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Abstract 
Introduction: Collegiate cross-country runners have poor dietary intakes and are at 
increased risk for injury. Fatigue is one outcome used to predict risk of injury, and 
improvement in dietary intakes such as increased carbohydrate consumption may 
result in reduced fatigue. Other factors such as academic stress, sleep, and muscle 
mass also contribute to fatigue in athletes.   
Methods: Nutrient intake, perceived fatigue, sleep quality, and changes in body 
composition were assessed for nine cross-country athletes before and after receiving 
sports nutrition counseling. As this is a case series type design, these data, along with 
notes from nutrition counseling, were analyzed  for trends with a focus on energy 
intake, carbohydrate intake, and factors that impact day-to-day fatigue.  
Results: Participants (n=9) had minimal changes in perceived fatigue, sleep quality, 
and body composition during the study. Most participants met estimated 
requirements for energy (106%) and protein (150%) but only consumed 70% of 
estimated carbohydrate needs. Participants made an effort to increase carbohydrate 
intake and reported reduced fatigue on long runs after increasing carbohydrates.  
Conclusions: Nutrition counseling from a registered dietitian can help to improve 
timing and quality of carbohydrates. Nutrition may improve peripheral fatigue 
experienced by athletes, but other factors impacting central fatigue should be assessed 
when reporting overall fatigue in athletes.    
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Introduction 
Collegiate athletes are documented to have limited nutrition knowledge and 
inadequate intakes compared to estimated needs.1 As a result, athletes are at risk for 
injury, disordered eating, and metabolic risk.1 Additionally, performance of athletes 
is diminished with poor dietary habits. One significant contributor to fatigue in 
athletes is lack of adequate carbohydrate intake.2,3 The recommendations for 
personalized nutrition vary based on each athlete and their individualized goals for 

performance.2,3 Sports nutrition counseling can help improve athletes’ performance, but more research is needed to 
link nutrition interventions with performance outcomes, such as fatigue.4 
 
While nutrition is a key factor in fatigue, other lifestyle elements play a significant role. Sleep disturbance has been 
shown to lower performance and running speed5, with even partial sleep disturbances causing increases in heart rate, 
perceived exertion, and a decrease in peak oxygen consumption.6 Similarly, academic stress has been highly correlated 
with increased fatigue, decreased energy levels, and lower sleep quality.7,8 These lifestyle factors paired with poor 
nutritional intake can lead to an increase in mental (central fatigue) and physical fatigue (peripheral fatigue).10 

Furthermore, high training loads in competitive settings can elevate both fatigue and injury risk, and cause a decrease 
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in lean mass toward the end of the season which has been associated with higher injury rates in other sports such as 
soccer and rugby.11 

 

Athletic performance, therefore, is a combination of many variables. The purpose of this study was to examine the 
effects of nutrition counseling on perceived fatigue of collegiate cross-country runners and to evaluate common 
lifestyle factors that contribute to fatigue.  
 
Methods 
Participants 
Participants included in the study were over the age of 18 and a member of a division I men’s and women’s cross-
country team at a midwestern university. They were recruited at an in-person team meeting and sent an email with 
details of the study during the Fall of 2024. Participants were given personal ID codes to maintain confidentiality 
throughout the duration of the study. The study was approved by the Institutional Review Board.  
 
Protocol 
An initial survey was sent to participants where they provided consent to participate and entered demographic data 
including age, sex, race, ethnicity, self-reported height and weight, and years of participation in the sport of running. 
They were also sent a link to a seven-day food recall, a link to another survey to report fatigue and lifestyle factors 
contributing to fatigue, and personal ID codes to use for survey and food recalls. Food recalls, fatigue, and sleep 
surveys were completed by each participant before they went to sleep each night for seven sequential days, including 
weekends. Survey data collection was completed three times, during week one (Pre), week five (Mid), and week 10 
(Post). 
 
To assess fatigue, the rating of fatigue (ROF) scale12 was used; runners were given instructions on how to interpret 
and use the scale prior to completion. The runners completed the scale at the end of the day, which represents a blend 
of both central and peripheral fatigue. The ROF scale is an 11-point numerical scale ranging from 0-10 (0=not fatigued, 
10=total fatigue and exhaustion).  
 
Sleep was measured using the validated Single-Item Sleep Quality Scale (SQS).13 This scale is an 11-point numerical 
scale ranging from 0-10, where 0=terrible and 10=excellent. The SQS allows participants to report their sleep quality 
over the last seven days, so this scale was completed on the final day of each data collection week.  
 
Food recalls were recorded via the Automated Self-Administered 24-Hour Dietary Assessment Tool (ASA24). These 
recalls were done through participant self-entry and reviewed by the researcher at the end of each week. If there were 
discrepancies, the researcher would follow-up with the participant for clarification. 14 This online tool has been 
validated to produce similar results to a multiple pass 24-hour recall and accurately determine nutrient intakes when 
compared to recovery biomarkers.15 
 
Body composition was measured via Bioelectrical Impedance Analysis (BIA) (Inbody 230)16 during week one (Pre) and 
week 10 (Post) of the study. Prior to testing, participants were instructed to avoid eating and drinking at least two 
hours before the test, avoid strenuous exercise the morning of, to remain standing upright for at least five minutes, 
and to be adequately hydrated.  
 
The participants met with the researcher, who was also a registered dietitian (RD), to receive sports nutrition counseling 
in a private room on campus or via Zoom. Each participant received sports nutrition counseling from the same RD a 
total of three times throughout the season (week 2, week 4, and week 8). Notes were recorded electronically. The 
nutritional recommendations given were based on current guidelines and best practices for sports nutrition. See Figure 
1 for a full timeline of study.  
 
Statistical Analysis 
Food recalls were analyzed using ASA24 software. Totals for energy intake, carbohydrate intake, and protein intake 
were averaged for each week (pre, mid, post). Actual intake of energy, fluids, carbohydrates, and protein were compared 
to estimated needs to determine if the athlete met requirements across the three time points. Estimated energy 
requirements (EER) were calculated using Mifflin St. Jeor with a physical activity factor of 2.0 to account for vigorous 
endurance training. Carbohydrate estimated needs were calculated using a factor of 9g/kg for moderate to vigorous 
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endurance training. Protein needs were estimated using a factor of 1.4g/kg. Fluid needs were assessed using formula 
1ml/kcal.  
 
Fatigue and sleep scale survey responses were averaged across subjects for each week of data collection and compared 
across all three time points. The number of participants in the study was too small for statistical analysis, so these data 
were analyzed for trends. The electronic notes from the counseling sessions were categorized using thematic coding 
across researchers. Two researchers independently reviewed the data and identified repeated and/or related key words, 
phrases, and/or concepts. The responses were narrowed down to three common themes.  
 
Results  
Nine athletes (female n=5; male n=4) were enrolled in the study with an average age of 19.2 + 0.84 yrs. Figure 1 provides 
information regarding when data was collected, and when nutrition counseling sessions took place. Table 1 provides 
information regarding participant characteristics.  
 
Figure 1. Timeline of data collection and nutrition counseling intervention.  
 

 
 
As shown in Table 2, eight out of the nine participants were meeting recommendations for energy intake at the 
beginning of the study with total energy intakes averaging 110% of estimated needs. Similar results were found for 
energy intake at the end of the study with total actual energy intakes averaging about 106% of estimated needs. Only 
one out of the nine participants met goals for carbohydrate intake with total carbohydrate intakes averaging to 70% 
of estimated needs at the beginning of the study.  
 
As seen in Table 3, minimal changes in body composition occurred. Changes in body composition were within the 
range of acceptable error for the method utilized.  
 
ROF had minimal changes from the beginning to the end of study for both males and females. Pre-ROF mean for 
females was 4.3 ±1.49 and Post-ROF mean was 3.7 ± 0.96. The males were similar, with mean Pre-ROF being 3.7 ± 
1.12 and mean Post-ROF being 3.6 ± 0.98. These ratings of fatigue are low on the scale, with women’s ROF being 
slightly higher than males.  
 
Sleep quality also showed minimal changes. Pre-SQS mean values for females were 5.4 ± 1.3 and Post-SQS mean 
values were 6.2 ± 1.3. Means for males were slightly higher than females, with Pre-SQS being 6.8 ± 0.5 and Post-SQS 
being 7 ± 0.82. The sleep quality for women was on average in the ‘fair’ category. Men displayed higher sleep quality 
averages in the ‘good’ category.  
 
The three themes that emerged in reference to nutrition interventions were: fueling during long runs, increasing 
electrolyte intake during the day, and consuming a bedtime snack to help with recovery. There was only one theme 
from the follow-up sessions with the athletes, which was that they experienced improved energy in the long runs. 



 

Journal of Exercise and Nutrition 4 

Table 1. Participant characteristics. All athletes had healthy BMIs and ran competitively in high school.   
 

Participant Age (Years) Height (cm) Weight (kg) BMI (Kg/M2) 
Years of Competitive 

Running 

Female      

A 20 162.6 54.5 20.6 11 
B 20 172.7 63.6 21.3 8 
C 19 167.6 59.1 21 10 
D 19 177.8 65.9 20.8 8 
E 18 167.6 54.5 19.4 11 
Mean (SD) 19.2 (0.84) 169.7 (5.78) 59.5 (5.19) 20.6 (0.73) 9.6 (1.52) 
Male      

F 23 180.3 64.1 19.7 18 
G 20 177.8 69.1 20.3 10 
H 20 170.2 65.9 22.7 7 
I 18 177.8 67.7 21.4 7 
Mean (SD) 20.3 (2.06) 176.5 (4.38) 66.7(2.17) 21.0 (1.32) 10.5 (5.20) 

 
Table 2. Estimated energy requirement and estimated carbohydrate needs versus actual intake.  
 

  Pre Mid Post  Pre Mid Post 

Participant EERA 
(Kcal/Da
y) 

Actual 
Energy 
IntakeB 
(%EER) 

Actual 
Energy 
IntakeB 
(%EER) 

Actual 
Energy 
IntakeB 
(%EER) 

Est. Carb 
Requirement 
(g)C 

Average 
Carb 
Intake (g) 
(%ECR)D 

Average 
Carb 
Intake (g) 
(%ECR)D 

Average 
Carb 
Intake 
(%ECR)D 

Female         

A 2591 3452 
(133.2) 

2951 
(113.9) 

2737 
(105.6) 

491 450 (91.6) 411 (83.7) 361 (73.5) 

B 2900 1749 
(60.3) 

2714 
(93.6) 

2640 
(91.0) 

572 253 (44.2) 348 (60.8) 350 (61.2) 

C 2735 3122 
(114.1) 

3245 
(118.6) 

2760 
(100.9) 

531 389 (73.3) 374 (70.4) 308 (58.0) 

D 2999 3334 
(111.2) 

3993 
(133.1) 

3361 
(112.1) 

594 419 (70.5) 468 (78.8) 386 (65.0) 

E 2684 2810 
(104.7) 

2297 
(85.6) 

2513 
(93.6) 

491 365 (74.3) 309 (63.0) 340 (69.2) 

Male         

F 3316 3516 
(106.0) 

2880 
(86.9) 

2882 
(86.9) 

576 226 (39.2) 323 (56.1) 328 (56.9) 

G 3404 3321 
(97.6) 

3445 
(101.2) 

3929 
(115.4) 

621 336 (54.1) 378 (60.9) 345 (55.6) 

H 3245 3070 
(94.6)  

3970 
(122.3) 

3682 
(113.5) 

594 382 (64.3) 505 (85.0) 425 (71.5) 

I 3407 5719 
(167.8) 

5515 
(161.9) 

4696 
(137.8) 

612 725 (118.5) 684 (111.8) 549 (90.0) 

Total Avg. 
%EER and Avg. 
Carb Intake (g) 
(%ECR)  

 110.0 113.0 106.3  393.8 (70) 422.2 
(74.5) 

376.8 
(66.7) 

AEstimated Energy Requirement (EER) = RMR (10 x weight [kg] + 6.24 x height [cm] -5 x age [years] – 161) x activity factor of 
2.0 (rounded to the nearest kcal) 
BAverage of seven-day intake 
%EER= (Actual Kcal Intake / EER) x 100 
CEst. Carb Requirement= (9g x weight [kg]) (rounded to the nearest gram) 
% Est. Carb Requirement (ECR) = (Actual Carb Intake / Estimated Carb Needs) x 100 
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Table 3. BIA results in pre and post nutrition counseling. 
 

Participant Pre 
Weight 
(lbs)  

Post 
Weight 
(lbs) 

%Weight 
ChangeA 

Pre 
SMM 
(lbs) 

Post 
SMM 
(lbs)  

%Muscle 
ChangeA 

Pre 
PBF 
(%) 
 

Post 
PBF 
(%) 
 

PBF 
ChangeB 

Pre 
TBW 
(lbs) 

Post 
TBW 
(lbs) 

Female             
A 121 121.9 .74 51.1 50.4 -1.37 22.5 24.7 2.2 68.4 67.1 
B 138.9 143.8 3.5 60.5 61.8 2.15 21.4 22.7 1.3 79.4 81.0 
C 139.1 134.3 -3.5 65.6 65.3 -0.46 16.6 13.8 -2.8 84.7 84.6 
D 147.7 142.4 -3.6 67.8 66.5 -1.92 17.5 16.4 -1.1 89 87 
E* 123 124.6 1.3 63.2 61.2 -3.16 8.9 12.3 3.4 82.2 80.3 
Average 
%Change 

  -0.31   -0.95   0.6   

Male            
F 143.1 143.5 0.3 75.5 74.9 -0.79 7.2 8.1 0.9 97.4 96.8 
G 145.1 157 8.2 78.4 77.9 -0.64 5.1 12.9 7.8 101.1 100.2 
H 149.9 153.9 2.7 75.8 75.4 -0.53 11.4 14.2 2.8 97.2 96.6 
I* 154.3 150.3 -2.6 81.1 81.8 0.86 8.3 5.6 -2.7 103.7 104.3 

Average 
%Change 

  2.2   -0.3   2.2   

A%Change= ([Post-Pre] / [Pre]) x 100 
B PBF Change= Post PBF – Pre PBF 
SMM= Skeletal Muscle Mass 
PBF= Percent Body Fat 
TBW= Total Body Water  
BIA error margins may obscure small changes. Changes were within acceptable range of error.  

 
Discussion 
Based on baseline data of ASA24 software and athlete experience, we focused on three main recommendations during 
nutrition counseling: increasing carbohydrate consumption, electrolytes, and recovery overnight. Most athletes needed 
to increase carbohydrate consumption. This can be seen in Table 3, as only 70% of estimated carbohydrate needs were 
met on average. Participants were encouraged to increase carbohydrate intake during meals, snack times, and long 
runs. Athletes reported during counseling sessions increased intake and awareness of carbohydrates. Additionally, a 
common theme from athlete reports was reduced fatigue during long runs due to carbohydrate intake. Carbohydrate 
intake may have remained low due to gastrointestinal discomfort after competitions and high-intensity exercise, rapid 
satiety, and food preferences.  
 
Previous research has found that endurance runners tend to have negative energy balances with total energy 
expenditure averaging 32.5% and 47.9% of recommended intakes for males and females, respectively.17 Our findings 
contradict this as most of the runners were meeting estimated energy needs. Actual energy intakes progressed closer 
to recommended intakes over the season with consumption being 110% and 106% for weeks 1 and weeks 10, 
respectively. Protein and fluid intakes exceeded expectations throughout the season for most athletes as well with 
intakes being about 150% of estimated needs. The high protein intake likely contributed to a positive energy balance 
more than carbohydrates as athletes were meeting recommended energy intakes but consuming low amounts of 
carbohydrate.  
 
Although we found from individual meetings that each athlete was making progress with carbohydrate intake, nutrient 
timing, and recovery, the athletes reported their overall fatigue during the week did not improve. This is shown in the 
means for males and females as reported fatigue stayed consistent throughout the duration of the study. On an 
individual level, athletes did have increased fatigue when reporting other contributing factors. Increases in levels of 
fatigue unrelated to nutrition can be attributed to many other lifestyle factors that collegiate runners experience 
commonly. The most reported factors were related to academic stress (exams, busy class schedule), sickness, traveling, 
injury, and menstrual cycle. Many of these athletes experience high levels of academic stress along with high social 
demands.  Much of their time is taken by participation in their sport with training, meetings, travel, and competitions.9 
All of these reported factors contributed to the participants’ ratings of fatigue.  
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Although within the acceptable range of error for the method, there were minimal changes in body composition for 
the female runners and more increase in %BF for males. Other findings in endurance athletes show significantly more 
body mass increases in male athletes than female athletes during the season.18 However, Fess et al.19, found no 
significant changes in anthropometric measures for endurance athletes from pre-post season. Similarly, we found SMM 
did not change across the 10-week period examined in both female and male runners. The minimal changes in body 
composition and weight in all the participants likely supported our findings of consistent fatigue throughout the study.  
 
Poor sleep has been shown to reduce athletic performance and has been highly correlated with increased fatigue and 
academic stress.5,6 However, we found sleep and fatigue changed minimally in most athletes. Poor sleep was reported 
by a few athletes as a reason for elevated fatigue.  
 
One limitation of this study was that participants reported fatigue at the end of the day. Asking the participants to 
complete the scale at that time likely caused confusion on the type of fatigue we were asking for. Nutrition can highly 
impact peripheral fatigue with the preservation of muscle glycogen23,24; however central fatigue can be impacted by all 
the other stressors that are put on athletes and lower physical performance during running.10,21,22 A suggestion for 
future studies is to ask participants to complete the fatigue scale after their training session every day, as this would 
have helped us to gain a better understanding of nutrition’s role in peripheral fatigue.   
 
Fatigue is important to assess in athletes, and injury or illness are typically used as indicators of fatigue or overtraining. 
However, these methods only allow for adjustments after injury has already occurred. Thus, prevention and early 
assessment are necessary for the success of athletes. 
 
Conclusions 
Nutrition plays an important role for cross-country runners to improve peripheral fatigue during training. Although 
overall energy, protein, and fluid intakes were adequate, carbohydrate intakes of cross-country runners were 30% lower 
than recommendations in this study. Sessions with a registered dietitian were found to be essential to improving 
carbohydrate timing and food choices. However, overall fatigue did not improve over the competition season with 
nutrition counseling. Central fatigue is multifactorial as sleep, stress, and other factors can have a direct impact on 
reported levels. Therefore, practitioners should broaden their focus beyond training and nutrition  to  include  education 
and assessment of lifestyle behaviors, such as sleep, stress, and overall health  to improve fatigue in  athletes during the 
competitive season.  
 
Acknowledgements 
I want to thank Jessica Kiss, Ph.D. for advising on research methods and members of the men’s and women’s cross-
country team for their participation.   
 
References` 
 
1. Riviere AJ, Leach R, Mann H, et al. Nutrition knowledge of collegiate athletes in the United States and the 

impact of sports dietitians on related outcomes: A narrative review. Nutrients. 2021;13(6). 
Doi:10.3390/nul3061772 

2. Menzies C, Wood M, Thomas J, et al. Frequent carbohydrate ingestion reduces muscle glycogen depletion 
and postpones fatigue relative to a single bolus. IJSNEM. 2020;30(3). Doi:10.1123/jisnem 

3. Arribalzaga S, Viribay A, Calleja-González J, Fernández- Lázarao D, Castañeda-Babarro A, Mielgo-Ayuso 
J. Relationship of carbohydrate intake during a single-stage one-day ultra-trail race with fatigue outcomes 
and gastrointestinal problems: A systematic review. Int. J. Environ. Res. Public Health. 2021;18(11). Doi: 
10.3390/ijerph18115737 

4. Fiorini S, Neri LD, Guglielmetti M, et al. Nutritional counseling in athletes: A systematic review. Front. Nutr. 
2023; 10. Doi: 10.3389/fnut.2023.1250567 

5. Souissi W, Hammouda O, Ayachi M, et al. Partial sleep deprivation affects endurance performance and 
psychophysiological responses during 12-minute self-paced running exercise. Physiol. Behav. 2020; 
227(113165). Doi: 10.1016/j.physbeh.2020.113165 

6. Mougin F, Simon-Rigaud, Davene D, et al. Effects of sleep disturbances on subsequent physical 
performance. Eur J Appl Physiol Occup Physiol. 1991; 63 (2). Doi: 10.1007/BF00235173 



 

Journal of Exercise and Nutrition 7 

7. Lopes Dos Santos M, Uftring M, Stahl CA, et al. Stress in academic and athletic performance in collegiate 
athletes: a narrative review of sources and monitoring strategies. Front. Sports Act. Living. 2020; 8(2). Doi: 
10.3389/fspor.2020.00042 

8. Hamlin MJ, Wilkes D, Elliot CA, Lizamore CA, Kathiravel Y. Monitoring training loads and perceived stress 
in young elite university athletes. Front Physiol. 2019; 10(34). Doi: 10.3389/fphys.2019.00034 

9. Humphrey JH, Yow DA, Bowden WW. Stress in college athletics: causes, consequences, coping. New York NY: 
Haworth Half-Court Press; 2000. 

10. MacMahon C, Schuchker L, Hagemann N, Strauss B. Cognitive fatigue effects on physical performance 
during runner. J Sport Exerc Psychol. 2014; 36(4). Doi: 10.1123/jsep.2013-0249 

11. Jones CM, Griffiths PC, Mellalieu SD. Training load and fatigue marker associations with injury and illness: 
a systematic review of longitudinal studies. Sports Med. 2017; 47(5). Doi: 10.1007/s40279-016-0619-5 

12. Micklewright D, St. Clair Gibson A, Gladwell V, Salman A. Development and validity of the rating-of-
fatigue scale. Sports Med. 2017; 47(2375). Doi: 10.1007/s40279-017-0711-5 

13. Snyder E, Cai B, DeMuro C, Morrison MF, Ball W. A new single-item sleep quality scale: results of 
psychometric evaluation in patients with chronic primary insomnia and depression. J Clin Sleep Med. 2018; 
14(11). Doi: 10.5664/jcsm.7478 

14. Automated self-administered 24-hour (ASA24®) dietary assessment tool. ASA24® Dietary Assessment 
tool. Accessed April 18, 2025. https://epi.grants.cancer.gov/asa24/. 

15. Subar AF, Kirkpatrick SI, Mittl B, et al. The automated self-administered 24-hour dietary recall (ASA24): a 
resource for researchers, clinicians, and educators from the National Cancer Institute. J Acad Nutr Diet. 2012; 
112 (8): 1134-1137. Doi: 10.1016/j.jand.2012.04.016 

16. McLester CN, Nickerson BS, Kliszczewicz BM, McLester JR. Reliability and agreement of various InBody 
body composition analyzers as compared to dual-energy x-ray absorptiometry in healthy men and women. 
J Clin Densitom. 2020; 23(3): 443-450. Doi: 10.1016/j.jocd.2018.10.008 

17. Heydenreich J, Kayser B, Schutz Y, et al. Total energy expenditure, energy intake, and body composition in 
endurance athletes across the training season: a systematic review. Sports Med. 2017; 3(8). Doi: 
10.1186/s40798-017-0076-1 

18. Pettersson S, Kalen A, Gustafsson M, Grau S, Caspers A. Off- to in-season body composition adaptions in 
elite male and female endurance and power event athletics competitors: an observational study. BMC Sports 
Sci Med Rehabil. 2024; 16(1). Doi: 10.1186/s13102-024-00877-7 

19. Fessi MS, Zarrouk N, Filetti C, Rebai H, Elloumi M, Moalla W. Physical and anthropometric changes during 
pre- and in-season in professional soccer players. J Sports Med Phys Fitness. 2016; 56(10):1163-1170. Doi: 
10.3390/nu16162799 

20. Woltring M, Hauff C, Forester B, Holden S. “I didn’t know how all this works”. A case study examining the 
transition experiences of student-athletes from high school to a mid-major di program. J athl dev exp. 
2021;3(2) Doi: 10.25035/jade.03.02.04 

21. Smith MR, Marcora SM, Couts AJ. Mental fatigue impairs intermittent running performance. Med Sci Sports 
Exerc. 2015; 47(8): 1682-1690. Doi: 10.1249/mss.0000000000592 

22. Brown DMY, Graham JD, Innes KI, Harris S, Flemington A, Bray SR. Effects of prior cognitive exertion 
on physical performance: a systematic review and metanalysis. Sports med. 2020; 50(3):497-529. Doi: 
10.1007/s40279-019-01204-8 

23. Carvalho-Piexoto J, Alves R, Cameron LC. Glutamine and carbohydrate supplements reduce ammonemia 
increase during endurance field exercise. Appl Physiol Nutr Metab. 2007; 32(6): 1186-1190. Doi: 
10.1139/H07-091 

24. Paris HL, Sinai EC, Shei RJ, Keller AM, Mickleborough TD. The influence of carbohydrate ingestion on 
peripheral and central fatigue during exercise in hypoxia: a narrative review. Eur J Sport Sci. 2021; 
21(10):1423-1435. Doi: 10.1080/17461391.2020.1842512 

 
 
 
 


