMI was most
tightly associated with plasma 25-OH-D concentrations,
followed by chronotype score, whereas age was not a pre-
dictor of plasma 25-OH-D concentrations. Conversely,
using chronotype score as outcome, higher BMI signifi-
cantly predicted lower chronotype score, whereas age and
plasma 25-OH-D concentrations were not significantly
related with chronotype. Therefore, our results suggest
that obesity is responsible for both evening chronotype
and hypovitaminosis D in our study population. Conse-
quently, instead of hypothesizing a cause—effect of these
two variables, we hypothesized that both conditions are
an effect of increased body size.

Finally, we observed that 25-OH-D concentrations were
inversely associated with insulin resistance. This finding
is in line with a recent meta-analysis of 38 observational
studies showing a significant inverse association between
25-OH-D concentrations and HOMA-IR in non-diabetic
individuals with obesity (BMI> 30 kg/mz) [40]. Neverthe-
less, our results might lead to hypothesize that individuals
with the evening chronotype might further worsen their
insulin resistance state if there is the coexistence of low
25-OH-D concentrations.

A limitation of the present study is the cross-sectional
design that does not allow to establish any cause—effect
relationship between the evaluated parameters. Further-
more, this was a single-center study and, therefore, the
participants belong to the same geographical area and had
similar exposure to factors affecting 25-OH-D concentra-
tions (ethnicity, duration of sunlight exposure, eating hab-
its, etc.). In addition, we enrolled only individuals with
obesity and not normal weight individuals. However, in
our study, we considered individuals with obesity and the
morning chronotype as control group, since it has been
demonstrated to present less obesity-related cardiometa-
bolic complications than those with obesity and the even-
ing chronotype. Further, we demonstrated that the asso-
ciation of vitamin D and chronotype categories remained
significant also stratifying the participants according to
the obesity classes. Furthermore, all questionnaires used
in this study were translated in Italian from the English
version with no forward-backward translation method to
guarantee the conceptual equivalence [41]. Nevertheless,
the participants were interviewed by expert operators, thus
increasing the reliability of the collected data.

Finally, no information on dietary composition was col-
lected in the present study. However, this is the first study
investigating the relationship between chronotype catego-
ries and vitamin D in individuals with obesity.



Journal of Endocrinological Investigation (2023) 46:1001-1008

1007

Conclusion

In conclusion, both low 25-OH-D concentrations and even-
ing chronotype are independently associated to obesity.
However, further studies are needed to understand if the
coexistence of both evening chronotype and low 25-OH-D
concentrations could have a synergic detrimental impact on
obesity-related cardiometabolic complications.
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