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A lthough numerous policy statements and guidelines  
 suggest that specializing in a single sport at an early age  
 may increase the risks of stress, overtraining, and 

burnout in young athletes,1,2,14,20 there is little primary evidence 
in this area. Stress and overtraining may be risk factors for 
illness,3,5,17 however, and a 2018 study showed that specialized 
female youth soccer athletes exhibited worse fatigue, stress, and 

mood quality during the season compared with their 
nonspecialized counterparts.29 Nonetheless, the increased 
prevalence of these risk factors may result in an increased 
incidence of illness in specialized youth athletes.

Specialized youth athletes may be subjected to higher training 
loads (TL) than nonspecialized athletes, but the relationship 
between TL or physical activity (PA) levels and illness in 
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Background: The relationships between sport specialization, physical activity, sleep, and illness in younger athletes are 
unknown. Therefore, the purpose of this study was to evaluate the independent effects of sport specialization, sleep, and 
physical activity on illness in middle school athletes.

Hypothesis: Decreased sleep, decreased physical activity, and higher levels of sport specialization will be associated with 
an increased risk of illness among middle school athletes.

Study Design: Prospective cohort study.

Level of Evidence: Level 4.

Methods: Parents of middle school–aged children reported baseline sport specialization (low, moderate, or high) as well as 
sleep duration, physical activity, and illnesses every week throughout the academic year. A mixed-effects logistic regression 
model was used to assess the association between illness and specialization while accounting for sleep and physical activity 
for the prior week as fixed effects and each individual as a random effect.

Results: A total of 233 children (mean age, 12.1 ± 1.2 years; 61% male) participated, of whom 41%, 25%, and 34% were 
categorized as low, moderate, and high specialization, respectively. The proportion of individuals who experienced illness 
did not differ by specialization level (low, 76%; moderate, 70%; high, 59%; P = 0.064). In the multivariable model, the odds 
of illness compared with the low specialization group was not significantly different for moderate (odds ratio [OR], 0.93; 
95% CI, 0.70-1.23; P = 0.61) or high specialization (OR, 0.76; 95% CI, 0.56-1.03; P = 0.073). A decreased risk of illness was 
associated with greater prior week sleep (OR, 0.79; 95% CI, 0.69-0.91; P < 0.001) and physical activity (OR, 0.94; 95% CI, 
0.92-0.96; P < 0.001).

Conclusion: Sport specialization is not associated with an increased risk of illness among middle school athletes, while 
increased sleep duration and physical activity appear to reduce the risk of illness.

Clinical Relevance: Interventions to promote physical activity and improve sleep may reduce the risk of illness in early 
adolescent athletes.
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younger athletes is not understood. In adult athletes, higher 
volumes of exercise and overtraining appear to increase 
susceptibility to viral infections,10,25-27 and increased weekly TL 
is associated with an increased illness risk.7,8,11,27 A study of 
15- to 18-year-old male soccer players found that longer training 
duration was predictive of in-season illness,3 and higher weekly 
and monthly TL preceded in-season illness among adolescent 
female soccer players.31 It is unclear whether this same 
relationship exists among younger athletes or whether sport 
specialization is associated with increased in-season illness after 
adjusting for PA level.

Poor sleep may also increase the risk of illness.4,22 Multiple 
prior studies have documented inadequate sleep among 
athletes, and young athletes may be at even greater risk for 
chronic sleep deprivation given their increased sleep needs in 
the face of competing academic, social, and athletic  
demands.6,9,15,16,24,32 Although moderate exercise is generally 
considered beneficial for sleep, the increased risk of illness in 
overtrained athletes may be due at least in part to sleep 
disturbances during periods of increased TL.10 Acute spikes in 
TL may negatively affect both sleep duration and quality among 
youth athletes,31 and specialized female soccer athletes have 
demonstrated worse sleep quality during the season than their 
nonspecialized counterparts, even after controlling for TL.30 
Despite the importance of identifying the modifiable risk factors 
for illness in youth athletes, the interactions between 
specialization, sleep, TL, and illness in youth athletes is not 
understood.

The overwhelming majority of prior research regarding 
specialization has been conducted among older adolescent and 
high school–aged athletes, but little is known about the 
relationship with illness. In a single study of 16-year-old elite 
athletes over 6 months, sport specialization was not associated 
with an increased risk of illness.19 It is our hope that by 
identifying risks that could be associated with a pattern of youth 
sport participation, we can help inform the decision-making 
process. Although prior research in older athletes has evaluated 
the relationships between specialization, sleep, PA, and illness, 
we are not aware of prior research that has evaluated these 
relationships among younger athletes. Therefore, the purpose of 
this study was to determine the relationships between sport 
specialization, sleep, PA, and illness among middle school 
athletes.

Methods
Study Design

This was a prospective cohort study designed to examine the 
relationships between illness, sport specialization level, sleep, 
and PA. A convenience sample of youth sport clubs and 
governing bodies from multiple sports throughout the state of 
Wisconsin were approached regarding the study and asked to 
distribute information among their participant members. 
Interested participants who contacted the study team were 
screened for eligibility and deemed eligible if their child was 10 

to 14 years of age at the start of the data collection period and 
planning to participate in at least 1 organized sport during the 
data collection period; the parent had to be able to read English 
at a minimum sixth-grade level and have access to email and/or 
SMS text. These individuals were asked to provide written 
informed consent, after which they reported baseline information 
regarding age, sex, and sport participation, as well as average 
weekly hours of organized and unorganized PA during the prior 
year. Based on the information reported, athletes were classified 
as low, moderate, or highly specialized using the 3-point sport 
specialization scale that has been described and widely utilized 
in previous research.1,12,13,18

During the subsequent 39-week academic year, participating 
families were sent a weekly electronic survey that asked them 
to report any illnesses suffered during the prior week, as well 
as the total number of hours of organized PA and the average 
hours of sleep during the prior week. If an illness was 
reported, further information was requested regarding the date 
of illness onset, whether a health care provider was seen, the 
number of days of school and athletics missed, and the 
duration of the illness. Based on symptoms provided, illnesses 
were classified as gastrointestinal, upper respiratory, lower 
respiratory, skin, or other. Patients and the public were not 
directly involved in the design, conduct, or reporting of the 
research. All procedures performed in this study were 
approved by the institutional review board of the University of 
Wisconsin–Madison.

Statistical Analysis

Individuals who provided complete data on the baseline survey 
and at least 80% of the weekly surveys during the academic 
year were included for analysis. Data were initially evaluated for 
normality using descriptive statistics and histogram analysis. 
Missing data were evaluated with respect to individual and time 
of year and felt to be missing at random.  Based on this, missing 
values for weekly sleep and PA were imputed using a predictive 
mean matching approach, with additive regression fits on the 
complete data and simple bootstrapping to generate predicted 
values for the missing data (aregImpute function in R).23 
Comparisons of baseline variables between specialization 
groups (low, moderate, high) were made using chi-square tests 
for categorical variables and Kruskal-Wallis tests with post hoc 
pairwise Wilcoxon tests for continuous variables. Comparisons 
of sleep duration and PA during the longitudinal data collection 
were made between specialization groups using least squares 
means from separate mixed-effects linear models including 
specialization and the variable of interest (sleep or PA) as fixed 
effects and each individual as a random effect. A mixed-effects 
logistic regression model was used to predict weekly illness 
(yes/no), including specialization, prior week average sleep 
duration (hours), prior week organized physical activity (hours), 
age (years), and sex as fixed effects and each individual as a 
random effect. The significance level was determined a priori at 
the 0.05 level, and all tests were 2-tailed. All statistical analyses 
were performed in R.23
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Results

A total of 300 families initially agreed to participate, of whom 
233 children provided baseline and at least 80% of the weekly 
surveys. Baseline characteristics of the 233 participants are 
shown in Table 1. A total of 434 illnesses were recorded in 162 
participants (69%); 187 (43%) were evaluated by a health care 

provider. The majority of illnesses were classified as upper 
respiratory infections (313; 72%), followed by gastrointestinal 
infections (61; 14%), lower respiratory infections (7; 2%), skin 
infections (7; 2%), and other unclassified illnesses (46; 11%). 
The median days of school missed was 1 (range, 0-4 days), 
while the median days of sport missed was 0 (range, 0-5 days). 
The median time to recovery was 3 days (range, 1-12 days).

Overall, 118 (41%), 72 (25%), and 99 (34%) participants were 
classified as low, moderate, and high specialization, respectively. 
The proportion of athletes categorized as specialized differed 
significantly across age groups, with the highest rates of high 
specialization being identified among 11- and 12-year-old 
athletes (Table 2 and Figure 1). Specialized athletes were 
younger, with a greater proportion of male participants and 
higher baseline weekly total and weekly organized PA but lower 
levels of weekly unorganized PA (Table 3).

In the univariate analysis, we did not find a statistically 
significant difference in the proportion of individuals within 
each specialization group who suffered an illness during the 
study period (low, 76%; moderate, 70%; high, 59%; P = 0.064). 
Individuals in the high specialization group demonstrated lower 
average sleep duration during the year (low, 8.63 hours [95% CI, 
8.5-8.8 hours]; moderate, 8.71 hours [95% CI, 8.6-8.9 hours]; 
high, 8.48 hours [95% CI, 8.3-8.6 hours]), while no significant 
differences were noted between groups with respect to PA (low, 
9.32 hours [95% CI, 8.2-10 hours]; moderate, 9.43 hours [95% CI, 
8.0-11 hours]; high, 10.8 hours [95% CI, 9.4-12 hours]) (Figure 
2). In the multivariable logistic model, however, higher levels of 
sleep duration and PA were associated with a decreased risk of 
illness the subsequent week, while sport specialization level 
was not a significant predictor of in-season illness (Table 4).

discussion

The primary finding of this study is that in middle school 
athletes, there was no increased risk of illness associated with 
higher degrees of sport specialization. These findings are 
consistent with a recent study of adolescent elite athletes over a 
6-month period that did not identify any increased risk of illness 
among single-sport athletes or those who reported previously 

Table 1. Baseline characteristics of participants (N = 233)

Sex, male, n (%) 142 (61)

Age, y, mean ± SD 12.1 ± 1.2

Total weekly PA, hours, mean ± SD 19.5 ± 9.6

Weekly organized PA, hours, mean ± SD 13.0 ± 7.9

Weekly unorganized PA, hours, mean ± SD 6.44 ± 5.6

Primary sport, n (%)

 Basketball 81 (35)

 Soccer 27 (12)

 Volleyball 24 (10)

 Tennis 21 (9)

 Baseball 20 (9)

 Football 15 (6)

 Cross-country 12 (5)

 Softball 11 (5)

 Swimming/diving 11 (5)

 Othera 11 (5)

PA, physical activity.
aIncludes sports in which 5 or fewer individuals participated: cheer/
dance, gymnastics, wrestling, and ice hockey.

Table 2. Number of participants classified as low, moderate, or high specialization by age at the start of the study perioda

Age, y

 10 11 12 13 14

Total 22 54 66 63 29

Low 12 (55) 13 (24) 29 (44) 34 (54) 13 (45)

Moderate 8 (36) 8 (15) 13 (20) 24 (38) 11 (38)

High 2 (9) 33 (61) 24 (36) 5 (8) 5 (17)

aData are shown as n (%).
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specializing in their sport before the age of 12 years.19 The 
participants in this study demonstrated higher rates of 
specialization at younger ages, which is in contrast to studies of 
high school–aged athletes who typically exhibit increasing levels 
of specialization as they get older. The reason for this is not 
clear from the available data, but even after adjusting for age in 
the multivariable model, we did not find an increased risk of 
illness with higher levels of specialization.

Prior research has suggested that specialized youth athletes 
exhibit several characteristics that could put them at increased 
risk for illness compared with their nonspecialized 
counterparts.30 For example, specialization was associated with 
worse mood, stress, fatigue, and sleep quality among adolescent 
female soccer athletes—all of which could be considered risk 
factors for illness.30 Among a group of elite adolescent male 
soccer players, psychosocial stress was a risk factor for illness 
over 2 seasons of competitive play.3 In addition, early sport 
specialization includes high training loads and an increased risk 
of overtraining,2 which is related to illness incidence in adult 

athletes.10 In the present study, we found that highly specialized 
athletes had lower sleep duration during the study, which is 
consistent with a prior study of adolescent athletes that found 
higher levels of daytime sleepiness among specialized 
individuals.21 It is unclear, however, whether this represents a 
clinically meaningful difference. Nonetheless, in the current 
study of middle school athletes from a wide variety of sports, 
we did not find that the proportion of individuals who suffered 
an illness differed between specialization groups, and in the 
multivariable model, there was no association between 
specialization and illness risk during a 9-month academic year.

On the other hand, we did find that individuals with greater 
sleep duration were less likely to report an illness the following 
week, even after adjusting for age, sex, and physical activity. 
This is consistent with prior research in adults that has 
suggested that decreased sleep duration results in an increased 
susceptibility to upper respiratory infections.4,22 Similarly, in a 
study of elite cyclists randomized to 3 weeks of either habitual 
training or overload (130% habitual volume), those individuals 
in the overload group who demonstrated signs of overreaching 
not only experienced impaired sleep but also had an increased 
incidence of illnesses during the study period.10 In the current 
study, we found that an increase of 1 hour of sleep per week 
was associated with a 6% decrease in illness risk the following 
week. While this increase may seem small, individual increases 
of an hour per night could have much larger effects, and efforts 
to promote proper sleep in middle school athletes in general 
could have a significant effect on the overall burden of illness 
during the school year.

We also found that greater amounts of PA appeared to be 
protective against illness the following week. Although there 
was some evidence that specialized athletes had higher average 
PA levels before and during the study period, the effect of PA 
on illness risk persisted after adjusting for specialization, age, 
sex, and sleep duration. Overtraining may be immuno-
suppressive and increase the risk of illness in athletes, but it has 
generally been accepted that appropriate levels of PA promote 
immune system function and may reduce the risk of 

Figure 1. Frequency of low, moderate, and high 
specialization by age in middle school athletes.

Table 3. Comparison of demographic and baseline physical activity variables by specialization group

Variable Low Moderate High P

Sex, male, n (%) 66, 55% 43, 60% 72, 73% 0.028

Age, y 12.2 ± 1.2 12.3 ± 1.3 11.7 ± 0.91 <0.001

Total weekly PA, hours 15.4 ± 7.5 20.4 ± 9.9 24.4 ± 9.6 <0.001

Weekly organized PA, hours 9.41 ± 3.8 12.8 ± 6.7 18.5 ± 10 <0.001

Weekly unorganized PA, hours 6.03 ± 5.4 7.62 ± 6.7 5.93 ± 4.6 0.23

Ratio of organized:unorganized PA 2.61 ± 2.2 2.91 ± 2.5 4.28 ± 4.6 0.007

PA, physical activity.
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infection.10,28,31 During the study period participants typically 
reported moderate amounts of 8 to 10 hours of weekly 
organized PA, with higher weekly volumes associated with a 
decreased risk of illness the subsequent week. It is possible that 
the higher baseline PA levels represent an overestimation when 
reported retrospectively for the prior year, or it could mean that 
levels of PA were higher during the summer months 
immediately prior to the start of the study period. Nonetheless, 
the prospective data suggest that among middle school athletes, 

the promotion of appropriate levels of PA may reduce the risk 
of illness during the school year.

Limitations

This study has several limitations. Given the recruitment 
methodology, we cannot determine the number of individuals 
initially contacted and therefore do not know the overall 
response rate. We also cannot account for factors that may 
influence the decision to participate in or drop out of the study 

Figure 2. Weekly sleep duration and organized physical activity by specialization group among middle school athletes during the 
academic year. Data are shown as violin plots representing the distribution of the data, along with overlying mean and 95% CI from 
mixed-effects linear models.

Table 4. Results of a multivariable mixed-effects logistic regression model to predict the individual risk of weekly illness during the 
academic year among middle school athletes

95% CI

Variable Estimate Lower Limit Upper Limit P

Specialization—Moderate 0.93 0.70 1.23 0.61

Specialization—High 0.76 0.56 1.03 0.073

Prior week PA, hours 0.94 0.92 0.96 <0.001

Prior week sleep, hours 0.79 0.69 0.91 <0.001

Age, y 1.06 0.95 1.18 0.28

Sex, male 0.79 0.62 1.01 0.055

PA, physical activity.
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that may influence the results. For example, current perceptions 
about sport specialization may make families less likely to 
participate if they are highly specialized or more likely to drop 
out if they are experiencing multiple illnesses. This study relies 
on self-reported information from the parents of the youth 
athletes being studied. This was the best way to obtain 
information from a larger group of participants in a cost-effective 
manner; however, it is possible that there could be inaccuracies 
in the reported data. Parents were asked to report whether their 
child had experienced an illness, and a nonuniform 
understanding of the definition of “illness” among the study 
participants could influence the data. Given the recruitment 
methods, this sample of middle school athletes likely includes 
predominantly club sport participants and may not represent a 
diverse group from a socioeconomic standpoint. 

As with virtually any survey-based study, there were missing 
data. During the design of the study, we assumed it would be 
reasonable to include those individuals with 80% compliance or 
higher with the weekly surveys. We also evaluated the sensitivity 
of the imputation method utilized by comparing the results with 
those generated without imputation, with crude imputation 
methods including the use of mean, median, and last value 
carried forward, and with variable numbers of knots and 
multiple imputations within the imputation method used. The 
results of each analysis were virtually identical, suggesting that 
the imputation method is reliable and that the missing data had 
little influence on the overall results. Finally, it may be difficult to 
generalize the results to other specific populations of athletes.

conclusion

This study demonstrates that greater amounts of sleep and PA 
are independently associated with a decreased risk of illness the 
following week. We did not, however, identify any relationship 
between illness risk and sport specialization, age, or sex among 
this group of middle school athletes. While prior research has 
found that specialized athletes report higher levels of risk 
factors for illness such as stress and sleep impairment, this does 
not appear to translate into an increased risk of illness during 
the academic year in middle school athletes.
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