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Introduction

 Diet is a major risk factor for cardiovascular disease and contributes to 7.94
million CVD-related deaths annually.

 The accelerated modern lifestyle linked with the perception of lacking time in
Western societies, and the current surge in fasting practices promoting meal
skipping, has led to mistimed nutritional behaviours, such as late-night eating and
breakfast skipping.

 The daily eating/fasting cycle is a dominant synchroniser of circadian rhythms in
peripheral organs including mainly the liver, but also the heart, kidney and
pancreas, and has an influence on cardiometabolic functions including the
regulation of blood pressure.
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Introduction…

 Data from observational and interventional studies indicate that
breakfast consumption is an important habit for cardiometabolic health
while its omission has been associated with overweight and obesity, risk of
CVD and diabetes mellitus.

 Similarly, late-night eating has been linked in prospective studies to
cardiovascular risk factors such as arterial stiffness, obesity, dyslipidaemia,
metabolic syndrome (in women only) and to a higher risk of coronary
heart disease in one prospective study.
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Introduction…
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Methods

The NutriNet-Santé cohort

The NutriNet-Santé cohort study was launched in France in 2009 and aimed to better
understand the relationship between nutrition and health. This is an ongoing web-based
cohort study that targets volunteers aged 18 or older recruited through various
multimedia channels (https://etude-nutrinet-sante.fr/).

Participants are invited to complete a set of questionnaires including data on socio-
demographics and lifestyle, physical activity (through a validated 7-day assessment, the
International Physical Activity questionnaire - short form [IPAQ]), anthropometrics, health
status and diet (details below).
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Methods…

Dietary assessment

Diet was assessed from baseline with bi-annual series of 3 random records of 24 h food
intake (including information on a non-working day).

Participants had to report all foods and beverages consumed and also when during the
day they consumed them.

Baseline dietary intakes were assessed by averaging the consumption over the food
records available from the two first years of follow-up, considered as the habitual dietary
behaviours.

We estimated mean daily intakes of energy, alcohol, macro and micronutrients for this
period. We used basal metabolic rate and the Goldberg cut-off method to identify and
exclude energy under reporters.
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Methods…

 To estimate the time of first and last meal of the day and the number of eating
occasions, we computed an average of the food records available from the first two
years of follow-up and we included only participants with at least 3 dietary records.

 An eating occasion was defined as the intake of any food or beverage of at least 1 kcal,
thus excluding water drinking but including all other eating episodes.

We also decided to exclude participants reporting the consumption of a first meal after
3PM or a last meal before 3PM since they corresponded to very disrupted circadian
behaviours (e.g. night shift workers).

 Finally, we calculated nighttime fasting duration as follows: 24 h minus the time elapsed
between the first and the last meal of the day.
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Methods…

 Ascertainment of cardiovascular disease events

Major health events, including CVD, were self-reported by the participants through a
health questionnaire sent every 6 months, or through a permanently available platform
dedicated to health events collection on the NutriNet-Santé website.

Physicians from the research team reviewed the medical records and validated health
events and in case of any doubt contacted the physician of the participant. Similarly,
participants’ families or doctors were contacted if there was no response in the website
for more than a year.

Finally, deaths were assessed with the linkage to the French national cause-specific
mortality registry (CépiDC).

We classified stroke and transient ischemic attack as cerebrovascular diseases and
myocardial infraction, angina pectoris, acute coronary syndrome and angioplasty as
coronary heart diseases. 8



Methods…

Statistical analyses

 As of October 5th 2021st, 103,389 participants without prevalent CVD at baseline were
included in the present analyses.

 Time of first and last meal of the day and number of eating occasions were considered as
continuous (per hour increase and per meal increase, respectively) and categorical
variables, as an approximation of the tertiles in the general population.

 We built cause-specific Cox proportional hazards models to estimate hazard ratios (HR) and
95% confidence intervals (CI) for the associations of meal timing and number of eating
occasions with risk of developing overall CVD, cerebrovascular diseases and coronary heart
disease.
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Results

Overall, younger participants, students or unemployed, single, without

a family history of CVD, current regular smokers, with higher physical

activity levels, higher educational levels and lower monthly incomes

tended to have later first and last meals.
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Results…

Association of meal timing and number of eating occasions with CVD risk

During a median follow-up time of 7.2 years (1st quartile [Q1] – 3rd quartile
[Q3], 3.1–10.1) and 699,547 person-years, 2036 incident cases of CVD were
ascertained.

There were 988 cases of cerebrovascular diseases (253 cases of stroke and
765 of transient ischemic attack) and 1071 cases of coronary heart diseases
(162 cases of myocardial infraction, 428 of angioplasty, 89 of acute coronary
syndrome and 428 of angina pectoris).
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Results…

We observed that each
additional hour in delaying the
time of first meal of the day was
associated with a higher risk of
overall CVD (HR = 1.06, 95% CI
1.01–1.12, P-value = 0.02).
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Results…

Each additional hour in delaying
the time of last meal was
associated with an 8% increased
risk of cerebrovascular disease
(HR = 1.08, 95% CI 1.01–1.15, P-
value = 0.02): more specifically,
compared to a last meal before
8PM, a last meal after 9PM was
associated with a 28% higher
risk of cerebrovascular disease
(HR = 1.28, 95% CI 1.05–1.55, P-
trend < 0.01).
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Results…

Each additional hour of nighttime
fasting was associated with a 7%
lower risk of cerebrovascular disease
(HR = 0.93, 95% CI, 0.87–0.99, P-
value = 0.02), but not with risk of
overall CVD or coronary heart
disease.



Differences by sex

The results showed a statistically significant interaction between sex and time
of last meal of the day for the associations with overall CVD (p-value = 0.01)
and coronary heart disease risk (p-value = 0.004).

The results suggest stronger associations in women than in men.

Specifically, the results show that later times of first and last meals were
significantly associated with a higher risk of overall CVD and cerebrovascular
disease for women but not for men (Table 4).
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Discussion

In this large prospective cohort study, later times of first and last meals were
independently associated with a higher risk of overall CVD. These
associations were stronger in women than in men.

We observed no link between the daily number of eating occasions and the
risk of overall CVD.

In animal models, delaying the first meal of the day by 4 hours increased
body weight, hepatic lipids and adipose tissue weight and delayed circadian
oscillation of genes related with lipid metabolism.
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Discussion…

Mimicking late-night eating in mice has been also associated with weight gain, hepatic lipid
accumulation, inflammation and microbial dysbiosis.

Evidence from RCTs suggests that a later evening meal can lead to glucose intolerance,
insulin resistance, increased cholesterol and triglyceride levels and BMI. Food intake when
melatonin levels are high, during the rest phase, could lead to glucose intolerance and
hyperglycaemia.

As seen from animal and human studies, having a later first and last meal of the day could
be linked to CVDs through weight gain. However, in sensitivity analyses we adjusted our
primary models for weight gain during follow-up and results did not substantially change,
suggesting other mechanisms could be explaining these associations.

26



Discussion…

Skipping breakfast was associated with elevated risk of cardiovascular disease (relative risk 
1.22 95% confidence interval 1.10–1.35) and all cause mortality (relative risk 1.25 95% 

confidence interval 1.11–1.40) compared with eating breakfast regularly.
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Strengths of study

The sample size, prospective design and detailed assessment of circadian dietary
behaviours encompass the main strengths of this study.

These behaviours were measured using dietary records, which are less subject to recall
and misclassification bias than are dietary recalls or ad-hoc questionnaires.

The large panel of questionnaires in the NutriNet-Santé cohort enabled us to control for
a large number of well measured potential confounders, reducing the risk of
confounding in the present analyses. Besides, the observational, yet prospective design
has allowed us to study the long-term associations (follow-up from 2009 to 2021)
between meal timing and cardiovascular diseases, which would be challenging to
investigate in interventional studies, especially with hard endpoints.
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Limitations of study…

Although we accounted for a large panel of confounders, given the observational nature
of this study, residual confounding cannot be completely ruled out.

We had no information on exposure to light-at-night, use of recreational drugs, as well as
timing of physical activity, medication or alcohol consumption which are all potential
disruptors of circadian rhythms. Future studies collecting accelerometery data could be of
interest to objectively account for physical activity timing and patterns.

Participants in the NutriNet-Santé cohort are volunteers and are more likely to be women,
have a higher socioeconomic status and healthier behaviour patterns than the general
population, somehow limiting the extrapolation of these results.

Lastly, even though meal timing showed associations with cardiovascular outcomes in our
study, CVD remains amultifactorial disease, and meal timing alone could not explain the
trends in CVD incidence across countries, as other demographic, lifestyle, genetic and
environmental factors are involved.
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Conclusion

To conclude, in this large prospective study, later times of first and last meals
were associated with a higher risk of overall CVD.

These findings suggest that, beyond the nutritional quality of the diet itself,
recommendations related to meal timing for patients and citizens may help
promoting a better cardiometabolic health.
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نتیجه گیری

NutriNet-Santéمطالعهاین cohort103،389روی2021تا2009سالازفرانسهواسپانیادر
ماریهایبیبروزباشاموصبحانهخوردنزمانمیانارتباطبررسیمطالعهاینهدف.استشدهانجامفرد
بروزتمالاحشودمصرفدیرترشاموصبحانههرچه"کهدادنشانمطالعهنتایج.استبودهعروقیقلبی

".یابدمیافزایشخانمهادربالاخصعروقیقلبیبیماریهای

مصرفشب9ساعتازقبلشاموصبح8ساعتازقبلصبحانهشودمیپیشنهادلذا
.شود

عثباآنمنظممصرفبهنسبتصبحانهحذفکهاستشدهمشاهدهدیگریمطالعهدرهمچنین
.شودمیکلیمیرومرگریسکدرصدی25افزایشوعروقیقلبیبیماریهایدرصدی22افزایش
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