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INTRODUCTION

Cardiorespiratory fitness (CRF) is a marker of physical 
and mental health and is associated with decreased risk of 
all-cause mortality, cardiovascular disease, type 2 diabetes  
and depressive symptoms [1-3]. CRF is lower in major de-
pressive disorder [4] which is comorbid with attention defi-
cit hyperactivity disorder (ADHD) [5]. Genes and behavior 
can influence CRF. Heritability estimates of CRF range from 
25% to 65% [6], and sedentary individuals who adopt a lei-
sure time physical activity program increase CRF by an av-
erage of ~10% [7,8]. Maintaining higher levels of CRF pro-
tects against both the development of depressive symptoms 
in adolescents [9] and the onset of depression complaints 
made to physicians among adult men and women [10].  The 
extent to which chronic leisure time physical activity (LTPA) 
or CRF are associated with the symptoms of ADHD among 

adults is unknown.
Acute physical activity appears to be beneficial for atten-

uating symptoms of ADHD. Single bouts of  exercise have 
improved signs of hyperactivity in children [11] and feelings 
of confusion and cognitive performance in adults and chil-
dren with ADHD symptoms [12-15]. 

Regular physical activity has been suggested as benefi-
cial for those experiencing ADHD symptoms [16,17] and 
CRF appears to be low in children with ADHD, but it is 
unknown if adults with ADHD are characterized by lower 
than average LTPA or CRF. One study compared children 
with ADHD to reference data and found that children with 
ADHD on average performed below the 25th percentile on 
a 20 meter shuttle run test [18], indicating an increased risk 
for low CRF. A second study of 70 boys (7-12 years) with and 
without ADHD revealed lower estimated CRF among those 
with ADHD based on a 20 meter shuttle run and treadmill 
performance time [19].

The aims of the current study were to investigate (i) if 
CRF and LTPA in young adult men screening positive for 
adult ADHD are low compared to age- and sex-matched ref-
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erence data, (ii) if self-reported ADHD symptoms are signif-
icantly related to either CRF or LTPA, and (iii) if CRF could 
be predicted from LPTA or ADHD symptoms. Moderate 
negative correlations were hypothesized between ADHD 
symptoms and both CRF and LTPA, and it was expected that 
CRF could be predicted from LPTA and ADHD symptoms. 

METHODS

The study was approved by the University of Georgia’s In-
stitutional Review Board (Study ID: MOD00001810). This 
analysis is ancillary to a published parent study focused on 
psychological responses to acute exercise [15]. Potential 
participants were recruited from university class announce-
ments, posted flyers and email messages to listservs. Qual-
ified participants were male, 18-26 years old, not currently 
taking CNS acting medication and without contraindica-
tions to exercise who screened positive for adult ADHD. Ex-
cluded were smokers and those indicating the presence of a 
current mental disorder other than ADHD.

Potential participants completed an online screening 
questionnaire, which included a demographic and health 
questions, the Physical Activity Readiness Questionnaire 
(PAR-Q), the Godin Leisure-Time Exercise Questionnaire, 
and the Adult ADHD Self-Report Scale V1.1 (ASRS V1.1). 
The ASRS V1.1 is a six-item screening questionnaire that 
identified individuals with elevated self-reported ADHD 
symptoms. The ADHD screening questions were: “How of-
ten do you have trouble wrapping up the final details of a pro-
ject, once the challenging parts have been done?”, “How often 
do you have difficulty getting things in order when you have 
a task that requires organization?”, “How often do you have 
problems remembering appointments of obligations?”, “When 
you have a task that requires a lot of thought, how often do 
you avoid or delay getting started?”, “How often do you fidget 
or squirm with your hands or feet when you have to sit down 
for a long time?” and “How often do you feel overly active and 
compelled to do things, like you were driven by a motor?” Re-
sponses to questions range from ‘never’ to ‘very often’. The 
0-24 scoring method has been shown to have 64.9% sensitiv-
ity, 94.0% specificity, and 91.5% total classification accuracy 
[20]. Potential participants ‘screened positive’ for ADHD 
with scores ≥12. Two of 32 participants reported having an 
ADHD diagnosis.

Those meeting inclusion criteria were visited the Univer-
sity of Georgia Exercise Psychology Laboratory to be tested. 
After providing written consent, participants were prepared 
for a graded maximal cycle exercise test, which included fit-
ting participants with a Polar Vantage XL heart rate monitor 
and a face mask to measure expired gases. Participants were 
provided with verbal instruction on the test protocol and 
measures to be obtained during the test. Participants began 
the graded maximal exercise test by sitting on a cycle ergom-
eter (Excalibur Sport, Lode, Groningen, The Netherlands) 
and pedaling at 60 to 80 revolutions per minute at a resist-
ance that produced a power output of 50 watts for two min-
utes. Next, resistance was increased such that power output 

was increased by 25 watts every two minutes until the par-
ticipant was no longer able to maintain a cadence of 60 rev-
olutions per minute. At the end of each stage, overall rating 
of perceived exertion (RPE 6-20) [21], heart rate, leg pain 
(0-10) [22], VO2, CO2, VE, and respiratory exchange ratio 
(RER) were recorded as described previously [23]. VO2peak 

was defined as the highest 20-second VO2 value obtained 
during exercise expressed per kilogram of body mass. Body 
mass was measured to the nearest 0.5 kg using a calibrated 
balance beam scale. 

All data were entered into IBM SPSS Statistics (Version 
22.0.0) which was used to perform analyses. Effect size 
(Cohen’s d) was calculated as the mean difference between 
the sample tested and a reference group [24] divided by the 
pooled standard deviation. The chosen reference groups’ 
data are from the 1999-2002 NHANES dataset. The 50th 
percentile cardiorespiratory fitness level for males 20-29 
years old (n=288) was compared to the current sample’s 
group mean cardiorespiratory fitness level. Pearson corre-
lations were used to examine the degree of association be-
tween ADHD symptoms and both CRF and LTPA. A linear 
regression analysis was used to examine whether CRF could 
be predicted from ADHD symptoms and LTPA. 

RESULTS

Thirty two men screened positive for ADHD and com-
pleted the parent study [15]. Two individuals were exclud-
ed from the current analysis because they did not meet the 
criteria for an adequate test to determine peak oxygen con-
sumption (i.e., did not exhibit a respiratory exchange ratio 
[RER] ≥1.1). Mean (±standard deviation, SD) CRF was 38.7 
(±7.1) ml.kg-1.min-1, CI=36.2 to 41.2. Maximal exercise test 
and LTPA results for each individual are reported online in 
supplementary materials (Supplementary Table S1). Group 
CRF and LTPA data are also illustrated in Figures 1 and 2, 
respectively.

A significant correlation was found between CRF and 

Figure 1. Fitness (mean, 95% CI) compared to an age- and sex-matched 
reference group of 288 males aged 20-29. 
Effect size d=-0.83. 
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ADHD symptom scores, r=-0.39, p=0.03, and a scatterplot 
is provided in Figure 3. The relationship between ADHD 
symptom scores and LTPA was insignificant, r=-0.02, p=0.92. 
A linear regression showed a significant prediction of CRF 
from the combination of ADHD symptoms and leisure time 
physical activity, F(2,27)=5.095, p=0.01, adjusted R2=0.22, 
BADHD symptoms=-1.28 (p=0.03), BGodin=0.11 (p=0.04).

DISCUSSION

To our knowledge, this is the first study to objective-
ly measure CRF in adults screening for adult ADHD. The 
results suggest that young men screening positive for adult 
ADHD are characterized by low CRF. Mean CRF was low by 
a large Cohen’s d effect size magnitude compared to several 
age- (20 to 29 years) and sex-matched reference groups, in-
cluding when comparisons were made with samples of (i) 
199 Norwegian men tested using cycle ergometry (d=-2.0) 
[8], (ii) 288 United States participants from the 1999 to 2004 
National Health and Nutrition Examination Survey who 
completed treadmill tests (d=-0.83) [24] and (iii) 513 par-
ticipants who completed treadmill tests in one of eight lab-

oratories in the United States (d=-0.94) [25]. CRF varies by 
country and exercise testing mode. CRF is higher in Scan-
dinavian countries and with treadmill testing because of 
the larger muscle mass compared to cycle ergometry, which 
may account for some of the difference between the present 
group and the U.S. reference groups. Regardless, no prior 
similar study of adults with ADHD or adults screening for 
adult ADHD exists. The low CRF in the present group does 
not appear to be primarily a function of the sample being 
unwilling to give a strong effort. All participants showed res-
piratory exchange ratio and heart rate responses indicative 
of maximal exercise [26], and all but one individual report-
ed a peak perceived exertion rating that ranged from “hard” 
to ‘maximal’ exertion. One individual reported a peak per-
ceived exertion of 13 (somewhat hard) which is lower than 
expected for a maximal test. However, that individual had a 
peak heart rate of 180 and a peak respiratory exchange ratio 
of 1.1 both values indicative of an adequate maximal exer-
cise test. The VO2peak of this individual, 31.3 ml.kg-1.min-1, 
was not an outlier for this sample. Previous studies have 
investigated exercise tests that can estimate CRF levels in 
children and compared those with ADHD to those without 
ADHD. Results from these studies are mixed and may have 
been influenced by the methods used to estimate CRF, but 
results from one study revealed significantly lower estimated 
CRF in children with ADHD when compared to a reference 
group [18]. Data from each individual tested has not been 
included in the prior reports focused on samples of children.

Self-reported LTPA levels also were low when consid-
ered in comparison to a group of college men [27]; however, 
the magnitude of this effect size was smaller than for CRF. 
The linear correlation between LTPA and ADHD symptom 
scores was statistically insignificant, however, the addition 
of LTPA to a regression used to predict CRF increased the 
accuracy of the prediction. We are unaware of prior stud-
ies examining physical activity patterns among adults with 
ADHD symptoms. However, results from one epidemiolog-
ical study with older adults showed ADHD symptoms were 
positively associated with the presence of cardiovascular 
disease and an increased number of chronic diseases as well 
as negatively associated with self-perceived health [28], all of 
which are associated with physical inactivity. Increased risk 
for obesity/overweight has also been suggested for individ-
uals with ADHD [29]. Moreover, results from one study in-
dicated reduced self-reported weekly energy expenditure in 
late adolescence was related to increased ADHD symptoms 
in early adulthood [30]. Thus, there appears to be a complex 
relationship between physical inactivity and ADHD symp-
toms that bears further investigation. 

The current study is not without limitations. The small 
sample size means there is a possibility for small sample bias. 
More research with larger samples is needed to determine 
more conclusively the extent to which adults with increased 
ADHD symptoms are characterized by low CRF. LTPA lev-
els were obtained using self-report, and it is unknown how 
accurately individuals with ADHD are able to report their 
physical activity levels. The future use of objective measures 

Figure 2. Physical activity (mean, 95% CI) compared to a reference 
group of 411 college students. 
Effect size d=-0.3.

Figure 2. Scatterplot of fitness and ADHD symptom severity scores in 
30 male students reporting elevated ADHD symptoms
r=-0.39, p=0.034.
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of physical activity will help to confirm the extent to which 
adults with ADHD symptoms are physically active. The 
present findings also cannot be generalized to women or to 
adults with an ADHD diagnosis.

CONCLUSIONS 

Young adult men screening positive for adult ADHD 
have lower CRF and appear to be less physically active com-
pared to reference groups of men of the same age. CRF can 
be predicted from ADHD symptoms and LTPA, and the as-
sociation between symptoms and CRF is stronger than the 
association between symptoms and one self-reported meas-
ure of LTPA. 
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