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Does fasting protect liver from ischemia and reperfusion injury?
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ABSTRACT 

Purpose: To evaluate local and systemic effects of 24-hour fasting in liver ischemia and reperfusion injury. Methods: Twenty-one 
adult male Wistar rats (330–390 g) were submitted to 60 minutes of hepatic ischemia followed by 24 hours of reperfusion. Before 
the day of the experiment, the animals fasted, but free access to water was allowed. Two groups were constituted: Control: non-
fasted, that is, feeding ad libitum before surgical procedure; Fasting: rats underwent previous fasting of 24 hours. Hepatic ischemia 
was performed using vascular clamp in hepatic pedicle. At 24 hours after liver reperfusion, blood and tissue samples were collected. 
To analysis, liver lobes submitted to ischemia was identified as ischemic liver and paracaval non-ischemic lobes as non-ischemic 
liver. We evaluated: malondialdehyde levels, hepatocellular function (alanine aminotransferase, aspartate aminotransferase 
activities, and both ratio), cytokines (interleukins-6, -10, and tumor necrosis factor-alpha), hepatic ischemia and reperfusion injury 
(histology). Results: Malondialdehyde measured in non-ischemic and ischemic liver samples, hepatocellular function and cytokines 
were comparable between groups. Histological findings were distinct in three regions evaluated. Microvesicular steatosis was 
comparable between 24-hour fasting and non-fasted control groups in periportal region of hepatic lobe. In contrast, steatosis 
was more pronounced in zones 2 and 3 of ischemic liver samples of fasting compared to control groups. Conclusion: These data 
indicates that fasting does not protect, but it can be also detrimental to liver submitted to ischemia/reperfusion damage. At that 
time, using long fasting before liver surgery in the real world may be contraindicated.
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Introduction

Preoperative fasting (8–12 hours) is routinely applied in elective surgeries to reduce gastric volume and acidity, helping to 
avoid acute respiratory obstructions, aspirative pneumonia and Mendelson’s syndrome during anesthesia. However, adverse 
effects of prolonged fasting include patient’s discomfort, glucose metabolic changes, and insulin resistance. To minimize 
these effects, several clinical studies have evaluated the reduction of fasting time or the administration of oral carbohydrate 
solutions in the preoperative period.

Reducing the fasting period and administering oral glucose solutions preoperatively have been shown to be effective in 
increasing postoperative comfort, reducing insulin resistance and postoperative stress1–8.

Experimental studies, however, have shown that fasting can have a beneficial effect in situations of hepatic9, renal10,11 
and cardiac ischemia and reperfusion12,13. In the study by Zhan et al.8, 24-hour fasting was defined as short-term, while 
the control group underwent 6-hour fasting, and the authors observed a reduced ischemia and reperfusion damage in 
patients with 24-hour fasting period. Fasting protection could be explained by the reduction in lactate production and, 
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consequently, its accumulation, in addition to the displacement of the energy production pathway for the metabolism of 
fatty acids, favoring the maintenance of the Krebs cycle during reperfusion.

If prolonged fasting attenuates the systemic inflammatory response and the recovery of organs such as the liver in cases 
of ischemia and reperfusion, it would be important in surgeries with temporary reduction in hepatic blood flow.

The aim of this study was to evaluate the local and systemic effects of 24-hour fasting in liver ischemia and reperfusion 
(IR) injury in rats.

Methods

This study was designed in accordance with the Guide for the Care and Use of Laboratory Animals, published by the US 
National Institutes of Health, and the Guidelines of Animal Experimentation of the Universidade de São Paulo School of 
Medicine, São Paulo, SP, Brazil, for the care and use of laboratory animals. The experimental protocol was approved by Ethics 
Commission of the Universidade de São Paulo, Brazil (1772/2022). Twenty-one adult male Wistar rats weighing 330–390 g 
were housed in cages with a controlled 12-h light/dark cycle, receiving water ad libitum. Before the day of experiment, the 
animals fasted, but free access to water was allowed. 

Experimental design and study groups

Animals were randomized into the following experimental groups: 
• Control: non-fasted rats underwent 60 minutes of hepatic ischemia followed by 24 hours of reperfusion (n = 11); 
• Fasting: rats underwent previous fasting of 24 hours and underwent 60 minutes of hepatic ischemia followed by 24 hour 

of reperfusion (n = 10).

Rats were anesthetized with intraperitoneal ketamine (100 mg/kg) and xylazine (20 mg/kg). An upper abdominal 
laparotomy was performed. The hepatic pedicle to the left lateral and median hepatic lobes was encircled and occluded with 
a 2.5-mm microvascular clamp, inducing ischemia of about 70% of the total liver volume. The incision was closed, and after 
a 60-minute ischemic period, the abdomen was reopened allowing clamp removal and liver reperfusion14. After recovery 
from anesthesia, the animals were returned to their cages after full recovery. At 24 hours after liver reperfusion, rats were 
re-anesthetized with same intraperitoneal anesthetics solution for blood sampling via abdominal cava vein and then killed 
by exsanguination. To analysis, liver lobes submitted to ischemia was identified as ischemic liver and paracaval non-ischemic 
lobes as normal liver. 

Malondialdehyde (MDA) levels in the samples were determined to obtain quantitative estimation of the membrane lipid 
oxidative damage. Malondialdehyde was assayed in terms of thiobarbituric acid reactive substrates. The thiobarbituric acid 
method was used to quantify lipid peroxidation in liver, measured as thiobarbituric acid-reactive substances. Liver tissues 
(100 mg/mL) were homogenized in 1.15% KCl buffer, and centrifuged at 14,000 g for 20 minutes. The supernatant was then 
stored at -70°C. An aliquot of the supernatant was added to a reaction mixture of 1.5 mL 0.8% thiobarbituric acid, 200 μL 
8.1% (v/v) SDS, 1.5 mL 20% (v/v) acetic acid, pH 3.5, and 300 μL distilled water, and heated to 90°C for 45 min. After cooling 
to room temperature, the samples were cleared by centrifugation at 10,000 g for 10 min, and their absorbance was measured 
at 532 nm using malondialdehyde bis (dimethyl acetal) as an external standard. The quantity of lipid peroxides is reported 
in nmol malondialdehyde equivalents/mg protein.

The degree of hepatocellular injury was assessed by analyzing serum alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) activities. AST and ALT levels were assayed according to the manufacturer’s protocol (Bioclin–
Quibasa, Brazil). Results are expressed as units per liter U/L.

Serum cytokines interleukin (IL)-6, IL-10 and tumor necrosis factor (TNF)-alpha were determined using a commercially 
enzyme-linked immunosorbent assay kit according to the manufacturer’s protocol (Mybiosource, United States of America). 
Results are expressed as picograms per milliliter (pg/mL). 
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To histologic analysis, samples of liver ischemic and nonischemic lobes were fixed in 10% buffered formalin for 
standard hematoxylin and eosin staining. Histologic evaluation of the liver sections was performed by a single pathologist 
blinded to group. The severity of histologic injury was analyzed using a modification of the scoring system proposed 
by Quireze et al.15. Features were microvesicular steatosis, coagulation necrosis, lobular and portal inflammation, and 
sinusoidal cellularity. Each feature was assigned a score from 0 to 3 based on its absence (0) or presence to a mild (1), 
moderate (2), or severe (3) degree.

Statistical analysis

The sample calculation estimated the number of animals per group at eight, considering the standardized 
difference in ALT dosage14, power of 90% and p < 0.05. Data are expressed as mean ± standard deviation or median 
(interquartile range), when appropriate. After the Shapiro–Wilk’s test, the T or Mann-Whitney’s test was performed 
to compare control and fasting groups. It was considered significantly different when p < 0.05. GraphPad Prism 
9.1 was used.

Results

Twenty-one rats were submitted to hepatic IR Injury: 11 in control group (373 ±38 g) and 10 in the fasting group 
(384 ± 33 g). Mortality was similar between groups (18% control vs. 10% fasting, p = 0.5926).

Liver enzymes (ALT, ATL, and ALT/AST ratio) and inflammatory cytokines (Il-6, Il-10 and TNF-alpha) were 
comparable between groups (p > 0.05, Table 1). MDA measured in non-ischemic and ischemic liver samples 
were comparable between groups. In non-ischemic liver, MDA was similar: 0.98 (0.78-1.1) vs. 1.0 (0.76-1.1) nMol/mL 
in fasting and control groups, respectively. In ischemic liver, MDA was 0.9 (0.76-1.1) vs. 0.9 (0.8-1.1) nMol/mL in 
fasting and control groups, respectively. 

Table 1 – Serum liver enzymes and cytokines, and MDA in non-ischemic and ischemic liver after 24 hours of hepatic 
ischemia and reperfusion injury in 24-hour fasting rats compared to control (non-fasted). 

Serum and liver analysis Control (n = 9) Fasting (n = 8) P-value

AST (U/L) 136 (130–159) 123 (95–150) 0.2087

ALT (U/L) 226 (134–244) 160 (150–204) 0.0894

AST/ALT ratio 0.62 (0.57–0.96) 0.50 (0.67–0.76) 0.7233

MDA in non-ischemic liver (nMol/mL) 1.0 (0.76–1.1) 0.98 (0.78–1.1) 0.3715

MDA in ischemic liver (nMol/mL) 0.9 (0.8–1) 0.9 (0.76–1.1) 0.1703

IL-6 (ρg/mL) 128 (124.5–136) 124.5 (123–134) 0.4365

IL-10 (ρg/mL) 80 (71.5–82.5) 74 (72.3–83.3) 0.9808

TNF-α (ρg/mL) 75 (73–76) 74.5 (72.3–79.3) 0.5226

MDA: malondialdehyde; AST: aspartate aminotransferase; ALT: aminotransferase; IL: interleukin; TNF: tumor necrosis factor. Source: Elaborated by 
the authors.

In Table 2 and Fig. 1, histological findings were depicted. Microvesicular steatosis was comparable between 24-hour 
fasting and non-fasted control groups in periportal region (Fig. 1a, zone 1; p > 0.05) of hepatic lobe. In contrast, 
steatosis was more pronounced in zone 2 (Fig. 1b, p = 0.0014) and zone 3 (Fig. 1c, p = 0.0092) of ischemic liver 
samples of fasting compared to control groups. Figure 1d illustrates ischemic liver in control group, and in Fig. 1e, 
ischemic liver in fasting group (under x40 lens). Yellow arrows indicate microvesicular steatosis, and black arrows 
indicate necrosis.

https://www.sciencedirect.com/science/article/pii/S003960600900628X?casa_token=XjLsR41b5g8AAAAA:XKBzazmr8dwT4fHEWPewTrboAjgZGs2IfsDippZvEoUyfGaZCp6LDHlHFJCPmGm697tn_p6fOQ#bib34
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Table 2 – Histological findings (microvesicular steatosis and hepatocyte necrosis) in non-ischemic and ischemic liver after 
24 hours of hepatic ischemia and reperfusion injury in 24-hour fasting rats compared to control (non-fasted). 

Histological evaluation Non-ischemic liver Ischemic liver
Control (n = 9) Fasting (n = 8) Control (n = 9) Fasting (n = 8)

Microvesicular steatosis (score)
Zone 1 1.0 (0–2.5) 2.5 (2.0–3.0) 1.0 (0–2.5) 2.0 (0.25–3.0)
Zone 2 1.0 (0–1.0) 1.5 (1.0–2.75) 0 (0–1.5) 2.0 (1.0–2.0)*
Zone 3 0 (0–0.5) 0.5 (0–1.75) 0 (0–1.0) 1.0 (1.0–2.0)*

Necrosis (score)
Zone 1 0 (0–0) 0 (0–0) 2.0 (0.5–3.0) 1.0 (0–1.75)
Zone 2 0 (0–0) 0 (0–0) 1.0 (0.5–1.5) 1.0 (0–1.75)
Zone 3 0 (0–0) 0 (0–0) 0 (0–1.0) 0.5 (0–1.75)

*p< 0.05 vs. control. Source: Elaborated by the authors.
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Source: Elaborated by the authors.

Figure 1 – Histological assessment of hepatic ischemia reperfusion injury scoring system15 based on the presence and intensity 
of microvesicular steatosis, necrosis of hepatocyte cells in 50 randomly fields under 250x magnification. (a) Microvesicular 
steatosis was comparable between 24-hour fasting and non-fasted control groups in periportal region (Zone 1; p > 0.05) of 
hepatic lobe. In contrast, steatosis was more pronounced in (b) Zone 2 (p = 0.0014) and (c) Zone 3 (p = 0.0092) of ischemic 
and non-ischemic liver samples compared fasting to control group. (d) Ischemic liver in control group. (e) Ischemic liver in 
fasted group (under x40 lens). Yellow arrows indicate microvesicular steatosis and black arrows indicate necrosis. 

Discussion 

Previous work has shown that three-day fasting significantly decreases liver ischemic/reperfusion injury in mice and 
could be used in clinic in situation of liver surgery when temporary occlusion of hepatic vascular inflow (Pringle maneuver) 
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is used to reduced blood loss9. The mechanism of this protection could be related to the induction of autophagy by starvation 
a well-known phenomenon16. In another study, it was shown that fasting for one, but not two or three days, protects from 
hepatic ischemic/reperfusion injury in mice. In this report, fasting was followed by a reduction in circulating high mobility 
group Box 1 (HMGB1), a potent inflammatory activity cytokine secreted by monocytes. associated with cytoplasmic HMGB-1 
translocation and autophagy. Abolishing autophagy inhibits the protection induced by fasting17.

In another study by using perfused ex-vivo liver, fasting (short fasting-18 hours) failed to protect liver from I/R 
injury. It was suggested that high energetic charge, intracellular glycogen content and glycolytic activity protect against 
I/R damage18. However, in humans a recent study has shown that 24-hour fasting protects liver from I/R injury with 
attenuation of cytokine response in situation of liver surgery8. In this report, patients with diabetes, alcoholism and 
older than 75 were excluded. 

In another study, hepatic cell membrane potential was evaluated in fed and fasted animals. It was observed that adenosine 
triphosphate (ATP) content was 40% higher and the glycogen 10 times higher in fed animals. After ischemia and reflow, 
membrane potential was normalized more rapidly in fed animals, what indicates that fed animals have a better recovery 
when compared to fasting animals19. From these reports, we may conclude that ischemic/reperfusion damage results from 
several players as autophagy, liver nutritional status as glycogen stored and inflammatory response.

In the present study, we evaluated the ischemic/reperfusion damage in 24-hour fasted compared to non-fasted animals. 
We did not find any benefits by fasting animals since serum cytokines, MDA levels, serum ALT and AST indicators of 
hepatic damage were similar in fasted and non-fasted animals (Table 1). However, histologic findings indicated an increased 
microvesicular steatosis in fasting liver mainly in zone 2 and zone 3 (Table 2, Fig. 1) These findings indicate a loss in the 
ability of the fasted liver to metabolize fatty acids and carbohydrates leading to accumulation of lipids as lipids droplets 
inside the hepatocyte. Similar findings have been reported in a ex-vivo perfused livers model20. 

Conclusion

We could conclude from these results that fasting does not protect, but it can be also detrimental to liver submitted to 
ischemia/reperfusion damage. At that time, using long fasting before liver surgery in the real world may be contraindicated.

Authors’ contribution

Scientific and intellectual content of the study: Koike MK, Barbeiro DF, Machado MCC and Souza HP; Conception 
and design: Machado MCC and Souza HP; Acquisition, analysis and interpretation of data: Koike MK and Barbeiro DF; 
Technical procedures: Koike MK and Barbeiro DF; Statistical analysis: Koike MK; Manuscript preparation: Koike MK 
and Barbeiro DF; Manuscript writing: Koike MK and Machado MCC; Critical revision: Machado MCC and Souza HP; 
Final approval the version to be published: Koike MK, Barbeiro DF, Souza HP and Machado MCC.

About the authors

Koike MK, Barbeiro DF, Souza HP and Machado MCC are PhD.

Conflict of interest

Nothing to declare.



6 Acta Cir Bras. V38 . e384723 . 2023

Does fasting protect liver from ischemia and reperfusion injury?

Data availability statement 

All data sets were generated or analyzed in the current study.

Funding 

Not applicable.

References

1. Xu D, Zhu X, Xu Y, Zhang L. Shortened preoperative fasting for prevention of complications associated with laparoscopic 
cholecystectomy: a meta-analysis. J Int Med Res. 2017;45(1):22–37. https://doi.org/10.1177/0300060516676411

2. Ljungqvist O. Modulating postoperative insulin resistance by preoperative carbohydrate loading. Best Pract Res Clin 
Anaesthesiol. 2009;23(4):401–9. https://doi.org/10.1016/j.bpa.2009.08.004

3. Soop M, Nygren J, Myrenfors P, Thorell A, Ljungqvist O. Preoperative oral carbohydrate treatment attenuates 
immediate postoperative insulin resistance. Am J Physiol Endocrinol Metab. 2001;280:E576–83. https://doi.
org/10.1152/ajpendo.2001.280.4.e576

4. Perrone F, da-Silva-Filho AC, Adôrno IF, Anabuki NT, Leal FS, Colombo T, da Silva BD, Dock-Nascimento DB, 
Damião A, Aguilar-Nascimento JE. Effects of preoperative feeding with a whey protein plus carbohydrate drink on 
the acute phase response and insulin resistance. A randomized trial. Nutr J. 2011;10:66. https://doi.org/10.1186/1475-
2891-10-66

5. Awad S, Varadhan KK, Ljungqvist O, Lobo DN. A meta-analysis of randomised controlled trials on preoperative oral 
carbohydrate treatment in elective surgery. Clin Nutr. 2013;32(1):34–44. https://doi.org/10.1016/j.clnu.2012.10.011

6. Yuill KA, Richardson RA, Davidson HIM, Garden OJ, Parks RW. The administration of an oral carbohydrate 
containing fluid prior to major elective upper-gastrointestinal surgery preserves skeletal muscle mass postoperatively: 
a randomized clinical trial. Clin Nutr. 2005;24(1):32–7. https://doi.org/10.1016/j.clnu.2004.06.009

7. Smith MD, McCall J, Plank L, Herbison GP, Soop M, Nygren J. Preoperative carbohydrate treatment for enhancing 
recovery after elective surgery. Cochrane Database Syst Rev. 2014;8:CD009161. https://doi.org/10.1002/14651858.
CD009161.pub2

8. Zhan C, Dai X, Shen G, Lu X, Wang X, Lu L, Qian X, Rao J. Preoperative short-term fasting protects liver injury in 
patients undergoing hepatectomy. Ann Transl Med. 2018;6(23):449. https://doi.org/10.21037/atm.2018.10.64

9. Verweij M, van Ginhoven TM, Mitchell JR, Sluiter W, van den Engel S, Roest HP, Torabi E, IJzermans JNM, Hoeijmakers 
JHJ, de Bruin RWF. Preoperative fasting protects mice against hepatic ischemia/reperfusion injury: mechanisms and 
effects on liver regeneration. Liver Transpl. 2011;17(6):695–704. https://doi.org/10.1002/lt.22243

10. Rojas-Morales P, León-Contreras JC, Aparicio-Trejo OE, Reyes-Ocampo JG, Medina-Campos ON, Jiménez-Osorio 
AS, González-Reyes S, Marquina-Castillo B, Hernández-Pando R, Barrera-Oviedo D, Sánchez-Lozada LG, Pedraza-
Chaverri J, Tapia E. Fasting reduces oxidative stress, mitochondrial dysfunction and fibrosis induced by renal ischemia-
reperfusion injury. Free Radic Biol Med. 2019;135:60–7. https://doi.org/10.1016/j.freeradbiomed.2019.02.018

11. Rojas-Morales P, Tapia E, León-Contreras JC, González-Reyes S, Jiménez-Osorio AS, Trujillo J, Pavón N, Granados-
Pineda J, Hernández-Pando R, Sánchez-Lozada LG, Osorio-Alonso H, Pedraza-Chaverri J. Mechanisms of Fasting-
Mediated Protection against Renal Injury and Fibrosis Development after Ischemic Acute Kidney Injury. Biomolecules. 
2019;9(9):404. https://doi.org/10.3390/biom9090404

12. Marina Prendes MG, Garcia JV, Testoni G, Fernandez MA, Perazzo JC, Savino EA, Varela A. Influence of fasting 
on the effects of dimethylamiloride and oxfenicine on ischaemic–reperfused rat hearts. Arch Physiol Biochem. 
2006;112(1):31–6. https://doi.org/10.1080/13813450500500357

https://doi.org/10.1177/0300060516676411
https://doi.org/10.1016/j.bpa.2009.08.004
https://doi.org/10.1152/ajpendo.2001.280.4.e576
https://doi.org/10.1152/ajpendo.2001.280.4.e576
https://doi.org/10.1186/1475-2891-10-66
https://doi.org/10.1186/1475-2891-10-66
https://doi.org/10.1016/j.clnu.2012.10.011
https://doi.org/10.1016/j.clnu.2004.06.009
https://doi.org/10.1002/14651858.CD009161.pub2
https://doi.org/10.1002/14651858.CD009161.pub2
https://doi.org/10.21037/atm.2018.10.64
https://doi.org/10.1002/lt.22243
https://doi.org/10.1016/j.freeradbiomed.2019.02.018
https://doi.org/10.3390/biom9090404
https://doi.org/10.1080/13813450500500357


7Acta Cir Bras. V38 . e384723 . 2023

Koike MK et al.

13. Varela A, Marina Prendes MG, Testoni G, Vázquez N, Astudilla C, Cerruti S, Savino EA. Influence of Fasting on the 
Effects of Ischemic Preconditioning in the Ischemic-Reperfused Rat Heart. Arch Physiol Biochem. 2002;110(3):189–
96. https://doi.org/10.1076/apab.110.3.189.8291

14. Figueira ERR, Bacchella T, Coelho AMM, Sampietre SN, Molan NAT, Leitão RMC, Machado MCC. Timing-dependent 
protection of hypertonic saline solution administration in experimental liver ischemia/reperfusion injury. Surgery. 
2010;147(3):415–23. https://doi.org/10.1016/j.surg.2009.10.018 

15. Quireze C, Montero EF, Leitao RM, Juliano Y, Fagundes DJ, Poli-de-Figueiredo LF. Ischemic preconditioning prevents 
apoptotic cell death and necrosis in early and intermediate phases of liver ischemia/reperfusion injury in rats. J Invest 
Surg. 2006;19(4):229–36. https://doi.org/10.1080/08941930600778206

16. Bhogal RH, Stephenson BT, Afford SC. Preoperative fasting protects mice against hepatic ischemia/reperfusion injury: 
mechanisms and effects on liver regeneration. Liver Transpl. 2011;17(11):1364. https://doi.org/10.1002/lt.22390

17. Rickenbacher A, Jang JH, Limani P, Ungethüm U, Lehmann K, Oberkofler CE, Weber A, Graf R, Humar B, Clavien 
PA. Fasting protects liver from ischemic injury through Sirt1-mediated downregulation of circulating HMGB1 in 
mice. J Hepatol. 2014;61(2):301–8. https://doi.org/10.1016/j.jhep.2014.04.010

18. Papegay B, Stadler M, Nuyens V, Kruys V, Boogaerts JG, Vamecq J. Short fasting does not protect perfused ex vivo 
rat liver against ischemia-reperfusion. On the importance of a minimal cell energy charge. Nutrition. 2017;35:21–7. 
https://doi.org/10.1016/j.nut.2016.10.008

19. Jennische E. Effects of ischemia on the hepatic cell membrane potential in the rat. Differences between fed and fasted 
animals. Acta Physiol Scand. 1983;118(1):69–73. https://doi.org/10.1111/j.1748-1716.1983.tb07242.x

20. Stadler M, Nuyens V, Seidel L, Albert A, Boogaerts JG. Effect of nutritional status on oxidative stress in an ex vivo 
perfused rat liver. Anesthesiology. 2005;103(5):978–86. https://doi.org/10.1097/00000542-200511000-00012

https://doi.org/10.1076/apab.110.3.189.8291
https://doi.org/10.1016/j.surg.2009.10.018
https://doi.org/10.1080/08941930600778206
https://doi.org/10.1002/lt.22390
https://doi.org/10.1016/j.jhep.2014.04.010
https://doi.org/10.1016/j.nut.2016.10.008
https://doi.org/10.1111/j.1748-1716.1983.tb07242.x
https://doi.org/10.1097/00000542-200511000-00012

