
Original Article

The impact of the COVID-19 pandemic on
the diet, training habits and fitness of
Masters cyclists
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Gordon A Zello2 and Philip D Chilibeck1

Abstract
Background: The number of Masters-level athletes (� 35 years of age) taking part in cycling has increased in the past
years which may have beneficial effects on their health. The restrictions brought on by the COVID-19 pandemic has the
potential to negatively impact the diet, training and fitness of these individuals due to restrictions in place to slow the
spread of the virus. Aim: To investigate how the COVID-19 pandemic impacted the diet, training and fitness of Masters-
level cyclists. Methods: 32 Masters cyclists (12 males, 20 females; mean age 47 + 10 years) completed two incremental
exercise tests one month apart during the pandemic to assess sport-specific fitness. Participants also completed online
questionnaires to report their sedentary behavior and dietary intake before and during the pandemic, and their training
volume and intensity for a specified week in February (before the pandemic) and each of March, April and May (during the
pandemic). Results: No differences were seen in fitness (p ¼ 0.6), training volume (p ¼ 0.24) or intensity (p ¼ 0.79) and
sedentary behavior (p ¼ 0.14) during the pandemic. Energy intake was unchanged (p ¼ 1.0) during the pandemic, but
participants consumed lower amounts of key nutrients such as fiber, vitamin A, omega-3 fatty acids and potassium
(p < 0.05) while consuming more alcohol (p ¼ 0.008) and vitamin C (p ¼ 0.03). Conclusions: Our data shows that the
COVID-19 pandemic has undesirable effects on nutrient and alcohol intake of Masters cyclists without impacting their
training regimes, which may have adverse effects on their overall health and fitness in the long term.
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Introduction

Participation in physical activity has various physical and

cognitive benefits as individuals age (Cavanagh et al.,

1998; Maula et al., 2019). Despite a global decrease in

recreational physical activity among the aging population,

participation in competitive sport amongst this age group

(termed Masters athletes) has increased substantially in

recent years (Baker et al., 2009; Bradley et al., 2005). The

sport of cycling in particular has seen considerable growth

in the Master population with over half of USA Cycling

license holders falling into the Masters age category in

2014 (Appleby and Dieffenbach, 2016).

Following the declaration of the COVID-19 global

pandemic by the World Health Organization, global leaders

began to impose various restrictions to prevent spread of

COVID-19. Due to the presumed asymptomatic carrier

transmission of the virus (Bai et al., 2020), strategies for

containing the virus often included various degrees of

‘lock-down’ worldwide. Some countries opted to close

non-essential services and enforce social distancing poli-

cies (Greenstone and Nigam, 2020), with others enforcing

rigorous compliance to home quarantine (Lau et al., 2020).

This resulted in closures to gyms and other limitations for

participating in physical activity since individuals were

encouraged not to leave their home except for when

absolutely necessary (Lau et al., 2020). In addition to the

impact on physical activity, the ability to access and pre-

pare healthy meals that meet nutritional needs may be

comprised and accentuated in older adults.

Older adults may be at increased risk for severe

COVID-19 related illness and death compared to their
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younger counterparts (CDC COVID-19 Response Team,

2020). Therefore, older adults have likely spent more time

at home than other age groups. Closures to fitness facilities

and limitations to outdoor recreational activities put older

adults at increased risk for negative health and fitness out-

comes related to the COVID-19 pandemic. Nutrition has a

critical role in the optimal functioning of the immune system

and the resistance to infection, especially nutrients such as

vitamin B6, vitamin C and zinc, among others (Butler and

Barrientosa, 2020; Lange and Nakamura, 2020; Wintergerst

et al., 2007). Further, poor nutrition increases the risk of

some health conditions such as diabetes and cardiovascular

disease, which may lead to further serious health conse-

quences if COVID-19 is contracted (McRae, 2017; Nishiga

et al., 2020). While the term ‘older adult’ generally applies to

individuals older than 65 years of age, athletes may be clas-

sified as ‘Masters athletes’ at various age points depending on

the sport, with those 18 years and older being considered a

Master in swimming, 30 years in cycling, 35 years in athletics

(i.e. track and field) and 50 years in golf (Concannon

et al., 2012). High levels of cardiorespiratory fitness may

offer some protective effects against the COVID-19 virus

through reducing early amplified proinflammatory re-

sponses in patients infected (Jiménez-Pavón et al., 2020).

Maintaining high levels of cardiovascular fitness may,

therefore, be important for protection in older adults.

The purpose of the current study was to investigate the

impact of the COVID-19 pandemic on the training and

fitness levels, as well as diet quality, of Masters-level

cyclists.

Methods

Participants

Masters cyclists – defined as a cyclist of 35 years or older for

track cyclists or 30 years and older for all other disciplines,

and who engages regularly in local club rides or competes at

the provincial, regional, national and international age-group

competition (Appleby and Dieffenbach, 2016) – were

recruited in June and July of 2020 via social media (shared

posters on Facebook and Twitter, direct message on Face-

book) to take part in the research study. Participants were

deemed eligible if they cycled regularly (more than 1 h, three

times per week) and were 35 years and older for track

cyclists or 30 years and older for all other disciplines.

Individuals who were not cycling regularly for reasons other

than the COVID-19 pandemic (e.g. injury) or were not

proficient in English were excluded. Informed consent was

implied by clicking ‘next’ after reading the informed

approved consent form that appeared on the first page of the

first questionnaire. Ethical approval to conduct the study was

obtained from the University of Saskatchewan Research

Ethics Board.

Study design

Questionnaires were distributed to participants via email

throughout the months of June and July 2020 and responses

were collected using the online platform Survey Monkey

(San Mateo, USA). Upon enrollment, participants were

provided links for two surveys: the first contained the

informed consent document, demographic information and

a food frequency questionnaire (FFQ) used to assess dietary

intake, adapted for use in the Canadian population (Csiz-

madi et al., 2007). This questionnaire presents a variety of

foods and participants report how often they eat that food as

well as how much they consumed each time. Participants

were instructed to complete this questionnaire in relation to

their typical diet prior to the COVID-19 pandemic (i.e.

before March 2020). This questionnaire also asked parti-

cipants to report, on average, how much sedentary screen

time they engaged in per day prior to the pandemic. The

second link contained a questionnaire where participants

were asked to report their training volume (total training

time in the specified week) and intensity (quantified as

Training Stress Score, TSS), a measure automatically cal-

culated by their cycling computer based on heart rate or

power output and duration (for more information on the

calculation of TSS see van Erp et al. 2019) for a specified

week in each of February (before the pandemic), March,

April and May (during the pandemic). A minimum of a

week later, participants were provided a link to a ques-

tionnaire that contained the same FFQ and sedentary

behavior questions on the first questionnaire and they were

instructed to complete it with regards to their typical

behaviors and dietary intake during the pandemic (i.e. after

March 2020). Participants also completed two sport-

specific fitness tests separated by one month. The first

was completed upon enrollment in the study and the second

a month later. One month between tests was chosen as

Madsen et al. (1993) have found this time period to be

sufficient to decrease endurance capacity in times of

detraining. Fitness tests took place in the participant’s own

home and were self-administered (to maintain social dis-

tancing) using their own equipment (i.e. bike, heart-rate

monitor, power meter, cycling computer). The protocol

for the fitness test included a 5-min self-selected warmup,

after which power output was increased by 10 watts every

minute, starting at 100 watts, until participants could

no longer manage the output (volitional fatigue). Heart

rate, power output and test duration were captured by the

individual’s cycling computer and emailed to researchers

for analysis. As participants used their own equipment,

equipment used varied. However, the power meters and

heart-rate monitors commonly used have good validity, as

indicated by strong correlation with the gold standard (r �
0.90), reported by Bouillod et al. (2017) and Terbizan et al.

(2002), respectively.

Dietary data were analyzed using the Food Processor

Software (ESHA Research, Version 11.1, Salem, Orlando,
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USA), which produced an estimate of daily energy, micro-

nutrient and macronutrient intake for each time period

(before and during the pandemic). Fitness test information

was assessed using Garmin Connect (Olathe, USA).

Statistics

Data were analyzed using JASP statistical software, version

0.10.2 (2013-2019, University of Amsterdam). Data were

assessed for normality through observation of skewness

and kurtosis. Fitness data (test duration, heart rate and

power output) were analyzed using a 2 � 2 factorial

ANOVA (sex � time). Training metrics were assessed

using a 2 � 4 factorial ANOVA (sex � month) and any

observed differences were further analyzed using a Bon-

ferroni post-hoc analysis. Training volume and intensity

were further assessed using a dependent t-test to assess

February (before the pandemic) to the average of March,

April and May (during the pandemic) as well as a com-

parison between February and May (when motivation may

be the lowest). Sedentary time before and during the

COVID-19 pandemic was assessed using a paired-samples

(dependent) t-test. Dietary data violated assumptions of

normality and therefore were assessed using non-

parametrical statistics. Differences between time points

(before and during the pandemic) were assessed using the

Friedman Test, while differences between males and

females were assessed using the Kruskal–Wallis Test. In

the case of a significant main effect for time, a Friedman

test was run on male and female data separately to assess if

one sex or the other contributed more to the difference.

Significance was accepted at p < 0.05. Data are presented

as mean + SD.

Results

Thirty-nine Masters-level cyclists (22 females, 17 males;

age 46 +10 years) provided informed consent. However,

seven (five males, two females) failed to complete the

follow-up measures and, therefore, were removed from

analysis. The training habits of the current sample are in

line with the categorization of ‘recreational cyclists’, as

described by Priego Quesada and colleagues (2018).

Training metrics

Training metric data are displayed in Table 1. No effect of

an interaction was observed for training volume (p¼ 0.24),

nor for main effects of sex (p ¼ 0.82) or time (p ¼ 0.81). A

comparison of February data and the average of March,

April and May also produced no significant differences (p

¼ 0.96). No significant differences were observed when

February data were compared to May (p ¼ 0.44). No

interaction effect was observed for intensity (p ¼ 0.79).

There were no main effects for either sex (p¼ 0.46) or time

(p ¼ 0.09). When February data was compared to the

average of March, April and May, no differences were

observed (p ¼ 0.60). Similarly, when February was com-

pared to May, no differences were found (p ¼ 0.44).

Fitness

No significant interaction between time and sex were

observed for test duration (p¼ 0.60), average power output

(p ¼ 0.99), maximum power output (p ¼ 0.21), average

heart rate (p ¼ 0.95), nor maximum heart rate ( p ¼ 0.94).

No effects of time were observed for any of the measured

outcomes (p > 0.05). As would be expected, an effect of sex

was observed for maximum and average power. There was

also an effect of sex for maximum and average heart rate.

Females had a significantly lower maximum (p < 0.001)

and average power output (p < 0.001) and had a signifi-

cantly higher maximum (p¼ 0.03) and average (p¼ 0.009)

heart rate. Data are displayed in Table 2.

Sedentary behavior

No significant differences were observed for time engaged

in sedentary behavior before versus during the pandemic

(6.15 + 2.6 v. 6.73 + 2.5 h; p ¼ 0.14).

Table 1. Training metrics.

Mean volume + SD (min) Mean intensity + SD

February 637 + 326 578 + 292
March 634 + 317 558 + 224
April 657 + 308 573 + 189
May 574 + 291 512 + 171

Table 2. Heart rate, power output and test duration.

Test duration (min) Average power (W) Maximum power (W)
Average heart rate

(bpm)
Maximum heart rate

(bpm)

Pre Post Pre Post Pre Post Pre Post Pre Post

Male 30.1 + 6.8 29.1 + 8.2 237 + 33 238 + 37 378 + 51 422 + 60 125 + 12 126 + 12 167 + 13 169 + 17
Female 24.3 + 9.2 26.4 + 7.4 176 + 42 178 + 41 317 + 62 308 + 48 136 + 8 137 + 10 179 + 12 180 + 14

Data are presented as mean + SD.

Main effect of sex for average power (p < 0.001), max power (p < 0.001), average heart rate (p ¼ 0.009) and max heart rate (p ¼ 0.025).

bpm, beats per minute.
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Dietary intake

Dietary intake data are shown in Table 3. A main effect of

time was observed for total fiber (p ¼ 0.03), vitamin A

(p ¼ 0.01), vitamin C (p ¼ 0.03), folate (p ¼ 0.01),

potassium (p ¼ 0.01), omega-3 fatty acids (p ¼ 0.01) and

alcohol (p ¼ 0.01). Intakes of vitamin A, potassium,

omega-3 and fiber decreased during compared to before the

pandemic while vitamin C and alcohol increased during

compared to before the pandemic. Decreases in fiber

(p ¼ 0.01), vitamin A (p ¼ 0.01), folate (p ¼ 0.01),

potassium (p¼ 0.003) and omega-3 (p¼ 0.04) were driven

by females, while increased intakes of vitamin C were

driven by males (p ¼ 0.04) during the pandemic. Time

differences in alcohol does not appear to be due to sex. A

difference between males and females was observed for

energy (p < 0.001), protein (p < 0.001), carbohydrate

(p ¼ 0.002), fiber (p ¼ 0.02), sugar (p ¼ 0.003), fat

(p < 0.001), saturated fat (p < 0.001), cholesterol (p¼ 0.02),

vitamin K (p ¼ 0.003), potassium (p ¼ 0.02), sodium

(p ¼ 0.03), omega-3 (p < 0.011) and caffeine (p ¼ 0.007),

with females consuming lower amounts of all, except for

vitamin K and caffeine.

Discussion

The findings of the current research suggest that the

restrictions put in place due to the current pandemic did not

impact the training habits or sport-specific fitness levels of

Masters-level cyclists in the short term (c. 4 months).

However, the pandemic does appear to have impacted the

intake of key nutrients such as alcohol, potassium, folate,

vitamin A, omega-3 fatty acids and fiber, which may have

detrimental effects on the health and fitness of this popula-

tion in the long term.

No significant differences were observed in training

volume or intensity in the population sampled. The results

are supported by a lack of change in fitness measures such

as time to exhaustion, heart rate and power output observed

in the current research. These results are in contrast to

findings of Lesser and Nienhuis (2020), who observed a

decrease in physical activity levels in those who were

already considered ‘inactive’ and an increase in activity in

those considered ‘active’ in response to the COVID-19

pandemic in the general population. Similarly, both

Ammar et al. (2020) and Moore et al. (2020) observed

decreased levels of play and activity in children and adults,

Table 3. Dietary intake before and during the COVID-19 pandemic.

Nutrient Before pandemic During pandemic p-value for time p-value for sex

Males Females Males Females

Energy (kcal) 2803 + 654 2156 + 576 2990 + 736 1952 + 472 1 0.001*
Carbohydrate (g) 350 + 91 292 + 94.6 359.6 + 98 257 + 77 0.715 0.002*
Fiber (g) 43 + 11 39 + 20 40 + 9 32 + 15 0.028* 0.022*
Protein (g) 131 + 51 104 + 31 131 + 29 92 + 23 0.273 < 0.001*
Fat (g) 105 + 35 68 + 22 110 + 45 62 + 17 0.273 < 0.001*
Saturated fat (g) 27.4 + 8.0 18.1 + 7.1 27.4 + 7.9 16.4 + 6.3 0.715 < 0.001*
Omega-3 (g) 3.4 + 2.1 2.0 + 0.8 2.9 + 1.7 1.9 + 0.9 0.011* < 0.001*
Cholesterol (mg) 437 + 225 283 + 149 447 + 253 283 + 149 0.715 0.015*
Sugar (g) 149 + 57 127 + 60 148 + 45 102 + 35 0.465 0.003*
Vitamin A (IU) 5417 + 4261 5996 + 4581 3662 + 764 3900 + 3264 0.011* 0.86
Vitamin B1 (mg) 2.7 + 1.2 2.6 + 1.4 2.7 + 1.3 2.3 + 1.3 0.273 0.362
Vitamin B2 (mg) 3.8 + 2.0 4.1 + 2.2 4.1 + 1.6 3.5 + 1.8 0.715 0.517
Vitamin B3 (mg) 41 + 17 35 + 13 40 + 13 30 + 11 0.465 0.068
Vitamin B6 (mg) 4.35 + 2.0 4.3 + 2.1 4.2 + 1.6 3.5 + 1.8 0.144 0.402
Vitamin B12 (mg) 8.3 + 6.0 9.3 + 7.4 9.1 + 5.6 7.3 + 5.9 0.715 0.303
Vitamin C (mg) 268 + 148 354 + 296 220 + 113 416 + 424 0.028* 0.162
Vitamin D (IU) 601 + 505 824 + 584 637 + 563 791 + 582 0.715 0.427
Vitamin E mg) 48 + 79 24 + 12 26 + 11 47 + 120 0.715 0.228
Folate (mg) 704 + 247 813 + 401 711 + 279 731 + 416 0.011* 0.871
Vitamin K (mg) 371 + 129 1042 + 981 327 + 179 652 + 529 0.144 0.003*
Calcium (mg) 1539 + 778 1815 + 862 1793 + 539 1511 + 702 0.465 0.769
Iron (mg) 24 + 7 33 + 19 25 + 9 30 + 17 0.465 0.41
Potassium (mg) 5029 + 1471 4736 + 1864 4956 + 962 3816 + 1281 0.011* 0.019*
Sodium (mg) 3831 + 1209 3283 + 966 3695 + 969 2890.1 + 827 0.144 0.028*
Zinc (mg) 21 + 16 18 + 9 21 + 9 14 + 7 0.068 0.109
Alcohol (g) 3.2 + 4.6 4.0 + 5.5 17 + 17 6.7 + 9.8 0.011* 0.409
Caffeine (mg) 155 + 127 302 + 157 186 + 11 260 + 178 0.715 0.007*

Data are presented as mean + SD.

*indicates p < 0.05
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respectively, in the early stages of the pandemic compared

to levels prior to the declaration of the pandemic. There-

fore, the current population appears more resilient to

changes in their environment compared to the general

population. This could be due to the outdoor nature of

cycling and the level of restriction in Canada where the

sample was drawn from, as no restrictions were put in place

for outdoor activities. In contrast, individuals from the

general population or who participate in activities reliant on

community infrastructure may have been affected to a

greater degree due to facility closures (Ammar et al., 2020).

Due to environmental considerations in Canada, many

Canadian cyclists have the equipment and the skills

required for indoor cycling in order to maintain their

training schedule and fitness during the winter months.

Such resources would allow this population to have mini-

mal disturbances in their training habits even if restrictions

on outdoor activities had been implemented. Further, many

individuals began working from home, which may have

increased the time available for cycling. Similarly, with

many businesses and restaurants closed, roads may have

been less occupied by vehicles, inviting more cyclists to

take to the road.

Some differences were seen in performance measures of

males and females, which is to be expected due to well-

established sex differences in absolute strength and power

output (Sandbakk et al., 2018). Females had greater aver-

age and maximal heart rate, despite no significant differ-

ences in age between males and females (p ¼ 0.76). This is

in agreement with Koenig and Thayer (2016), who report a

higher average heart rate in females as well as Helgerud

et al. (1990) who reported higher heart rates for a given

running speed in females compared to performance-

matched males.

The results of the current research suggest that the

current pandemic did not impact the amount of time of our

unique sample engaging in sedentary screen time. It is well

accepted that sedentary behavior is an important, inde-

pendent predictor of overall health (Hart et al., 2011).

These findings are in contrast to that of Meyer et al. (2020),

Romero-Blanco et al. (2020) and Moore et al. (2020) who

observed increases in sedentary behavior in adults, Health

Sciences university students and children, respectively,

during the pandemic. Such contrasting results suggest that

Masters cyclists have been incredibly resilient and have

been able to maintain their fitness and training while not

increasing sedentary time. A potential explanation for this

could be that the pandemic struck at the beginning of

Canadian spring, a time at which cyclists begin riding

outdoors, which was not restricted due to the pandemic. It

is of utmost importance that this population continues to

minimize their time engaging in sedentary activities, as

even marginal increases in sedentary behavior can have

significant detrimental effects on cardiometabolic health

(Hu et al., 2001).

The implication of more time spent at home may have

various impacts on dietary intake. Increased time spent in

the home environment may promote larger meal sizes and

increased snack frequency and size, leading to a net

increase in energy intake. Alternatively, decreased time

spent outside of the home or to ‘eat out’ at restaurants may

promote more structured meal patterns and increased pre-

valence of home meal preparation, as recommended by

Canada’s Food Guide (www.food-guide.canada.ca) (Dai

et al., 2020, Gallo et al., 2020). During the unprecedented

time of the COVID-19 pandemic, researchers have com-

mented that the virus will eventually subside, but potential

negative health consequences due to decreased dietary

quality and physical activity will result in increased car-

diovascular disease risk beyond the COVID-19 virus

(Mattioli et al., 2020). Recent reports of dietary habits

during the pandemic have indicated increased energy

intake in female university students (Gallo et al., 2020) and

increased frequency of unhealthy food behaviors, such as

binge eating and consumption of unhealthy foods as well as

a decrease in binge drinking behavior (Ammar et al., 2020).

The current research supports some of these findings, while

contrasting others. There was no difference in energy

intake in either males or females in response to the pan-

demic, which is different from the findings of Gallo et al.

(2020). However, decreases in key nutrients such as fiber,

omega-3 fatty acids, vitamin A, potassium and folate may

represent a decrease in the nutritional density of the foods

being consumed, which is similar to the findings of Ammar

et al. (2020). These dietary changes may be detrimental to

cardiovascular health of this population, as higher potas-

sium levels are important in the prevention of hypertension

(Ware et al., 2017) while fiber and omega-3 fatty acids are

important in the prevention of cardiovascular disease (Hu

et al., 2019; McRae et al., 2017), both of which increase the

risk of implications related to COVID-19 (Nishiga et al.,

2020; Ran et al., 2020). Similarly, an increase in alcohol

intake found in the current study is in line with some

research conducted throughout the pandemic in the general

population (Chodkiewicz et al., 2020) but contrast Ammar

et al. (2020) who found decreases in binge drinking, and a

shift towards healthier habits, could be explained by their

younger participants (18–35 years) and not being sur-

rounded by other drinking peers. The current research also

observed a slight increase in vitamin C intake (318 + 247

mg v. 336 + 343 mg) which, although statistically sig-

nificant, is likely to have little clinical significance. The

decreases in nutrient intake found in the current research

may be due to recommendations for individuals to go to the

grocery store only once per week. As such, their fruit and

vegetable intake may have been limited to the shelf life of

fresh produce or the underestimation of how much produce

is required to last a full week. As fruits and vegetables are

rich sources of vitamin A, potassium and fiber (Choi et al.,

2015; Górska-Warsewicz et al., 2019), a reduced intake of

these food groups might contribute to the current findings.

Various sex differences were observed in the present

study with females consuming less energy, carbohydrate,

fat, protein and various other nutrients. This is in line with

673Shaw et al.
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the literature, which suggests that the increased energy

intake by males also increases their capacity for macro- and

micronutrient intake (Thomas et al., 2016). An increased

energy intake in males is likely related to increased energy

expenditure due to increased lean body mass (Sandbakk

et al., 2018) and exercise energy expenditure, supported by

the higher average and maximal power outputs by males

observed in the current research, as well as due to an overall

greater awareness of energy intake by females relative to

their male peers (Heikura et al., 2018).

Limitations

There are a number of limitations to our study, notably a

small sample size given the online nature of our data col-

lection. Due to social distancing guidelines, fitness testing

took part in participants’ own homes; therefore, it is

impossible to know whether participants truly went to their

physical limits during both fitness tests or if they adhered to

the request of completing the test under similar conditions.

Further, our research was collected in May and June of

2020, participants, therefore, were asked to recall up to

three months to report their ‘before COVID’ dietary intake,

which could lead to reporting error.

Conclusion

Despite the restrictions in place in order to slow the spread

of the COVID-19 pandemic, Masters cyclists appear to be

resilient in terms of their training habits, with no change in

the quality or quantity of their training nor in their fitness

levels. However, it would appear that the intake of some

key nutrients has decreased while others increased, evi-

denced by no change in energy intake yet decreases in

nutrients that are important for optimal health and perfor-

mance. In addition, alcohol intake increased significantly

during the pandemic, which may have long-term conse-

quences on not only the training and fitness of this popu-

lation but also their overall health. During the COVID-19

pandemic, Masters-level cyclists should continue to

maintain their training habits and choose a diet rich in

fruits, vegetables, whole grains and more plant-based pro-

teins in order to improve their diet and that they practice

moderation in regard to alcohol intake.
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