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Intermittent fasting promotes adipose thermogenesis and
metabolic homeostasis via VEGF-mediated alternative
activation of macrophage
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Intermittent fasting (IF), a periodic energy restriction, has been shown to provide health benefits equivalent to
prolonged fasting or caloric restriction. However, our understanding of the underlying mechanisms of IF-mediated
metabolic benefits is limited. Here we show that isocaloric IF improves metabolic homeostasis against diet-induced
obesity and metabolic dysfunction primarily through adipose thermogenesis in mice. IF-induced metabolic benefits
require fasting-mediated increases of vascular endothelial growth factor (VEGF) expression in white adipose tissue
(WAT). Furthermore, periodic adipose-VEGF overexpression could recapitulate the metabolic improvement of IF
in non-fasted animals. Importantly, fasting and adipose-VEGF induce alternative activation of adipose macrophage,
which is critical for thermogenesis. Human adipose gene analysis further revealed a positive correlation of adipose
VEGF-M2 macrophage-WAT browning axis. The present study uncovers the molecular mechanism of IF-mediated
metabolic benefit and suggests that isocaloric IF can be a preventive and therapeutic approach against obesity and
metabolic disorders.
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While fat (white adipose tissue, WAT) is often associ-
ated with development of obesity and type 2 diabetes, it
is essential for energy homeostasis by storing excess en-
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ergy and releasing lipids in response to energy deficits [1,
2]. Recent studies have discovered that WAT also con-
tributes to whole-body metabolism by regulating thermo-
genic activity via the browning of WAT, which increases
energy expenditure and improves insulin sensitivity [3].
In this regard, WAT browning has been suggested as a
therapeutic approach for obesity and metabolic diseases.
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Intermittent fasting (IF) is an effective dietary intervention to counteract obesity-associated metabolic
abnormalities. Previously, we and others have highlighted white adipose tissue (WAT) browning as

the main underlying mechanism of IF-mediated metabolic benefits. However, whether IF retains its
efficacy in different models, such as genetically obese/diabetic animals, is unknown. Here, leptin-
deficient ob/ob mice were subjected to 16 weeks of isocaloric IF, and comprehensive metabolic
phenotyping was conducted to assess the metabolic effects of IF. Unlike our previous study, isocaloric
IF-subjected ob/ob animals failed to exhibit reduced body weight gain, lower fat mass, or decreased
liver lipid accumulation. Moreover, isocaloric IF did not result in increased thermogenesis nor induce
WAT browning in ob/ob mice. These findings indicate that isocaloric IF may not be an effective approach
for regulating body weight in ob/ob animals, posing the possible limitations of IF to treat obesity.
However, despite the lack of improvement in insulin sensitivity, isocaloric IF-subjected ob/ob animals
displayed improved glucose tolerance as well as higher postprandial insulin level, with elevated
incretin expression, suggesting that isocaloric IF is effective in improving nutrient-stimulated insulin
secretion. Together, this study uncovers the insulinotropic effect of isocaloric IF, independent of adipose
thermogenesis, which is potentially complementary for the treatment of type 2 diabetes.

Over the past few decades, the prevalence of obesity has dramatically increased across all genders and age groups,

reaching a global epidemic level. As obesity is strongly associated with the development of other chronic health

conditions, such as type 2 diabetes, hypertension, and non-alcoholic fatty liver disease (NAFLD), development

of feasible and practical treatments to counteract obesity is urgently needed. A number of factors contribute to

obesity, including genetic determinants, environmental and behavioural traits' . In particular, polymorphisms in
© various genes regulating appetite and metabolic rate were identified to predispose individuals to obesity.
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