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CR – Calorie restriction
CVD – Cardiovascular disease
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Abstract
Excess calorie consumption is associated with metabolic disorders and increased incidence of
morbidity. Restricting calorie content, either by daily calorie restriction or intermittent fasting periods,
has multiple benefits including weight loss and improved body composition. Previous research has
shown that restricting calories in this way can increase longevity and slow the ageing process in
laboratory animals, although only sparse data exists in human populations. This review critically
evaluates the benefits of these dietary interventions on age-related decline and longevity.

Introduction.
Epidemiological studies have shown that the UK population is becoming increasingly skewed towards
older adults [1], and that this trend is likely to continue in the future. Concomitantly, increasing levels
of obesity have led to predictions that 700 million people worldwide will be obese by 2015 [2]. Of
key importance among these predictions is the projected rapid increase in incidence of obesity in
children, where evidence exists for a growing global obesity epidemic among school-age children [3].
Importantly, obesity is associated with significant comorbidities including type 2 diabetes (T2D) and
cardiovascular disease (CVD) [4-6], which are also considered to be disorders associated with ageing.
Whilst these increases in obesity rates have been observed, there has been a relative dearth of novel
therapies being developed to tackle obesity [7]. There are currently almost no pharmaceutical options
available for physicians to treat obesity with and traditional dietary intervention fails in many,
bringing the use of standard diet plans into question.
Basic laboratory experiments have shown that by severely restricting calorie intake one can not only
induce weight loss but can also influence the ageing process [8]. There is also evidence that limiting
food intake in laboratory animals in this way can reduce the levels of age-related decline, increasing
what is commonly referred to as ‘healthspan’ [9] or the relative amount of time spent in good health.
Whilst this evidence is strong in animals, there remain questions over how this translates to human
populations.

Calorie restriction and intermittent fasting: can decreasing food intake have
an anti-ageing effect in humans?
Many of the genes that are known to be involved in energy balance and metabolic disorders are also
involved in the ageing process, highlighting the connection between a healthy energy balance and
successful ageing. Large scale population studies have shown that being obese significantly increases
the risk of all-cause mortality [10] and there are many established links between excess adiposity and
age-related decline conditions including Alzheimer’s disease, stroke and cancer [11-13]. Although in
recent times have been accompanied by profound increases in life expectancy [14] the possibility
exists that these increases may well be tempered by the increased mortality associated with increased
obesity levels. Equally, as obesity is associated with accelerated age-related decline the possibility
exists that longevity may remain unchanged but healthspan will be significantly reduced.
Research has shown that dietary interventions have a role in modulating both metabolism and
successful ageing, with calorie restriction (CR) and intermittent fasting (IF) being shown to not only
improve metabolic health, but also prevent a variety of other age-related diseases including cancer
[15, 16], immune disorders [17, 18], eye disease [19] and heart disease [20]. It has been known for
over 70 years now that a link also exists between nutrition and longevity, with CR significantly
increasing lifespan [21]. CR describes a dietary intervention where calories are restricted every day, to
a minimum of 40-50% of normal calorie intake. CR is the dietary intervention that has the greatest
evidence base supporting its effects on longevity and delayed age-related decline [22] and has been
shown to have a significant impact on longevity across the vast majority of organisms tested, from
nematode worms [23, 24] to rodents [25].

IF is a more transient form of CR, and has been practiced in human populations for thousands of years
in the form of religious fasts [26, 27]. Recently a form of IF has been developed that appears to be
more adherable than and as effective as CR, and has been termed “5:2 fasting” [28]. This eating plan
consists of days of ‘normal’ calorie consumption, where an individual may consume their normal total
daily energy expenditure (TDEE) in calories, and days where an individual limits calorie consumption
to approximately one quarter of their TDEE (600 calories for men, 500 for women) [29]. Research has
shown that IF is a powerful dietary tool, with improvements in glucose homeostasis and
cardiovascular health being reported [20, 30, 31]. Experimental evidence also suggests that IF can
also modulate longevity in laboratory animals [32, 33] much in the same way that CR can.
Although there are such conserved effects of CR/IF on longevity across many species, recent data
from one of the earliest studies into CR in non-human primates has cast significant doubt on any
impact on human longevity [34]. The implications of these findings are that there is no concrete
evidence that either CR or IF can increase longevity in humans. However, numerous studies have
shown that these interventions have the potential to decrease the risk of age-related decline which may
possibly influence an individual’s healthspan.

Summary
Restricting calorie intake has been shown to be an effective method of manipulating the ageing
process in laboratory animals. Although there is little evidence that these dietary interventions can
regulate longevity in human populations, there is growing proof that they may be able to reduce levels
of age-related decline, and therefore have an impact on healthspan. More clinical trials are needed to
fully assess the impact of CR and IF on diseases associated with age-related decline.
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