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Prolonged fasting promotes systemic
inflammation and platelet activation in humans:
A medically supervised, water-only fasting and
refeeding study
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ABSTRACT

Objective: Prolonged fasting (PF), defined as abstaining from energy intake for >4 consecutive days, has gained interest as a potential health
intervention. However, the biological effects of PF on the plasma proteome are not well understood.

Methods: In this study, we investigated the effects of a medically supervised water-only fast (mean duration: 9.8 + 3.1 days), followed by 5.3 +
2.4 days of guided refeeding, in 20 middle-aged volunteers (mean age: 52.2 + 11.8 years; BMI: 28.8 + 6.4 kg/mz).

Results: Fasting resulted in a 7.7% mean weight loss and significant increases in serum beta-hydroxybutyrate (BHB), confirming adherence.
Untargeted high-dimensional plasma proteomics (SOMAScan, 1,317 proteins) revealed multiple adaptations to PF, including preservation of
skeletal muscle and bone, enhanced lysosomal biogenesis, increased lipid metabolism via PPARa signaling, and reduced amyloid fiber formation.
Notably, PF significantly reduced circulating amyloid beta proteins AB40 and AB42, key components of brain amyloid plaques. In addition, PF
induced an acute inflammatory response, characterized by elevated plasma C-reactive protein (CRP), hepcidin, midkine, and interleukin 8 (IL-8),
among others. A retrospective cohort analysis of 1,422 individuals undergoing modified fasting confirmed increased CRP levels (from 2.8 4= 0.1 to
4.3 £ 0.2 mg/L). The acute phase response, associated with transforming growth factor (TGF)-B signaling, was accompanied by increased
platelet degranulation and upregulation of the complement and coagulation cascade, validated by ELISAs in blood and urine.

Conclusions: While the acute inflammatory response during PF may serve as a transient adaptive mechanism, it raises concerns regarding
potential cardiometabolic effects that could persist after refeeding. Further investigation is warranted to elucidate the long-term molecular and

clinical implications of PF across diverse populations.
© 2025 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. INTRODUCTION longevity by mitigating cellular aging, reducing inflammation, and

lowering the risk of cardiovascular disease and cancer [2,3]. How-
Prolonged fasting (PF), defined as abstaining from energy intake for  ever, the systemic biological adaptations to PF and its effects on
>4 consecutive days [1], has been practiced throughout history for inflammation remain unclear. Advances in high-throughput prote-
cultural, spiritual, and health-related reasons. Recently, it has gained  omics now enable the simultaneous measurement of thousands of
renewed attention as a potential intervention to promote health and  plasma proteins with high specificity, providing a unique opportunity
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to investigate molecular adaptations to fasting and refeeding. Such
an approach addresses the limitations of earlier studies, which were
constrained to examining only a small number of specific preselected
proteins.

In this study, we examined 20 volunteers attending a fasting clinic
before, during, and after an average 10-day water-only fast, followed
by an average of 5 days of supervised refeeding with a plant-based
diet. Using untargeted plasma proteomics with SOMAScan, we iden-
tified both potential benefits and drawbacks of PF and refeeding at the
molecular level. PF triggered a significant shift in 6.6% of the plasma
proteome; however, less than 1% of these proteins remained signifi-
cantly altered after refeeding, supporting a transient effect. Contrary to
our hypothesis, the primary outcome was a significant increase in
inflammation and cytokine signaling via TGF-f, confirming that PF
elevates inflammation. Additionally, we observed alterations in
neutrophil and platelet degranulation, along with well-documented
changes in IGF and PPARa signaling, key regulators of growth and
lipid metabolism, respectively. Limited nutrient availability activated
the PTEN, STAT3, and MAPK pathways, critical signal transducers that
regulate cell proliferation in response to external stimuli. Notably, this
study is the first to report that PF significantly reduced amyloid fiber
formation and lowered circulating amyloid beta proteins AB40 and
APB42, even though it did not affect their ratio. The findings were
validated through targeted mass spectrometry and ELISAs in blood and
urine samples, as well as in two external cohorts undergoing similar PF
regimens. While PF is commonly associated with health benefits such
as weight loss, our findings suggest its effects are more complex and
multifaceted, with potential physiological benefits and drawbacks that
require an individualized approach to fasting interventions.

2. RESULTS

We recruited 20 middle-aged volunteers (mean age: 52.2 + 11.8
years; mean BMI: 28.8 + 6.4 kg/mz), including 11 women and 9 men.
Participants were approached by the study team at TrueNorth Health
Center, a facility offering medically supervised fasting. The study team

operated independently from the Center. Volunteers followed a fasting
and refeeding regimen, consisting of an average 9.8 + 3.1-day water-
only fast, followed by an average 5.3 + 2.4 days of guided refeeding
(Methods). Both fasting and refeeding procedures were based on
previously established protocols [4,5]. Blood and urine samples were
collected between 6 and 8 am to minimize diurnal variability, pro-
cessed immediately, and stored at —80 °C for analysis. We conducted
an untargeted high-dimensional proteomic analysis using SOMAScan,
measuring plasma levels of 1,317 proteins [6]. In addition, targeted
mass spectrometry and ELISAs were employed to quantify specific
biomarkers in blood and urine. The results were compared with two
independent datasets of PF and modified fasting in humans, from
Pietzner et al. (2024) and Wilhelmi de Toledo et al. (2019).

At baseline, the average body weight of the volunteers was
85.6 + 25.6 kg in women and 87.9 + 15.4 kg in men. By the end of
the fasting period, participants experienced significant weight loss,
with women losing 6.3 + 1.7 kg and men losing 6.9 + 2.2 kg
(p < 0.0001), corresponding to reductions of 7.6% and 7.8% of
baseline body weight, respectively. BMI decreased by an average of
2.2 + 0.5 kg/m? (p < 0.0001), a fractional decrease of 7.6%, while
waist circumference was reduced by 6% (p < 0.0001). These re-
ductions in body weight, BMI, and waist circumference persisted
through the refeeding period (Table 1). Mild adverse events were
common, including headaches, weakness, fatigue, insomnia, dry
mouth, and orthostatic hypotension (Figure S1), prompting the tran-
sition to a broth and/or juice fast in six participants. Other adverse
events included severe abdominal pain and diarrhea (n = 1), hypo-
kalemia (n = 1), arrhythmias (n = 1), and dizziness and palpitations
(n = 1). When feasible, blood and urine samples collected before this
transition were used for analysis (Figure S2). Adherence was high, with
all participants exhibiting a physiological fasting response, as evi-
denced by significantly elevated serum beta-hydroxybutyrate (BHB)
concentrations (p < 0.0001), which normalized during refeeding
(Table 1). The fasting-induced increase in BHB and its normalization
with refeeding were significantly correlated with changes in inflam-
matory markers (midkine and IL-8), metabolic regulators (FGF19,

Table 1 — Anthropometric measures and cardiometabolic effects of prolonged fasting in humans.

Baseline Mean SD Fasting Mean SD P-value (Fasting vs  Refeeding Mean SD P-value (Refeeding vs
Baseline) Baseline)
Sex, Female (%) 11 (55%) = = = = = = =
Age (years) 52.2 11.8 - - - — — -
Height (cm) 173.4 10.8 - - - - - -
Weight (kg) 86.6 20.6 80.0 19.5 <0.0001 80.5 18.9 <0.0001
BMI (kg/m?) 28.8 6.4 26.6 6.2 <0.0001 26.7 6.0 <0.0001
Waist (cm) 96.4 12.7 90.6 12.9 <0.0001 90.7 1.7 <0.0001
DPB (mmHg) 721 8.7 64.5 6.7 0.0030 67.7 7.3 0.1857
SBP (mmHg) 123.9 10.2 118.1 12.4 0.0301 116.8 121 0.0296
B-hydroxybutyrate (mmol/L) 0.6 0.9 5.0 1.0 <0.0001 0.4 0.3 0.6215
Glucose (mg/dL) 85.7 10.4 70.3 10.5 0.0002 92.8 9.7 0.0155
HOMA-IR 1.7 1.5 0.8 11 0.0006 2.2 1.4 0.0266
C-reactive protein (mg/dL) 1.7 1.5 3.9 3.8 0.0004 3.4 9.9 0.6542
Total cholesterol (mg/dL) 192.0 335 216.6 47.8 0.0327 168.2 345 0.0006
HDL cholesterol (mg/dL) 56.8 19.2 47.8 12.3 0.0015 446 10.9 0.0007
Triglycerides (mg/dL) 102.8 46.2 125.4 37.4 0.0745 135.2 47.2 0.0008
LDL cholesterol (mg/dL) 108.4 374 131.6 55.5 0.0898 96.7 30.4 0.041
Non-HDL cholesterol (mg/dL) 135.3 34.0 168.8 47.9 0.0061 123.6 335 0.0523
Total cholesterol:HDL ratio 3.8 1.5 4.8 1.5 0.0024 4.0 1.1 0.6152
ALT (IUL) 21.9 11.4 35.9 20.3 0.0003 34.4 19.4 0.0006
AST (IU/L) 22.8 8.5 37.6 17.2 <0.0001 315 17.9 0.0350

Data expressed as mean =+ SD. Statistical significance was calculated using paired, 2-tailed Student’s t or Wilcoxon signed rank test for non-normally distributed data. N = 20
participants, except for cholesterol measurements and triglycerides (N = 19). Significance levels are indicated as p-values.
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leptin receptor, chemerin, growth hormone receptor), and MAPK
signaling, a crucial mediator of cell proliferation (Figure S3).

2.1. Proteomics adaptations to prolonged fasting in humans

We found that 6.6% of protein targets (n = 86/1317) exhibited
significant changes by the end of fasting (adjusted p < 0.05), with 74
proteins decreasing and 12 increasing (Figure 1A). However, after five
days of gradual refeeding, only 12 proteins (<1%) remained signif-
icantly altered, indicating that most fasting-induced proteomic
changes are transient. The most significantly reduced proteins
included key regulators of muscle homeostasis, such as inhibin beta
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A (INHBA, —3.3 fold, adjusted p = 9.07E-05), myostatin (—2 fold,
adjusted p = 0.000466), and GDF11/8 (—1.6 fold, adjusted
p = 0.000757), all members of the TGF-B superfamily (Figure 1B).
These proteins are vital for muscle regulation, likely reflecting the
body’s adaptive response to fasting, balancing muscle preservation
with tissue repair during nutrient deprivation [7]. Interestingly,
inhibiting GDF11 and myostatin has been linked to increased bone
density and strength through enhanced osteoblast activity and sup-
pressed osteoclastogenesis [8,9]. Consistent with this, plasma
parathyroid hormone (PTH) levels decreased by 2.1-fold (adjusted
p = 0.0045), suggesting a compensatory hormonal adjustment
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Figure 1: Proteomics adaptations to prolonged fasting in humans. (A) Volcano plot of differentially expressed SOMAScan plasma proteins during fasting from N = 15
participants. Significance cut-off adjusted p < 0.05. FC = End of Fasting/Baseline. (B) Individual changes in highlighted proteins from (A) normalized to baseline during fasting and
refeeding. Each dot represents protein levels in each participant (N = 15). Adjusted p-value calculated with one-way ANOVA. (C) Absolute levels of plasma adiponectin measured by
ELISA across three time points. Each dot represents levels in each participant (N = 20). (D) Volcano plot of differentially enriched canonical pathways in IPA with predicted
activation (orange) or inhibition (blue). Input = 1,255 mapped SOMAScan proteins from (A). (E-F-G) Absolute levels of plasma AB42, AB40, and their ratio measured by IP-LC-MS/
MS across three timepoints. N = 20 participants. Statistical analysis is described in the Methods for each analysis. Significance levels are indicated as adjusted p-values,
*p < 0.05, **p < 0.01, and ***p < 0.001. For all graphs, BL = Baseline, EF = End of Fasting, ER = End of Refeeding.
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during fasting to slow bone loss. Under conditions of energy depri-
vation, the insulin-sensitizing adipokine adiponectin also decreased
from 5643 + 3282 ng/mL to 4275 + 2519 ng/mL (p < 0.0001)
(Figure 1C).

In contrast, proteins involved in energy, glucose, and bile acid meta-
bolism significantly increased, with PPARa emerging as a key acti-
vated pathway (Figures 1D, S4). Regulated by free fatty acids, PPARa.
drives hepatic lipid metabolism and ketogenesis, a vital fasting
adaptation. Another major fasting-activated pathway was the CLEAR
(Coordinated Lysosomal Expression and Regulation) network, which
governs lysosomal biogenesis and function. This pathway is crucial for
autophagy and exocytosis, both essential for cellular maintenance and
adaptation to nutrient scarcity. The gut hormone FGF19 also increased
1.8-fold (adjusted p = 0.048) (Figure 1B), playing a crucial role in
energy metabolism by regulating bile acid synthesis, enhancing
glucose utilization, and promoting hepatocyte proliferation [10]. In
addition, the soluble leptin receptor increased significantly (2.2-fold,
adjusted p = 0.002), facilitating appetite regulation by regulating leptin
bioavailability in the bloodstream [11,12]. The significant increases in
FGF19 and the soluble leptin receptor were previously reported in an
independent cohort undergoing a 7-day water-only fast by Pietzner
et al. (2024) [13]. This comparative cohort of 12 participants experi-
enced an average weight loss of 5.7 = 0.8 kg, representing a 7.4%
reduction in baseline body weight. Comparative proteomics analysis of
both cohorts at the 7-day endpoint identified an overlap of 44 signif-
icantly decreased and 5 significantly increased proteins, with no dis-
crepancies between studies (Figure S5). Despite methodological
differences (Olink vs. SOMAScan), Reactome pathway enrichment
analysis revealed that most altered pathways were common to both
datasets, particularly those related to neutrophil and platelet degran-
ulation, as well as interleukin, MAPK, and PI3K/AKT signaling
(Figure S6). The findings highlight the highly conserved and universal
nature of the physiological response to water-only PF.

Additionally, PF was associated with a reduction in synaptogenesis
pathways and amyloid fibril formation (Figures 1D, S4). An increasing
trend in brain-derived neurotrophic factor (BDNF) levels was observed
(1.32-fold, adjusted p = 0.18), which may support previous evidence
of fasting’s neuroprotective effects [14]. While the predicted decrease
in fibrillar formation was not specific to amyloid beta proteins, we
hypothesize that it could reflect lower circulating amyloid beta levels.
To investigate this, plasma levels of amyloid beta (AB) 42, 40, and the
APB42/ABAO ratio - a diagnostic biomarker for brain amyloid plaques
[15]- were measured using mass spectrometry [16,17]. Interestingly,
PF significantly reduced plasma concentrations of both AB42 and
APB40 (Figure 1E—G), suggesting either a decreased production rate or
accelerated degradation of these amyloid peptides during fasting, with
levels returning to baseline after refeeding. Even though the reduction
in individual A components may have potential beneficial implications
for amyloidosis, the AB42/AB40 ratio, which is the validated biomarker
used clinically to identify individuals with brain amyloid plaques
[18,19], remained unchanged.
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2.2. Prolonged fasting increases inflammation

The primary outcome of our study was inflammation. SOMAScan
plasma proteomics analysis revealed significant increases in well-
established inflammatory markers, including hepcidin, ferritin, mid-
kine, matrix metalloproteinase 9, IL-8, and platelet-activating factor
acetylhydrolase (PAFAH or PLA2G7) (Figure 2A,B). Contrary to our initial
hypothesis that fasting would exert an anti-inflammatory effect, PF led
to a pronounced 129% increase in circulating high-sensitivity C-
reactive protein (hsCRP) levels measured by ELISA (Wilcoxon’s
p = 0.0004, ANOVA p = 0.0070), with levels returning to baseline
after refeeding in all but one participant (Table 1, Figure 2C). The
significant rise in hsCRP was positively correlated with C5 (involved in
inflammation) and LILRB2 (regulating inflammation and axonal
regeneration), and negatively associated with PCI (SERPINA5), hemo-
juvelin, and MED1 (adipogenesis) (Figure 2D). At the pathway level,
CRP was significantly associated with the TGF-3 signaling pathway
and the complement and coagulation cascade (Figure 2E), suggesting
that PF may activate the innate immune response through inflam-
mation. To validate these findings in a broader population, we retro-
spectively analyzed data from 1,422 individuals who underwent
medically supervised modified fasting at the Buchinger-Wilhelmi Clinic
in Germany [5]. In this comparative cohort, the average fasting duration
was 8.2 + 0.1 days, with an average weight loss of 4.3 + 2.0 kg.
Notably, 66.6% of participants experienced a significant increase in
plasma CRP levels (Figure 2F), confirming the acute inflammatory
effect of PF across a larger cohort. Importantly, this increase in CRP
was observed regardless of fasting duration (5, 10, 15, or 20 days).
We also observed a significant increase in liver transaminases AST and
ALT during fasting, with levels rising by 65% and 64%, respectively,
and remaining elevated during refeeding (Table 1). This elevation in
liver enzymes, indicative of hepatic stress, was also observed in the
Buchinger-Wilhelmi Clinic validation cohort (Fig. S7). The concurrent
rise in liver enzymes and inflammatory markers highlights the need for
medical monitoring of individuals undergoing PF interventions.

2.3. Fasting and refeeding elevate biomarkers of platelet activation
and degranulation

An unexpected finding was the observed increase in biomarkers and
pathways associated with platelet activity during PF (Figure 3).
Reactome pathway enrichment analysis of the SOMAScan data
revealed that PF influenced platelet degranulation, a process that fa-
cilitates thrombin generation by releasing fibrinogen and von Wille-
brand factor (vWF) from alpha granules at injury sites [20]. Even though
prothrombin levels remained unchanged (1-fold, adjusted p = 0.85),
VWF and its receptor, soluble glycoprotein Ib alpha (GP1Bc), were
mildly increased (Figure 3A), correlating with elevated chemokines
(e.q., IL-8, CCL7, CCL11) (Figure 3B). To confirm platelet degranula-
tion, we measured urinary 11-dehydro-TXB2 levels via ELISA, an
enzymatic product in the TXA2/TXB2 pathway primarily derived from
activated platelets via cyclooxygenase-1 activity. Surprisingly, 11-
dehydro-TXB2 levels rose by 21% during fasting and 36% post-

Figure 2: Prolonged fasting increases inflammation. (A) All significantly upregulated SOMAScan proteins (n = 12) during fasting normalized to baseline (targets from volcano
plot in Figure 2A). Pro-inflammatory proteins are shown with light red background. N = 15 participants. FC = End of Fasting/Baseline (B) Individual changes in 6 inflammatory
proteins from panel A during fasting and refeeding. Each dot represents protein levels in each participant. (C) Absolute hsCRP levels in the blood of each participant (N = 20)
measured by ELISA across three time points. (D) Significantly correlated proteomic targets to CRP changes during fasting and refeeding (positive effect size = same changes;
negative effect size = inverse changes). (E) Significantly enriched KEGG pathways relative to CRP changes. (F) Validation of CRP changes in an independent fasting cohort of 1,422
participants. Measurements of weight and CRP at baseline (BL, blue) and end of fasting (EF, orange) timepoints. The same variables are plotted by fasting length category. 5d = 5
day fast, 10d = 10 day fast, 15d = 15 day fast, 20d = 20 day fast. Median, interquartile range, and outliers are shown, with notches representing the 95% confidence intervals.
Statistical analysis is described in the Methods for each analysis. Significance levels are indicated as adjusted p-values, *p < 0.05, **p < 0.01, and ***p < 0.001. For all

graphs, BL = Baseline, EF = End of Fasting, ER = End of Refeeding.
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refeeding (Figure 3C), with no change in platelet counts (Figure 3D),
indicating that increased degranulation, rather than heightened platelet
production, drove the effect [21]. Urinary 11-dehydro-TXB2 is a gold
standard biomarker of platelet activation and cardiovascular risk [22].
The Framingham study highlights its predictive value for all-cause
mortality, cardiovascular death, and major arterial events [23]. In the
ASCEND trial, it was significantly associated with future vascular
events in nearly 8,000 diabetic participants [24,25]. Therefore, our
findings reveal a PF-induced phenotype characterized by inter-
connected inflammation and platelet activation, potentially affecting
thrombotic risk in individuals with pre-existing conditions.

2.4. Prolonged fasting affects cardiometabolic biomarkers

In our study, PF induced significant changes in lipid profiles, including
increases in plasma total cholesterol, non-HDL cholesterol, LDL
cholesterol, and the total cholesterol/HDL ratio, all of which reversed
after refeeding (Table 1). Plasma triglycerides steadily increased,
peaking with a 32% rise post-refeeding. Proteomics analysis revealed
a significant 1.49-fold reduction in proprotein convertase subtilisin/
kexin type 9 (PCSK9) (adjusted p = 0.008) at the end of fasting
(Figure 1B). This reduction likely decreased PCSK9 binding to LDL
receptors, thereby preventing their degradation in liver cells [26].

In addition to lipid changes, serum glucose levels decreased from
85.7 mg/dL to 70.3 mg/dL (18%) during fasting (Table 1), reflecting the
rewiring of whole-body metabolism upon depletion of glucose stores.
Similarly, the adipokines chemerin (—1.7-fold, adjusted p = 0.0002)
and fetuin B (FETUB) (—1.8-fold, adjusted p = 6.05E-05) were also
decreased (Figure 1A, B) [25,26]. During refeeding, glucose levels and
HOMA-IR, an indicator of insulin resistance, increased significantly,
reflecting enhanced glucose availability with the reintroduction of food.

2.5. Fasting and refeeding do not induce systemic changes in
oxidation status

While fasting has been suggested to reduce oxidative stress in animal
models [27], our proteomic analysis revealed a decrease in superoxide
dismutase 3 (SOD3) levels (—1.3-fold, adjusted p = 0.003), an
extracellular antioxidant enzyme crucial for redox balance. Additionally,
the expected improvements in in vivo oxidation status were not
observed. Using the validated urinary biomarker of lipid oxidation 8-
iso-prostaglandin F2a. [25,28], we found a heterogeneous oxidative
response to fasting and refeeding. The result suggests that PF does not
universally reduce oxidative stress in humans (Fig. S8).

3. DISCUSSION

Throughout human evolution, extended periods of food scarcity
were common, shaping metabolic flexibility as a survival mecha-
nism. In the context of the global obesity epidemic, fasting has
resurged as a popular, sometimes extreme, weight-loss strategy
[2,29]. However, the body’s adaptations to PF and its potential
health effects remain poorly understood. Our study offers a
comprehensive proteomic analysis of the responses to PF and
refeeding, uncovering both beneficial and potentially detrimental
effects. Consistent with previous research [13], we uncovered
changes in multiple proteins involved in skeletal muscle and bone
homeostasis (INHBA, myostatin, GDF11/8, PTH). Interestingly,
exogenous GDF11 has been shown to function as a calorie re-
striction mimetic in mice, stimulating adiponectin secretion and
improving insulin sensitivity [30]. The acute inflammatory response
triggered by PF warrants further investigation to clarify its clinical
significance, and it is consistent with a clinical study demonstrating

that a 10-day water-only fast triggers an inflammatory transcrip-
tional signature in adipose tissue [31]. In our study, inflammation
was accompanied by evidence of platelet degranulation, raising
concerns as elevated urinary TXB2 has been linked to accelerated
atherogenesis and increased cardiovascular risk [24,32]. The in-
flammatory profile characterized by elevated hsCRP, IL-8, and
activation of TGF-B and complement pathways resembles the
hallmark features of trained immunity [33], suggesting that PF may
serve as an endogenous trigger for this adaptive immune mecha-
nism. However, the immune effects of PF are complex and context-
dependent, with evidence supporting fasting-induced modulation of
immunosenescence and immune response during immunotherapy
[2,34—36].

Prior studies of the adipose tissue transcriptome have linked inflam-
matory pathways to insulin resistance [37—39]. Consistently, our data
show that PF is associated with elevated HOMA-IR. Additionally,
increased triglycerides and liver transaminases suggest that prolonged
nutrient deprivation, unlike moderate calorie restriction, may disrupt
lipoprotein metabolism and liver function [40—43].

Furthermore, this study is the first to demonstrate that PF lowers
plasma AB42 and AB40, key components of amyloid plaques impli-
cated in Alzheimer’s disease pathology [44]. These findings suggest
that nutrient deprivation alters amyloid precursor protein (APP)
expression or processing, influencing either the production or clear-
ance of plasma AB42 and AB40. Importantly, PF did not affect the
APB42/40 ratio, a validated biomarker for brain amyloid plaques [18].
This supports the notion that the AB42/40 ratio, rather than individual
concentrations, is a robust biomarker, as it accounts for inter-
individual variability in pre-analytical conditions [45] and presence of
comorbidities [46].

Our study has several strengths and limitations. Strengths include the
use of two methodologies (mass spectrometry and ELISA) across
biological samples (plasma and urine), which vyielded consistent
findings. Multiple biomarkers were assessed in an untargeted
approach, reducing reliance on a single marker, and results were
validated in two independent cohorts. Limitations include the single-
arm design with a lack of control group, the small sample size, and
the variability in fasting and refeeding durations decided by the
volunteers.

In summary, our study reveals a multifaceted proteomic response to
PF, extending beyond the traditional adipose-centric or energy ho-
meostasis framework. We identified elevated biomarkers related to
muscle and bone preservation, reduced amyloid formation, increased
inflammation and platelet activity, and lipid metabolism. By conducting
a comparative analysis in an independent cohort, we identify a uni-
versal signature of the physiological response to water-only PF,
observing no differences between studies despite variations in cohort
characteristics and methodology. However, we also observed sub-
stantial inter-individual variability at the molecular level, emphasizing
the need for personalized fasting regimens. In contrast, oxidation
status remained unchanged, with no evidence of antioxidant effects.
The acute inflammatory response, also observed in an independent
cohort, may reflect a positive adaptive mechanism. However, it also
raises concerns about a potentially adverse cardiometabolic pheno-
type, particularly for individuals with thrombotic conditions or unstable
atherosclerotic plaques. This mirrors data from exercise interventions,
where acute vigorous physical activity can transiently increase car-
diovascular risk, particularly in untrained individuals or those with
underlying conditions. However, with appropriate progressive training,
long-term beneficial adaptations occur, leading to reduced cardio-
vascular mortality [47]. Unlike exercise, where dose-response
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Figure 3: Fasting and refeeding elevate biomarkers of platelet activation and degranulation. (A) Individual changes in 4 platelet-associated proteins from SOMAScan normalized to
baseline during fasting and refeeding. Each dot represents protein levels in each participant (N = 15). Adjusted p-value calculated with one-way ANOVA. (B) Volcano plot of vWF (effect size)
on all 1,317 SOMAScan proteins during combined fasting and refeeding. Significance cut-off adjusted p < 0.01. N = 15 participants. (C) KEGG pathway enrichment analysis for proteins
associated with vWF. Fold enrichments in KEGG pathway analysis are shown relative to fold changes for vWF. (D) Absolute TXB2 levels in the urine of each participant (N = 20) across three
time points. (E) Absolute platelet counts in the blood of each participant (N = 20) across three time points. Statistical analysis is described in the Methods for each analysis. Significance levels
are indicated as adjusted p-values, *p < 0.05, **p < 0.01, and ***p < 0.001. For all graphs, BL = Baseline, EF = End of Fasting, ER = End of Refeeding.
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relationships and adaptations are well-established, our understanding
of how repeated PF bouts impact long-term molecular, metabolic, and
clinical outcomes remains limited, highlighting the need for further
research.

ACKNOWLEDGMENTS

We would like to thank the volunteers who participated in the study.
L.F. is supported by grants from the Bakewell Foundation, the
Australian NHMRC Investigator Grant (APP1177797), and Australian
Youth and Health Foundation. M.L.C. is supported by the Schmidt
Futures Schmidt Science Fellowship. G.P. and B.R. are supported by
Fondi di Ateneo Linea D1 2020 and 2021 funding. CoN Diagnostics is
supported by NIH (R44 AG059489), BrightFocus (grant No.
CA2016636), The Gerald and Henrietta Rauenhorst Foundation, and
the Alzheimer’s Drug Discovery Foundation (grant No. GC-201711-
2013978).

CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Serena Commissati: Methodology, Investigation. Maria Lastra
Cagigas: Writing — original draft, Visualization, Funding acquisition,
Formal analysis, Data curation. Andrius Masedunskas: Writing —
review & editing, Visualization, Software, Formal analysis. Giovanna
Petrucci: Methodology, Data curation. Valeria Tosti: Methodology,
Data curation. Isabella De Ciutiis: Writing — review & editing.
Gayathiri Rajakumar: Writing — review & editing. Kristopher M.
Kirmess: Writing — review & editing, Methodology. Matthew R.
Meyer: Writing — review & editing, Methodology. Alan Goldhamer:
Writing — review & editing, Resources. Brian K. Kennedy: Writing —
review & editing, Supervision, Resources. Duaa Hatem: Methodology.
Bianca Rocca: Writing — review & editing, Validation, Methodology,
Data curation. Giovanni Fiorito: Writing — review & editing, Visuali-
zation, Validation, Software, Formal analysis. Luigi Fontana: Writing
— review & editing, Writing — original draft, Supervision, Resources,
Project  administration, Investigation, Funding  acquisition,
Conceptualization.

DECLARATION OF COMPETING INTEREST

A.G. is the founder of TrueNorth Health Center, a private facility that
offers medically supervised fasting interventions. K.M.K. and M.R.M.
are employed by CoN Diagnostics. The other authors report no conflicts
of interest. The funding sources were not involved in any form with the
findings presented in the study. The article was not commissioned. No
author was precluded access to data.

DATA AVAILABILITY

Data will be made available on request.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.molmet.2025.102152.

REFERENCES

[11 DA K, CB, EH, CK, HC, AR K, et al. International consensus on fasting
terminology - PubMed. Cell Metab 2024;36(8).

[2] Longo VD, Di Tano M, Mattson MP, Guidi N. Intermittent and periodic fasting,
longevity and disease. Nat Aging 2021;1(1):47—59.

[3] Crupi AN, Haase J, Brandhorst S, Longo VD. Periodic and intermittent fasting in
diabetes and cardiovascular disease. Curr Diabetes Rep 2020;20(12):83.

[4] Finnell JS, Saul BC, Goldhamer AC, Myers TR. Is fasting safe? A chart review of
adverse events during medically supervised, water-only fasting. BMC Compl
Alternative Med 2018;18(1):67.

[5] Wilhelmi de Toledo F, Grundler F, Bergouignan A, Drinda S, Michalsen A.
Safety, health improvement and well-being during a 4 to 21-day fasting period
in an observational study including 1422 subjects. PLoS One 2019;14(1):
€0209353.

[6] Katz DH, Robbins JM, Deng S, Tahir UA, Bick AG, Pampana A, et al. Proteomic
profiling platforms head to head: leveraging genetics and clinical traits to compare
aptamer- and antibody-based methods. Sci Adv 2022;8(33):eabm5164.

[7] Vaughan D, Ritvos O, Mitchell R, Kretz O, Lalowski M, Amthor H, et al. Inhi-
bition of Activin/Myostatin signalling induces skeletal muscle hypertrophy but
impairs mouse testicular development. Eur J Transl Myol 2020;30(1):8737.

[8] Liu W, Zhou L, Zhou C, Zhang S, Jing J, Xie L, et al. GDF11 decreases bone
mass by stimulating osteoclastogenesis and inhibiting osteoblast differentia-
tion. Nat Commun 2016;7:12794.

[9] Egerman MA, Glass DJ. The role of GDF11 in aging and skeletal muscle, cardiac
and bone homeostasis. Crit Rev Biochem Mol Biol 2019;54(2):174—83.

[10] Degirolamo C, Sabba C, Moschetta A. Therapeutic potential of the endocrine
fibroblast growth factors FGF19, FGF21 and FGF23. Nat Rev Drug Discov
2016;15(1):51—69.

[11] Friedman JM. Leptin and the endocrine control of energy balance. Nat Metab
2019;1(8):754—64.

[12] Schaab M, Kratzsch J. The soluble leptin receptor. Best Pract Res Clin
Endocrinol Metabol 2015/10/01;29(5).

[13] Pietzner M, Uluvar B, Kolnes KJ, Jeppesen PB, Frivold SV, Skattebo @, et al.
Systemic proteome adaptions to 7-day complete caloric restriction in humans.
Nat Metab 2024;6(4):764—77.

[14] Mattson MP, Allison DB, Fontana L, Harvie M, Longo VD, Malaisse WJ, et al.
Meal frequency and timing in health and disease. Proc Natl Acad Sci
2014;111(47):16647—53.

[15] Fogelman I, West T, Braunstein JB, Verghese PB, Kirmess KM, Meyer MR,
et al. Independent study demonstrates amyloid probability score accurately
indicates amyloid pathology. Ann Clin Transl Neurol 2023;10(5):765—78.

[16] Kirmess KM, Meyer MR, Holubasch MS, Knapik SS, Hu Y, Jackson EN, et al.
The PrecivityAD™ test: accurate and reliable LC-MS/MS assays for quantifying
plasma amyloid beta 40 and 42 and apolipoprotein E proteotype for the
assessment of brain amyloidosis. Clin Chim Acta 2021;519:267—75.

[17] West T, Kirmess KM, Meyer MR, Holubasch MS, Knapik SS, Hu Y, et al.
A blood-based diagnostic test incorporating plasma AB42/40 ratio, ApoE
proteotype, and age accurately identifies brain amyloid status: findings from a
multi cohort validity analysis. Mol Neurodegener 2021;16(1):30.

[18] Schindler SE, Bollinger JG, Ovod V, Mawuenyega KG, Li Y, Gordon BA, et al.
High-precision plasma [-amyloid 42/40 predicts current and future brain
amyloidosis. Neurology 2019;93(17):e1647—59.

[19] Hu Y, Kirmess KM, Meyer MR, Rabinovici GD, Gatsonis C, Siegel BA, et al.
Assessment of a plasma amyloid probability Score to estimate amyloid
positron emission tomography findings among adults with cognitive impair-
ment. JAMA Netw Open 2022;5(4):e228392.

[20] Coppinger JA, Cagney G, Toomey S, Kislinger T, Belton O, McRedmond JP,
et al. Characterization of the proteins released from activated platelets leads to
localization of novel platelet proteins in human atherosclerotic lesions. Blood
2004;103(6):2096—104.

[21] Chen Y, Zhong H, Zhao Y, Luo X, Gao W. Role of platelet biomarkers in in-
flammatory response. Biomark Res 2020;8:28.

[22] Patrono C, Rocca B. Measurement of Thromboxane biosynthesis in health and
disease. Front Pharmacol 2019;10:1244.

8 MOLECULAR METABOLISM 96 (2025) 102152 © 2025 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

www.molecularmetabolism.com


https://doi.org/10.1016/j.molmet.2025.102152
https://doi.org/10.1016/j.molmet.2025.102152
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref1
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref1
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref2
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref2
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref2
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref3
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref3
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref4
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref4
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref4
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref5
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref5
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref5
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref5
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref6
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref6
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref6
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref7
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref7
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref7
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref8
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref8
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref8
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref9
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref9
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref9
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref10
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref10
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref10
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref10
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref11
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref11
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref11
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref12
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref12
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref13
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref13
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref13
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref13
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref14
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref14
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref14
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref14
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref15
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref15
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref15
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref15
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref16
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref16
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref16
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref16
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref16
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref16
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref17
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref17
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref17
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref17
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref18
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref18
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref18
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref18
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref19
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref19
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref19
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref19
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref20
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref20
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref20
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref20
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref20
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref21
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref21
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref22
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref22
http://creativecommons.org/licenses/by/4.0/
http://www.molecularmetabolism.com

[23] Sud M, Sivaswamy A, Chu A, Austin PC, Anderson TJ, Naimark DMJ, et al.
Population-Based recalibration of the Framingham Risk score and pooled
cohort equations. J Am Coll Cardiol 2022;80(14):1330—42.

[24] Petrucci G, Buck GA, Rocca B, Parish S, Baigent C, Hatem D, et al. Throm-
boxane biosynthesis and future events in diabetes: the ASCEND trial. Eur Heart
J 2024;45(15):1355—67.

[25] Badimon L, Vilahur G, Rocca B, Patrono C. The key contribution of platelet and
vascular arachidonic acid metabolism to the pathophysiology of athero-
thrombosis. Cardiovasc Res 2021;117(9):2001—15.

[26] Tavori H, Fan D, Blakemore JL, Yancey PG, Ding L, Linton MF, et al. Serum
proprotein convertase subtilisin/kexin type 9 and cell surface low-density
lipoprotein receptor: evidence for a reciprocal regulation. Circulation
2013;127(24):2403—13.

[27] Ensminger DC, Salvador-Pascual A, Arango BG, Allen KN, Vazquez-Medina JP.
Fasting ameliorates oxidative stress: a review of physiological strategies
across life history events in wild vertebrates. Comp Biochem Physiol Mol Integr
Physiol 2021;256:110929.

[28] Lim PS, Chang YM, Thien LM, Wang NP, Yang CC, Chen TT, et al. 8-iso-
prostaglandin F2alpha as a useful clinical biomarker of oxidative stress in
ESRD patients. Blood Purif 2002;20(6):537—42.

[29] Rahmani J, Kord Varkaneh H, Clark C, Zand H, Bawadi H, Ryan PM, et al.
The influence of fasting and energy restricting diets on IGF-1 levels in
humans: a systematic review and meta-analysis. Ageing Res Rev 2019;53:
100910.

[30] Katsimpardi L, Kuperwasser N, Camus C, Moigneu C, Chiche A, Tolle V, et al.
Systemic GDF11 stimulates the secretion of adiponectin and induces a calorie
restriction-like phenotype in aged mice. Aging Cell 2020;19(1):e13038.

[31] Fazeli PK, Zhang Y, 0’Keefe J, Pesaresi T, Lun M, Lawney B, et al. Prolonged
fasting drives a program of metabolic inflammation in human adipose tissue.
Mol Metabol 2020;42:101082.

[32] Joharatnam-Hogan N, Hatem D, Cafferty FH, Petrucci G, Cameron DA, Ring A,
et al. Thromboxane biosynthesis in cancer patients and its inhibition by aspirin:
a sub-study of the Add-Aspirin trial. Br J Cancer 2023;129(4):706—20.

[33] Netea MG, Dominguez-Andrés J, Barreiro LB, Chavakis T, Divangahi M,
Fuchs E, et al. Defining trained immunity and its role in health and disease. Nat
Rev Immunol 2020;20(6):375—88.

[34] Tizazu AM. Fasting and calorie restriction modulate age-associated
immunosenescence and inflammaging. Aging Med (Milton). 2024;7(4):
499—-509.

[35] Cortellino S, Raveane A, Chiodoni C, Delfanti G, Pisati F, Spagnolo V, et al.
Fasting renders immunotherapy effective against low-immunogenic breast
cancer while reducing side effects. Cell Rep 2022;40(8):111256.

I

MOLECULAR
METABOLISM

[36] van Niekerk G, Hattingh SM, Engelbrecht AM. Enhanced therapeutic efficacy in
cancer patients by short-term fasting: the autophagy connection. Front Oncol
2016;6:242.

[37] Qatanani M, Tan Y, Dobrin R, Greenawalt DM, Hu G, Zhao W, et al. Inverse
regulation of inflammation and mitochondrial function in adipose tissue defines
extreme insulin sensitivity in morbidly obese patients. Diabetes 2013;62(3):
855—63.

[38] Fontana L, Eagon JC, Trujillo ME, Scherer PE, Klein S. Visceral fat adipokine
secretion is associated with systemic inflammation in obese humans. Diabetes
2007;56(4):1010—3.

[39] Cai D, Yuan M, Frantz DF, Melendez PA, Hansen L, Lee J, et al. Local and
systemic insulin resistance resulting from hepatic activation of IKK-beta and
NF-kappaB. Nat Med 2005;11(2):183—90.

[40] Kraus WE, Bhapkar M, Huffman KM, Pieper CF, Krupa Das S, Redman LM,
et al. 2 years of calorie restriction and cardiometabolic risk (CALERIE):
exploratory outcomes of a multicentre, phase 2, randomised controlled trial.
Lancet Diabetes Endocrinol 2019. Sep;7(9):673—83.

[41] Meydani SN, Das SK, Pieper CF, Lewis MR, Klein S, Dixit VD, et al. Long-term
moderate calorie restriction inhibits inflammation without impairing cell-
mediated immunity: a randomized controlled trial in Non-obese humans.
Aging (Albany NY) 2016;8(7):1416—31.

[42] Weiss EP, Racette SB, Villareal DT, Fontana L, Steger-May K, Schechtman KB,
et al. Improvements in glucose tolerance and insulin action induced by
increasing energy expenditure or decreasing energy intake: a randomized
controlled trial. Am J Clin Nutr 2006;84(5):1033—42.

[43] Cahill Jr GF. Fuel metabolism in starvation. Annu Rev Nutr 2006;26:1—22.

[44] HuY, Cho M, Sachdev P, Dage J, Hendrix S, Hansson O, et al. Fluid biomarkers
in the context of amyloid-targeting disease-modifying treatments in Alz-
heimer’s disease. Med 2024;5(10):1206—26.

[45] Ordufia Dolado A, Stomrud E, Ashton NJ, Nilsson J, Quijano-Rubio C,
Jethwa A, et al. Effects of time of the day at sampling on CSF and
plasma levels of Alzheimer’ disease biomarkers. Alzheimers Res Ther
2024;16(1):132.

[46] Janelidze S, Barthélemy NR, He Y, Bateman RJ, Hansson 0. Mitigating the
associations of kidney dysfunction with blood biomarkers of alzheimer disease
by using phosphorylated Tau to total Tau ratios. JAMA Neurol 2023;80(5):
516—22.

[47] Franklin BA, Thompson PD, Al-Zaiti SS, Albert CM, Hivert MF, Levine BD, et al.
Exercise-related acute cardiovascular events and potential deleterious adap-
tations following long-term exercise training: placing the risks into
Perspective-An update: a scientific statement from the American Heart As-
sociation. Circulation 2020;141(13):e705—36.

MOLECULAR METABOLISM 96 (2025) 102152 © 2025 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 9

www.molecularmetabolism.com


http://refhub.elsevier.com/S2212-8778(25)00059-6/sref23
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref23
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref23
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref23
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref24
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref24
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref24
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref24
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref25
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref25
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref25
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref25
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref26
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref26
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref26
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref26
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref26
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref27
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref27
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref27
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref27
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref28
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref28
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref28
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref28
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref29
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref29
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref29
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref29
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref30
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref30
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref30
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref31
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref31
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref31
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref32
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref32
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref32
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref32
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref33
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref33
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref33
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref33
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref34
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref34
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref34
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref34
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref35
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref35
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref35
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref36
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref36
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref36
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref37
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref37
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref37
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref37
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref37
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref38
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref38
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref38
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref38
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref39
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref39
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref39
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref39
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref40
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref40
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref40
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref40
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref40
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref41
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref41
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref41
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref41
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref41
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref42
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref42
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref42
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref42
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref42
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref43
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref43
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref44
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref44
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref44
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref44
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref45
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref45
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref45
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref45
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref46
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref46
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref46
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref46
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref46
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref47
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref47
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref47
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref47
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref47
http://refhub.elsevier.com/S2212-8778(25)00059-6/sref47
http://creativecommons.org/licenses/by/4.0/
http://www.molecularmetabolism.com

	Prolonged fasting promotes systemic inflammation and platelet activation in humans: A medically supervised, water-only fast ...
	1. Introduction
	2. Results
	2.1. Proteomics adaptations to prolonged fasting in humans
	2.2. Prolonged fasting increases inflammation
	2.3. Fasting and refeeding elevate biomarkers of platelet activation and degranulation
	2.4. Prolonged fasting affects cardiometabolic biomarkers
	2.5. Fasting and refeeding do not induce systemic changes in oxidation status

	3. Discussion
	flink4
	flink5
	flink6
	flink7
	flink8
	References


