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Chronotype is a behavioral manifestation of the internal circadian clock system. It refers to the specific activity-rest preference of an individual over
a 24-h period and can be assessed using different methodologies that classify individuals into morning or evening chronotype. In recent years,
several studies have suggested a relation between individual chronotype, eating habits, and the risk of developing obesity and other conditions.
Our aim was to evaluate the association between chronotype, energy intake, and health status through a meta-analytic approach. A comprehensive
search of MEDLINE, Embase, Scopus, Web of Science, and Cochrane Database was conducted. Observational studies that reported a measure of
association between chronotype, energy intake, and health indicators were considered eligible. Overall, 39 observational studies (37 cross-sectional
studies, 2 prospective cohort studies) were included in the systematic review, with a total of 377,797 subjects. By comparing morning and evening
subjects, pooled analyses of cross-sectional studies showed significantly (P < 0.001) higher concentrations of blood glucose [mean difference (MD):
7.82;95% Cl: 3.18, 12.45], glycated hemoglobin (MD: 7.64; 95% Cl: 3.08, 12.21), LDL cholesterol (MD: 13.69; 95% Cl: 6.84, 20.54), and triglycerides (MD:
12.62; 95% Cl: 0.90, 24.35) in evening subjects. Furthermore, an association between evening type and the risk of diabetes (OR: 1.30; 95% Cl: 1.20,
1.41), cancer (OR: 1.18; 95% ClI: 1.08, 1.30), and depression (OR: 1.86; 95% Cl: 1.20, 2.88) was reported. Regarding the other outcomes examined, no
significant differences were observed between the groups in terms of energy intake, anthropometric parameters, blood pressure, insulin, total and
HDL cholesterol, and hypertension risk. In conclusion, evening chronotype was associated with a worse cardiometabolic risk profile and higher risk
of diabetes, cancer, and depression. Further studies are needed to confirm these results and to better elucidate the interplay between chronotype,
nutrition, and health status.This systematic review was registered at www.crd.york.ac.uk/prospero/ as CRD42021231044. Adv Nutr2022;13:269-281.

Statement of Significance: This study includes all available observational studies to provide a comprehensive overview of the association
between chronotype, nutritional parameters, and multiple health outcomes.
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Introduction can be used to assess chronotype; the most common is
Circadian rhythms, controlled by the master circadian clock the administering of validated questionnaires, such as the
located in the suprachiasmatic nuclei of the hypothalamus, “Morningness-Eveningness Questionnaire” (MEQ) (3).

regulate daily sleep/wake rhythms, feeding behavior, and In recent years, chrono-nutrition—the science that com-
hormone secretions (1). Individual circadian typology has bines elements of nutritional research with elements of
been summarized under the concept of chronotype, which ~ chronobiology—has received increasing attention given the
refers to the specific activity-rest preference of an individual ~ growing literature revealing a possible association between
over a 24-h period (2). Early risers who are preferentially ~chronotype, dietary habits, and health (4-6). In fact, many
active in the mornings are said to have a morning chronotype, ~ studies suggest that evening subjects have worse eating habits
whereas late risers with more nocturnal activities are said and consume more alcoholic beverages and sweets and less
to have an evening chronotype (61). Different methods whole grains, fish, vegetables, and fruit (4). Furthermore, a
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possible relation between the evening chronotype and higher
BMI; higher concentrations of triglycerides, total cholesterol,
LDL cholesterol, and glucose; and lower concentrations of
HDL cholesterol has been reported (7, 8). Also, in terms
of disease risk, the evening chronotype has been associated
with an increased risk of metabolic disorders (5), type 2
diabetes (9), cardiovascular disease (10), and depression
(11).

Although the most accredited hypothesis is that evening
subjects have a higher risk of cardiometabolic and chronic
diseases, no conclusive data have been obtained and no
systematic reviews and meta-analyses have been conducted
so far. The aim of this study was to carry out a comprehensive
systematic review with meta-analysis of all cross-sectional
and prospective cohort studies hitherto published in order
to obtain an estimate of the association between chronotype,
energy intake, and health status.

Methods

Search strategy

The review protocol has been registered on PROSPERO
(CRD42021231044). According to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (12), all potentially relevant articles were identified
through a computerized search of the main electronic
databases: MEDLINE, Embase, Scopus, Web of Science,
and Cochrane Database, from inception to 1 April, 2021.
Reference lists of the identified studies and previous reviews
were also screened. Search terms included the following key
words, used in combination as Medical Subject Headings
(MeSH) terms and text words: “chronotype,” “diurnal prefer-
ence,” “nocturnal preference,” “circadian typology,” “morn-
ingness,” “eveningness,” and their variants, in combination
with words relating to dietary intake and health status: “en-
ergy intake,” “plasma lipids,” “cholesterol,” “glycemia,” “car-
diovascular diseasex,” “cancer,” “obesity,” “body mass index,”
“diabetes,” “metabolic syndrome,” “depression,” “mortality,”
“health,” “health status,” and their variants. Supplemental
Table 1 provides a more exhaustive search strategy list, for
each database. No language limitations were applied.

Data selection

Two authors (SL and MD) independently assessed poten-
tially relevant articles for eligibility. Observational stud-
ies (cross-sectional and prospective cohort studies) that
reported a measure of association between chronotype,
energy intake, and/or health indicators were considered
eligible for inclusion. Eligibility criteria are summarized in
Supplemental Table 2, by following the PECOS (Population,
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Exposure, Comparator, Outcomes, Study design) framework.
Inclusion criteria were as follows: I) Population: adults
(>18 y old); 2) Exposure: evening chronotype; 3) Com-
parator: morning chronotype; 4) Outcomes: energy intake,
cardiometabolic parameters [BMI, total cholesterol, LDL
cholesterol, HDL cholesterol, triglycerides, glucose, insulin,
glycated hemoglobin (HbAlc), systolic blood pressure, di-
astolic blood pressure], chronic degenerative diseases (e.g.,
cardiovascular diseases, cancer, depression); 5) Study design:
cross-sectional and prospective cohort studies.

Exclusion criteria were as follows: I) Population:
nonadults (<18 y old), pregnancy, and postpartum; 2)
Exposure: intermediate chronotype; 3) Outcomes: outcomes
assessed with questionnaires (e.g., anxiety, depressive
moods); 4) Study design: case-control studies (to minimize
bias in recall and selection), review articles, letters to the
editor, comments, case reports, and randomized controlled
trials. Studies not reporting sufficient data to allow
calculation of differences between subjects with evening
preference and subjects with morning preference were
excluded as well. When multiple articles for a single cohort
were present, the most recent publication was considered.
Missing data or necessary additional information were
requested from the corresponding authors of the articles.

The decision to include studies was initially based on
the title, the abstract, and full-text screening. In case of
disagreement between the 2 reviewers, a third reviewer (FS)
was consulted to reach consensus.

Data extraction

Two authors (SL and MD) independently extracted data
from each study using a standardized form. Disagreements
were resolved by consensus, or by a third investigator
(FS) if consensus could not be reached. The spreadsheet
was elaborated in Microsoft Excel® for Windows (2007)
and was prepiloted, on 5 randomly selected articles, to
ensure methodological concordance among the authors.
The following data were extracted: first author and year
of publication, study design, country of study population,
age, sex, length of follow-up (when applicable), method
used to assess individual chronotype, number of partic-
ipants with morning chronotype, number of participants
with evening chronotype, definition of outcome of interest,
measures of effect size and Cls, and details of adjustment
for confounding factors in the multivariate model (when
available). If the results were reported separately for women
and men, they were included in the analysis as separate
populations.

Continuous outcomes were reported as follows: energy
intake (kcal), body weight (kg), BMI (in kg/m?), fat
percentage (%), systolic blood pressure (mm Hg), dias-
tolic blood pressure (mm Hg), glucose (mg/dL), insulin
(uU/mL), HbAlc (%), insulin resistance score (HOMA-IR),
total cholesterol (mg/dL), LDL cholesterol (mg/dL), HDL
cholesterol (mg/dL), and triglycerides (mg/dL). When data
were provided in mmol/L, they were transformed into mg/dL
for consistency of results.
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Quality assessment

Two authors (SL and MD) independently assessed the
methodological quality of the included studies using the
Newcastle-Ottawa Scale (NOS) (13). Any incongruity was
discussed and resolved with a third reviewer (FS). This
scale assesses each study in 3 domains: the selection of
the participants for each group, the comparability between
the study groups, and the ascertainment of the outcome.
We considered high-quality studies those that achieved >7
points, medium-quality studies those with 4-6 points, and
poor-quality studies those with <3 points.

Statistical analysis

All data were analyzed using Review Manager (RevMan;
version 5.4 for Macintosh). Pooled results were reported
as mean difference (MD), OR, or HR and presented with
95% ClIs with 2-sided P values. A random-effects model
(DerSimonian and Laird method), which accounts for
interstudy variation and provides a more conservative effect
than the fixed model, was used. Meta-analysis was conducted
if >2 studies were available for an outcome. When available,
the results of the original studies with the most complete
adjustment for potential confounders were used.

The chi-square Cochran’s Q test with the I statistic was
calculated to assess the statistical heterogeneity between
studies. The I* value determined the appropriateness of
pooling the individual study results and provided a variance
estimation across studies based on heterogeneity rather than
chance (14). Where I* was >50%, heterogeneity was defined
as substantial and subgroup analyses were performed to
establish the source of the heterogeneity (15). We assessed
whether there were differences related to geographical region
[Northern compared with Southern countries, as defined by
Brandt (16)], study populations (clinically healthy subjects
compared with patients, i.e., subjects with a clinical diagnosis
of disease), and study quality (low = studies with scores < 3
on the NOS; moderate = studies with scores ranging from 4
to 6 on the NOS; high = studies with scores > 7 on the NOS).
To establish the robustness of the results, a sensitivity analysis
was conducted by removing each study one-by-one from
the meta-analysis and recalculating the summary estimate
(the “leave-one-out” approach). If > 10 studies were available,
the possibility of publication bias was investigated by visual
inspection of a funnel plot of effect size against SE. A P
value < 0.05 was considered statistically significant.

Results

Literature search and study characteristics

Figure 1 shows the selection process, in accordance with
PRISMA guidelines. Initial databases and other searches
yielded 7194 articles. After review and elimination of
duplicates, 251 articles were identified as potentially relevant
for analysis. Of these, 212 were excluded based on full-text
evaluation. At the end of the selection process, 39 articles
with a total of 377,797 subjects (75% morning types, 25%
evening types) met the inclusion criteria and were included in

the analysis. Most of the studies had a cross-sectional design
(n=37), and Tables 1 and 2 summarize their characteristics.
As for the prospective cohort studies, only 2 studies were
identified, and Table 3 shows their characteristics.

Overall, 18 studies were conducted in Europe (of which
8 were in Scandinavian countries), 12 studies in Asia,
and 9 studies in the United States. Most of the studies
(n = 37; 95%) used the MEQ (in its full or reduced
form) to assess chronotype, whereas only 2 studies used
the Munich Chronotype Questionnaire (MCTQ). Six studies
(15%) were conducted only in women and 2 (5%) only
in men. Nine studies (22.5%) were conducted on subjects
with a clinical diagnosis of disease. Regarding adjustment
for possible confounders, only 10 studies (25.6%) reported
adjusted results, and in some cases only few factors were
considered. Based on the NOS assessment, 9 studies (23.1%)
were of high quality, 25 (64.1%) of medium quality, and 5
(12.8%) of low quality. Supplemental Tables 3 and 4 give a
detailed description of the quality assessment of the cross-
sectional and prospective cohort studies, respectively.

Chronotype, energy intake, and cardiometabolic risk
factors

Table 1 shows the characteristics of cross-sectional studies
that investigated the association between chronotype, energy
intake, and cardiometabolic risk factors. In particular, the
following outcomes were examined: energy intake (n = 16),
body weight (n = 7), BMI (n = 33), fat mass percentage
(n = 5), systolic blood pressure (n = 9), diastolic blood
pressure (n = 9), fasting blood glucose (n = 8), HbAlc
(n=7), insulin (n = 2), HOMA-IR (n = 2), total cholesterol
(n = 6), HDL cholesterol (n = 9), LDL cholesterol (n = 6),
and triglycerides (n = 8).

Figure 2 shows the forest plot of cross-sectional studies
summarizing the association between chronotype, energy
intake, and cardiometabolic risk factors. By comparing
evening and morning subjects, pooled analysis of 8 studies
(5, 7, 8, 18, 19, 21, 28, 42) showed significantly higher
concentrations of fasting blood glucose in evening subjects
than in morning subjects (MD: 7.82; 95% CI: 3.18, 12.45),
with substantial heterogeneity between studies (I> = 94%,
P < 0.00001). Another significant difference between groups
was observed for HbAlc, where the pooled analysis of
7 studies (1, 5, 8, 17, 19, 42, 43) showed significantly
higher concentrations of HbAlc in evening subjects than in
morning subjects (MD: 7.64; 95% CI: 3.08, 12.21). Again,
heterogeneity was high (I> = 98%, P < 0.00001). Finally,
evening subjects reported significantly higher concentrations
than morning subjects of LDL cholesterol (MD: 13.69; 95%
CIL: 6.84, 20.54) and triglycerides (MD: 12.62; 95% CI: 0.90,
24.35) in 6 (8, 18, 21, 17, 30, 40) and 8 studies (5, 7, 8,
17-19, 21, 30), respectively, with substantial heterogeneity
between studies in both cases (I> = 85%; P < 0.00001
and I* = 100%; P < 0.00001, respectively). No significant
differences between the groups were reported for energy
intake, anthropometric parameters, blood pressure, insulin,
HOMA-IR, total cholesterol, and HDL cholesterol.
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Identification of studies via databases and registers

Records identified from:
Cochrane (n = 275)
Embase (n = 1508)
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v
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Identification

v

Duplicate records removed (n = 3298)

Records excluded based on title and

(n = 3896)
!

Reports sought for retrieval

abstract
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v

Reports not retrieved

(n=251)
v
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Screening

\ 4

(n=0)

Reports excluded (n = 212):

(n=251)

Studies included in review
(n=39)

Included

FIGURE 1

Chronotype and risk of diseases

Table 2 summarizes the characteristics of cross-sectional
studies that investigated the association between chronotype
and the risk of hypertension (n = 5), diabetes (n = 7),
cancer (n = 3), depression (n = 2), cardiovascular dis-
ease (n = 1), myocardial infarction (n = 1), stroke
(n = 1), and metabolic syndrome (n = 1). As depicted in
Figure 3, meta-analytic pooling under a random-effects
model showed an increased risk of diabetes (OR: 1.30; 95%
CI: 1.20, 1.41; > = 39%; P = 0.13), cancer (OR: 1.18; 95%
CI: 1.08, 1.30; I* = 0%; P = 0.82), and depression (OR: 1.86;
95% CI: 1.20, 2.88; I> = 62%; P = 0.11) among evening
subjects, with nonsignificant (P > 0.05) heterogeneity be-
tween studies. In contrast, no association with hypertension
emerged.

Subgroup analyses and publication bias

To examine the potential sources of heterogeneity, subgroup
analyses were conducted (Table 4). For fasting blood glucose
and HbA ¢, the heterogeneity disappeared (I* = 6%; P = 0.37
and I = 0%; P = 0.99, respectively) when populations with
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v

Inappropriate outcome (n = 65)

Did not meet inclusion criteria (n = 55)
Inadequate statistical data (n = 88)
Duplicate data (n = 4)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for search strategy.

a clinical diagnosis of disease, which were also the studies
reporting the greatest difference between evening and morn-
ing subjects, were excluded. The opposite was observed for
triglycerides, where the heterogeneity disappeared (I> = 0%;
P =0.96) when only patients were considered. A significant
difference according to geographical region was observed
for LDL cholesterol and triglycerides, with no heterogeneity
among studies conducted in Southern countries (I = 0%;
P = 0.53 and I* = 0%; P = 0.43, respectively). Finally,
heterogeneity was reduced to 9% (P = 0.30) for blood glucose
when only medium-quality studies were considered, and it
disappeared for blood glucose and HbAlc when only high-
quality studies were considered, suggesting that the quality of
the original studies may influence the results.

To confirm that our findings were not driven by any single
study, a leave-one-out sensitivity analysis was performed. In
this case, little change in the quantitative summary measures
of MD or OR with the 95% CI was reported, with no study
influencing results for all outcomes. Publication bias was
assessed for energy intake and BMI, the outcomes assessed in
>10 studies, using the funnel plot (Supplemental Figure 1).
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TABLE 3 Characteristics of prospective cohort studies evaluating chronotype and diseases'

Country
(cohort, length

Study

Morning type, Definition of Evening type, Definition of

Study
population

Adjustment quality

n/total n evening type Outcome HR (95% Cl)

morning type

n/total n

Age, y2

Sex

of follow-up)

Study

Medium

Age, family history of diabetes,

93/22,089 Question no. 19 49/7029 Question no. 19 Diabetes 1.01(0.73,

25-42 Nurses

USA (NHSII, 6 y) F

Vetter et al.

smoking, alcohol intake, physical

1.38)

of MEQ

of MEQ

(36)

ty, diet score, oral

activi

aceptive use, menopausal

conti

, postmenopausal hormone

o

statu:
use,

leep duration, median annual

ehold income, depressive

7l

)

hou

symptoms, cumulative rotating

night-shift work exposure since

1989, BMI
Age, education, BMI, physical activity,

High

Question no. 19 Prostate cancer 13(1.1,16)

181/1117

208/3159 Question no. 19

Twins

40£121

M

Finland (OFTC,

30y)

Dickerman et

social class, smoking status, alcohol

use, snoring, zygosity

incidence

of MEQ

of MEQ

al. (38)

TMEQ, Morningness-Eveningness Questionnaire; NHSII, Nurses'Health Study Il; OFTC, Older Finnish Twin Cohort.2Values are reported as mean = SD.

For both outcomes, the shape of the funnel plot showed little
asymmetry, suggesting little evidence of publication bias.

Discussion

To our knowledge, this is the first systematic review
with meta-analysis including all available cross-sectional
and prospective cohort studies estimating the association
between chronotype, energy intake, and multiple health
outcomes. The overall analysis included 39 studies with a
total of 377,797 subjects. Evening subjects were found to
be associated with a worse cardiometabolic profile. In fact,
they showed significantly higher concentrations of fasting
blood glucose, HbAlc, LDL cholesterol, and triglycerides
than morning individuals, and a significantly higher risk of
diabetes, cancer, and depression.

Because a wide range of physiological and metabolic
functions are set and programmed by the time of day, the
interaction between circadian rhythms, food intake, and
health status has been increasingly studied in recent years.
Circadian rhythms are cyclical endogenous processes that
occur with a periodicity of ~24 h and play an important
role in regulating sleep/wake cycles, metabolism, hormonal
secretions, immune function, and cell cycle control (47,
49). Despite the regulation of the master circadian clock,
humans living in modern industrialized societies often
engage in behaviors that are inappropriately timed relative
to their endogenous circadian system, or chronotype (19).
The 24-h access to light, irregular eating patterns, and social
rhythms imposed by professional obligations and school
schedules can result in a timing mismatch, defined “circadian
misalignment” or “chrono-disruption” (50). As reported by
a growing body of evidence, this misalignment can disrupt
the natural oscillations of physiologic processes such as
the regulation of blood pressure and glycemic and lipid
metabolism, resulting in an increased risk of obesity and
chronic degenerative diseases (6). Furthermore, it seems
that the evening chronotype is associated with a higher
risk of chrono-disruption and consequently with developing
pathological conditions (40), probably because the circadian
phase of such individuals is shifted by as much as 2-3 h (6).

In this meta-analysis, both daily energy intake and
anthropometric parameters were evaluated. Previous studies
have suggested that evening subjects consume more calories
during the day (18, 21, 29, 51) and have a lower-quality diet
(4, 22, 52) than morning subjects. One possible explanation
for this behavior is that disruption of the circadian system
affects appetite, energy expenditure, and several determi-
nants of obesity (53). However, no significant differences in
energy intake, body weight, BMI, and fat mass percentage
were observed between the 2 chronotypes in our analysis,
probably owing to the high heterogeneity in terms of study
population and sample size of the studies included in the
meta-analysis.

On the other hand, significantly higher concentrations
of fasting blood glucose, HbAlc, LDL cholesterol, and
triglycerides were reported in evening subjects than in morn-
ing subjects. From a chronobiological perspective, glucose
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Outcomes

Energy intake, kcal
Body weight, kg

BMI, kg/m?2

Fat percentage, %
Systolic BP, mm Hg
Diastolic BP, mm Hg
Blood glucose, mg/dL
HbA1¢, mmol/mol
Insulin, pU/mL
HOMA-IR

Total cholesterol, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL

Triglycerides, mg/dL

type, n
16 8132
7 10,353
33 158,680
5 8022
9 8777
9 8777
8 2066
7 1026
2 1190
2 1590
6 917
9 2139
6 432
8 2107

Studies, n  Morning Evening

type, n

5017

2867

54,552

3748

3369

3369

1642

687

1055

mnm

520

1638

343

1621

Mean Difference
(Random, 95% CI)

-50
Morningness

T
50
Eveningness

MD (95% CI)

13.70(-18.16, 45.56)

0.06 (-1.32, 1.44)

0.35 (-0.05, 0.76)

-0.07 (-0.36,0.21)

-1.80 (-5.34, 1.75)

-0.02 (-1.80, 1.75)

7.82(3.18, 12.45)

7.64(3.08, 12.21)

0.55 (-0.21, 1.30)

0.12(0.00, 0.25)

3.79 (-1.70, 9.28)

-2.21(-4.42,0.01)

13.69 (6.84,20.54)

12.62 (0.90, 24.35)

Pvalue

0.40

0.93

0.08

0.61

0.32

0.98

0.0009

0.001

0.05

<0.0001

0.03

2 %

89
57

96

95
92
94
98

51

64
93
85

100

P-het

<0.001

0.03

<0.001

0.98

<0.001

<0.001

<0.001

<0.001

0.30

0.02

<0.001

<0.001

<0.001

FIGURE 2 Forest plot summary of the association between chronotype, energy intake, and cardiometabolic risk factors assessed in
cross-sectional studies. MD, mean difference; P-het, probability of the null hypothesis that there is no heterogeneity between studies.

metabolism in humans follows a circadian rhythm through
diurnal variation in glucose tolerance, which typically peaks
during the daytime hours, when food consumption usually
occurs, and declines during the nighttime hours, when
fasting usually occurs (54). As previously reported, evening

Outcomes Studies, n

Hypertension 5

Diabetes 7
Cancer 3
Depression 2

FIGURE 3 Forest plot summary of the association between chronotype and disease risk assessed in cross-sectional studies. P-het,

Morning
type, n

5865

203,044

42,148

2344

Evening
type, n

1684

66,567

14,164

982

|

OR
(Random, 95% CI)

|

T
0.1

Decreased risk

T
10

Increased risk

probability of the null hypothesis that there is no heterogeneity between studies.
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OR (95% Cl)

0.99(0.77, 1.27)

1.30 (1.20, 1.41)

1.18 (1.08, 1.30)

1.86 (1.20, 2.88)

P value

0.93

<0.00001

0.0004

0.006

2 %

29

39

0

62

subjects tend to eat later than morning ones (1, 18) and
this may be associated with poorer glycemic control and
increased risk of type 2 diabetes (1, 9). In addition, it has been
reported that plasma triglyceride concentrations are elevated
during the biological nighttime, and that the postprandial

P-het

0.23

0.13

0.82



TABLE4 Subgroup analyses’

Triglycerides

MD (95% Cl)

LDL cholesterol

MD (95% ClI)

HbA1c

MD (95% Cl)

Blood glucose

MD (95% ClI)

? (P-het)

? (P-het)

? (P-het)

I (P-het)

n

Geographical region

99% (<0.00001)

7.54(—3.37,1845)
26.99 (26.55,27.43)

5

3

88% (<0.00001)

16.22 (8.19, 24.26)

4
2

94% (<0.00001)
97% (<0.00001)

8.37 (2.34,14.40)
6.47 (1.08,11.86)

4
3

2.25(—0.39,4.88) 66% (0.03)

14.58 (2.14,27.02)

4
4

Northern

0% (0.43)

0% (0.53)

840 (1.44,15.36)

97% (<0.00001)

Southern
Study population

1009 (<0.00001)

10.68 (—2.96, 24.33)
18.02 (13.71,22.33)

5

3

90% (<0.00001)
75% (0.04)

12.80(5.22,20.37)

4
2

0% (0.99)

1.00 (0.63,1.37)
10.77 (4.87,16.68)

2
5

6% (0.37)

1.01 (—=0.04, 2.05)
22.88(9.85,35.92)

5
3

Clinically healthy subjects

Patients?
Study quality

0% (0.96)

16.40 (=9.70,42.52)

94% (<0.00001)

87% (0.0004)

96% (<0.00001)

9% (0.30)
0% (0.99)

12.22 (3.46,2098)
6.50 (3.25,9.75)

3
2
2

31.80(20.58,43.02)
7.91(1.33,14.49)
143 (-0.67,3.53)

1
5
2

Low (<3 points, NOS)

97% (<0.0001)

9.62 (—6.75, 26.00)
16.57 (—2.08,35.21)

5

3

85% (<0.0001)

14.84(7.11,22.56)

5

1

95% (<0.00001)
0% (0.43)

Medium (4-6 points, NOS)
High (7-9 points, NOS)

100% (<0.00001)

9.20(1.80, 16.60)

1.00 (0,63, 1.37)

"HbA1c, glycated hemoglobin; /2, magnitude of heterogeneity; MD, mean difference; n, number of studies; NOS, Newcastle-Ottawa Scale; P-het, probability of the null hypothesis that there is no heterogeneity between studies.

2Subjects with a clinical diagnosis of disease (diabetes, inflammatory bowel disease, acute myocardial infarction).

response after a night meal is amplified compared with
the same meal consumed during the day (55). Our results
reinforce this hypothesis, because both glycemic and lipid
profiles were worse in evening subjects.

Consistent with a worse cardiometabolic risk profile,
evening subjects also reported an increased risk of developing
diseases such as diabetes, cancer, and depression. Regarding
cancer, evidence suggests that the direct disruption of
the functions of circadian clock genes that control cell
proliferation, or disruptions of clock-controlled settings
such as sleep disturbances, may increase the risk (56,
57). Another hypothesis, called light-at-night, places the
hormone melatonin at the center of the cancer disease
process. It argues that melatonin is a major scavenger of
reactive oxygen species (1). Because melatonin is primarily
produced at night and suppressed by light, oncogenesis
becomes more likely when people are exposed to light at
night (1). Regarding depression, our results are in line with a
previous meta-analysis that investigated the relation between
chronotype and mood disorders such as depression, bipolar,
and seasonal disorders (2). Indeed, evening subjects seem to
be potentially associated with major depressive disorder (1, 2,
24, 37, 58), likely owing to a change in the rhythmic activity
of neurotransmitter systems involved in mood regulation,
including dopamine and serotonin secretion (58).

There are some limitations that should be discussed. First,
in the included studies, chronotypes were assessed through
self-reported questionnaires (the MEQ, reduced MEQ, the
19th question of the MEQ, and MCTQ), which are generally
accepted, but are susceptible to bias. To date, the most reliable
circadian phase marker in humans is the dim light melatonin
onset, but the cost of this test is relatively high to allow its use
in epidemiologic studies. Other reliable and valid methods to
detect the circadian rhythm in humans are polysomnography
or actigraphy, but their use in epidemiologic studies also has
limitations owing to high costs and the specific expertise
required. To consolidate our findings and to better examine
how chronotype may affect the association between chrono-
nutrition and health, further research on the best methods
to assess chronotype is required. Second, the overall analysis
for several outcomes such as insulin, HOMA-IR, cancer, and
diabetes was performed in a limited number of studies, thus
reducing the statistical power of the analysis. Furthermore,
the possibility of publication bias could only be assessed for
the 2 outcomes with >10 available studies. In this regard,
publication bias is known to be a major threat to the validity
of meta-analyses. Indeed, a higher probability of including
statistically significant positive results generally causes an
increase in the false-positive rate. Therefore, further well-
conducted studies are needed to confirm these results and to
better elucidate the interplay between chronotype, nutrition,
and health status. Third, most of the included studies were
cross-sectional. Although useful for identifying associations,
these studies cannot infer causality or analyze behavior over
time. Additional longitudinal or experimental studies are
needed to investigate a possible cause-and-effect relation.
Fourth, most of the included studies did not account for
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confounders. Given that previous researchers have suggested
that morning people tend to be more persistent, cooperative,
conscientious, proactive, and less likely to procrastinate
than evening people (59, 60), we cannot rule out that
chronotype differences are due to subject characteristics
and behaviors that lead to the morning instead of the
evening state rather than a disruption of circadian rhythms.
Finally, the high heterogeneity among the studies in terms of
country, population, sample size, and chronotype assessment
introduces a limitation in the interpretation of the results.
Despite all these limitations, however, our study has several
strengths, such as a rigorous search and selection strategy
that identified all available cross-sectional and prospective
cohort studies examining the relation between chronotype
and health status, and the fact that most of the included
studies were of good methodological quality.

In conclusion, we report, to our knowledge for the
first time in a systematic review with meta-analysis, the
possible association between evening chronotype, worse car-
diometabolic risk profile, and increased risk of cardiovascular
diseases, diabetes, cancer, and depression. The limitations
of the available literature and the methods used to define
individual chronotype, which need improving, reduce the
applicability of these results to the general population. In
addition, the underlying biological mechanisms that explain
the link between chronotype, dietary habits, and health
status need to be better understood and future experimental
designs capable of drawing causal inferences are needed.
Further research is also needed to better understand how
to effectively apply the concept of chrono-nutrition in
communities and in clinical practice. Nonetheless, these
results provide a greater understanding of the relation
between chronotype, diet, and health, and contribute to
developing chronobiological approaches for the prevention
and treatment of cardiometabolic and chronic disorders.
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