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BACKGROUND: Circadian rhythms are often severely disrupted in critically ill patients in the 
ICU. The ICU environment, characterized by irregular light-dark signals, continuous 
nutrition, and round-the-clock interventions, contributes to this disruption by providing 
weak and conflicting timing cues to the circadian system. Extensive scientific research has 
demonstrated that circadian rhythms play a vital role in regulating physiology and main-
taining overall health. Therefore, integrating circadian principles into critical care may 
represent a promising strategy to improve patient outcomes in the ICU.

RESEARCH QUESTION: What are the key challenges of integrating circadian medicine into 
critical care, what steps can address these challenges, and which recommendations can guide 
future study designs and clinical implementation?

STUDY DESIGN AND METHODS: We convened a 5-day workshop in September 2024 that 
brought together 24 international experts with backgrounds in circadian biology, critical 
care, and implementation science. Each day was organized around a predefined theme, 
with morning presentations and plenary discussions, and afternoons dedicated to 
drafting a list of Propositions and Recommendations in breakout groups. Propositions 
and Recommendations were finalized via a post-workshop survey requiring $ 

75% agreement.

RESULTS: This roadmap summarizes the discussions and outcomes of the workshop, 
structured around a set of Propositions and Recommendations, and provides a framework 
for building a robust evidence base for integrating circadian principles into ICU practice. 
Key recommendations include the development of circadian outcome measures tailored for 
use in the ICU and using standardized frameworks for evaluating the effect of circadian 
interventions in clinical trials.

INTERPRETATION: Altogether, this roadmap provides an interdisciplinary framework 
resulting from a collaborative effort of ICU clinicians, circadian biologists, and imple-
mentation specialists, for building a robust evidence base for integrating circadian principles 
into ICU research and practice. CHEST 2026; 169(4):977-990
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ICUs provide specialized care to critically ill 
patients around the clock. This continuous care 
often removes a daily structure from this 
environment: light levels are low during the day,

darkness is replaced by dim light at night, nutrition 
is often provided across all 24 hours, social 
interactions occur any time, and physical activity 
and posture changes are minimal (Fig 1). While 
essential for ICU operations, these conditions, 
combined with disease-related pathophysiology, 
may disrupt the circadian coordination of 
physiology, potentially affecting clinical
outcomes. 1,2

In mammals, circadian coordination of physiology is 
influenced by the circadian system, which consists of 
a central clock in the suprachiasmatic nucleus of the 
hypothalamus and peripheral clocks in nearly all 
other tissues in the body. The suprachiasmatic 
nucleus is primarily synchronized by the light-dark 
cycle and conveys its rhythmicity to peripheral clocks 
throughout the body via neural and humoral signals. 3 

Almost all physiological processes are influenced by 
the circadian system, including the sleep-wake cycle, 
metabolism, hormone secretion, immune function, 
cardiovascular processes, cognitive function, and 
mood. 3,4

Circadian rhythms, by definition, are self-sustained 
rhythms with a periodicity of approximately 24 
hours that synchronize (entrain) to environmental 
timing cues (Zeitgebers). However, in real-world
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clinical settings, environmental or behavioral factors 
(eg, mobilization, drug administration, nutritional 
support) can contribute to 24-hour variations in 
physiology. 5,6 Therefore, not all 24-hour rhythms 
are necessarily “circadian,” and we refer to these as 
“daily rhythms” in this article. In other contexts, we 
use “circadian” to refer broadly to principles related 
to the circadian system (eg, circadian interventions, 
circadian medicine).

The weak and conflicting input provided to the 
circadian system by the ICU environment may result 
in misalignments between the circadian system and 
the environment. Circadian misalignment for a few 
days can lead to increased BP, elevated levels of 
inflammatory markers, impaired immune function 
and glucose metabolism, decreased cognitive 
function, and sleep disturbances, even in healthy 
individuals. 7-11 In critical illness, daily rhythms are 
often disrupted, which is associated with changes in 
clinical outcomes. 12-15

Findings from research on circadian biology are 
increasingly being incorporated into health care, 
including prevention, diagnosis, and therapy, giving 
rise to the field of circadian medicine. 16-20 One

hypothesis of circadian medicine is that 
strengthening and/or restoring circadian rhythms 
improves patient outcomes and supports recovery. 2 

Evidence from randomized controlled trials (RCTs) 
testing the potential benefit of circadian 
interventions in the ICU, however, remains 
inconclusive. 21-23 Therefore, more robust study 
designs and better-defined outcome measures are 
warranted. Incorporating circadian research into 
critical care can also be used to find the optimal 
time(s) of day at which the efficacy of interventions 
is increased and/or the side effects are reduced. 24 

Promising targets include medications, 25,26 

ventilation, 27 transplantation, 28 and cardiac 
surgery, 29 although more evidence is needed to fully 
understand the optimal timing and effectiveness of 
these interventions in clinical practice.

To chart the path from the promise of circadian 
medicine in critical care to measurable benefits, we 
organized a 5-day workshop in September 2024 at 
the Lorentz Center in Leiden (The Netherlands) 
attended by international experts with backgrounds 
in circadian biology, intensive care, and 
implementation science. The goals of the workshop 
were to: (1) develop a common understanding of
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Figure 1 – Timing cues for the circadian system. Comparison of the timing cues in out-of-hospital daily life (left panel) vs the weak and conflicting 
timing cues in the ICU (right panel).
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the key research challenges in this field; (2) identify 
the steps needed to address these challenges; and 
(3) define a set of recommendations to guide future 
study designs and clinical implementation. This

roadmap summarizes the discussions of the 
workshop along with a set of Propositions and 
Recommendations that were formulated during the 
workshop.

Study Design and Methods
Workshop Preparation

The workshop was prepared over the course of 9 months 
by an organizing committee (M. F., E. B. K., D. W. R., T. 
R., and M. D. R. chaired by L. K.), who met regularly 
online to shape the content (Themes) and organization 
(Workshop structure) of the meeting. The resulting in-
person workshop (“About Time: Circadian Medicine 
in Critical Care,” September 16-20, 2024, at the Lorentz 
Center in Leiden, The Netherlands) convened 24 inter-
national experts. The organizing committee aimed for a 
balanced representation of expertise, gender, career 
stage, and international location. All participants 
contributed to drafting the manuscript and comprise 
the group of co-authors.

Themes

Themes were defined prior to the meeting based on 
extensive discussion among the organizing committee. 
The five themes were: (1) evaluating the evidence base 
for circadian medicine in the ICU; (2) measures of 
circadian system function; (3) clinical outcome variables 
in circadian intervention studies; (4) design of circadian 
intervention studies; and (5) dissemination and imple-
mentation strategies.

The goal of the first theme was to identify key research 
challenges, with speakers selecting and presenting rele-
vant content and discussions among participants who 
contributed their expertise and previous knowledge to 
identify gaps in the field. The other 4 themes focused 
on the steps needed to address these challenges and 
formulating recommendations for future research and 
clinical practice.

Workshop Structure

Workshop mornings were dedicated to 1 of the 5 
themes listed above, each chaired by a different member 
of the organizing committee. Each morning, the chair 
introduced the theme, after which 3 to 4 participants 
gave a short presentation on a subtheme, followed by 
a plenary discussion. Speakers were assigned to a spe-
cific subtheme based on their expertise in that area

and were asked to cover 3 main points: (1) what is 
known; (2) evidence gaps; and (3) concrete steps and 
recommendations to guide future studies and clinical 
implementation. All presentations were submitted to 
the organizing committee in advance and reviewed for 
content, relevance, and overlap.

Workshop afternoons were dedicated to formulating 
recommendations and drafting of the manuscript in 
break-out sessions. Each break-out group consisted of 
the theme chair and a note-taker, along with two to 
three participants rotating between groups to ensure 
that each participant contributed to multiple themes. 
Workshop days concluded with summaries and prog-
ress discussions. In addition to this formalized struc-
ture, a representative from IC-Connect, the Dutch 
ICU patient organization, shared their experience as a 
former ICU patient.

Definition of Propositions and Recommendations

Following the workshop, the workshop coordinator 
drafted a preliminary list of Propositions (Theme 1) 
and Recommendations (Themes 2-5) that reflected 
the content of the discussions during the plenary and 
break-out sessions during the workshop. The list of 
Propositions and Recommendations was circulated 
among all other participants, who were asked via an 
online survey to (1) indicate whether they agree with 
each item or not; (2) provide suggestions to improve 
the items by rephrasing; and (3) rate the importance 
of each item. Finally, the participants were asked 
whether they thought the list of items reflected the 
key points and scope of the discussions during the 
workshop. A 75% agreement rate was predefined as 
the threshold to confirm that a Proposition or Recom-
mendation would be retained. After the survey, note-
takers revised the Propositions and Recommendations 
based on participant open-ended feedback in a single 
iteration. The formulated Propositions and Recom-
mendations, along with responses from the survey, 
were used to prepare the following sections of the 
manuscript.
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Results

Results From Survey on Propositions and 
Recommendations

The list of initial Propositions and Recommendations 
used in the online survey is provided in e-Tables 1 and 2. 
All participants except the workshop coordinator 
completed the survey (n = 23). For all Propositions and 
Recommendations, the percentage of participants that 
expressed agreement exceeded the predefined threshold 
of 75% (median, 96%; range, 87%-100%) (Fig 2A), so 
all items were included in the final list of Propositions 
(Fig 3) and Recommendations (Fig 4). The average 
importance rating of the Recommendations ranged from 

3.6 to 4.9 on a 5-point scale (Fig 2B). All participants 
agreed that the list of Propositions and

Recommendations accurately represents the main 
points and scope of the workshop discussions
(e-Table 3). In the following sections, we describe 
these Propositions and Recommendations in more detail 
and provide the necessary context.

Theme 1: Evaluating the Evidence Base for 
Circadian Medicine in the ICU

Preclinical and clinical evidence links disrupted 
circadian rhythms to impaired physiology (eg, 
immunologic, metabolic, neurologic, cardiovascular 
disorders). 30 Nevertheless, this knowledge has not yet 
permeated ICU practice: many research challenges 
remain, as highlighted in a statement by the American 
Thoracic Society. 31 These challenges have to be 
addressed for circadian medicine to realize its potential
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for improving acute and long-term outcomes in 
critically ill patients and critical illness survivors 
(Propositions 1 and 2) (Fig 3).

Although it is known that daily rhythms are attenuated 
during the acute stage of critical illness, 32-35 it is unclear 
to what extent an attenuation of rhythmicity is part of 
an adaptation to life-threatening conditions (ie, whether 
reducing circadian influence may improve patient 
outcomes under certain circumstances) (Proposition 3). 
Theoretically, acutely suppressing circadian regulation 
could be a strategy to conserve energy or maintain a 
continuous, robust immune response. If attenuating or 
changing circadian regulation is beneficial in some 
conditions, the key question would be when it becomes 
maladaptive. Analogous to stress responses, an 
attenuation or change of rhythmicity may be 
advantageous only at an initial, acute stage, while 
systemic and prolonged responses exact a toll that 
increases risk for longer term negative outcomes. 
Addressing this question is fundamental, given that 
interventions targeting or exploiting the circadian 
system will be meaningful only when the clock is 
functionally relevant. Therefore, it is important to 
understand how critical illness affects circadian control 
of physiology and under what conditions exposing ICU 
patients to circadian interventions is indeed beneficial 
or potentially disadvantageous.

To advance our understanding of whether a functional 
circadian system is advantageous, we need to learn

more about the causes that contribute to the disruption 
of daily physiological rhythms in the ICU. Changes in 
daily rhythmicity may be integral to the critical illness 
itself, an adaptation to the ICU environment (eg, 
lighting or noise), and/or may result from treatments 
(eg, continuous nutrition, sedatives). 13,36 The 
effectiveness of circadian interventions may also depend 
on who receives them, when they are introduced during 
the course of critical illness, the characteristics of the 
condition at that time, and what part of the circadian 
system (central clock and/or peripheral clocks) is 
targeted (Proposition 4). The extreme heterogeneity of 
ICU patients may affect any intervention’s effectiveness 
at the population level. For example, the evidence for 
melatonin and melatonin receptor agonists in reducing 
the risk of delirium is heterogeneous and varies across 
study populations. 23,37-39 An extra layer of complexity is 
added when considering circadian interventions in 
neonatal ICU or PICU populations, since the exact 
developmental trajectory of daily rhythms in 
physiological and behavioral processes is still 
unknown. 40,41

To address these evidence gaps, we need to define which 
physiological markers can be used to monitor circadian 
system function, specifically in the ICU (Proposition 5). 
There is extensive knowledge on how to derive such 
markers in healthy individuals and in controlled 
settings. Further investigation is required to determine 
which markers can reliably monitor circadian system

Propositions – Evaluating the evidence base for circadian medicine in the ICU

1. In healthy individuals, most organ systems express daily 24-hour rhythms in molecular 
    and physiological processes that re � ect a combination of the endogenous circadian 
    rhythm, behaviors, and the environmental factors.
2. Translating fundamental knowledge from the � eld of circadian biology to clinical care 
    holds promise for improving acute and long-term outcomes in critically ill patients, 
    although signi � cant evidence gaps remain.
3. Disruptions of circadian rhythms are highly prevalent in critically ill patients, potentially 
    caused by the critical illness itself, the hospital environment, and/or health care 
    practices and interventions. While these changes may be part of an adaptive response, 
    they may impair coordinated organ function and, if persistent, delay recovery.
4. It remains unclear whether interventions to restore circadian clock function will bene � t 
    all critically ill patients or only specific subgroups at certain stages of illness, and what 
    the optimal timing and target (eg, central or peripheral clocks) of circadian 
    interventions is.
5. Since conventional measures of circadian function may not be valid in critical illness, 
    there is a need for testing these current measures for appropriateness and developing 
    new measures in this population.
6. Coordinated education and outreach programs on circadian health in critical care are 
    lacking across health care professionals, policymakers, patients (advocates), and 
    funders.

Figure 3 – Roadmap for circadian medicine in the ICU summarizing the Propositions formulated during the workshop. These Propositions represent 
the final consensus after iterative refinement and approval by the expert panel.
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function in critically ill patients. For example, daily 
cortisol rhythms may be obscured by steroid 
administration or stress-axis activation, and melatonin 
levels may be elevated due to decreased metabolism in 
patients with liver failure 42 or by adrenergic drug-

induced melatonin synthesis. 43 Methods proposing 
circadian phase estimation using RNA expression 
analysis in healthy individuals 44,45 are expected to be 
limited (or biased) by disrupted daily rhythm patterns 
in gene expression in critically ill patients. 33,34,46 Metrics

Recommendations – Toward a robust evidence base for circadian ICU medicine

1. De � ne and implement a core outcome set of circadian measures that can be 
    assessed throughout a patient's stay in the ICU.
2. Evaluate how core circadian measures are affected by circadian interventions and 
    examine their association with clinical and patient-reported outcomes.
3. Develop novel biomarkers of circadian function in critically ill patients by
    leveraging routinely collected clinical data, combined with data science methods 
    and knowledge of 24-hour biological rhythms in healthy populations.
4. Integrate circadian research into large-scale clinical trials to explore how the 
    circadian system and its disruption impact physiology and clinical and patientre-
    ported outcomes.

Measures of circadian system function

5. Leverage established core outcome sets for clinical outcomes in circadian 
    intervention studies to effectively analyze relationships between circadian function 
    and clinical outcomes, as well as patient-reported outcomes.
6. Ensure accurate and automated time-stamping and annotation of all routine 
    clinical care and study procedures to facilitate 24-hour rhythm analysis.
7. Include post-ICU outcomes in studies to evaluate the long-term effects of circadian 
    interventions, considering clinical and patient-reported outcomes.

Clinical outcome variables in circadian intervention studies

8.   Involve a multidisciplinary team speci � c to the planned circadian intervention when 
      designing and conducting a circadian intervention to ensure a comprehensive, 
      patient-centered approach.
9.   Consider and report the stage of critical illness, predisposing factors for circadian 
      disruption, speci � c patient populations, and relevant clinical classifications in a 
      circadian intervention.
10. Develop pragmatic trials embedded in routine clinical care to evaluate low-risk 
      circadian interventions, incorporating measures of clinical bene � ts, safety, staff
      and patient acceptance, and cost.
11. De � ne the minimum clinically important differences for circadian interventions.

Design of circadian intervention studies

12. Create a report for health care providers and administrators, offering a model for 
      integrating circadian interventions into routine clinical workflows to support 
      further studies and implementation.
13. Assess the cultural factors and readiness of local health care settings for 
      incorporating circadian interventions into routine clinical care, considering 
      potential facilitators and barriers.
14. Develop targeted educational resources and clinician training programs on 
      circadian health in the ICU.
15. Use pragmatic trial designs that evaluate both the effectiveness and feasibility of 
      circadian interventions within routine clinical care settings in a multicenter trial.
16. Ensure that international multicenter trials on circadian interventions represent a 
      spectrum of health care models and economic settings, from low-income and 
      high-income regions.

Dissemination and implementation strategies

Figure 4 – Roadmap for circadian medicine in the ICU summarizing the Recommendations formulated during the workshop. These Recommen-
dations represent the final consensus after iterative refinement and approval by the expert panel.
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derived from actigraphy, often used as proxies for 
circadian function, 47,48 are less reliable in immobile or 
sedated patients, or those with ICU-acquired weakness. 
Metrics of daily rhythmicity in vital signs (eg, heart rate, 
BP, core body temperature) have been used to study 
rhythm disruption and association with clinical 
outcomes on a large scale, 12,49-52 but standardized 
analysis frameworks to compute these metrics are 
lacking. Notably, vital sign fluctuations are influenced 
not only by circadian variation but also by 
environmental and behavioral factors. 5,6 For example, 
events such as atrial fibrillation, vasopressor 
administration, and extracorporeal membrane 
oxygenation can significantly alter heart rate, BP, and 
body temperature, reducing the reliability of daily 
rhythm markers as indicators of actual circadian 
rhythms.

To successfully fill the evidence gaps, we need a 
cohesive network of relevant professionals (eg, ICU 
clinicians as well as researchers with expertise in 
circadian biology and implementation science). 
Structured education and outreach programs that target 
health care professionals, policymakers, patients 
(advocates), and funders to raise awareness of the topic 
are also crucial. These efforts are essential to foster 
stronger collaboration and ensure multidisciplinary 
input, which is the base to build a robust evidence base 
(Proposition 6).

Having identified the key evidence gaps, the workshop 
participants then focused on defining recommendations 
to address these gaps (Themes 2-5).

Theme 2: Measures of Circadian System Function

Our first Recommendation is to define and implement a 
“core outcome set” of circadian measures (circadian 
COS) that can be assessed throughout a patient’s stay in 
the ICU (Recommendation 1) (Fig 4). A COS is a 
standardized set of outcomes to be measured and 
reported for clinical trials in a specific area of health 
care, improving consistency, reliability, and 
comparability of results. 53 The circadian COS would 
specify the measured physiological processes and 
statistical method(s) used to estimate one or more key 
rhythmic properties: period, amplitude, and/or phase 
(timing). Relevant physiological processes may include 
vital signs (eg, core body temperature, heart rate, BP), 
hormones (eg, melatonin, cortisol), expression of clock 
genes, or transcriptome-wide profiling. Clear guidelines 
for sampling frequencies and analysis methods, such as 
cosinor and spectral analysis, or other appropriate

(parametric or non-parametric) methods, should be 
included. The development of this circadian COS 
should be consensus-driven, 54 in which the biological 
relevance, degree of evidence, as well as the reliability 
and feasibility in the ICU setting, are carefully 
considered.

A circadian COS would allow rigorous evaluation of how 
the circadian system, both central and peripheral clocks, 
responds to interventions in the ICU such as dynamic 
lighting schedules or time-restricted feeding and how 
they are associated with clinical and patient-reported 
characteristics and outcomes (Recommendation 2). 
Widespread implementation of the circadian COS 
would provide standardized distributions of its 
variables in different ICU populations, and subgroups, 
allowing consistent circadian phenotyping of critically 
ill patients. Importantly, this approach may also
help to elucidate how critical illness or specific 
pathological conditions contribute to circadian 
disruption.

We also recommend exploiting the wealth of clinical 
data routinely collected in the ICU 5,55 such as vital signs 
(eg, core body temperature, BP, and heart rate [including 
its variability]), laboratory values, and the timing of 
treatments and other health care processes. 52,56,57 This 
will allow the assessment of daily rhythms on a large 
scale, contributing to the development of novel 
biomarkers of circadian system function. Advanced data 
science methods (eg, machine learning, time series 
analysis) and benchmarking against healthy populations 
would greatly enhance the understanding of circadian 
system function in ICU populations (Recommendation 
3). An important step in these analyses will be the 
handling of confounders, including health care 
processes, (dynamic) health conditions or status, or 
ongoing interventions that influence or mask the 
circadian measure of interest. Collecting, storing, 
structuring, annotating, analyzing, and interpreting 
those data will require expertise from an 
interdisciplinary team.

Finally, we recommend incorporating circadian 
research (eg, concepts and measures) into large-scale 
clinical trials to explore how the circadian system 

and its disruption affect physiology and clinical 
outcomes (Recommendation 4). This can be achieved 
by including targeted daily rhythm assessment (eg, 
hormone or clock gene measurements) in a subset of 
patients in large trials, or by analyzing daily rhythms 
of routinely collected data, such as vital signs, as
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exploratory end points. This provides valuable 
mechanistic insight with minimal logistical or financial 
burden, while still maintaining or improving statistical 
power for primary outcomes.

Theme 3: Clinical Outcome Measures in Circadian 
Intervention Studies

Since the circadian system influences nearly all aspects 
of physiology, circadian interventions may impact a 
wide range of clinical outcomes. 1 Existing circadian 
intervention studies have focused on outcomes such as 
melatonin rhythms, 36,58 sleep quality, 59 nutritional 
outcomes, 60 and delirium risk. 21,36,59,61 The connection 
between circadian rhythms and meaningful and patient-
centered outcomes such as duration of mechanical 
ventilation or ICU stay or cognition in survivors is still 
underdeveloped and requires more observational and 
intervention-based research. Outcome measures must 
be prespecified and mechanistically justified based on 
the intervention’s hypothesized circadian targets, the 
study population, and the trial context.

To build a robust evidence base that informs clinical 
practice about the efficacy of circadian interventions, we 
encourage using appropriate established COSs for 
clinical outcomes that are available for many ICU-
related outcomes 62 (Recommendation 5). This includes 
delirium incidence, 63 duration of mechanical 
ventilation, 64 nutritional and metabolic interventions, 65 

physical rehabilitation, 66 and perioperative infection 
and sepsis. 67 Furthermore, given its close connection to 
circadian function, sleep should be considered as a 
relevant outcome, assessed either objectively (eg, 
polysomnography) or subjectively (eg, sleep 
questionnaires, such as the Richards-Campbell Sleep 
Questionnaire in adult ICU patients, 68,69 or 
observational sleep stage classification for preterm 

infants in the neonatal ICU 70 ). Given the potentially 
positive effects of circadian interventions on 
developmental outcomes that have been observed in 
preterm infants in the neonatal ICU, 71 we also 
recommend circadian intervention studies involving 
pediatric populations to consider inclusion of 
developmental outcomes.

Accurate time-stamping is essential because 
interpretation of results depends on precise temporal 
annotation of the data. The timing of events (eg, the 
administration of medication, initiation and weaning 
of mechanical ventilation, or nutrition therapy) and 
environmental influences (eg, changes in exposure to 
noise or light, such as phototherapy in the neonatal

ICU 72 ) provides critical context for understanding 
daily physiological rhythms and their confounders in 
critical illness. We therefore recommend standardized 
and automated time-stamping and annotation of all 
routine clinical care and clinical trial procedures 
(Recommendation 6).

Recovery extends beyond ICU discharge; many patients 
experience persistent disruptions in daily rhythms and 
sleep patterns after transition from the ICU to another 
ward or discharge from the hospital. 73,74 We 
recommend systematic inclusion of post-ICU outcomes 
in circadian intervention studies (Recommendation 7).

Theme 4: Design of Circadian Intervention Studies

One application of circadian medicine in the ICU 
involves both creating a daily structure and optimizing 
treatments based on time-of-day-dependent effects. 75,76 

From a circadian medicine perspective, the daily ICU 
structure may include modifications of light conditions, 
timed feeding and mobilization, or timed scheduling of 
interventions and medications. Dedicated trials are 
required to study their clinical and cost-effectiveness, 
feasibility, safety, and acceptance, while considering 
contamination bias by unintended spillover of the 
intervention to patients who serve as controls in the 
study. During trial design and execution, a 
multidisciplinary team should be involved such as 
clinicians (eg, physicians, nurses, dietitians, 
physiotherapists, respiratory therapists, psychologists), 
patients and/or family advocates, basic scientists, 
pharmacists, data scientists, statisticians, public and 
economic health specialists, technicians, and others 
(Recommendation 8). In addition, it is important to 
consider individual preferences of patients and family 
members when planning and conducting a trial to assess 
a circadian intervention (eg, light sensitivity, eating and 
sleeping habits/schedules) to ensure a patient-centered 
approach.

Since the interaction between the circadian system and 
critical illness may change over the ICU stay, with 
potential implications for the effectiveness of a given 
intervention, we recommend carefully considering and 
documenting the stage of critical illness in the design of 
studies (Recommendation 9). For example, if attenuated 
circadian rhythmicity is an adaptive mechanism during 
early stages of critical illness, interventions may be more 
effective at later stages, and may therefore be beneficial 
only when they are initiated later in the ICU stay or 
continued on other hospital wards. Of note, follow-up 
of a circadian intervention trial may also need to extend
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beyond the hospital stay to study effects on post-ICU 
outcomes, such as post-intensive care syndrome. 
Likewise, documentation of clinical classifications 
and predisposing factors for circadian disruption is 
important. For example, some circadian interventions 
may not be effective in deeply sedated patients.

Novel methodological approaches to clinical trial design 
provide an opportunity for circadian medicine in the 
ICU. It is increasingly recognized that traditional RCTs, 
with strict eligibility criteria and highly controlled 
conditions, have limitations in terms of generalizability, 
heterogeneity, and costs. 77,78 The nonintrusive and low-
risk nature of some circadian interventions (eg, lighting 
and nutrition) makes them well-suited to be studied in 
pragmatic clinical trials, in which an intervention is 
tested to include in routine care. 79-81 In such trials, 
recruitment, screening, and collection of outcome 
measures are automated as much as possible to reduce 
the financial and logistical burden of the trial, while still 
using randomization to assign patients or clusters to the 
treatments or conditions of interest. 79,80 Pragmatic trials 
can increase both generalizability and efficiency 
compared with traditional RCTs. We encourage 
developing pragmatic trials to evaluate the effect of 
circadian interventions in critical illness 
(Recommendation 10). These trials should include 
measures of clinical effectiveness, safety measures, 
acceptance by staff and patients, and cost.

When performing an RCT is not feasible, analyses of non-
randomized or non-interventional data including target 
trial emulation may be an alternative to study circadian 
interventions. Target trial emulation involves using 
observational data to simulate the conditions of a target 
trial (ie, a hypothetical RCT). 82,83 Target trial emulation 
can help to define the minimal clinically important 
difference for a circadian intervention compared to 
standard care (ie, the smallest change in an outcome that is 
considered clinically relevant) (Recommendation 11). 84 

An example of a circadian intervention that is well-suited 
for target trial emulation is a light intervention using built-
in lighting systems. If these systems are available only in a 
limited number of rooms, randomization would be 
inappropriate. While still allowing for causal inference, 
target trial emulation would support rigorous evaluation 
of this intervention in real-world conditions.

Theme 5: Dissemination and Implementation 
Strategies

Careful reporting of implementation strategies and 
outcomes of circadian interventions in the ICU is

critical to translate their potential into practice, as 
implementation will present unique challenges. 
Specifically, practical barriers include staff issues, such 
as the perceived increase in nursing workload; 
significant financial costs associated with technologies 
such as dynamic lightning; and institutional culture, 
particularly the clinical inertia against altering 
established 24/7 routines. These challenges may limit 
acceptance among health care teams. Therefore, we 
suggest creating guidelines for health care providers and 
administrators that offer a model for integrating any 
circadian interventions that are shown to be effective in 
RCTs into routine clinical workflows (Recommendation 
12). Interprofessional communication frameworks may 
be helpful in evaluating the implementation of circadian 
conditions during daily patient rounds. 85 For this 
reason, it is important to assess cultural factors and the 
readiness of local health care institutions to adopt these 
measures in routine clinical practice (Recommendation 
13). This includes identifying facilitators and potential 
barriers to adopting effective circadian interventions. 
The development of targeted educational resources and 
training programs for ICU staff on the importance of 
the circadian system for patient health and recovery can 
also play a key role in overcoming resistance 
(Recommendation 14).

Robust evidence on the impact of circadian conditions 
in clinical practice is needed to help clinical teams and 
financial decision makers evaluate the benefits. We 
therefore recommend pragmatic, multicenter trial 
designs of circadian interventions that have shown 
promise in small-scale studies to assess effectiveness and 
feasibility within routine clinical care in different 
clinical settings (Recommendation 15). Finally, it is 
important to include centers from different health care 
models and economic settings, from both low-income 
and high-income regions, to capture a wide range of 
exposures and ensure broad applicability of the results 
(Recommendation 16).

Discussion
Patients in the ICU may experience severe disruption of 
their circadian system, which may negatively affect 
health outcomes and recovery. Creating an 
environment that supports circadian system function at 
appropriate times therefore holds great potential for 
improving meaningful patient outcomes. However, 
effective integration of circadian biology in the ICU 
remains limited until well-designed studies demonstrate 
whether interventions targeted at the circadian system

986 Guidelines and Consensus Statements [ 1 6 9 # 4 C H E S T A P R I L 2 0 2 6 ]



reduce circadian disruption and whether this improves 
health outcomes. In our workshop, we identified key 
evidence gaps, and we propose a set of recommendations 
to address these challenges and guide future research 
and clinical practice. Key recommendations include the 
development of circadian outcome measures tailored for 
use in the ICU and using standardized frameworks and 
COSs for evaluating the effect of circadian interventions 
in clinical trials.

Several limitations of this work should be acknowledged. 
First, we did not follow a standardized consensus 
methodology, such as a Delphi process, which may 
have limited the systematic assessment of agreement 
and prioritization across participants. Nevertheless, a 
structured survey was conducted to collect input
and arrive at a final set of Propositions and 
Recommendations, and all participants accepted an 
invitation to be co-authors of the manuscript. Second, 
the workshop presentations were prepared by the 
speakers themselves and, although reviewed by the 
organizing committee for relevance and content, no 
formal assessment of potential bias was conducted.

Despite these limitations, the workshop has important 
strengths. Participants represented a multidisciplinary 
group, including ICU clinicians, circadian biologists, 
implementation specialists, and patient representatives. 
This diversity of expertise enabled comprehensive 
discussions, ensured multiple perspectives were 
considered, and strengthened the relevance and 
applicability of the resulting Propositions and 
Recommendations. Finally, we did not conduct a de 
novo systematic review and meta-analysis but built 
upon expert consensus following review of the body of 
scientific literature in this field. We recognize that a 
systematic review and meta-analysis is more robust, 
but considering the vast methodological and 
conceptual diversity of this nascent research area, we 
resorted to an expert consensus whilst recognizing 
the inherent bias of such an approach.

Interpretation
Through a structured and collaborative effort of ICU 
clinicians, circadian biologists, and implementation 
specialists, the workshop led to a set of Propositions and 
Recommendations that will help to translate knowledge 
on the circadian system to the field of critical care. 
Thereby, this roadmap provides a framework for 
building a robust evidence base for integrating circadian 
principles into ICU practice.

Funding/Support
The workshop was supported by the Lorentz Center 
[https://www.lorentzcenter.nl/] and the BioClock 
Consortium [https://bioclockconsortium.org/] funded 
by the research program NWA-ORC of the Dutch 
Research Council [https://www.nwo.nl/en; 1292.19.077 
to L. K.]. This work was further supported by a VENI 
grant from the Netherlands Organisation for Health 
Research and Development (ZonMw) [https://www. 
zonmw.nl/en; 2020-09150161910128 to L. K.], an 
institutional project grant from the Leiden University 
Medical Center [https://www.lumc.nl/; to L. K. and D. J. v 
.W.], Agencia Nacional de Investigación y Desarrollo 
(ANID) Grant for Academic Installation [https://anid.cl; 
2023 85220042 to L. B. G.], the National Institute for 
Health and Care Research (NIHR) Oxford Biomedical 
Research Centre [https://oxfordbrc.nihr.ac.uk, to A. I. A.; 
NIHR203316, to D. W. R.], National Institutes of Health 
[https://www.nih.gov/; R00HL153795 to H. S. D.; 
HL151368 and NS126547 to J. O. L.; 1OT2HL156812-01 
to M. B. M.], Broad/Boston Investment Conference 
[https://bostoninvestmentconference.com/; to J. O. L.], 
Murray and Clara Walker Endowment [https://www. 
asufoundation.org/education-and-scholarship/donor-
named-funds/murray-and-clara-walker-memorial-
scholarship-CA114070.html; to S. P.], Medical Research 
Council [https://www.ukri.org/councils/mrc/; MR/ 
W019000/1 and MR/V034049/1 to D. W. R.], the NIHR 
Manchester Biomedical Research Centre [https://www. 
manchesterbrc.nihr.ac.uk/; NIHR203308 to G. B. K.], 
Research and Innovation, Manchester University
NHS Foundation Trust [https://mft.nhs.uk/; to G. B. K.], 
and the NIHR Health Technology Assessment 
[https://www.nihr.ac.uk/research-funding/funding-
programmes/health-technology-assessmen; 
NIHR156500 to G. B. K.].

Financial/Nonfinancial Disclosures
The authors have reported to CHEST the following: X. D. 
reports a pending patent (a sleep analyzer and associated 
systems and methods) and ownership of stock option in 
Somno Engineering. A. K.’s institution has issued patents 
(PCT/EP2018/066771 and PCT/EP2022/087463) related 
to biomarkers for detecting the clock. This intellectual 
property has been licensed by BodyClock Technologies 
GmbH, in which A. K. is a shareholder. A. K. receives 
editor’s honoraria from Springer Verlag and Georg 
Thieme Verlag. E. B. K. consulted for Circadian 
Therapeutics, the National Sleep Foundation, and Yale 
University Press; received honoraria from the American

chestjournal.org 987

https://www.lorentzcenter.nl/
https://bioclockconsortium.org/
https://www.nwo.nl/en
https://www.zonmw.nl/en
https://www.zonmw.nl/en
https://www.lumc.nl/
https://anid.cl
https://oxfordbrc.nihr.ac.uk
https://www.nih.gov/
https://bostoninvestmentconference.com/
https://www.asufoundation.org/education%2Dand%2Dscholarship/donor%2Dnamed%2Dfunds/murray%2Dand%2Dclara%2Dwalker%2Dmemorial%2Dscholarship%2DCA114070.html
https://www.asufoundation.org/education%2Dand%2Dscholarship/donor%2Dnamed%2Dfunds/murray%2Dand%2Dclara%2Dwalker%2Dmemorial%2Dscholarship%2DCA114070.html
https://www.asufoundation.org/education%2Dand%2Dscholarship/donor%2Dnamed%2Dfunds/murray%2Dand%2Dclara%2Dwalker%2Dmemorial%2Dscholarship%2DCA114070.html
https://www.asufoundation.org/education%2Dand%2Dscholarship/donor%2Dnamed%2Dfunds/murray%2Dand%2Dclara%2Dwalker%2Dmemorial%2Dscholarship%2DCA114070.html
https://www.ukri.org/councils/mrc/
https://www.manchesterbrc.nihr.ac.uk/
https://www.manchesterbrc.nihr.ac.uk/
https://mft.nhs.uk/
https://www.nihr.ac.uk/research%2Dfunding/funding%2Dprogrammes/health%2Dtechnology%2Dassessmen
https://www.nihr.ac.uk/research%2Dfunding/funding%2Dprogrammes/health%2Dtechnology%2Dassessmen
http://chestjournal.org


Academy of Sleep Medicine Foundation, Sleep Research 
Society, and Sleep Research Society Foundation; and 
received travel support from the European Biological 
Rhythms Society, Lighten up/EPFL Pavilions, Sante Fe 
Institute, Sleep Research Society, Society for Research in 
Biological Rhythms, and World Sleep Foundation. E. B. 
K.’s partner is founder and CSO of Chronsulting. T. R. is 
owner, founder, and CSO of Chronsulting UG. None 
declared (F. W. H., L. B. G., L. J. E., L. H., L. K. P., A. I. A., 
H. S. D., G. B. K., M. P. K., J. O. L., A. L., M. B. M., N. M. P., 
S. P., C. S., D. J. v. W., M. F., D. W. R., M. D. R., L. K.).

Acknowledgments
Author contributions: The workshop and the manuscript were 
conceived by M. F., E. B. K., D. W. R., T. R., M. D. R., and L. K. All 
authors participated in the workshop and contributed to the 
discussions that formed the basis of the manuscript. F. W. H., L. B. G.,
L. J. E., L. H., L. K. P., M. F., E. B. K., D. W. R., T. R., M. D. R., and L.
K. drafted the manuscript, and T. R., F. W. H., and L. K. assembled 
and integrated the entire manuscript. M. F. illustrated Figure 1, and F. 
H. W. and L. K. illustrated Figures 2 to 4. All authors provided 
feedback on the manuscript and read and approved the final 
manuscript.

Role of sponsors: The funders had no role in the workshop, study 
design, data collection and analysis, decision to publish, or 
preparation of the manuscript.

Other contributions: The authors thank the Lorentz Center (Leiden, 
The Netherlands) for organizing and hosting the workshop “About 
Time: Circadian Medicine in Critical Care” from September 16-20, 
2024. They also thank the patient representative from the patient 
organization IC Connect for sharing their experiences as a former 
ICU patient. In addition, the authors thank Marit van Gent for her 
assistance in designing the survey form.

Disclaimer: The views expressed are those of the authors and not 
necessarily those of the funders.

Declaration of generative AI and AI-assisted technologies in the 
writing process: During the preparation of this work, the authors 
used ChatGPT (OpenAI) to improve the clarity and language of 
specific parts of the manuscript. After using this service, the authors 
reviewed and edited the content as needed and take full responsibility 
for the content of the publication.

Additional information: The e-Tables are available online under 
“Supplementary Data.”

References
1. Felten M, Dame C, Lachmann G, et al. Circadian rhythm disruption 

in critically ill patients. Acta Physiol (Oxf). 2023;238(1):e13962.

2. Oldham MA, Lee HB, Desan PH. Circadian rhythm disruption in 
the critically ill: an opportunity for improving outcomes. Crit Care 
Med. 2016;44(1):207-217.

3. Allada R, Bass J. Circadian mechanisms in medicine. N Engl J Med. 
2021;384(6):550-561.

4. Cederroth CR, Albrecht U, Bass J, et al. Medicine in the fourth 
dimension. Cell Metab. 2019;30(2):238-250.

5. Kervezee L, Dashti H, Pilz L, Skarke C, Ruben M. Using routinely 
collected clinical data for circadian medicine: a review of 
opportunities and challenges. PLOS Digital Health. 2024;3(5): 
e0000511.

6. Klerman EB, Brager A, Carskadon MA, et al. Keeping an eye on 
circadian time in clinical research and medicine. Clin Transl Med. 
2022;12(12):e1131.

7. Scheer FA, Hilton MF, Mantzoros CS, Shea SA. Adverse metabolic 
and cardiovascular consequences of circadian misalignment. Proc 
Natl Acad Sci U S A. 2009;106(11):4453-4458.

8. Cuesta M, Boudreau P, Dubeau-Laramee G, Cermakian N, 
Boivin DB. Simulated night shift disrupts circadian rhythms of 
immune functions in humans. J Immunol. 2016;196(6):2466-2475.

9. Morris CJ, Purvis TE, Hu K, Scheer FA. Circadian misalignment 
increases cardiovascular disease risk factors in humans. Proc Natl 
Acad Sci U S A. 2016;113(10):E1402-E1411.

10. Kervezee L, Kosmadopoulos A, Boivin DB. Metabolic and 
cardiovascular consequences of shift work: the role of circadian 
disruption and sleep disturbances. Eur J Neurosci. 2020;51(1): 
396-412.

11. McMullan CJ, McHill AW, Hull JT, Wang W, Forman JP, 
Klerman EB. Sleep restriction and recurrent circadian disruption 
differentially affects blood pressure, sodium retention, and 
aldosterone secretion. Front Physiol. 2022;13:914497.

12. Gao Y, Wang Q, Li J, et al. Impact of mean arterial pressure 
fluctuation on mortality in critically ill patients. Crit Care Med. 
2018;46(12):e1167-e1174.

13. Beyer SE, Salgado C, Garcao I, Celi LA, Vieira S. Circadian rhythm 
in critically ill patients: insights from the eICU Database. Cardiovasc 
Digit Health J. 2021;2(2):118-125.

14. Coiffard B, Diallo AB, Culver A, et al. Circadian rhythm disruption 
and sepsis in severe trauma patients. Shock. 2019;52(1):29-36.

15. McKenna H, van der Horst GTJ, Reiss I, Martin D. Clinical 
chronobiology: a timely consideration in critical care medicine. Crit 
Care. 2018;22(1):124.

16. Klerman EB, Kramer A, Zee PC. From bench to bedside and back 
again: translating circadian science to medicine. J Biol Rhythms. 
2023;38(2):125-130.

17. Kramer A, Lange T, Spies C, Finger AM, Berg D, Oster H. 
Foundations of circadian medicine. PLoS Biol. 2022;20(3):e3001567.

18. Sole MJ, Martino TA. Circadian medicine: a critical strategy for 
cardiac care. Nat Rev Cardiol. 2023;20(11):715-716.

19. Roenneberg T, Foster RG, Klerman EB. The circadian system, sleep, 
and the health/disease balance: a conceptual review. J Sleep Res. 
2022;31(4):e13621.

20. Colwell CS. Circadian Medicine. John Wiley & Sons; 2015.
21. Simons KS, Laheij RJ, van den Boogaard M, et al. Dynamic light 

application therapy to reduce the incidence and duration of 
delirium in intensive-care patients: a randomised controlled trial. 
Lancet Respir Med. 2016;4(3):194-202.

22. Weiss B, Spies C, Piazena H, Penzel T, Fietze I, Luetz A. Exposure to 
light and darkness and its influence on physiological measures of 
intensive care unit patients—a systematic literature review. Physiol 
Meas. 2016;37(9):R73-R87.

23. Aiello G, Cuocina M, La Via L, et al. Melatonin or ramelteon for 
delirium prevention in the intensive care unit: a systematic review 
and meta-analysis of randomized controlled trials. J Clin Med. 
2023;12(2):435.

24. Walton JC, Walker WH 2nd, Bumgarner JR, et al. Circadian 
variation in efficacy of medications. Clin Pharmacol Ther. 
2021;109(6):1457-1488.

25. Ruben MD, Smith DF, FitzGerald GA, Hogenesch JB. Dosing time 
matters. Science. 2019;365(6453):547-549.

26. Ruben MD, Wu G, Smith DF, et al. A database of tissue-specific 
rhythmically expressed human genes has potential applications in 
circadian medicine. Sci Transl Med. 2018;10(458):eaat8806.

27. Felten M, Ferencik S, Teixeira Alves LG, et al. Ventilator-induced 
lung injury is modulated by the circadian clock. Am J Respir Crit 
Care Med. 2023;207(11):1464-1474.

28. Cunningham PS, Maidstone R, Durrington HJ, et al. Incidence of 
primary graft dysfunction after lung transplantation is altered by 
timing of allograft implantation. Thorax. 2019;74(4):413-416.

29. Montaigne D, Marechal X, Modine T, et al. Daytime variation of 
perioperative myocardial injury in cardiac surgery and its 
prevention by Rev-Erbalpha antagonism: a single-centre

988 Guidelines and Consensus Statements [ 1 6 9 # 4 C H E S T A P R I L 2 0 2 6 ]

http://refhub.elsevier.com/S0012-3692(25)05931-8/sref1
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref1
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref2
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref2
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref2
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref3
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref3
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref4
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref4
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref5
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref5
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref5
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref5
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref6
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref6
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref6
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref7
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref7
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref7
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref8
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref8
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref8
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref9
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref9
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref9
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref10
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref10
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref10
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref10
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref11
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref11
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref11
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref11
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref12
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref12
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref12
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref13
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref13
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref13
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref14
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref14
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref15
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref15
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref15
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref16
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref16
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref16
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref17
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref17
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref18
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref18
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref19
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref19
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref19
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref20
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref21
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref21
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref21
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref21
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref22
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref22
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref22
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref22
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref23
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref23
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref23
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref23
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref24
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref24
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref24
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref25
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref25
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref26
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref26
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref26
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref27
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref27
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref27
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref28
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref28
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref28
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref29
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref29
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref29


propensity-matched cohort study and a randomised study. Lancet. 
2018;391(10115):59-69.

30. Fishbein AB, Knutson KL, Zee PC. Circadian disruption and 
human health. J Clin Invest. 2021;131(19):e148286.

31. Knauert MP, Ayas NT, Bosma KJ, et al. Causes, consequences, and 
treatments of sleep and circadian disruption in the ICU: an official 
American Thoracic Society Research Statement. Am J Respir Crit 
Care Med. 2023;207(7):e49-e68.

32. van Goor HMR, van Loon K, Breteler MJM, Kalkman CJ, 
Kaasjager KAH. Circadian patterns of heart rate, respiratory rate 
and skin temperature in hospitalized COVID-19 patients. PLoS 
One. 2022;17(7):e0268065.

33. Lachmann, Ananthasubramaniam B, Wunsch VA, et al. Circadian 
rhythms in septic shock patients. Ann Intensive Care. 2021;11(1):64.

34. Maas MB, Iwanaszko M, Lizza BD, Reid KJ, Braun RI, Zee PC. 
Circadian gene expression rhythms during critical illness. Crit Care 
Med. 2020;48(12):e1294-e1299.

35. Davidson S, Villarroel M, Harford M, et al. Vital-sign circadian 
rhythms in patients prior to discharge from an ICU: a retrospective 
observational analysis of routinely recorded physiological data. Crit 
Care. 2020;24(1):181.

36. Spies C, Piazena H, Deja M, et al. Modification in ICU design may 
affect delirium and circadian melatonin: a proof of concept pilot 
study. Crit Care Med. 2024;52(4):e182-e192.

37. Beaucage-Charron J, Rinfret J, Coveney R, Williamson D. 
Melatonin and ramelteon for the treatment of delirium: a systematic 
review and meta-analysis. J Psychosom Res. 2023;170:111345.

38. Duan Y, Yang Y, Zhu W, et al. Melatonin intervention to prevent 
delirium in the intensive care units: a systematic review and meta-
analysis of randomized controlled trials. Front Endocrinol 
(Lausanne). 2023;14:1191830.

39. Khaing K, Nair BR. Melatonin for delirium prevention in 
hospitalized patients: a systematic review and meta-analysis. 
J Psychiatr Res. 2021;133:181-190.

40. Hazelhoff EM, Dudink J, Meijer JH, Kervezee L. Beginning to see 
the light: lessons learned from the development of the circadian 
system for optimizing light conditions in the neonatal intensive care 
unit. Front Neurosci. 2021;15(240):634034.

41. Lopez Soto PJ, Jimenez-Pastor JM, Lopez-Coleto L, Meira ECM. 
Enhancing sleep quality in pediatric intensive care: a 
chronobiological perspective. Dent Clin North Am. 2024;68(3): 
467-474.

42. Iguchi H, Kato KI, Ibayashi H. Melatonin serum levels and 
metabolic clearance rate in patients with liver cirrhosis. J Clin 
Endocrinol Metab. 1982;54(5):1025-1027.

43. Frisk U, Olsson J, Nylén P, Hahn RG. Low melatonin excretion 
during mechanical ventilation in the intensive care unit. Clin Sci 
(Lond). 2004;107(1):47-53.

44. Wittenbrink N, Ananthasubramaniam B, Munch M, et al. High-
accuracy determination of internal circadian time from a single 
blood sample. J Clin Invest. 2018;128(9):3826-3839.

45. Braun R, Kath WL, Iwanaszko M, et al. Universal method for robust 
detection of circadian state from gene expression. Proc Natl Acad 
Sci U S A. 2018;115(39):E9247-E9256.

46. Jimenez-Pastor JM, Morales-Cane I, Rodriguez-Cortes FJ, et al. 
Interaction between clock genes, melatonin and cardiovascular 
outcomes from ICU patients. Intensive Care Med Exp. 2025;13(1): 
19.

47. Doyle MM, Murphy TE, Miner B, Pisani MA, Lusczek ER, 
Knauert MP. Enhancing cosinor analysis of circadian phase markers 
using the gamma distribution. Sleep Med. 2022;92:1-3.

48. Vetter C. Circadian disruption: what do we actually mean? Eur J 
Neurosci. 2020;51(1):531-550.

49. Davidson S, Villarroel M, Harford M, et al. Day-to-day progression 
of vital-sign circadian rhythms in the intensive care unit. Crit Care. 
2021;25(1):156.

50. Mestrom EHJ, van der Stam JA, Nienhuijs SW, et al. Postoperative 
circadian patterns in wearable sensor measured heart rate: a

prospective observational study. J Clin Monit Comput. 2024;38(1): 
147-156.

51. Knauert MP, Murphy TE, Doyle MM, Pisani MA, Redeker NS, 
Yaggi HK. Pilot observational study to detect diurnal variation and 
misalignment in heart rate among critically ill patients. Front 
Neurol. 2020;11:637.

52. Mewes D, Weber-Carstens S, Rubarth K, et al. Distinct diurnal 
temperature rhythm patterns in critical illness myopathy: 
secondary analysis of two prospective trials. Ann Intensive Care. 
2025;15(1):171.

53. Williamson PR, Altman DG, Blazeby JM, et al. Developing core 
outcome sets for clinical trials: issues to consider. Trials. 
2012;13:132.

54. Kirkham JJ, Davis K, Altman DG, et al. Core Outcome Set-
STAndards for Development: the COS-STAD recommendations. 
PLoS Med. 2017;14(11):e1002447.

55. Baum L, Johns M, Poikela M, Moller R, Ananthasubramaniam B, 
Prasser F. Data integration and analysis for circadian medicine. 
Acta Physiol (Oxf). 2023;237(4):e13951.

56. Ruben MD, Francey LJ, Guo Y, et al. A large-scale study reveals 24-
h operational rhythms in hospital treatment. Proc Natl Acad Sci U S 
A. 2019;116(42):20953-20958.

57. Hiemstra FW, Stenvers DJ, Kalsbeek A, de Jonge E, van 
Westerloo DJ, Kervezee L. Daily variation in blood glucose levels 
during continuous enteral nutrition in patients on the intensive care 
unit: a retrospective observational study. EBioMedicine. 2024;104: 
105169.

58. Gehlbach BK, Patel SB, Van Cauter E, Pohlman AS, Hall JB, 
Zabner J. The effects of timed light exposure in critically ill patients: 
a randomized controlled pilot clinical trial. Am J Respir Crit Care 
Med. 2018;198(2):275-278.

59. Gandolfi JV, Di Bernardo APA, Chanes DAV, et al. The effects of 
melatonin supplementation on sleep quality and assessment of the 
serum melatonin in ICU patients: a randomized controlled trial. 
Crit Care Med. 2020;48(12):e1286-e1293.

60. Wang YM, Taggart CB, Huber JF, et al. Daytime-restricted 
parenteral feeding is associated with earlier oral intake in children 
following stem cell transplant. J Clin Invest. 2023;133(4):e167275.

61. Wilcox ME, Burry L, Englesakis M, et al. Intensive care unit 
interventions to promote sleep and circadian biology in reducing 
incident delirium: a scoping review. Thorax. 2024;79(10):988-997.

62. Dinglas VD, Cherukuri SPS, Needham DM. Core outcomes sets for 
studies evaluating critical illness and patient recovery. Curr Opin 
Crit Care. 2020;26(5):489-499.

63. Rose L, Burry L, Agar M, et al. A core outcome set for research 
evaluating interventions to prevent and/or treat delirium in 
critically ill adults: an international consensus study (Del-COrS). 
Crit Care Med. 2021;49(9):1535-1546.

64. Blackwood B, Ringrow S, Clarke M, et al. A core outcome set for 
critical care ventilation trials. Crit Care Med. 2019;47(10): 
1324-1331.

65. Davies TW, van Gassel RJJ, van de Poll M, et al. Core outcome 
measures for clinical effectiveness trials of nutritional and metabolic 
interventions in critical illness: an international modified Delphi 
consensus study evaluation (CONCISE). Crit Care. 2022;26(1):240.

66. Connolly BA, Barclay M, Davies C, et al. PRACTICE: development 
of a core outcome set for trials of physical rehabilitation in critical 
illness. Ann Am Thorac Soc. 2024;21(12):1742-1750.

67. Barnes J, Hunter J, Harris S, et al. Systematic review and consensus 
definitions for the Standardised Endpoints in Perioperative 
Medicine (StEP) initiative: infection and sepsis. Br J Anaesthesia. 
2019;122(4):500-508.

68. Richards KC, O’Sullivan PS, Phillips RL. Measurement of sleep in 
critically ill patients. J Nurs Meas. 2000;8(2):131-144.

69. Kakar E, Priester M, Wessels P, Slooter AJC, Louter M, van der 
Jagt M. Sleep assessment in critically ill adults: a systematic review 
and meta-analysis. J Crit Care. 2022;71:154102.

chestjournal.org 989

http://refhub.elsevier.com/S0012-3692(25)05931-8/sref29
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref29
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref30
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref30
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref31
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref31
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref31
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref31
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref32
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref32
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref32
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref32
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref33
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref33
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref34
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref34
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref34
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref35
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref35
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref35
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref35
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref36
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref36
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref36
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref37
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref37
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref37
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref38
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref38
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref38
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref38
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref39
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref39
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref39
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref40
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref40
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref40
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref40
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref41
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref41
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref41
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref41
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref42
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref42
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref42
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref43
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref43
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref43
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref44
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref44
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref44
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref45
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref45
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref45
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref46
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref46
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref46
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref46
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref47
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref47
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref47
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref48
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref48
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref49
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref49
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref49
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref50
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref50
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref50
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref50
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref51
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref51
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref51
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref51
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref52
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref52
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref52
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref52
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref53
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref53
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref53
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref54
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref54
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref54
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref55
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref55
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref55
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref56
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref56
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref56
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref57
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref57
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref57
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref57
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref57
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref58
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref58
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref58
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref58
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref59
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref59
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref59
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref59
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref60
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref60
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref60
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref61
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref61
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref61
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref62
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref62
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref62
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref63
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref63
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref63
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref63
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref64
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref64
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref64
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref65
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref65
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref65
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref65
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref66
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref66
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref66
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref67
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref67
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref67
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref67
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref68
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref68
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref69
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref69
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref69
http://chestjournal.org


70. Bik A, Sam C, de Groot ER, et al. A scoping review of behavioral 
sleep stage classification methods for preterm infants. Sleep Med. 
2022;90:74-82.

71. Morag I, Ohlsson A. Cycled light in the intensive care unit for 
preterm and low birth weight infants. Cochrane Database Syst Rev. 
2016;2016(8):CD006982.

72. Van der Linden IA, Hazelhoff EM, De Groot ER, et al. 
Characterizing light-dark cycles in the Neonatal Intensive Care 
Unit: a retrospective observational study. Front Physiol. 2023;14: 
1217660.

73. Altman MT, Knauert MP, Pisani MA. Sleep disturbance after 
hospitalization and critical illness: a systematic review. Ann Am 
Thorac Soc. 2017;14(9):1457-1468.

74. Henriquez-Beltran M, Vaca R, Benitez ID, et al. Sleep and circadian 
health of critical survivors: a 12-month follow-up study. Crit Care 
Med. 2024;52(8):1206-1217.

75. Dashti HS, Wang YM, Knauert MP. Feeding critically ill patients at 
the right time of day. Crit Care. 2024;28(1):206.

76. Luetz A, Spies C, Kervezee L. It’s about time: circadian medicine in 
the intensive care unit. Intensive Care Med. 2024;50(2):283-286.

77. Harhay MO, Casey JD, Clement M, et al. Contemporary strategies 
to improve clinical trial design for critical care research: insights 
from the First Critical Care Clinical Trialists Workshop. Intensive 
Care Med. 2020;46(5):930-942.

78. Granholm A, Alhazzani W, Derde LPG, et al. Randomised clinical 
trials in critical care: past, present and future. Intensive Care Med. 
2022;48(2):164-178.

79. Fiore LD, Lavori PW. Integrating randomized comparative 
effectiveness research with patient care. N Engl J Med. 2016;374(22): 
2152-2258.

80. Casey JD, Beskow LM, Brown J, et al. Use of pragmatic and 
explanatory trial designs in acute care research: lessons from 
COVID-19. Lancet Respir Med. 2022;10(7):700-714.

81. Roland M, Torgerson DJ. What are pragmatic trials? BMJ. 
1998;316(7127):285.

82. Hernan MA, Robins JM. Using big data to emulate a target trial 
when a randomized trial is not available. Am J Epidemiol. 
2016;183(8):758-764.

83. Hernán MA, Wang W, Leaf DE. Target trial emulation: a 
framework for causal inference from observational data. JAMA. 
2022;328(24):2446-2447.

84. Copay AG, Subach BR, Glassman SD, Polly DW Jr, Schuler TC. 
Understanding the minimum clinically important difference: a 
review of concepts and methods. Spine J. 2007;7(5):541-546.

85. Schaller SJ, Anstey M, Blobner M, et al. Early, goal-directed 
mobilisation in the surgical intensive care unit: a randomised 
controlled trial. Lancet. 2016;388(10052):1377-1388.

990 Guidelines and Consensus Statements [ 1 6 9 # 4 C H E S T A P R I L 2 0 2 6 ]

http://refhub.elsevier.com/S0012-3692(25)05931-8/sref70
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref70
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref70
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref71
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref71
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref71
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref72
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref72
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref72
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref72
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref73
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref73
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref73
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref74
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref74
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref74
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref75
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref75
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref76
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref76
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref77
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref77
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref77
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref77
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref78
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref78
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref78
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref79
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref79
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref79
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref80
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref80
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref80
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref81
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref81
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref82
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref82
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref82
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref83
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref83
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref83
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref84
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref84
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref84
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref85
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref85
http://refhub.elsevier.com/S0012-3692(25)05931-8/sref85

	Challenges and Recommendations for Integrating Circadian Medicine in Critical Care
	Study Design and Methods
	Workshop Preparation
	Themes
	Workshop Structure
	Definition of Propositions and Recommendations

	Results
	Results From Survey on Propositions and Recommendations
	Theme 1: Evaluating the Evidence Base for Circadian Medicine in the ICU
	Theme 2: Measures of Circadian System Function
	Theme 3: Clinical Outcome Measures in Circadian Intervention Studies
	Theme 4: Design of Circadian Intervention Studies
	Theme 5: Dissemination and Implementation Strategies

	Discussion
	Interpretation
	Funding/Support
	Financial/Nonfinancial Disclosures
	Acknowledgments
	References


