
Circulation

November 25, 2025� Circulation. 2025;152:e408–e419. DOI: 10.1161/CIR.0000000000001388

Circulation is available at www.ahajournals.org/journal/circ

e408

 
© 2025 American Heart Association, Inc.

AHA SCIENTIFIC STATEMENT

Role of Circadian Health in Cardiometabolic 
Health and Disease Risk: A Scientific Statement 
From the American Heart Association
Kristen L. Knutson, PhD, FAHA, Chair; Debra D. Dixon, MD, MS; Michael A. Grandner, PhD, MTR, FAHA;  
Chandra L. Jackson, PhD, MS; Christopher E. Kline, PhD, FAHA; Lisa Maher, DNP; Nour Makarem, PhD, FAHA;  
Tami A. Martino, PhD; Marie-Pierre St-Onge, PhD, FAHA; Dayna A. Johnson, PhD, MPH, FAHA, Vice Chair; on behalf of the 
American Heart Association Council on Lifestyle and Cardiometabolic Health; Council on Cardiovascular and Stroke Nursing; 
Council on Clinical Cardiology; and Council on Lifelong Congenital Heart Disease and Heart Health in the Young

ABSTRACT: Cardiovascular and metabolic health are influenced by the circadian system, which regulates 24-hour rhythms 
across numerous physiologic processes. Disruptions to circadian rhythmicity can adversely affect cardiometabolic function 
and health. Given the importance of circadian health to overall human health, this scientific statement provides an overview of 
the circadian system and key behavioral factors that can synchronize or desynchronize these rhythms, including light exposure, 
food intake, physical exercise, and sleep timing. We also summarize the literature on associations between circadian health 
and cardiometabolic health indicators, such as excessive weight, type 2 diabetes (T2D), hypertension, and cardiovascular 
disease. We discuss strategies to improve circadian health and reduce circadian disruptions, focusing on interventions that 
target the key synchronizers of circadian rhythms and involve appropriate timing of exposure to these synchronizers. These 
include morning bright light exposure and avoidance of light at night, as well as appropriately timed sleep, meals, and 
exercise. Clinicians, researchers, policymakers, and the public should recognize the role of circadian rhythms in maintaining 
and promoting cardiometabolic health and focus on identifying modifiable behaviors that can improve them.
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Human physiology is partially regulated by the cir-
cadian system, which produces ≈24-hour rhythms 
adapted for daytime activity and nighttime rest. 

These rhythms influence cardiometabolic health by regu-
lating metabolism, vascular function, and cardiac perfor-
mance, among other processes. For example, heart rate, 
blood pressure (BP), cholesterol synthesis, inflammatory 
cytokine expression, and autonomic output all exhibit 
24-hour patterns,1,2 as do adverse cardiovascular events, 
such as myocardial infarction and arrhythmias (see the 
Figure for additional examples).3 However, unlike rhythms 
that are diurnal, or driven by external cues such as light 
or behavior, circadian rhythms are endogenous and per-
sist even in the absence of such cues (see Table 1 for a 
glossary of key terms related to the circadian system). 
Whereas diurnal rhythms reflect the environment we live 
in and are highly relevant for the practice of medicine, 

distinguishing them from circadian rhythms is important 
for understanding underlying physiology. Disruptions to 
the circadian system can contribute to cardiometabolic 
dysfunction and disease progression and circadian 
health promotion may support cardiometabolic health. 
Circadian health refers to the optimal function, rhythmic-
ity, and alignment of the circadian system to the light–
dark cycle for maintaining physiologic and behavioral 
homeostasis.

The circadian system includes a central clock in the 
hypothalamic suprachiasmatic nucleus and peripheral 
clocks found throughout the body, including cardio-
vascular and metabolic systems4,5 (Table 1). Several 
genes and their proteins constitute the molecular cel-
lular clocks (see Costello and Gumz6 for more details). 
The primary synchronizer (termed “zeitgeber” [German 
for “time giver”]) for the suprachiasmatic nucleus is light 
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through the retina, which aligns internal rhythms with the 
external day–night cycle.4 In turn, the suprachiasmatic 
nucleus synchronizes peripheral clocks through neural 

and hormonal signals, such as autonomic nervous sys-
tem activity and glucocorticoid rhythms.4 Outputs from 
the peripheral clocks can also provide feedback to the 

Figure. Circadian disruption, interventions, and cardiometabolic health outcomes.
The circadian system is synchronized to the external light–dark cycle primarily though light detected by the retina. This light signal is transmitted 
to the suprachiasmatic nucleus (SCN) in the hypothalamus, which is considered the central circadian clock. Circadian disruption can result 
from various factors that cause misalignment of circadian rhythms, including those regulating processes necessary for cardiometabolic health. 
Interventions aimed at improving circadian alignment use signals that can resynchronize both central and peripheral clocks, thereby promoting 
circadian alignment and supporting cardiometabolic health.
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central clock and to each other.5 Other zeitgebers for 
central and peripheral clocks include timing of meals 
and exercise.4 Alignment of these clocks is imperative 
for health; misalignment impairs cardiometabolic func-
tion (Figure).

Disruptions to circadian rhythms can be caused by 
disease; rotating or night shift work; mistimed sleep, 
meals, or exercise; or circadian rhythm sleep–wake dis-
orders that present as advanced, delayed, or irregular 
rhythms, although directly measuring circadian phase or 
circadian disruption in the clinic or at home is difficult 
with current available tools.7 Circadian rhythms are also 
influenced by one’s chronotype, which refers to one’s 
internal clock timing (eg, a morning person with an early 
or advanced internal rhythm, versus a night person with 

Term Description relative to circadian biology

Circadian rhythm 
sleep–wake 
disorders

Disorders characterized by either misalignment between 
sleep–wake patterns and the external light–dark period 
or disruption of internal circadian clocks (eg, delayed 
sleep–wake phase disorder, advanced sleep–wake 
phase disorder, non–24-h sleep–wake rhythm disorder)

Cortisol Hormone with strong circadian rhythm, peaking in the 
morning, reflecting circadian and stress rhythms

Diurnal rhythms Rhythms aligned with the 24-h light–dark cycle as 
experienced by humans in day-to-day life (in contrast, 
circadian rhythms are internal processes regulated 
by circadian clocks, independent of external cues; 
establishing rhythms as circadian requires complex 
laboratory study protocols [eg, forced desynchrony or 
constant routine protocols], thus not all diurnal rhythms 
are confirmed to be true circadian rhythms, particularly 
in observational studies)

Entrainment The process by which external cues, such as light (the 
strongest zeitgeber) or nutrient intake, synchronize the 
internal circadian clocks to the 24-h day–night cycle

Glucocorticoid 
rhythms

Daily cycles of glucocorticoid hormones, such as 
cortisol, regulated by the circadian system and 
important for stress response and metabolism

Melatonin Circadian hormone that marks the internal circadian 
phase and is a primary marker of the central circadian 
clock; secreted at night and suppressed by light; onset 
occurs ≈2 to 4 h before anticipated bedtime; evening 
DLMO is the gold standard measurement of internal 
circadian phase

Nadir Characteristic of a rhythm: the lowest value (trough) of a 
rhythm or time when it occurs

Peripheral 
circadian clocks

Circadian cellular clocks found throughout the cells and 
tissues in the body, including cardiomyocytes

Sleep regularity Consistent sleep–wake schedule; sleeping at the same 
time every day

Social jet lag Timing of sleep varying substantially between days of 
the week, as if traveling across time zones

Suprachiasmatic 
nucleus

The primary circadian pacemaker in the hypothalamus; 
receives light signals through the retinal–hypothalamic 
tract and coordinates internal rhythms with the external 
environment

Zeitgeber A time-giving external cue, such as light or feeding, that 
synchronizes internal circadian clocks to the 24-h day–
night cycle; from German for “time-giver”

DLMO indicates dim light melatonin onset.

Table 1.  ContinuedTable 1.  Key Terms Related to the Circadian System

Term Description relative to circadian biology

Acrophase Characteristic of a rhythm: the peak of a rhythm or the 
time when it occurs

Amplitude Characteristic of a rhythm: the difference in the level 
between peak and mean level (or peak and trough)

Autonomic 
nervous system

Regulator of involuntary functions (eg, heart rate, 
blood pressure) contributing to circadian control of 
cardiovascular and metabolic processes

Cardiometabolic 
health

Overall health of the cardiovascular and metabolic 
systems, including heart function, energy regulation, and 
vascular dynamics

Central circadian 
clock

Located in the suprachiasmatic nucleus of the 
hypothalamus; regulates circadian rhythms and 
synchronizes peripheral clocks in tissues and organs, 
including the cardiovascular system

Chrononutrition Field that addresses the complex relationship among 
timing of nutrient intake, circadian rhythms, and health

Chronotherapy Therapy focusing on the optimal timing of therapy (eg, 
timing of medication administration)

Chronotype An individual’s natural preference for activity and sleep 
timing, influenced by their internal circadian clocks; 
often categorized as morning, intermediate, or evening 
types

Circadian clocks Molecular circadian clocks found in the suprachiasmatic 
nucleus of the hypothalamus (the central clock) as well 
as in tissue and cells throughout the body (peripheral 
clocks)

Circadian 
disruption

Misalignment of internal clocks (eg, central, peripheral), 
or between internal rhythms and the external 
environment (eg, jet lag, rotating shift work); also called 
desynchrony or circadian misalignment

Circadian health Optimal function, rhythmicity (including amplitude), and 
alignment of the circadian system to the light–dark cycle 
for maintaining physiologic and behavioral homeostasis

Circadian 
mechanism

Genes and proteins (eg, CLOCK [circadian locomotor 
output cycles kaput], BMAL1 [brain and muscle ARNT-
like 1], PER [period], CRY [cryptochrome], REV-ERB 
[nuclear receptor subfamily 1, group D, member 1; 
nuclear receptor subfamily 1, group D, member 2]) that 
drive the circadian feedback loop, regulating ≈24-h 
rhythms in virtually all cells, including cardiometabolic 
tissues

Circadian 
medicine

A rapidly advancing field of medicine focused on 
applying insights from circadian biology to the 
prevention, diagnosis, and treatment of diseases, with 
particular relevance to cardiometabolic disorders (eg, 
hypertension, diabetes, cardiovascular disease), offering 
the potential to greatly improve patient outcomes and 
longevity

Circadian 
misalignment

See Circadian disruption

Circadian phase A specific point on a rhythm that can be used 
to determine endogenous circadian timing (eg, 
temperature nadir, DLMO [see melatonin])

Circadian phase 
advance

When the timing of a rhythm becomes earlier (eg, 
DLMO moving from 9:00 pm to 8:00 pm)

Circadian phase 
delay

When the timing of a rhythm becomes later (eg, DLMO 
moving from 9:00 pm to 10:00 pm)

Circadian rhythm Internal ≈24-h cycles regulating physiologic and 
behavioral processes, synchronized to environmental 
cues such as light and nutrient intake, characterized by 
amplitude, phase, and nadir; endogenously driven and 
controlled by the circadian clock

(Continued )
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a late or delayed rhythm). Circadian disruption can occur 
if chronotype does not align with behavior. For example, 
if an evening person must wake earlier than their cir-
cadian clock expects, they will be awake during their 
biologic night, which could disrupt circadian rhythms. 
Understanding circadian disruptors and their physiologic 
influence on cardiometabolic health could elucidate 
approaches to minimize detrimental consequences of 
circadian disruption.

This AHA scientific statement provides an overview 
of the associations between circadian biology and car-
diometabolic health, emphasizing behavioral factors 
affecting circadian rhythms, and describes interventions 
to enhance circadian health that may improve cardio-
metabolic outcomes. Take-home pearls are summarized 
in Table 2. 

FACTORS THAT AFFECT THE CIRCADIAN 
SYSTEM
Light Exposure
Light is the primary zeitgeber for synchronizing circa-
dian rhythms.4 Light exposure in the biologic morning 
advances the central clock (ie, timing becomes earlier), 
whereas light exposure in the biologic evening delays 
this clock. There are published recommendations for 
optimal daytime, evening, and nighttime indoor light 
exposure.8 For instance, exposure to bright light in the 
morning, particularly natural sunlight, is essential for 
synchronizing circadian rhythms to the light–dark cycle, 
promoting alertness, and maintaining a healthy sleep–
wake cycle.8 Daytime light exposure, including bright 
indoor lighting that mimics natural daylight, should be 
maintained to support wakefulness and cognitive func-
tion.8 Furthermore, recommendations warn against 
bright light exposure in the evening, especially short-
wavelength (blue–green) light, as it can delay the central 
clock timing and disrupt the circadian rhythm.8,9 Light at 

night also suppresses melatonin secretion,9 which feeds 
back to the suprachiasmatic nucleus and alters entrain-
ment between internal and external rhythms. As such, 
exposure to light at night from electronic devices could 
adversely affect the central circadian clock while making 
it more difficult to fall asleep.8

Sleep–Wake Patterns
Sleep–wake patterns are partially controlled by the cir-
cadian system,10 but changes in sleep timing can also 
affect the circadian system. These effects are primarily 
mediated by light exposure and its influence on the cen-
tral circadian clock.11,12 Advancing the timing of sleep 
(ie, earlier bedtime or waketime) results in a phase ad-
vance due to reduced evening light exposure and in-
creased morning light exposure.13 Delaying the timing of 
sleep (ie, later bedtime or waketime) results in a phase 
delay due to increased evening light exposure and de-
creased morning light exposure. Apart from alterations 
in light exposure, direct effects of sleep–wake times on 
the central circadian clock have not been consistently 
observed.11 However, substantial day-to-day variability 
in sleep duration and timing could cause circadian dis-
ruption as it involves inconsistent timing of exposure to 
zeitgebers such as light, food, and exercise. Therefore, 
high day-to-day variability in sleep–wake timing, as seen 
in shift work or jet lag, could lead to substantial circadian 
disruption.

Timing of Food Intake
Timing of food intake or meals, a key aspect of chrono-
nutrition, may act as a zeitgeber for central and periph-
eral circadian clocks. Early work in animal models that 
restricted the time of food availability suggested that the 
circadian system could entrain to food intake.14,15 More-
over, appetite-regulating hormones (eg, ghrelin) and me-
tabolites derived from nutrient intake (eg, glucose or fatty 
acids) have been proposed as zeitgebers in peripheral 
clocks of organs involved in metabolism.4 If meal timing 
is not aligned with the central clock, then internal circa-
dian disruption could occur. Indeed, experimental studies 
in humans that shifted meal timing revealed no change 
in the timing of rhythms controlled by the central clock 
(eg, cortisol, melatonin), but rhythms reflecting peripheral 
clocks, including those of organs and tissues involved in 
metabolic processes (eg, glucose, leptin), were shifted.14

Burgeoning epidemiologic evidence connects irreg-
ular eating patterns, late-night eating, and prolonged 
eating windows with greater risk of obesity, T2D, and car-
diovascular disease (CVD),16 suggesting that misaligning 
meal times with the body’s circadian rhythms negatively 
affects cardiometabolic health. Eating earlier in the 
day, which may align with the body’s natural circadian 
rhythm, has been associated with better cardiometabolic 

Table 2.  Take-Home Pearls

1 Circadian disruption has substantial effects on cardiometabolic 
health 

2 Sleep timing regularity is as important as sleep duration

3 Light exposure timing is a therapeutic tool, but its effect depends on 
its timing relative to a person’s internal clock

4 Meal timing affects metabolic health beyond caloric content and later 
timing tends to be associated with worse outcomes

5 Physical activity timing to increase circadian alignment (rhythmicity) 
may enhance circadian health

6 Individual chronotype should be considered in guiding the timing of 
interventions or treatment

7 Optimizing circadian rhythms through behavioral modifications is 
a promising approach for cardiometabolic disease prevention that 
warrants more investigation
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health.16 Although there is some evidence that meal tim-
ing can influence circadian rhythmicity, there is a need to 
address limitations in the field, such as heterogeneity in 
definitions and measurement of meal timing.14 It is also 
important to understand the modifiable determinants of 
temporal eating patterns, investigate the role of chrono-
nutrition in the context of other dimensions of diet (eg, 
quantity, quality, food security) in achieving circadian and 
cardiometabolic health, understand the role of individual 
variability in response to chrononutrition, and elucidate 
underlying physiologic mechanisms through which meal 
timing affects the circadian system and cardiometabolic 
pathways.16

Exercise
Exercise influences the circadian system and has been 
used to accelerate entrainment to simulated shift-work 
conditions.17 Single or multiple bouts of exercise pro-
duce phase shifts based on their timing. In a laboratory-
controlled study that assessed the phase-shifting effects 
of exercise, 60-minute bouts of moderate-intensity ex-
ercise were performed for 3 consecutive days at one of 
8 times that were equally distributed across the 24-hour 
day and assessed relative to the onset of urinary excre-
tion of aMT6s (6-sulphatoxymelatonin), a melatonin me-
tabolite and circadian phase marker. Exercise performed 
at the equivalent of 7:00 am (ie, ≈7.7 or 9.0 hours after 
mean aMT6s onset for younger and older adults, respec-
tively) or between the equivalent of 1:00 pm and 4:00 pm 
resulted in phase advances of the central circadian clock; 
equivalent exercise performed between the equivalent of 
7:00 pm and 10:00 pm led to phase delays.18 The mag-
nitude of phase shift effect of exercise may depend on 
chronotype.19 In young adults, both morning and evening 
exercise led to phase advances in late chronotypes, but 
in early chronotypes, morning exercise led to a phase ad-
vance whereas evening exercise led to a phase delay.19 
Phase-shifting effects of exercise are generally similar 
between men and women18,19 and age groups.18 Exercise 
effects on circadian rhythms are less robust than bright 
light exposure of similar duration.20

In addition to its impact on the central circadian clock, 
exercise helps synchronize peripheral clocks in cells 
throughout the body. Exercise influences the phase of 
circadian clock genes in skeletal muscle depending on 
exercise timing and downstream transcription and meta-
bolic responses.21 The effect of exercise on skeletal 
muscle clocks is particularly relevant in the context of 
cardiometabolic risk, as skeletal muscle plays a key role 
in metabolism. Much remains to be researched in this 
area, including the relative impact of exercise on central 
versus peripheral clocks, whether exercise exerts addi-
tive effects with other time cues (eg, bright light, food 
intake timing), and whether there is a dose–response 
effect based on exercise duration.

ASSOCIATIONS WITH CARDIOMETABOLIC 
HEALTH
Obesity and Weight Gain
Circadian rhythms regulate metabolism, energy expendi-
ture, and appetite, which are key for healthy weight main-
tenance, and circadian disruption has been associated 
with weight gain and obesity.22 Epidemiologic studies 
demonstrated that rotating and night shift work is as-
sociated with higher body mass index, obesity risk, and 
central adiposity.23 Social jet lag (ie, variation in sleep tim-
ing between work or school days and free days) was as-
sociated with 23% higher odds of overweight or obesity 
in a meta-analysis.24 Higher day-to-day variability in sleep 
duration and sleep onset timing has also been linked to 
obesity risk; a 1-hour increase in variability in sleep onset 
timing was associated with 25% higher odds of central 
obesity.25 Inappropriate timing of food intake, such as 
during the biologic night, is another source of circadian 
disruption associated with increased body weight.26 Ir-
regular meal timing has also been associated with higher 
body mass index and waist circumference.27 Together, 
these studies demonstrate that factors known to in-
duce circadian disruption are risk factors for weight gain 
and obesity. Overall, circadian disruption exacerbates 
metabolic dysregulation resulting in increased risk for 
weight gain. The proposed mechanisms include altered 
appetite-regulating hormones, reduced energy expendi-
ture, increased energy intake, glucose dysregulation, and 
alterations in metabolic rate.22

Type 2 Diabetes
Greater rhythmicity of lifestyle behaviors is associated 
with lower risk of glycemic dysregulation and T2D.16,25,28 
Less robust rest–activity rhythms in free-living settings 
are associated with 2- to 3-fold higher T2D risk, greater 
odds of impaired glucose tolerance and insulin resis-
tance, and higher fasting glucose, glycated hemoglobin, 
and insulin levels.28 The timing and regularity of sleep 
also play a role in diabetes pathogenesis, with social jet 
lag and greater day-to-day variability in sleep duration 
and timing emerging as risk factors for glycemic dysreg-
ulation and T2D.25,28 These associations persisted across 
various populations and sociodemographic groups, and 
were independent of known T2D risk factors. Night and 
rotating shift work are associated with later sleep timing, 
irregular sleep patterns, and a mismatch between chro-
notype and timing of work and sleep, leading to circadian 
disruption and predisposition to T2D, particularly when 
coupled with other unhealthy lifestyle behaviors.28 Light 
exposure at night also contributed to incident T2D and 
gestational diabetes in Asian cohort studies.16

Later meal timing and greater extent of nighttime 
eating have also been linked to T2D risk, although 
there is limited evidence from observational data.16 
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Time-restricted eating (TRE), where food intake is limited 
to a specific window during the day (eg, 8–10 hours), 
is associated with better glucose tolerance and insulin 
sensitivity,16 mostly when TRE confines nutrient intake to 
appropriate times (eg, daytime). Eating earlier in the day 
may also have beneficial effects. In a prospective cohort, 
eating the first meal after 9:00 am versus before 8:00 am 
or eating the last meal after 9:00 pm versus before 8:00 
pm was associated with 59% and 28% higher T2D risk, 
respectively.29 Eating breakfast before 8:00 am coupled 
with an overnight fast >13 hours was associated with 
53% lower risk.29 However, these were external clock 
times, and meal timing relative to the body’s internal 
clock or chronotype should be considered. Emerging evi-
dence also suggests that greater day-to-day variability 
in eating timing and extent of evening caloric intake is 
associated with increases in HbA1c over time, predis-
posing to T2D.27

Hypertension
BP typically increases rapidly in the morning (“morning 
surge”), peaks in the afternoon, and decreases overnight 
(“dipping”).2 Normal dipping is defined as a decrease in 
systolic BP of ≥10% during sleep compared with wa-
ketime; a <10% decrease in systolic BP is considered 
nondipping.2 A nondipping pattern is associated with an 
increased risk of CVD events (15%) and mortality (22%), 
with higher risk noted in patients with hypertension 
(25% for CVD events and 30% for mortality).30 Night-
time (sleep) hypertension is also associated with adverse 
cardiovascular outcomes.31 Both conditions are com-
mon, with an estimated prevalence of nondipping pattern 
of 25% to 64% and nighttime hypertension of 27% to 
40%.2,31

Circadian disruption affects BP regulation and hyper-
tension risk. Shift work increases systolic and diastolic 
BP and hypertension risk.31 Meal timing may also affect 
BP control, as early TRE and earlier and more regular 
temporal eating patterns have been linked to lower BP.16 
In addition, the circadian rhythm of BP is disrupted in 
patients with chronic kidney disease,32 which suggests 
that circadian disruption may be particularly relevant to 
cardiovascular–kidney–metabolic health, which is associ-
ated with cardiovascular disease incidence and mortality 
risk.33 Several of the CLOCK (circadian locomotor output 
cycles kaput) genes have been shown to play a crucial 
role in BP regulation (see reference 6 for a review).

Some antihypertensive medications (eg, β-adrenergic 
blockers) are known to suppress endogenous melato-
nin34 and melatonin supplementation may improve sleep 
in these patients.35 Research in chronotherapy involving 
administration of antihypertensive medications at bed-
time has generated substantial interest but yielded mixed 
results. Recent trials examining evening versus morning 
BP medication administration on a composite outcome 

of death or hospitalization for heart failure, stroke, or 
acute coronary syndrome demonstrated no benefit or 
harm.36,37 As such, the 2024 European Society of Cardiol-
ogy Hypertension Guidelines recommend administering 
medications at times that are convenient for the patient 
to enhance adherence.38 However, this does not take 
into account specific patient populations that may ben-
efit from timed therapy, such as those with nondipping 
hypertension and shift workers. Furthermore, consider-
ation of an individual’s chronotype may improve chrono-
therapy approaches. Overall, disruption of the circadian 
rhythm of BP is associated with elevated BP, hyperten-
sion, and CVD risk, but additional research is needed to 
understand whether maximizing circadian rhythmicity 
through nonpharmacologic interventions improves BP 
regulation and reduces cardiometabolic risk.

Cardiovascular Disease
Circadian misalignment from rotating and night shift 
work is an established CVD risk factor. A meta-analysis 
of observational studies demonstrated that shift workers 
have 17% higher CVD risk, including 26% higher coro-
nary heart disease morbidity risk and 20% higher CVD 
mortality risk for every additional 5 years of exposure.39 
In the general population, rest–activity rhythms indicative 
of greater circadian rhythmicity were associated with up 
to 62% lower prevalent CVD, whereas more fragmented 
rhythms and a later and less restful sleep period were 
associated with greater CVD odds, with evidence of a 
dose-response association.40 Sleep irregularity, in par-
ticular, has emerged as an important modifiable CVD risk 
factor; data from MESA (Multi-Ethnic Study of Athero-
sclerosis) indicated that greater day-to-day variability in 
sleep duration and timing was related to a >2-fold higher 
CVD risk.41

In terms of chrononutrition metrics, although numer-
ous studies have linked meal timing to CVD risk factors, 
there is a dearth of population studies on CVD out-
comes.16 In a prospective cohort, every 1-hour delay in 
timing of the first meal was associated with 6% higher 
overall CVD risk and a 1-hour delay in the timing of the 
last meal was associated with an 8% increased risk of 
cerebrovascular disease.42 Beyond behavioral rhythms, 
exposure to artificial light at night is associated with up 
to 34% higher risk of CVD and stroke, although this 
evidence is primarily geographically restricted to Asian 
cohort studies.29,43,44

IMPLICATIONS FOR EQUITABLE HEALTH
Circadian misalignment can exacerbate cardiometabolic 
health disparities, disproportionately affecting individu-
als in low-resource settings or those working nontra-
ditional schedules, such as shift workers. People from 
underrepresented racial or ethnic groups are more likely 
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to experience social or environmental stressors, such 
as rotating shift work or light pollution, that can disrupt 
circadian rhythms.45 For example, individuals from socio-
economically disadvantaged populations are more likely 
to engage in shift work or hold multiple jobs with irregular 
hours, which increases susceptibility to misalignment and 
its associated cardiometabolic risks. Living in areas with 
limited access to healthy foods and green or walkable 
spaces as well as light pollution at night can compound 
the effects of circadian misalignment on cardiometabolic 
health. This disproportionate exposure is hypothesized to 
contribute to health inequities. Black adults and people 
with secondary hypertension have a higher prevalence of 
nondipping BP,2 so interventions focused on improving 
circadian health may be particularly relevant and useful 
for these populations. Multilevel interventions and policy 
changes are needed that promote education on proper 
timing and regularity of sleep–wake cycles and meal 
schedules and facilitate improvements in, for instance, 
workplace and neighborhood environments. For exam-
ple, later school start times are associated with improved 
student outcomes, such as reduced suspensions and 
higher grades, among students from socioeconomically 
disadvantaged populations.46 These efforts are essential 
to mitigating the disproportionate burden of circadian 
misalignment on populations experiencing disparities in 
cardiometabolic health.

INTERVENTIONS TO IMPROVE CIRCADIAN 
HEALTH
Interventions that focus on the timing of the therapy (ie, 
chronotherapy) have the potential to improve circadian 
health and potentially cardiometabolic diseases. Several 
such interventions are discussed in the following.

Sleep Regularity and Melatonin Administration
Given the role of the central clock in orchestrating pe-
ripheral clocks for optimal cardiometabolic health, strat-
egies to maintain alignment of the central clock to the 
external world along with alignment of peripheral clocks 
to the central clock are needed. The timing and regularity 
of sleep are relevant for the maintenance of proper align-
ment and can be achieved through behavioral strategies, 
such as adopting regular bedtimes and waketimes. How-
ever, despite increasing awareness of associations be-
tween irregular sleep timing and cardiometabolic risk,47,48 
little is known about the health effects of stabilizing sleep 
on core clock genes and peripheral rhythms in humans. 
Although cardiometabolic risk factors may reflect periph-
eral desynchrony, few studies have evaluated the impact 
of regular sleep timing on cardiometabolic health. One 
study noted improvements in weight and body composi-
tion in women who reduced their bedtime variability over 

a 6-week period compared with a group who did not 
change or increased their bedtime variability.49

Melatonin is a key circadian hormone that signals to 
the central clock and influences its entrainment. Exog-
enous melatonin is particularly useful for blind individu-
als unable to entrain to the natural light–dark cycles.50 In 
sighted individuals, appropriately timed melatonin admin-
istration can shift the central clock.50 Morning melatonin 
administration delays circadian rhythms; administration in 
the evening leads to advanced circadian rhythms.50 The 
dose used for shifting the central clock is typically ≤1 mg 
of immediate-release formulations and is taken ≈2 to 6 
hours before bedtime if advancing is desired.51 However, 
effects of melatonin supplementation on cardiometabolic 
health remain poorly understood. Previous research has 
shown that melatonin increases insulin resistance52 and 
is associated with greater glycemic variability in patients 
with T2D.53 Furthermore, in the United States, melatonin 
is considered a supplement, and is therefore not regu-
lated by the Food and Drug Administration as a drug. 
Studies have demonstrated that the amount of melato-
nin contained in supplements is highly variable.54 More-
over, although melatonin supplementation is commonly 
used to promote sleep in children, long-term safety and 
effects on development, endocrine function, and circa-
dian regulation remain insufficiently studied and are not 
well-understood. Therefore, caution is warranted when 
considering melatonin supplementation.

Light Exposure
As described, light is a primary zeitgeber; therefore, ap-
propriately timed light exposure can be an effective in-
tervention for shifting circadian rhythms.50,55 However, 
the effect of light exposure will depend on the person’s 
internal clock timing55; therefore, assessing their internal 
circadian phase is important for timing light exposure. 
Light exposure interventions have been shown to im-
prove mood, energy levels, and sleep.56–58 Traditional rec-
ommendations suggest that a large dose of bright light 
is required for this effect, with ≈10 000 lux (full daylight 
levels) being the recommended dose (for comparison, 
most office lighting is 300 to 500 lux). More recently, 
recommendations have accommodated lower intensities, 
especially if that light is enriched with short-wavelength 
(eg, blue–green) light, necessitating less light stimula-
tion overall.59,60 The timing of light exposure is important 
and recommendations generally suggest obtaining suffi-
cient bright light (especially in the blue–green spectrum) 
starting early in the day and avoiding light, including 
light-emitting devices, in the evening before bedtime and 
during the night. Even low levels of light (eg, 100 lux) 
at night can suppress melatonin and delay the clock.9 
In addition, blocking light in the blue–green spectrum 
(eg, by using amber or red-tinted glasses or bulbs) may 
be helpful in the evening to reduce the degree to which 
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environmental light alters rhythms.61,62 Several stud-
ies have examined the effects of light interventions on 
cardiometabolic outcomes, and found that morning light 
exposure is associated with lower body fat, body mass, 
and appetite.63

In clinical settings, irregular light exposure, as well as 
meal timing and activity patterns, are likely often over-
looked by health care clinicians, despite its importance to 
patient health. Addressing these factors is central to cir-
cadian medicine, and guidelines emphasize its essential 
integration into critical cardiac care.

Time-Restricted Eating
Because meal timing is a zeitgeber for circadian rhythms, 
TRE patterns could provide a strategy to maintain align-
ment of peripheral clocks to the central clock. Studies 
in rodent models show that feeding during the inactive 
period leads to greater weight gain despite similar food 
intake as mice fed during their active period.64 One ex-
perimental study in humans found that TRE altered clock 
gene expression.65 Meta-analyses and reviews that com-
bined studies of TRE ranging from 4 to 12 hours ob-
served improvements in body weight, adiposity, glucose 
level, total cholesterol level, and insulin resistance.65,66 
When analyses were restricted to studies that used an 
8-hour eating window, TRE was associated with reduc-
tions in weight, fat mass, body mass index, systolic BP, 
and total cholesterol, but not in waist circumference, gly-
cemic outcomes, or other lipid measures.66 Furthermore, 
some evidence suggests that eating larger meals late in 
the day is associated with weight gain67 and that TRE 
earlier in the day may have more beneficial cardiometa-
bolic effects than later timing.68 More studies are needed 
to evaluate optimal duration and timing of the eating win-
dow and meals on sleep and cardiometabolic health.

Timed Physical Activity
Emerging research suggests that not only the amount 
but also the timing of exercise may be important for 
cardiometabolic health.69 Exercise itself acts as a zeit-
geber,18 and many physiologic functions it affects (eg, 
BP, respiratory control, core body temperature) are also 
regulated by the circadian system. Furthermore, the re-
sponse to exercise may vary by time of day, because 
muscle strength, endurance, and performance also vary, 
with peaks in the late afternoon/early evening.70 Thus, 
exercise timing may influence health through direct ef-
fects on the central or peripheral circadian system or its 
downstream physiologic processes.

Observational studies have yielded inconsistent find-
ings on the impact of exercise timing on cardiometa-
bolic outcomes (eg, BP, HbA1c, triglycerides), with some 
favoring morning exercise, others supporting afternoon/
evening activity, and some showing no difference.71 

Experimental trials also provide mixed evidence. A sys-
tematic review found little support for timing-dependent 
health benefits.72 However, a meta-analysis suggested 
better glycemic control and triglyceride reduction with 
afternoon/evening exercise, whereas another review 
suggested that morning exercise may optimize weight 
loss.73 Overall, the quality of evidence on this topic remains 
low,71,72 and future research needs to better account for 
factors such as medication use, prandial state, sex, chro-
notype, and timing of assessments, and should include 
pediatric through older adult populations.69

Exercise may also influence circadian health through 
its effects on sleep. Physical activity generally improves 
sleep regardless of its timing,74 but vigorous exercise 
within an hour of bedtime may reduce sleep efficiency 
for some. Moderate to vigorous activity can enhance cir-
cadian rhythmicity.75 The timing of physical activity could 
potentially benefit those with circadian misalignment 
(eg, shift workers, older adults, individuals with circadian 
rhythm sleep disorders).18 Timed physical activity is a 
nonpharmacologic strategy that can improve circadian 
health by optimizing sleep quality, enhancing daytime 
alertness, and supporting cardiometabolic outcomes.

SUMMARY AND FUTURE DIRECTIONS
The circadian system plays a crucial role in maintaining 
health, including cardiovascular and metabolic function, 
and optimal health relies on robust circadian rhythmicity. 
Circadian rhythm timing is determined by several cues 
(zeitgebers), with light being the primary factor to entrain 
the central clock. Modifiable behaviors, including the 
timing and regularity of sleep (which could act through 
light exposure), meal timing, and timing of physical activ-
ity, also have the potential to alter central and peripheral 
clocks. Disrupting circadian rhythms through shift work, 
irregular sleep timing, or inappropriate timing of meals, 
sleep, light exposure, or exercise has been linked to ad-
verse cardiometabolic outcomes, including obesity, T2D, 
hypertension, and cerebrovascular diseases. These zeit-
gebers are potential targets of interventions aimed at im-
proving circadian health and, ultimately, cardiometabolic 
health. However, additional research is required to es-
tablish causation and elucidate pragmatic and effective 
interventions. The timing of factors relevant to circadian 
health (eg, light exposure, meals, physical activity) needs 
to be considered relative to a person’s internal clock and 
chronotype, beyond external clock time.

Evidence to establish an unequivocal link between 
circadian disruption and cardiometabolic disease is 
required, as is research to identify whether optimizing 
circadian rhythmicity can improve cardiometabolic health. 
Most existing human studies involved small sample sizes 
and controlled experimental designs. A challenge to the 
field is the availability of validated measures of central 
and peripheral circadian rhythmicity7 that can be used in 
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large population-based prospective studies to evaluate 
associations with the development of chronic diseases 
across the life course. Assessing true circadian rhythms 
requires complex experimental studies that are feasible 
only in small-scale, tightly controlled experiments. Fur-
thermore, physicians often rely on indirect markers, such 
as patient-reported bedtime, as practical but imprecise 
proxies for circadian timing. With advances in metabo-
lomics, wearable technologies, and artificial intelligence, 
alternative methods may be developed to assess circa-
dian rhythms, such as 24-hour patterns in skin tempera-
ture and heart rate.

Interventions to improve circadian health may have a 
beneficial effect on cardiometabolic health. Sleep timing 
and its regularity can be improved through modifying the 
zeitgebers. Properly timed light exposure can help main-
tain appropriate endogenous melatonin production and 
secretion. Appropriately timed eating patterns and physi-
cal activity are also potential intervention targets that can 
improve circadian health through effects on peripheral 
clocks, core body temperature, and hormone regulation. 
Research is needed to determine the efficacy, effective-
ness, and implementation of circadian health interven-
tions in different populations and settings and their role 
in advancing health for all.

Researchers, clinicians, and the public must appreci-
ate the importance of circadian rhythms and the role of 
modifiable behaviors that optimize or disrupt endoge-
nous rhythms for overall health and well-being. Circadian 
health is related to, but separate from, sleep health; it 
helps regulate many physiologic functions beyond sleep, 
including those important for cardiometabolic health. This 
scientific statement is intended to stimulate innovative 

research in this area to advance our understanding of 
how best to support cardiometabolic health and enhance 
CVD prevention approaches.
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