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Abstract
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The ongoing global pandemic brought on by the spread of the novel coronavirus SARS-CoV-2 is having profound effects on
human health and well-being. With no viable vaccine presently available and the virus being rapidly transmitted, govern-
ments and national health authorities have acted swiftly, recommending ‘lockdown’ policies and/or various levels of social
restriction/isolation to attenuate the rate of infection. An immediate consequence of these strategies is reduced exposure to
daylight, which can result in marked changes in patterns of daily living such as the timing of meals, and sleep. These dis-
ruptions to circadian biology have severe cardiometabolic health consequences for susceptible individuals. We discuss the
consequences of reductions in patterns of daily physical activity and the resulting energy imbalance induced by periods of
isolation, along with several home-based strategies to maintain cardiometabolic health in the forthcoming months.

The global pandemic caused by the novel coronavirus
SARS-CoV-2 may lead to deleterious health effects
through reductions in daily energy expenditure, uncom-
pensated energy intake, altered sleep, and a decrease in
levels of voluntary physical activity.

Such behaviour patterns are likely to exacerbate the pre-
sent public health crisis created by low levels of volun-
tary physical activity and the subsequent consequences
for cardiometabolic health.

Some of the negative health outcomes that result from
COVID-19 related isolation can be minimised by imple-
menting graded lifestyle strategies to reduce sitting time,
encourage structured physical activity, and maintain
good dietary practices.
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1 Introduction and Background

The global pandemic caused by the severe acute respira-
tory syndrome coronavirus (SARS-CoV-2) has created new
and unique challenges for nations throughout the world,
with ramifications for individual and community health and
well-being. With no viable vaccine presently available and
the virus being rapidly transmitted, many governments and
national health authorities have acted swiftly, recommending
‘lockdown’ policies for schools, universities, restaurants, and
places of non-essential work. Various levels of restriction
have also been placed on community gatherings and sport-
ing events as well as domestic and international travel. These
measures are part of the strategy by which the increase in
the rate of transmission of SARS-CoV-2 and its associated
illness/disease, COVID-19, can be attenuated and the virus
eradicated. Persons young and old, healthy or with pre-exist-
ing medical conditions, and from diverse ethnic and socio-
economic backgrounds are now faced with varying degrees
of ‘isolation’ to limit potential exposure to the virus. Accord-
ingly, it is inevitable that many individuals will be confronted
with different working and living conditions, triggering per-
sonal challenges to their physical and mental health. A recent
review outlined some of the psychological challenges facing
individuals worldwide arising from COVID-19 enforced
quarantine [1]. Here, we discuss the consequences of reduc-
tions in patterns of daily activity induced by periods of iso-
lation along with several home-based strategies to maintain
cardiometabolic health in the forthcoming months.
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2 Consequences of Isolation/Quarantine:
Implications for Cardiometabolic Health

Numerous metabolic and physiological processes are under-
pinned by 24-h biological oscillations under the control of
a central circadian clock located in the suprachiasmatic
nucleus of the hypothalamus, with synchronisation of the
expression of circadian clock genes primarily governed by
the light—dark cycle [2]. However, epigenetic (environmental
and behavioural) cues, termed ‘zeitgebers,” can fine-tune the
central clock and reset or induce time-phase shifts in circa-
dian oscillations through suprachiasmatic nucleus-independ-
ent mechanisms. An immediate consequence of isolation/
quarantine strategies is reduced exposure to daylight and the
accompanying changes in patterns of physical activity, with
meal timing and sleep patterns also likely to be perturbed:
these ‘zeitgebers’ interact with underlying biology to create
an environment in which circadian rhythms are disrupted,
predisposing susceptible individuals to a plethora of meta-
bolic abnormalities (Fig. 1).

As patterns of daily living are disturbed, a fundamental
concern induced by isolation is a substantial reduction in
energy expenditure. An inevitable consequence of all isola-
tion strategies is that the majority of individuals will spend
more time sitting and engaging in activities that involve very
low rates of energy expenditure, such as desk-bound work,
online social networking activities and television viewing.
Such behaviour is likely to exacerbate the present public
health crisis created by low levels of voluntary physical
activity and the subsequent consequences for cardiometa-
bolic health. Indeed, after hypertension (13%), tobacco use
(9%) and prolonged hyperglycaemia (6%), physical inactiv-
ity is currently the fourth leading risk factor for global mor-
tality, accounting for 6% of global deaths [3]. Data collected
from over 30 million consumers worldwide during March
2020 by wearable technology company Fitbit indicate a sub-
stantial reduction in daily step counts compared with the
corresponding period in 2019; this ranged from a 7 to 38%
decline across different countries [4]. Low levels of daily
physical activity and sedentary behaviour are associated with
numerous adverse health outcomes including dyslipidaemia
[5], microvascular dysfunction, and peripheral insulin resist-
ance [6] that collectively predispose to weight gain (i.e., an
increase in fat mass, Fig. 1) and a concomitant increase in
biomarkers for cardiometabolic risk. Unfortunately, these
unfavourable effects occur rapidly [6]. For example, when
healthy young men decreased their daily activity levels from
10,501 to 1,344 steps/day for just two weeks, they experi-
enced a 17% decline in skeletal muscle insulin sensitivity,
a 7% decrease in cardiovascular fitness, and a 3% reduction
in lean leg mass [7], explained by a reduction in myofibril-
lar protein synthesis rates [8]. Such metabolic perturbations
are further exacerbated by periods of prolonged inactivity

[9] and contribute to disruptions to whole-body homeostasis
brought about by a progressive and coordinated decline in
the function of numerous cells, tissues, and organs.

Dietary intake—timing, quantity and choice—is governed
by a complex interaction of factors that are susceptible to
change during self-isolation. Indeed various instruments
which have tried to simplify the basis of dietary choice
identify at least 15 different categories that underpin eating
behaviour [10]. While some of these constructs are intrinsic,
others will be altered during periods of self-isolation, even
above that governed by inevitable changes in food availabil-
ity/security at a community or household level. For example,
during COVID-19 isolation we can expect large changes in
social eating stimuli, emotional stimuli underpinning affect
regulation and the daily routines that influence habit. What
is considered ‘healthy’ might change in response to a new
focus on immune support, sometimes, unfortunately, derived
from non-credible sources [11]. Conversely, concepts of
convenience might be altered in new daily routines, with
opportunities for increased time spent on food preparation
at home being associated with an increase in dietary quality
[12]. Meanwhile, social media may become an even more
important reference for social norms around food intake, with
differential effects on different food types [13] and subgroups
of the population. Self-isolation is also likely to be associated
with an exacerbation of disordered eating; one expert group
has reported a 30% increase in calls to an eating disorder
hotline during the first week of the COVID-19 “shutdown”
[14]; while, others have provided specialised information on
the specific interactions between the COVID-19 virus and the
presence of an eating disorder [15].

Despite heterogeneity in dietary changes during self-
isolation between sub-populations and individuals, a large
proportion of the community is likely to face an excess in
energy intake and an increase in the time window of daily
eating (i.e., the time between the first and last daily energy
intake). Unless there is a correction in energy intake, sig-
nificant reductions in daily energy expenditure will quickly
tip the scales in favour of a positive energy balance (i.e.,
energy intake > energy expenditure) and subsequent weight
gain. The acute relationship between appetite and physi-
cal activity is weak [16] as is the capacity for appetite to
compensate for a single day of dietary overconsumption
[17]. Other factors governing intake such as the hedonic
effect of food [18, 19] or eating behaviour in response to
boredom [20], stress [21], or anxiety [21] are likely to lead
to increased energy intake secondary to changes in food
choices and quantities. Currently, the average American
eats over a 12-h time window [22]; while, individuals with
overweight/obesity report a median daily eating duration
of up to 15 h [23]. In the first longitudinal study of free-
living, healthy, overweight individuals that monitored daily
temporal pattern of energy intake, there was a systematic
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Fig.1 The cyclical pattern of disruptions to metabolic homeosta-
sis during prolonged periods of COVID-19 induced isolation. A
lack, or loss of physical activity, increased sitting time and changes
in dietary habits and sleep lead to several physiological and psycho-
biological outcomes directly impacting on metabolic homeostasis.
Decreased rates of skeletal muscle protein synthesis, insulin resist-
ance and impaired immune defence have a rapid onset during periods
of inactivity and are exacerbated by disruptions to sleep quality and
quantity. Insulin resistance and subsequent dysregulation of glucose

bias towards consuming a larger portion of the daily energy
intake towards the late afternoon and evening hours (less
than 25% of the daily caloric intake occurred before noon;
while almost 40% was consumed after 18:00 h) [23]. In
that study, a “three meals per day” structure of eating was
largely absent, with these individuals eating throughout the
wakeful hours. Fortunately, diet and exercise strategies can
be implemented to increase at-home energy expenditure
[24] potentially through novel, incidental exercise [25],
reduce the quantity, timing and pattern of energy intake,
and mitigate the potentially ‘unhealthy’ environment and
behaviours associated with self-isolation.

3 Lifestyle Strategies to Maintain
Cardiometabolic Health During Isolation

During isolation and enforced periods of reduced energy
expenditure, a primary goal for all individuals is to main-
tain energy balance (i.e., match energy intake to energy
expenditure). This is challenging even under normal
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metabolism predispose to weight gain and increased fat mass, creat-
ing a cycle of cumulative causation in which appetite is dysregulated
as the cycle continues through prolonged inactivity. External stress-
ors and loss of sleep (quality) created by self-isolation or ‘lockdown’
scenarios can lead to alterations in food choice, timing and quantity.
Self-isolation also includes reduced outdoor access and the removal
or alteration of exposure to external zeitgebers such as sunlight, with
flow-on effects to behaviour, sleep and metabolism

living conditions, as evident by the high prevalence of
overweight/obesity in both industrialised and developing
nations [26]. While confinement adds to the difficulty of
conserving energy balance, several lifestyle strategies can
be implemented that will have a rapid and positive impact
on metabolic health in the short-term (i.e., weeks—months).
In the case of severely restricted access to public gyms,
swimming pools and parks, as well as restaurants, cafes
and bars, we describe several home-based exercise and
nutrition interventions, as well as their potential interac-
tions with sleep, that can be implemented with minimal
equipment, supervision, expense, or time commitment. We
present evidence of how these ‘primary’ health drivers
can help to offset the deleterious effects of inactivity and
excess food intake on cardiometabolic health.

3.1 Physical Activity
Until recently, guidelines by major national bodies and

advocacy groups recommended that physical activ-
ity should be undertaken as “continuous bouts lasting a



1236

A.J.King et al.

minimum of ten minutes” to maximise cardiometabolic
protection [27]. By disregarding exercise bouts lasting less
than ten minutes, these guidelines ignored potential health
benefits induced by briefer bouts of high-intensity activi-
ties, and in 2018, US and UK physical activity guidelines
explicitly removed this 10-min ‘minimum bout’ require-
ment [28, 29]. An established body of scientific evidence
and widespread public interest in the potential for high-
intensity intermittent exercise (HIT) to provoke physi-
ological adaptations that are similar, or even superior, to
traditional endurance exercise training in healthy individu-
als, as well as those with lifestyle-induced cardiometabolic
disorders, was instrumental in bringing about this change
[30]. HIT is infinitely variable, but can be defined as short
(30 s—4 min) repeated (4—10 bouts) of intense activity
interspersed with 1-3 min of low- to moderate-intensity
exercise or rest. There are rapid improvements in markers
of metabolic health in healthy but previously untrained
individuals, who demonstrate marked increases in car-
diovascular fitness, skeletal muscle mitochondrial density
and insulin sensitivity after just two weeks of HIT (three
sessions per week, a total of ~ 15 min of intense exercise)
[31]. HIT may also reduce appetite in the immediate hours
following a single session of training [32], making the
timing of exercise during the day an important considera-
tion. While laboratory-based studies of HIT interventions
have typically used cycle ergometry or treadmill running
as modes of exercise, it is unlikely most households will
have access to such equipment. In this regard, recent stud-
ies support the use of various protocols of brief intense
stair-climbing [33] and whole-body exercise for improving
cardiorespiratory fitness and conferring many of the meta-
bolic and physiological adaptations induced by laboratory-
based protocols (see Fig. 2).

High-intensity interval training may, however, be unsuit-
able for individuals with pre-existing cardiometabolic dis-
ease, or a predominantly sedentary lifestyle. As such, graded
strategies to increase physical activity are advised, with the
first step a reduction in sitting time through light ambulation.
“Exercise snacking” which involves breaking up an exercise
session into several shorter bouts spread throughout the day
is also an effective strategy to enhance cardiorespiratory
fitness compared with a single bout of the same duration
[34]. In those who are overweight and insulin resistant, dos-
ing exercise as brief, intense ’exercise snacks’ before main
meals is an effective approach to improve glycaemic control
[35]. While implementation of a daily exercise regimen will
increase energy expenditure, simply reducing sitting time
attenuates the decline in cardiometabolic health, independ-
ent of any structured physical activity [36]. Individuals
should, therefore, focus on limiting periods of prolonged
inactivity and undertaking planned exercise/movement

snacks. Where permitted, outdoor exercise should be con-
tinued, while adhering to “social distancing” regulations.

Maintaining skeletal muscle mass is difficult in the face of
reduced levels of habitual activity [7] and especially difficult
for the elderly and those with a physical disability. Resist-
ance-type exercise (overloading muscle to a greater extent
than can be attained during daily living activities) stimulates
the synthesis of skeletal muscle protein, ultimately resulting
in skeletal muscle hypertrophy [37]. A common belief is that
the greatest gains in strength and muscle mass are achieved
when the loading is high (i.e., when the resistance is close
to maximal). However, recent data demonstrate that low-
load (30% of one repetition maximum, 1RM) high-volume
(until volitional failure) resistance-type exercise has potent
and stimulatory effects on an array of anabolic signalling
molecules and results in similar increases in the rates of
muscle protein synthesis (MPS) as high loads (90% 1RM
to failure) [38]. Accordingly, for previously untrained and
elderly individuals, home-based resistive exercise using
bodyweight or microbands may provide sufficient overload
for maintaining lean mass. As dietary protein supplementa-
tion significantly enhances muscle strength and size during
resistance-based training in healthy adults [39] and attenu-
ates potential inactivity-induced loss of muscle protein [40],
daily protein intake during prolonged periods of reduced
activity and isolation should be increased to 1.2 g/kg body
mass/day [39]. As the timing and distribution of protein
ingestion is a key factor in maximally stimulating rates
of MPS throughout an entire day [41], 20-25 g of protein
should be ingested soon after an exercise bout with similar
amounts consumed at regular 3—4-h intervals throughout the
day. However, individuals must remain cognisant of total
energy intake throughout the day, and be aware of reduced
energy requirements in isolation by making adjustments to
other macronutrients in meals and snacks.

3.2 Chrono-Nutrition

The timing of meals affects a wide variety of physiological
functions, including the sleep/wake cycle, core body tem-
perature, athletic performance, and mental alertness [42,
43]. Furthermore, the timing of meals has a profound effect
on skeletal muscle insulin sensitivity and whole-body meta-
bolic health: manipulation of the feeding-fasting cycle and
reducing the time spent in a postprandial and postabsorptive
state improve glycaemic control, while perturbing feeding-
fasting cycles drives robust oscillations in metabolism and
circadian rhythms that maintain cardiometabolic health
[44]. In humans, insulin sensitivity, 3-cell responsiveness,
and the thermic effect of food are all higher in the morn-
ing than in the afternoon or evening [43], suggesting that
human metabolism is geared towards a greater food intake
in the morning than the evening. Indeed, changes in food
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Fig.2 Exercise and nutrition strategies during COVID-19 isolation.
A fundamental concern induced by isolation is a substantial reduction
in energy expenditure. Implementing practical exercise and nutrition
strategies can assist in maintaining metabolic health. a High-intensity
interval exercise (HIT) involves short (30 s—4 min) repeated (4—10
bouts) of intense activity interspersed with 1-3 min of low- to mod-
erate-intensity exercise or rest, and should be undertaken 3-5 times
per week for 30 min. HIT rapidly induces increases in cardiorespira-
tory fitness as well as adaptations in skeletal muscle that assist in gly-
cemic control. Depending on the availability of equipment, exercise
prescription should be tailored to align with current/habitual levels of
activity with the overall aim of reducing sedentary time (time spent
sitting). “Exercise snacking” involves breaking up an exercise session

composition/feeding time lead to differential activation of
epigenetic and transcriptional control systems through har-
nessing specialised enzymatic pathways and circadian meta-
bolic sensors [42]. The results of human studies reveal that
eating in alignment with circadian rhythms (increasing food
intake at breakfast and reducing it at dinner time) improves
glycaemic control, weight loss and lipid levels [44, 45] with-
out increasing hunger [23]. In contrast, irregular daily eat-
ing patterns have adverse effects on circadian biology [46]
independent of meal size and macronutrient composition
[47]. As such, the concept of “chrono-nutrition” refers to

into several shorter bouts spread throughout the day, and is also an
effective strategy to enhance cardiorespiratory fitness compared with
a single bout of the same duration. b Chrono-nutrition is the timing
of food administration in coordination with the body’s daily rhythms,
and reflects the basic idea that, in addition to the amount and content
of food, the timing of meals is also critical for metabolic health. Dur-
ing periods of isolation, time-restricted eating (TRE), in which the
daily “eating window” could be reduced from 12—14 h to 8-10 h, may
help to reduce total energy intake, curtail discretionary food intake
(i.e. alcohol, confectionery) in the evening, and improve overall die-
tary quality. ¢ Consideration should be given to the timing and distri-
bution of protein intake throughout a day to maximally stimulate rates
of skeletal muscle protein synthesis. See text for details

food administration in coordination with the body’s daily
rhythms, and reflects the basic idea that, in addition to the
amount and content of food, the timing of meals is also criti-
cal for metabolic health [42].

Excess energy intake caused by overeating, particularly
‘discretionary’ or ‘comfort’ foods late at night is likely to
be a short-term outcome of isolation. Dieting, including
the exclusion of individual foods and/or food groups (i.e.,
ketogenic, vegan, paleo diets), has low compliance and
adherence for the majority of the population. Furthermore,
the belief that it is important to eat three or more meals per



1238

A.J.King et al.

day on a regular basis is deeply ingrained in most societies;
so changes to this pattern will likely be met by resistance.
As such there is need to implement home-based dietary
approaches that are socially acceptable, feasible, and achiev-
able over the short- to medium term. While permutations in
the pattern of daily food consumption are numerous, one
such practical strategy to maintain cardiometabolic health
during periods of self-isolation is time-restricted eating
(TRE), in which the normal daily eating duration is reduced
from a 12-14 h to a 10 h/day “eating window” (see Fig. 2).
Several protocols of TRE have been studied in humans, with
positive outcomes on a plethora of health markers. Sutton
et al. [44] reported that men with prediabetes who completed
five weeks of a strict regimen of TRE (a 6 h TRE period,
with dinner consumed before 15:00 h) improved insulin sen-
sitivity and p-cell responsiveness and reduced blood pressure
and markers of oxidative stress compared to a 12-h feeding
protocol. In that study, participants lived in a metabolic ward
for the duration of the investigation, and meals provided to
participants were matched to energy requirements, so they
did not lose weight. Remarkably, the observed improvements
in cardiometabolic health were independent of weight loss.
However, it is highly unlikely that individuals faced with
periods of self-isolation would ever choose to follow such a
strict eating regimen.

Recently, Parr et al. [45] determined the effects of a modi-
fied form of TRE (8 h/day, meals consumed at 10:00, 13:00
and 17:00 h) versus extended feeding (15 h/day, consuming
meals at 0700, 1400 and 2100 h) on 24-h and postprandial
metabolism in men with overweight/obesity. TRE improved
nocturnal and postprandial glycaemic control and this proto-
col was well accepted by the overweight/obese males in that
study. It appears that TRE offers a practical advantage over
stricter energy-restricted diet interventions for individuals in
self-isolation, given there are no rigid requirements around
energy restriction or discretionary food choices. As noted,
the types of foods we consume often are aligned closely to
distinct times of the day; alcohol typically is consumed at
the end of the day, as are sweet (refined sugar) foods such
as ice cream [23]. A reduction in food intake later in the
day may not only reduce total energy intake but also curtail
discretionary food intake and improve overall dietary qual-
ity. However, it also is possible that placing time restric-
tions on eating could result in poorer food choices in some
individuals.

3.3 Sleep

Significant lifestyle alterations associated with home con-
finement may result in changes in sleep quality, quantity and
timing [48]. As noted, circadian rhythm is influenced pri-
marily by the light/dark cycle, and ‘fine tuned’ by the timing
of meals and levels of activity/inactivity, all of which exert

a profound influence on the sleep/wake cycle. Light syn-
chronises the circadian rhythm to the external environment
and disruption to the external light/dark cycle can have a
negative impact on sleep. Individuals who are self-isolating
may be exposed to less daylight than usual which may lead
to increased sleep disturbances [48].

Exercise is recognised as a safe, inexpensive and acces-
sible means of improving sleep and has been proposed as an
alternative treatment for insomnia [49]. The potential mecha-
nisms for this improvement are likely to include the influence
of light exposure on circadian rhythms, an increase in energy
expenditure and body temperature (increasing requirement
for recovery) and anti-anxiolytic and anti-depressant effects
of exercise [49]. In comparison to exercise, much less is
known about the potential negative influence of sedentary
behaviour on sleep. However, a recent meta-analysis con-
cluded that sedentary behaviour was associated with an
increased risk of insomnia and sleep disturbance [50]. It
is possible that time spent in sedentary ‘distractions’ such
as television watching and phone and computer use may
take the place of sleep and result in shorter sleep durations,
and, in particular, may disturb melatonin release due to light
exposure from these devices (Fig. 3).

There is emerging interest in the role of intraindividual
variability in sleep and wake times and the impact it may
have on not only sleep quality, but also metabolic health [51,
52] and associated mental and physical outcomes [53]. Many
individuals who are isolating may find that due to a loss of
commute/travel time and a decrease in social activities, there
is actually more time to sleep, especially at times which
were not previously possible (i.e. the ability to ‘sleep in’ or
nap). The interaction of diet and meal timing with sleep is
a relatively new area of research and likely influences sleep
quality and quantity. Evidence suggests that some nutritional
interventions may impact sleep [54] and that alignment of
sleep and meal times may influence food choices and energy
balance in a bi-directional manner [55]. Finally, given the
associations between poor sleep and obesity, insulin resist-
ance and reduced glycemic control [56, 57], optimising sleep
is likely to play a very significant role in the maintenance of
metabolic health.

4 Conclusion

The ongoing global crisis brought on by the spread of the
COVID-19 virus will have profound effects on human health
and well-being. In situations in which large numbers of the
community are required to isolate and ‘lockdown’ meas-
ures imposed, deleterious health effects will be likely due
to a reduction in daily energy expenditure and an increase,
or failure to appropriately reduce, energy intake. Individu-
als can attenuate some of the negative health outcomes that
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Keep a regular bed and wake time schedule \

Use any additional available time to follow

natural sleep preferences

e ad

Minimise light exposure from phones, tablets etc in the evening

Dim lights in the evening

_

Try to get natural daylight, particularly in the morning

Open curtains and blinds or have lights on in the daytime

Exercise outdoors in the morning if possible

Fig.3 Summary of practical sleep strategies during isolation. The
goal is to optimise sleep quality, duration and consistency. A regu-
lar daily sleep schedule, avoiding unnecessary naps (unless sleep

result from isolation by implementing practical lifestyle
strategies that encourage energy balance. Exercise, nutrition,
and sleep play a fundamental role in human health and phys-
iology. Several metabolic processes and pathways converge
on key indices of physiological health and are significantly
impacted by poor sleep, physical inactivity, time indoors
and the potential anxiety created by isolation (Fig. 1). While
structured physical activity alleviates the consequence of
positive energy balance, simply reducing total sitting time
is a vital first step to maintaining cardiometabolic health.
Additionally, good dietary practice can mitigate metabolic
disturbances, and awareness of adequate protein intake and
meal timing, while ensuring energy intake does not suffer
from isolation-related food intake and inactivity, is essential.
Physical activity and good dietary practice have a bidirec-
tional influence on sleep, and together play a fundamental
role in not only cardiometabolic health, but may also be
protective factors to cope positively with isolation-related
challenges.
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