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Abstract
Background: Chronotype is the expression of the timing of 
circadian rhythmicity of a subject, and three categories of 
chronotype have been identified: morning, evening, and in-
termediate chronotype. Subjects with morning chronotype 
prefer to carry out most of their daily activities in the morn-
ing, while subjects with evening chronotype perform most 
of their daily activities in the second half of the day. Interme-
diate chronotype is in an intermediate position between the 
above reported categories. Recently, evening chronotype 
has been associated with an increased risk of developing 
chronic diseases. Thus, the aim of this manuscript was to re-
view the current evidence on the role of chronotype catego-
ries on the risk of developing obesity and the most common 
obesity-related comorbidities (cardiometabolic and neo-
plastic complications). Summary: Subjects with evening 
chronotype have been reported to be at high risk of develop-
ing obesity, and this was mostly due to the tendency of these 
subjects to follow unhealthy lifestyle mostly characterized 
by sedentary behavior and high intake of unhealthy food. In 

addition, sleep disturbances are a common finding in sub-
jects with evening chronotype that in turn could further con-
tribute to the risk of obesity. The impairment of insulin sen-
sitivity, melatonin, adiponectin, and clock genes function 
along with increase of leptin secretion detected in subjects 
with evening chronotype could also represent a favorable 
milieu for the onset of obesity-related cancer. The current 
evidence is limited to breast, prostate, and endometrial can-
cer. Key Messages: The chronotype categories could be easy 
assessed in subjects with obesity and at the same time pro-
vide an important information on an additional risk factor 
predisposing to the onset of obesity-related comorbidities. 
Since chronotype could be potentially modified through a 
behavioral-driven approach thus potentiating the efficacy of 
anti-obesity treatment, the assessment of chronotype cate-
gories should be included in the management of obesity.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Chronotype is the attitude of the subject to carry out 
most of the daily activities in a certain time of the day [1]. 
In particular, morning chronotype is the subject that pre-
fers to carry out his/her activity in the morning, while 
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evening chronotype prefers to carry out his/her activity 
in the evening. Intermediate chronotype is in an interme-
diate position between morning and evening chrono-
types [1]. It has been demonstrated that chronotype cat-
egories could have an impact on the risk of developing 
obesity and obesity-related comorbidities. Subjects with 
evening chronotype are more prone to follow unhealthy 
lifestyle, and this could result in an increased risk of de-
veloping obesity [2–4]. We previously demonstrated that 
subjects with evening chronotype had lower adherence to 
the Mediterranean diet (MD) and that the cluster of the 
MD and not a single food was associated with chronotype 
categories [2]. Subjects with evening chronotype are also 
at higher risk of sleep disturbances that in turn are well-
known risk factors for obesity [5–8]. In particular, eve-
ning chronotype has been associated with an increased 
risk of developing and worsening type 2 diabetes (T2D) 
[9]. In a study carried out by Reutrakul et al. [9], 194 sub-
jects with T2D were enrolled and underwent to the assess-
ment of chronotype and sleep disturbances. The main 
finding of this study was that evening chronotype was as-
sociated with poorer glycemic control independently of 
sleep disturbances [9]. In addition, we found that chro-
notype has been reported to play an important role in the 
obesity-related cardiometabolic risk [10]. Indeed, eve-
ning chronotype has been reported to be associated with 
hypertension and higher levels of serum total cholesterol, 
and low-density lipoprotein cholesterol than morning 
chronotypes in a larger cross-sectional analysis of the na-
tional FINRISK 2007 study including 6,528 individuals of 
the Finnish population [10]. Finally, it is well known that 
obesity could predispose to some type of cancers that rec-
ognize in metabolic derangements a key role in their 
pathogenesis. Indeed, in the California Teachers Study 
(CTS), evening chronotype has been reported to be an 
independent risk factor for breast cancer in 36,967 post-
menopausal women [11]. Thus, the aim of this manu-
script was to review the current evidence on the role of 
chronotype in obesity and obesity-related comorbidities 
and to provide physiopathological insights on these as-
sociations.

Chronotype and Obesity

Several evidence reported evening chronotype to be a 
risk factor for obesity [3, 4, 12]. Sun et al. [3] carried out 
a study in 1,197 middle-aged men and women (mean age 
48.2 ± 5.3 years) who participated in the Bogalusa Heart 
Study 2013–2016. Chronotype categories were assessed 

by Morningness-Eveningness Questionnaire (MEQ), and 
obesity was defined as a body mass index (BMI) ≥30 kg/
m2. Eleven percent of participants were found to belong 
to evening chronotype that in turn was associated with 
obesity after multivariable adjustment, including shift 
work, physical activity, and sleep duration [3]. The link 
between obesity and evening chronotype has been also 
found in a cross-sectional study carried out in 110 drug-
naive children and adolescents aged 7–17 years with at-
tention deficit hyperactivity disorder (ADHD) diagnosed 
using The Kiddie Schedule for Affective Disorders and 
Schizophrenia-Present and Lifetime Version (K-SADS-
PL) [4]. The severity of ADHD symptoms and chrono-
type categories were assessed by the Conners’ Parents 
Rating Scale-Revised Short Version (CPRS-RS) and Chil-
dren’s Chronotype Questionnaire (CCQ), respectively. 
BMI was calculated and classified according to national 
age- and gender-specific reference values. The prevalence 
of morning chronotype (86.84%) was higher in children 
with normal BMI, while the prevalence of evening chro-
notype (61.90%) was higher in children with obesity. In-
dependently from ADHD symptoms, evening chrono-
type was directly related to obesity, while morning chro-
notype was directly related to normal weight [4]. Also, in 
a cross-sectional study enrolling 245 pregnant women at-
tending the public health service in Brazil was demon-
strated that evening chronotype, assessed by the time of 
mid-sleep time on free days with a further correction for 
calculated sleep debt, was associated to a weight gain dur-
ing the early gestational period [12]. The association be-
tween evening chronotype and obesity could be explained 
by several links. First, it has been reported that evening 
chronotype was associated with unhealthy lifestyle [2]. 
We investigated the association of chronotype categories 
with adherence to the MD in a population of middle-aged 
Italian adults [2]. In this cross-sectional study enrolling 
172 middle-aged adults (71.5% females; 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 [13], chrono-
type categories were assessed by MEQ. The prevalence of 
morning, evening, and intermediate chronotypes was 
58.1%, 12.8%, and 28.1%, respectively. Subjects with eve-
ning chronotype followed unhealthy lifestyle, performing 
less regular activity, and being more frequently smokers. 
In addition, they reported the lowest adherence to the 
MD compared to the other chronotype categories. Con-
sequently, this resulted in the highest BMI value in this 
category [2]. Data from the UK Biobank, a prospective 
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cohort study that began in 2005 using patient registers 
from the UK National Health Service (NHS), adults aged 
40–69 years who live within a 10-mile radius of one of the 
UK Biobank’s 35 assessment center, reported that sub-
jects with morning chronotype as assessed by MEQ were 
more prone to consume a mean of 0.25 more servings of 
vegetables as assessed by the 24 h recalls than subjects 
with evening chronotype [14]. A lower intake of whole 
grains, rye, potatoes, vegetables, and roots and a higher 
intake of wine and chocolate has also been reported in 
subjects with evening chronotype, assessed by a short-
ened version of MEQ in a sample of the 4,493 subjects 
from the National FINRISK 2007 Study [15]. In this 

study, dietary data were collected using a validated food 
frequency questionnaire [15]. Similarly, a lowest adher-
ence to the Baltic Sea dietary pattern and a highest ten-
dency to be smokers and physically inactive than other 
chronotypes have been reported in the study by Mau-
konen et al. [16] carried out in 4,421 subjects aged 25–74 
years of the National FINRISK 2007 Study. Baltic Sea diet 
score (BSDS), including nine dietary components, was 
used as a measure of adherence to a healthy Nordic diet, 
while chronotype was assessed using a shortened version 
of MEQ [16]. Evening chronotype has also been reported 
to be associated with sleep disturbances [17] that in turn 
are frequently associated with obesity [5, 7, 8, 18].

Fig. 1. Mechanisms linking evening chronotype to obesity and 
obesity-related comorbidities. Subjects with evening chronotype 
perform most of their daily activities in the second half of the day. 
Evening chronotype has been associated with an increased risk of 
developing obesity and the most common obesity-related comor-
bidities (cardiometabolic and neoplastic complications). Indeed, 
subjects with evening chronotype have been reported to be at high 
risk of developing obesity due to their tendency to follow un-
healthy lifestyle mostly characterized by sedentary and low intake 
of healthy food. In addition, sleep disturbances are a common 
finding in subjects with evening chronotype that in turn could fur-
ther contribute to the risk of obesity and cardiometabolic compli-

cations. Evening chronotype is also characterized by an impair-
ment of cortisol secretion as compared to morning chronotype. In 
particular, evening chronotype presents a lower cortisol peak upon 
waking time, while higher cortisol concentrations later in the 
morning until lunchtime, and greater cortisol secretion during the 
whole day. Hyperactivity of the hypothalamic-pituitary-adrenal 
axis leading to hypercortisolism, results in a further visceral adipo-
genesis, thus worsening insulin resistance. The impairment of in-
sulin resistance, melatonin, adiponectin, and leptin secretion and 
clock genes function detected in subjects with evening chronotype 
could also represent a favorable milieu for the onset of obesity-
related cancer.
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Indeed, sleep deprivation (4 h per night over 2 days) 
has been reported to result in a higher appetite score and 
hunger assessed using a visual analog scale than regular 
sleep duration (10 h per night over 2 days), accompanied 
by a tendency to prefer high carbohydrate and high-fat 
food intake [19]. Subjects with sleep deprivation experi-
enced an increase in plasma ghrelin and decrease in plas-
ma leptin secretion [20]. This finding was confirmed in 
the study by Chaput et al. reporting reduced levels of 
leptin and increased levels of ghrelin in subjects with 
short sleep duration suggesting that short sleep may affect 
appetite modifying appetite-regulating hormones level 
[21]. Sleep deprivation for 6 consecutive days was associ-
ated with a decrease of leptin levels that was kept for 24 h 
[22]. A leptin resistance condition has been reported in 
subjects with obstructive sleep apnea in which the weight-
reducing effects of leptin are damaged, therefore induc-
ing a vicious cycle of weight gain and worsening obstruc-
tive sleep apnea [21]. Although no final conclusions were 
drawn from studies investigating the association of sleep 
duration with dietary consumption [23–25], the de-
creased sleep time may result in an increased chance to 
eat mostly if most of the wake time is spent in an environ-
ment with readily available food [26]. In addition, a de-
crease in physical activity is the obvious consequence of 
the tiredness resulting from sleep deprivation [27]. In-
deed, short sleep duration has been reported to be associ-
ated with increased sedentary lifestyle (e.g., viewing tele-
vision and reduced sport time) in children [25] as well as 
in adults [24, 25, 27, 28] (shown in Fig. 1). In conclusion, 
evening chronotype predisposes to obesity acting through 
different mechanisms that include unhealthy lifestyle, i.e., 
reduced physical activity along with unhealthy diet, and 
sleep disturbances that are also known risk factors for 
obesity.

Chronotype and Cardiometabolic Complications

The circadian system is known to be important in the 
regulation of glucose metabolism [29]. A cross-sectional 
study carried out in 1,014 non-shift working adults with 
prediabetes reported that later mid-sleep time on free day 
adjusted for sleep debt, an indicator of chronotype but 
not social jetlag was significantly associated with higher 
glycated hemoglobin-A1c (HbA1c) levels [30]. In addi-
tion, after adjusting for age, sex, alcohol use, BMI, social 
jetlag, sleep duration, sleep quality, and sleep apnea risk, 
later mid-sleep time on free day adjusted for sleep debt 
was significantly associated with higher HbA1c level, thus 

leading to conclude that later chronotype was associated 
with higher HbA1c levels in patients with prediabetes, in-
dependent of social jetlag and other sleep disturbances 
[30]. Similar results were found in 172 middle-aged adults 
(71.5% females: 51.8 ± 15.7 years) [31]. Fifty-eight per-
cent of these subjects were classified as morning, 12.8% as 
evening, and 28.1% as intermediate. Beyond an unhealth-
ier lifestyle than other chronotypes, subjects with evening 
chronotype had significantly higher risk to have T2D and 
cardiovascular diseases compared to morning chrono-
type after adjustment for gender, BMI, sleep quality, and 
adherence to the MD [31]. These findings were also con-
firmed in a cross-sectional study carried out in post-
menopausal women [32]. In this cross-sectional study, we 
enrolled 49 premenopausal and 74 postmenopausal 
women with obesity. Anthropometric parameters, life-
style habits, adherence to the MD, sleep quality, chrono-
type, and the presence of T2D and cardiovascular diseas-
es were studied. No significant differences were detected 
in terms of lifestyle and adherence to the MD between 
pre- and postmenopausal women. In this population, 
53.6% of women were found to have morning chrono-
type, 16.3% evening chronotype, while 30.1% intermedi-
ate chronotype. Although premenopausal women with 
obesity had a significantly higher prevalence of interme-
diate chronotype than postmenopausal women, in both 
groups, evening chronotype was associated with an in-
creased risk of having T2D [32]. Subjects with T2D and 
evening chronotype have been reported to have a worse 
metabolic control than other chronotype categories [9]. 
This cross-sectional study was carried out in 192 diabetic 
subjects in which chronotype categories were assessed us-
ing validated construct derived from mid-sleep time on 
weekends, while 1-day food recall was used to compute 
the temporal distribution of caloric intake. Interestingly, 
each hour delay in mid-sleep time on weekends was as-
sociated with a modestly but significantly higher HbA1c 
of 2.5% of its original value after adjusting for age, sex, 
race, BMI, depressive symptoms, diabetes complications, 
insulin use, and sleep parameters. Latter subjects with 
evening chronotype reported to consume a greater per-
centage of their daily caloric intake at dinner compared 
with other chronotype categories, although the associa-
tion with chronotype was only slightly decreased after ad-
justment for daily calorie distribution at dinner [9]. The 
link between chronotype categories and glucose metabo-
lism includes several causes. First, evening chronotype is 
characterized by an impairment of cortisol secretion as 
compared to morning chronotype. In particular, evening 
chronotype presents a lower cortisol peak upon waking 
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time [33, 34] and higher cortisol concentrations later in 
the morning until lunchtime [33]. Hyperactivity of the 
hypothalamic-pituitary-adrenal axis leading to hypercor-
tisolism, as detected in obesity, results in a further vis-
ceral adipogenesis thus worsening insulin resistance [35, 
36]. Therefore, the impairment of cortisol secretion might 
explain, at least in part, the worse metabolic control in 
subjects with T2D and evening chronotype. Second, sub-
jects with evening chronotype are more prone to eat un-
healthy diet and to perform less regular activities; both 
these characteristics are well-known enemies of metabol-
ic control [2]. Third, subjects with evening chronotype 
mimicked the behavior detected in Clock mutant mice 
that were shown to shift their feeding and activity into 
their normally inactive phase, thus developing obesity 
and obesity-related metabolic complications [37]. This 
suggests that evening chronotype could be also a spy of 
some genetic alteration that at the same time predisposes 
also to metabolic derangement and this was the case of 
certain genotypes of clock and brain and muscle Arnt-like 
protein 1 (BMAL-1) [38–40]. Finally, subjects with eve-
ning chronotype are more prone to develop sleep distur-
bances [41] that through several mechanisms contribute 

to deteriorate glucose metabolism [42]. Evening chrono-
type has been also associated with an increased risk of 
developing cardiovascular diseases [31]. This was due not 
only to the increased risk of developing T2D but also to 
the increased risk of developing hypertension [10]. The 
National FINRISK Study 2007 carried out in 6,258 sub-
jects, being a representative sample of the population 
aged 25 to 74 years living in five areas of Finland, showed 
that subjects with evening chronotype had a 1.3-fold odds 
ratio for arterial hypertension and a faster resting heart 
rate and a lower systolic blood pressure than subjects with 
morning chronotype [10] (shown in Fig.  1). Based on 
these evidence evening chronotype could be considered 
as risk factor for cardiometabolic complications in obe-
sity, mostly having an impact on glucose metabolism and 
blood pressure.

Chronotype and Obesity-Related Cancers

Although there are currently scarce data regarding the 
association of chronotype categories and cancers, chro-
notype could be considered a spy of circadian rhythm, 

Table 1. Epidemiological studies evaluating the relationship between chronotype categories and neoplastic diseases

References Study design Type of endocrine 
cancers

Results

Hurley et al., 2019 [11] Retrospective case-control study Breast cancer Eveningness is associated with a slightly increased risk of 
breast cancer (OR 1.20, 95% CI: 1.05–1.37)

Hahm et al., 2014 [44] Retrospective cross-sectional study Breast cancer Morningness is associated with longer DFI in patients with 
bedtime misalignment (HR 0.539, 95% CI: 0.320–0.906)

Lee et al., 2017 [45] Prospective observational study Breast cancer Eveningness is associated with higher rates of CINV in 
patients treated with neoadjuvant chemotherapy for breast 
cancer (OR 3.53, 95% CI: 1.27–9.79, p = 0.015)

Son et al., 2020 [47] Prospective observational study Breast cancer Morningness is associated with lower rates of CIHF in patients 
treated with adjuvant chemotherapy for breast cancer (OR 
0.37, 95% CI: 0.13–0.96, p = 0.045)

Dickerman, et al. 2016 [43] Prospective observational study Prostate cancer Eveningness is associated with a significantly increased risk of 
prostate cancer (HR 1.3; 95% CI: 1.1, 1.6)

Lozano-Lorca et al., 2020 [46] Population-based case-control study Prostate cancer Eveningness is associated with a higher risk of prostate 
cancer in shift workers (OR 3.14, 95% CI: 0.91–10.76)

Sun et al., 2021 [48] Two-sample mendelian analysis 
conducted on 268 SNPs associated 
with morning chronotype

Prostate cancer Genetically predicted morningness is associated with a lower 
risk of prostate cancer (OR 0.71, 95% CI: 0.54–0.94, p = 0.019)

Von Behren et al., 2021 [49] Retrospective case-control study Endometrial cancer Eveningness is associated with a higher risk of endometrial 
cancer (OR 1.44, 95% CI: 1.09–1.91)

OR, odds ratio; CI, confidence interval; DFI, disease-free interval; CIHF, chemotherapy-induced hot flashes; CINV, chemotherapy-induced nausea and 
vomiting; SNP, single nucleotide polymorphisms.
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and thus, it could be used as a tool to detect circadian 
misalignment that in turn has been associated with the 
risk of developing obesity-related cancers [11, 43–49]. In-
deed, the most studied human model of circadian mis-
alignment is shiftwork that has been defined by the Inter-
national Agency for Research on Cancer [50, 50] as a po-
tential carcinogenic factor [50]. The individual preference 
of daily cycle which is represented by chronotype is set up 
by a combination of genetic and epigenetic factors that 
have influence on physical and mental health [51]. Spe-
cifically, in mammals, circadian rhythms are regulated by 
a set of circadian genes, also known as clock genes. First 
of all, it has been demonstrated that clock-related genes 
that regulate the function of the circadian clock are also 
involved in oncostatic activity. In fact, epigenetic silenc-
ing of BMAL-1 gene has been reported to increase the risk 
of developing hematological cancers, while the inactiva-
tion of Clock and Cry 1/2 genes result in an increased risk 
of solid tumors such as prostate, hepatocellular, ovarian 
cancer, and pleural mesothelioma [52]. Furthermore, in 
subjects with evening chronotype, lower levels of melato-
nin have been detected compared to subjects with morn-
ing chronotype [53], and melatonin has been shown to 
have antioxidant (via stimulation of antioxidant enzymes 
such as glutathione reductase), anti-inflammatory (via 
inhibition of NF-KB pathway), and antiproliferative 
properties (via inhibition of PI3K/Akt, IGF1-R, and HIF-
1 pathways) [54]. Thus, a reduction in melatonin levels 
that frequently occurs in evening chronotype could pro-
mote cell proliferation and pro-inflammatory activity, 
and consequently an increased risk of neoplastic transfor-
mation [55] (shown in Fig. 1). Here, we reported the cur-
rent evidence on obesity-related cancer for which it has 
been also hypothesized a role for chronotype categories 
as neoplastic risk factor (Table 1).

Breast Cancer
Breast cancer is the most common cancer in women 

[56], and it has been reported to be more prevalent in 
women with obesity [57]. This is because adipose tissue 
inflammation represents a favorable milieu for the devel-
opment of cancer. Indeed, high levels of leptin often de-
tected in subjects with obesity as compensatory mecha-
nism to leptin resistance could play a role in promoting 
cancer survival, proliferation, and metastasis through the 
binding of leptin receptors expressed in human breast 
cancer [58]. Furthermore, resistin primarily secreted by 
macrophages not only mediates insulin resistance thus in-
ducing compensatory hyperinsulinemia, a well-known 
risk factor for cancer, but also encourages human breast 

cancer cell growth and metastasis-activating Stat3 and the 
ERM family of proteins [59–62]. Finally, adiponectin that 
is known to suppress the survival and proliferation of hu-
man breast cancer cells [63] and to inhibit carcinogenesis 
[64, 65] has been found to be significantly lower in post-
menopausal women with breast cancer [66]. Additional 
risk factors to obesity, such as prolonged exposure to es-
trogen due to early menarche and delayed menopause 
smoking and alcohol have been identified [67]. Recently, 
chronotype categories have been also hypothesized to play 
a role in the context of breast cancer [11, 44, 45, 47]. In-
deed, a case-control study nested within the CTS cohort 
enrolled 39,686 postmenopausal women [11]. Chrono-
type was assessed by responses to an abbreviated version 
of MEQ. Women with evening chronotype had an in-
creased risk of breast cancer with elevated ORs compared 
to other chronotype categories thus suggesting that eve-
ning chronotype may be an independent risk factor for 
breast cancer in women who are not known to have en-
gaged in any substantial night shift work [11]. A retro-
spective study was carried out in 85 women with meta-
static breast cancer in which chronotype and alignment of 
actual bedtime with preferred chronotype were examined 
using the MEQ and sleep-wake log [44]. The median dis-
ease-free interval (DFI) was 81.9 months for women with 
aligned bedtimes (“going to bed at preferred bedtime”), 
while it was 46.9 months for women with misaligned bed-
times (“going to bed later or earlier than the preferred bed-
time”). After adjustment for several factors influencing 
DFI such as chronotype, estrogen receptor status at initial 
diagnosis and level of natural-killer cell count, misaligned 
bedtimes, often detected in subjects with evening chrono-
type, was associated with shorter DFI compared to aligned 
bedtimes [44]. Although chronotype categories seem to 
have an impact on incidence and course of breast cancer, 
it seems to also play a role in response to treatment [45]. 
Indeed, a prospective observational study carried out in 
women with breast cancer who planned to be treated with 
neoadjuvant chemotherapy before surgery reported that 
overall chemotherapy-induced nausea and vomiting were 
significantly associated with evening chronotype in addi-
tion to a history of nausea/vomiting [45]. Furthermore, 
the impact of chronotype categories has been also investi-
gated in a total of 119 premenopausal women with non-
metastatic breast cancer awaiting adjuvant chemotherapy 
after surgery without hot flashes were included [47]. The 
presence of chemotherapy-induced hot flashes was de-
fined as having moderate to severe hot flashes, as mea-
sured by the subscale of hot flashes in the Menopause Rat-
ing Scale, at 4 weeks after the completion of chemothera-
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py. Chronotype assessment was done using the Composite 
Scale of Morningness before adjuvant chemotherapy. The 
main finding of this study was that morning chronotype 
was inversely associated with chemotherapy-induced hot 
flashes, also after adjustment for age, BMI, sleep quality, 
and radiation therapy [47]. Based on this evidence, the as-
sessment of chronotype categories should be taken into 
account in the prediction and management of breast can-
cer.

Prostate Cancer
Prostate cancer has been reported to be the most com-

mon cancer in males [68] and recognizes obesity to play 
a role in its pathogenesis [69]. This is due to the effect of 
compensatory hyperinsulinemia to insulin resistance of-
ten detected in obesity and to the alteration of sex hor-
mone blood concentrations (decreased serum testoster-
one and peripheral aromatization of androgen) [70]. In 
addition, visceral obesity and hyperinsulinemia are asso-
ciated with hypersecretion of IGF-1, a growth factor that 
is involved in mitogenesis, proangiogenesis, and inhibi-
tion of apoptosis encouraging the cancer progression 
[70]. Hyperinsulinemia is also associated with low plas-
matic concentrations of sex hormones, which may ulti-
mately contribute to the development of poorly differen-
tiated prostate cancer [71]. This effect occurs through the 
inhibition of hepatic sex hormone-binding globulin syn-
thesis thus resulting in an increase in the levels of non-
bound testosterone and dihydrotestosterone that in turn 
blocks the luteinizing hormone secretion, thus inhibiting 
the testicular androgen synthesis [71]. As a consequence, 
men with obesity reported low levels of sex hormone-
binding globulin, luteinizing hormone, and testosterone. 
The increase in leptin levels along with the decrease in 
adiponectin levels could be an additional mechanism that 
contributes to the development of prostate cancer in men 
with obesity [72, 73]. This is because adiponectin has 
been reported to have antitumor effects by inhibiting can-
cer cell growth and by inhibiting inflammation, while 
leptin has been reported to have a pro-tumor effect in hu-
man prostate cancer cell lines by increasing the expres-
sion of antiapoptotic proteins, inflammatory markers 
(tumor necrosis factor-alpha [TNFα] and interleukin 6 
[IL6]), and angiogenic factors [72, 73]. Finally, the in-
creased oxidative stress coming from hypoxia and ische-
mia due to obstruction of capillaries of hypertrophic adi-
pocytes damages the cell DNA [74]. All the above report-
ed mechanisms result in increased proliferation, decreased 
apoptosis, and, eventually, DNA mutations of prostate 
cancer cells.

There are still few scientific evidence supporting an as-
sociation of chronotype and prostate cancer. A case-con-
trol study was carried out in 465 males with prostate can-
cer and 410 controls [46]. The aggressiveness of prostate 
cancer was determined according to the International So-
ciety of Urology Pathology classification. Night shift 
workers were more prone to develop prostate cancer, es-
pecially, rotating night shifts and this association was am-
plified in males with evening chronotype [46]. Data 
drawn from the Older Finnish Twin Cohort including 
11,370 twins followed from 1981 to 2012 reported 602 
incident cases of prostate cancer and 110 deaths from 
prostate cancer [43]. In this study, evening chronotype 
was associated with a significantly increased risk of pros-
tate cancer than morning chronotypes [43]. Given the 
evidence provided by observational epidemiological 
studies, a study was carried out in order to investigate the 
potential causal relationship between chronotype and 
prostate cancer risk using a Mendelian randomization 
design [48]. A total of 268 single nucleotide polymor-
phisms associated with chronotype were selected from a 
meta-analysis of genome-wide association studies of 
697,828 individuals finding that genetically predicted 
morningness (scaled to a sleep midpoint of 1 h earlier) 
had a reduced risk of prostate cancer, with an odds ratio 
of 0.71 (95% confidence interval: 0.54–0.94 by IVW), 
compared with the eveningness thus suggesting a causal 
protective effect of morning chronotype on the risk of 
prostate cancer [48].

Endometrial Cancer
Endometrial cancer has been reported to be one of the 

most prevalent in women with obesity [75]. Beyond being 
a risk factor for development of cancer, obesity seems also 
to play a role in the risk of recurrence and death from 
cancer [75]. The increased amount of adipose tissue as 
detected in women with obesity predispose to the in-
creased aromatization of androstenedione to estrone that 
in turn drives to the development of type 1 endometrial 
cancer through activation of the estrogen receptor, ERα 
[76]. In addition, the imbalance between adiponectin and 
leptin that occurs in obesity is also thought to contribute 
to endometrial carcinogenesis.

There are few data regarding the link between chrono-
type and endometrial cancer. A study was carried out in 
women that were members of the CTS cohort, which was 
established in 1995 [49]. Chronotype was assessed through 
a subsequent questionnaire (Q5), administered in 2012–
2013. The cancer cases were 437, identified through link-
ages to the California Cancer Registry, and were diag-
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nosed between 1996 and 2014, while cancer-free controls 
were 26,753. The prevalence of morning chronotype was 
higher in the controls than in cancer cases (39% and 34%, 
respectively). Evening chronotype was associated with the 
risk of developing endometrial cancer, and this was more 
pronounced in women with obesity. However, because 
this study was based on a retrospective analysis in a cohort 
of mostly white female teachers in California, further 
studies on chronotype categories as a potential endome-
trial cancer risk factor should be carried out [49].

Conclusion

Evening chronotype could represent a risk factor for 
developing obesity and obesity-related complications 
such as cardiometabolic and neoplastic comorbidities. 
Since it has been reported that nutritional challenges are 
able to reprogram “the clock” and that chronotype could 
be also a consequence of (caused by) the entraining effect 
of food constituents or eating patterns on the peripheral 
clocks, evening chronotype might be susceptible of be-
havioral modifications, potentially switching to morning 
or intermediate chronotype after nutritional challenges. 
As well known, the most currently used nutritional ap-
proaches for metabolic diseases are represented by the 
MD and very-low calorie ketogenic diet. Although it has 
not been reported evidence on the effect of the MD on 
circadian rhythm, it could be hypothesized that the food 
cluster of the MD could play a role in this sense as sug-

gested by the property of the MD to improve sleep qual-
ity in subjects with obesity.

Similarly, in a study carried out in fed mice with keto-
genic diet or normal chow for 2 weeks, it has been ob-
served that ketogenic diet induced a phase-advance in pe-
ripheral clocks and behavioral activity, despite a main-
tained light-dark cycle and feeding ad libitum. The 
phase-advance in circadian rhythm results in bedtime 
and wake-up time moved earlier in the day. Although in 
humans there are no studies on the effects of ketogenic 
diet on circadian rhythm, there are studies reporting an 
improvement of sleep structure, which is a direct expres-
sion of circadian rhythm. Thus, a chronotype-driven 
treatment approach could at least potentiate the efficacy 
of anti-obesity treatments.
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