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fasting as a model
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Intermittent fasting, a dietary approach featuring alternating
periods of fasting and eating of differing durations, has recently
emerged as a popular means of dieting aimed at tackling obesity
and its complications, but has yielded conflicting clinical results.
On the one hand, 10 h of time-restricted eating (TRE) for 12 wk
was recently found to promote weight loss, reduce percentage
body fat and visceral fat, and lower blood pressure, atherogenic
lipids, and glycated hemoglobin (HbA1c) in participants that
were previously diagnosed with the metabolic syndrome (1).
A shorter TRE daily interval followed for 2 mo was likewise
associated with similarly beneficial effects, including weight
loss, improved insulin resistance, and reduced oxidative stress
(2). Similar intermittent fasting–associated health benefits were
observed in healthy nonobese humans (3). Conversely, a recent
clinical trial noted a significant weight decrease (postintervention
compared with preintervention) in the TRE group, but featured
no excess weight reduction in comparison with an age- and BMI-
matched control group consuming 3 structured daily meals (4).
In addition, in this trial, no significant within-group or intergroup
differences were noted with respect to intermittent fasting effects
on fasting glucose, fasting insulin, HbA1c, triglyceride, total
cholesterol, LDL cholesterol, or HDL cholesterol concentrations,
or HOMA-IR (4). These seemingly conflicting results may point
to, among other things, interindividual differences in TRE-
induced metabolic effects in different individuals and popu-
lations. Such individually varying TRE-mediated mechanisms
may include altered induction of an elevated concentration of
ketone bodies during the fasting state (5), reduction in oxidative
and metabolic stress, potentially through enhanced expression
of antioxidant defenses and DNA repair proteins (5, 6), and
differential and potentially personalized induction of alterations
in gut microbiome composition (7).

In this issue of The American Journal of Clinical Nutrition,
Su et al. (8) took advantage of a variant of intermittent fasting
practiced by Muslims worldwide during the holy month of
Ramadan, in which fasting starts before sunrise and extends
to sunset (∼16 h of daily fasting in this cohort from China).
Ramadan fasting resulted in reduced body weight and an
increased liver aminotransferase activity ratio (aspartate amino-
transferase:alanine aminotransferase), potentially reflecting im-
proved nonalcoholic fatty liver disease in the TRE group. The
authors further explored whether Ramadan fasting-associated
beneficial impacts on clinical features were associated with
modulation of gut microbiome composition. 16S ribosomal DNA

analysis of fecal samples obtained from 2 cohorts of healthy
nonobese Ramadan followers revealed taxonomic changes in
the microbiome to be associated with fasting, while being
independent of living area and dietary composition. Among the
changes noted with fasting were increased microbiome diversity,
and upregulation of the relative abundance of the butyric acid-
producing Lachnospiraceae. Interestingly, both Lachnospiraceae
and butyric acid have been previously suggested to be linked to
human health benefits, including reduced incidence of cancer,
improvement in inflammatory bowel disease, and even improved
mental health (9–13). The authors therefore propose that
increased TRE-associated abundance of Lachnospiraceae species
may participate in the mediation of the beneficial metabolic
effects noted during the Ramadan intermittent fasting, potentially
through production of butyric acid. Of note, the observed
taxonomic changes returned to baseline upon cessation of
intermittent feeding, thereby supporting such a diet–microbiome
association.

These results are consistent with other studies showing that the
interplay between diet and microbiome may affect outcomes to
host metabolic health (14). For example, the gut microbiome may
modulate the postprandial glycemic response (15). Moreover, a
microbiome signature in mice was associated with faster weight
regain and metabolic aberrations upon re-exposure to obesity-
promoting conditions (the yo-yo effect) (16). The interesting
observations reported by Su et al. may pave the way to
future studies further exploring the links between intermittent
fasting, microbiome alterations, and metabolic consequences,
while focusing on unravelling causal links potentially driving
these effects. Such mechanistic explorations, in animals and
humans, should take into consideration ethnic, dietary, and
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FIGURE 1 Several factors contribute to potential gut microbiome mod-
ulation by intermittent dieting, including diet, ethnicity, age, medication, and
lifestyle, affecting human health. Ramadan fasting, a human cultural model of
intermittent dietary intervention, is associated with metabolic health benefits
and associated microbiome alterations. ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, gamma glutamyl transferase.

other lifestyle variables (Figure 1), and should include shotgun
metagenomic and untargeted metabolomics analysis (including
direct measurements of SCFAs such as butyrate), which may
collectively help to identify molecular drivers of these effects.
Causality could be further established in such future studies,
by using fecal microbiota transfers of whole microbiome
configurations, distinct signatures, or single commensals from
individuals after TRE into germ-free mice. Altogether, the study
by Su et al. utilizes a widespread human cultural practice
to highlight an exciting new potential link between dietary
habits, microbiome changes, and host metabolic outcomes.
Understanding the molecular details of such interactions may
shed light on microbiome regulation of host health, while
potentially identifying microbiome-associated therapeutic targets
able to be exploited in the prevention of obesity and its common
complications.
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