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COMMENT

Feeding critically ill patients at the right time 
of day
Hassan S. Dashti1*, YunZu Michele Wang2,3 and Melissa P. Knauert4 

Chrononutrition, a field of circadian medicine [1], exam-
ines the effects of the timing of eating on circadian 
rhythms, biological processes, and disease pathogen-
esis and treatment [2]. The circadian clock orchestrates 
24-h endogenous cycles, termed circadian rhythms, 
that govern physiology and behavior [3]. Food intake is 
an environmental cue, similar though less potent than 
light exposure, that synchronizes human biology with 
the external environment. As a diurnal species, humans 
consume foods during the active phase (daytime); con-
suming foods during the inactive phase disrupts the sys-
tem [4]. Key metabolic processes are blunted during the 
nighttime resulting in suboptimal nutrient metabolism 
due to circadian misalignment, a mismatch between the 
timing of eating and the circadian system [3]. Nutrient 
intake during the inactive phase may also reprogram the 
clocks of peripheral tissues and cause internal desynchro-
nization between the impacted clocks and clocks in other 
tissues [5]. Chrononutrition is centered around aligning 
nutrition with the circadian system and is a research pri-
ority of the NIH [6].

Modern intensive care unit (ICU) environments 
and practices are known to be disruptive to circadian 

rhythms. Critically ill patients in the ICU are subjected 
to abnormal circadian entrainment signals including 
dim artificial lighting patterns  and immobility [7]. It is 
also  typical for critically ill patients to receive enteral 
or parenteral nutrition support in a continuous man-
ner across all phases of the 24-h cycle [8]. The delivery 
of 24-h nutrition support is expected to exacerbate dis-
ruption. The historical practice of favoring a slower 
continuous rate has been widely adopted to limit the 
unsubstantiated universal risk of gastrointestinal intoler-
ance and aspiration, along with consequent pneumonias, 
for enteral nutrition, and dysglycemia and other meta-
bolic burden, for both feeding modalities [9]. Continuing 
nutrition support through the night is presumed to over-
come missed calories when patients may have their feeds 
temporarily held during the daytime. Clinical guidelines 
make no guidance on the timing for nutrition support, 
and some suggest that the evidence for continuous feed-
ing may be weak [8, 10]. Supporting the circadian health 
of critically ill patients through modern feeding sched-
ules has the potential to improve metabolic outcomes 
by limiting circadian misalignment, and more broadly 
benefit robust circadian function, which is necessary for 
patient recovery.

Recent advancements in chronobiology, includ-
ing studies on time-restricted eating [11], suggest that 
nutrition support should be cycled during the day in 
a time-restricted manner. Intermittent enteral feeding 
(providing feeds at 3 or 4 discreet times with a feed-
ing pump during the day mimicking normal meals) and 
daytime cycles of parenteral nutrition (cycles that start 
and end during the day) are likely more physiologic. A 
recent pilot trial in pediatric hematopoietic stem cell 
transplant recipients showed that daytime infusion of 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Critical Care

*Correspondence:
Hassan S. Dashti
hassan.dashti@mgh.harvard.edu
1 Department of Anesthesia, Critical Care and Pain Medicine, 
Massachusetts General Hospital and Harvard Medical School, 55 Fruit 
Street, Edwards 4‑410C, Boston, MA 02114, USA
2 Division of Bone Marrow Transplantation and Immune Deficiency, 
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA
3 Department of Pediatrics, University of Cincinnati College of Medicine, 
Cincinnati, OH, USA
4 Section of Pulmonary, Critical Care and Sleep Medicine, Department 
of Internal Medicine, Yale School of Medicine, New Haven, CT, USA

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-024-04994-0&domain=pdf


Page 2 of 3Dashti et al. Critical Care          (2024) 28:206 

parenteral nutrition is feasible and safe and is associated 
with a faster transition to an oral diet compared to 24-h 
continuous infusion [12]. Another pilot study showed 
that transitioning from overnight to daytime parenteral 
nutrition in patients with short bowel syndrome on home 
nutrition support is safe and not associated with dysgly-
cemia [13]. Clinical trials in critically ill patients (includ-
ing NCT04737200, NCT05551325, NCT05627167, 
NCT05795881, NCT04870554) will pave the way to 
the future of intensive care medicine. Expected benefits 
include providing adequate calories with limited inter-
ruptions  to feeds, tighter glucose control, limited infec-
tion risk, maintained muscle mass, and improved sleep.

Daytime infusions of nutrition support may pose risks 
for some critically ill patients. Intermittent infusions of 
enteral nutrition require higher feeding rates ranging 
from 100 to 400  mL per hour. Some patients with ele-
vated risk of aspiration due to severe gut dysmotility and 
structural abnormalities or those with postpyloric feeding 
tubes or peripheral intravenous access may not tolerate 
higher volumes; these populations may merit dedicated 
investigation regarding risks and benefits. Bolus feed-
ing, a more rapid push method which delivers the meal 
in minutes using a catheter syringe, is not recommended 
for critically ill patients. In general, nutrition support 
should only be considered for patients with ICU stays of 
more than 48 h [10]. For patients initiating nutrition sup-
port, the proposed feeding regimen may be appropriate 
only during the chronic phase (anabolism) rather than 
the acute phase (catabolism) of illness. Another concern 
is augmented metabolic burden including dysglycemia 
associated with higher rates of infusions. Concern of dys-
glycemia is generally unfounded by empirical evidence. 
Recent pilot data suggests tighter daily glucose averages 
with daytime parenteral nutrition compared to 24-h con-
tinuous infusions [12]. It has also been hypothesized that 
overnight infusions may promote appetite. However, evi-
dence suggests that daytime cycles of parenteral nutrition 
supports a faster transition to an oral diet [12]. Never-
theless, close monitoring of patient tolerance to daytime 
infusions including events of aspiration and dysglycemia, 
and adequate oral intake is necessary.

Daytime nutrition support is facilitated by recent 
scheduling features of electronic health records and 
automated infusion pumps; however, its implementation 
requires that hospital operations be reevaluated. Proto-
cols on feeding tube placements and parenteral nutrition 
compounding may need to be recalibrated. Strategies 
for optimizing glycemia for patients with diabetes such 
as the administration of long-acting insulin need to be 
revised to account for discrete meals. Careful coordina-
tion by a multidisciplinary clinical team including nurses, 
dietitians, physicians, and pharmacists is necessary.

Continued innovation in nutrition support formula and 
technology will facilitate the drive towards an ICU support-
ive of circadian health. Whether shorter infusion cycles 
may elicit cardiometabolic benefits observed with time-
restricted eating without augmenting metabolic burden 
is unknown [11]. The continued use of established mouse 
models for the study of nutrition support and chrononutri-
tion will support this effort [2, 14]. Methods to personalize 
feeding schedules based on each patient’s biological timing 
rather than societal clock timing remain to be determined 
[15]. It is possible that daytime nutrition support concomi-
tant with other effective interventions through a chrono-
bundle encompassing light, food intake, and physical 
function (other synchronizers of the circadian system) may 
be more effective [7]. Existing non-pharmacologic ICU cir-
cadian interventions include upgrading light technology 
and utilizing solar shades.

In summary, the default clinical practice of 24-h continu-
ous nutrition for critically ill patients should be reconsid-
ered given its lack of evidence of safety and efficacy over 
more physiologic daytime feeds. Impending trials on the 
safety and efficacy of daytime feeds in critically ill patients 
are expected to inform timing considerations for nutrition 
support.
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ICU	� Intensive care unit

Acknowledgements
Not applicable.

Author contributions
All authors contributed to the writing of the manuscript and read and 
approved the final manuscript.

Funding
This work was also supported by the National Institute of Health [Grant 
Number R00 HL153795 to HSD]. Dr. Knauert is supported by the NHLBI (R01 
HL163659, 1U01HL150596) and NIAID (R01 AI142624). The funding sources 
had no involvement in this review.

Data availability
Data sharing is not applicable to this article as no datasets were generated or 
analyzed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
No competing interests.

Received: 2 May 2024   Accepted: 15 June 2024

References
	1.	 Ruben MD, Smith DF, FitzGerald GA, Hogenesch JB. Dosing time matters. 

Science. 2019;365:547–9.



Page 3 of 3Dashti et al. Critical Care          (2024) 28:206 	

	2.	 Johnston JD, Ordovás JM, Scheer FA, Turek FW. Circadian rhythms, 
metabolism, and chrononutrition in rodents and humans. Adv Nutr. 
2016;7:399–406.

	3.	 Fishbein AB, Knutson KL, Zee PC. Circadian disruption and human health. 
J Clin Invest. 2021. https://​doi.​org/​10.​1172/​JCI14​8286.

	4.	 Vetter C. Circadian disruption: What do we actually mean? Eur J Neurosci. 
2020;51:531–50.

	5.	 Poggiogalle E, Jamshed H, Peterson CM. Circadian regulation of glucose, 
lipid, and energy metabolism in humans. Metabolism. 2018;84:11–27.

	6.	 Lee BY, Ordovás JM, Parks EJ, Anderson CAM, Barabási A-L, Clinton SK, 
et al. Research gaps and opportunities in precision nutrition: an NIH 
workshop report. Am J Clin Nutr. 2022;116:1877–900.

	7.	 Knauert MP, Ayas NT, Bosma KJ, Drouot X, Heavner MS, Owens RL, 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:e49-68.

	8.	 McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR, Braun‑
schweig C, et al. Guidelines for the Provision and Assessment of Nutrition 
Support Therapy in the adult critically ill patient: Society of Critical Care 
Medicine (SCCM) and American Society for Parenteral and Enteral Nutri‑
tion (A.S.P.E.N.). J Parenter Enteral Nutr. 2016;40(2):159–211. https://​doi.​
org/​10.​1177/​01486​07115​621863.

	9.	 Boullata JI, Carrera AL, Harvey L, Escuro AA, Hudson L, Mays A, et al. 
ASPEN safe practices for enteral nutrition therapy [Formula: see text]. 
JPEN J Parenter Enteral Nutr. 2017;41:15–103.

	10.	 Singer P, Blaser AR, Berger MM, Calder PC, Casaer M, Hiesmayr M, et al. 
ESPEN practical and partially revised guideline: clinical nutrition in the 
intensive care unit. Clin Nutr. 2023;42:1671–89.

	11.	 Varady KA, Cienfuegos S, Ezpeleta M, Gabel K. Cardiometabolic benefits 
of intermittent fasting. Annu Rev Nutr. 2021;41:333–61.

	12.	 Wang YM, Taggart CB, Huber JF, Davies SM, Smith DF, Hogenesch JB, et al. 
Daytime-restricted parenteral feeding is associated with earlier oral intake 
in children following stem cell transplant. J Clin Invest. 2023. https://​doi.​
org/​10.​1172/​JCI16​7275.

	13.	 Dashti HS, Leong A, Mogensen KM, Annambhotla M, Li P, Deng H, et al. 
Glycemic and sleep effects of daytime compared with those of overnight 
infusions of home parenteral nutrition in adults with short bowel syn‑
drome: a quasi-experimental pilot trial. Am J Clin Nutr. 2024;119:569–77.

	14.	 Wang P, Sun H, Maitiabula G, Zhang L, Yang J, Zhang Y, et al. Total 
parenteral nutrition impairs glucose metabolism by modifying the gut 
microbiome. Nat Metab. 2023;5:331–48.

	15.	 Maas MB, Iwanaszko M, Lizza BD, Reid KJ, Braun RI, Zee PC. Circadian gene 
expression rhythms during critical illness. Crit Care Med. 2020;48:e1294–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1172/JCI148286
https://doi.org/10.1177/0148607115621863
https://doi.org/10.1177/0148607115621863
https://doi.org/10.1172/JCI167275
https://doi.org/10.1172/JCI167275

	Feeding critically ill patients at the right time of day
	Acknowledgements
	References


