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BACKGROUND: Prolonged endurance running may acutely reduce spirometric lung values. This
study examined changes in spirometry before and immediately after prolonged endurance exercise
(running and/or walking). Specifically, we examined potential factors that predict the presence of
at least a 10% postexercise reduction in FEV1. METHODS: After institutional review board approval, recruitment occurred at a pre-race exposition, where informed consent was obtained.
Pre-and post-race spirometry measurements were taken from 79 study subjects who competed in
a half-marathon (n ⴝ 66) or a marathon (n ⴝ 13). Spirometry was performed 1–2 days before the
marathon or half-marathon and 25 min after finish the race. RESULTS: We identified a subgroup
of 23 subjects with a postexercise decrease in FEV1 of >10%. In this subgroup, the mean post-race
values for FEV1, FVC, and peak expiratory flow were 19 –24% lower than the pre-race values. In
the 56 subjects with a change in FEV1 of <10%, the mean post-race changes in spirometry values
were not >6%. There was no difference between the 2 groups in sex distribution or between
subjects who completed the half-marathon or the full marathon. For every 1-y increase in age, the
likelihood of developing a postexercise reduction in FEV1 of at least 10% decreased by nearly 10%
(R2 ⴝ 0.15, P ⴝ .003). CONCLUSIONS: Exercise-induced bronchoconstriction (EIB) is the most
probable explanation for the reduction in post-race FEV1. Prolonged endurance exercise reduced
spirometric lung function by ⬃20% in those with EIB. Age was the only predictor for EIB, and EIB
did not affect the finish times among recreational runners and/or walkers. Key words: distance
running; lung function; pulmonary; walking; exercise-induced bronchoconstriction; bronchospasm.
[Respir Care 2019;64(1):26 –33. © 2019 Daedalus Enterprises]

Introduction
Prolonged endurance running may acutely affect lung
function in adults. After extended exercise (a marathon,
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ultra-marathon races [running], or triathlons that last several hours), pulmonary diffusing capacity,1-3 FEV1,4-6
FVC,1,4-13 and maximum inspiratory pressures and/or sustained inspiratory mouth pressures4,8,14,15 have been shown
to be acutely reduced. Prolonged exercise could reduce
FEV1 and FVC, particularly in cold weather, due to water
loss from the epithelium, which leads to constriction of the
airways,12 that is, exercise-induced bronchoconstriction
(EIB). The FVC and FEV1 could also be reduced for other
reasons: bronchial epithelial damage,16 environmental pol-
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lutants,17,18 allergies, respiratory muscle fatigue (as determined by a reduction in maximum voluntary ventilation
or maximum inspiratory pressures4,5,8,14,15), and/or poor
effort and/or poor technique.19 Pulmonary edema, which
affects diffusing capacity, could also result from intense
exercise.1,20
Significant reductions in FEV1 or FVC have been shown
to be unaltered after prolonged exercise due to either a
small sample size (ie, n ⫽ 4)15 or a learning effect before
and after exercise. The airways may also dilate from prolonged exercise, which causes an improvement in FVC.21,22
Another possibility is that there may be no actual acute
change in lung function after prolonged exercise.13,22
As such, the purpose of this study was 3-fold. First, we
wanted to determine whether spirometric variables were
altered due to prolonged exercise. Second, if there were
significant changes in FEV1 before and after exercise, what
were the predictive factors? Third, if the subjects demonstrated a reduction in postexercise FEV1 by at least 10%,
was it associated with endurance running performance? To
answer these questions, we examined changes in spirometric lung function in a cohort of recreational joggers and
walkers before and immediately after the 2008 ING (Internationale Nederlanden Groep) Georgia half-marathon
and marathon.
Methods
This study was initially approved by the institutional
review board of Georgia State University in 2007 (institutional review board H07344). In 2015, institutional review board permission was obtained to allow the lead
author to work on the data for publication (institutional
review board H16190).
Subjects were invited to take part in this study through
recruitment at the marathon exposition 1–2 d before the
event. Subjects were chosen based on their interest and
willingness to take a short survey and sign a consent form.
After voluntarily signing a consent form, anthropometric
data were collected in a private area (ie, height and weight
were measured). Then, by using a portable spirometer, Mir
Spirolab III (Medical International Research, Rome, Italy),
spirometry was performed with each participant by using
the recommended guidelines published by the joint American Thoracic Society/European Respiratory Society task
force23; then, 1–2 d later, the same individuals performed
spirometry again immediately after the race according to
these guidelines.
The interpretation of abnormal spirometric lung function was determined as any value below the lower limit of
the normal range, that is, below the fifth percentile for age,
sex, height, and ethnicity.24 The reference equations used
to assess whether spirometry was normal for each subject
was based on the Global Lung Function Initiative equa-
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QUICK LOOK
Current knowledge
Acute changes in lung function triggered by exercise
have been studied as early as the 1920s. Some studies
indicate prolonged exercise reduces spirometric lung
function, whereas other studies did not report such reduction.
What this paper contributes to our knowledge
Four percent of the study subjects had a mild obstructive pattern as defined by an FEV1:FVC below the lower
limit normal pre-race. The decrease in FEV1 by at least
10% postexercise in 30% of the subjects was mostly
representative of exercise-induced bronchoconstriction.
The only predictor of exercise-induced bronchospasm
was younger age. The presence or absence of exerciseinduced bronchospasm was not associated with time to
completion of the half-marathon or marathon distance,
which may be due to the lack of fast finishers in the
sample.

tions for FVC, FEV1, and FEV1:FVC.25 For peak expiratory flows, reference equations from Hankinson et al26 were
used.
We identified a subgroup of subjects with a decrease in
FEV1 of ⱖ10% within 30-min post-race compared with
pre-race based on the laboratory challenge test criterion
for EIB, defined as a transient narrowing of the lower
airway after exercise in the presence or absence of clinically recognized asthma.27,28 Specifically, a decrease in
FEV1 of 10.0 to 24.9% was deemed mild EIB, a decrease
in FEV1 between 25.0 and 49.9% was deemed moderate
EIB, and a decrease in FEV1 of ⱖ50% was deemed severe
EIB.28
Statistical Analyses
A 2-tailed independent t test was used to examine mean
differences in age, weight, height, and body mass index
between the men and women, and for sex differences in
spirometric function between the pre-race and the postrace. To examine the mean changes in spirometric function between the pre-race and the post-race, a 2-tailed
paired t test was used for the men and then separately
again for the women. If any of the variables listed were not
normally distributed, then a 2-tailed Wilcoxon signed-rank
test was used to examine the mean changes or differences.
As an added analysis, the pre-race percentages of predicted FEV1, FVC, FEV1:FVC, and peak expiratory flow
were compared with the post-race values by using a paired
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Table 1.

Baseline Measurements in the 79 Subjects Who Completed Both Pre- and Post-Race Testing
Measurement

Men (n ⫽ 36)

Women (n ⫽ 43)

Total (N ⫽ 79)

Age, mean ⫾ SD (range), y
Weight, mean ⫾ SD (range), kg
Height, mean ⫾ SD (range), cm
Body mass index, mean ⫾ SD (range), kg/m2

36 ⫾ 9 (22–57)
79.4 ⫾ 10.2 (58.7–101.6)
177 ⫾ 8 (155–191)
25.3 ⫾ 3.3 (20.8–36.7)

38 ⫾ 12 (17–59)
63.4 ⫾ 12.3 (47.0–99.4)*
164 ⫾ 7 (152–178)*
23.4 ⫾ 3.9 (17.4–36.2)*

37 ⫾ 11 (17–59)
70.8 ⫾ 11.5 (47.0–101.6)
170 ⫾ 10 (152–191)
24.3 ⫾ 2.6 (17.4–36.7)

* Indicates a significant difference among the female subjects relative to the male subjects (P ⬍ .05).

t test. In this analysis, the percentage of predicted values
controlled for age, height, sex, and ethnicity. As well,
2-tailed paired t tests were used to compare the percentage
of predicted spirometry values pre-race in subjects who
completed the full study (pre- and post-race, group 1) with
the subjects who only completed the pre-race spirometry
(group 2). If any of the variables were not normally distributed, then the Mann-Whitney U test was used to compare the means between the groups.
Forward selection (conditional) binary logistic regression was conducted to determine which independent variables (the event distance, finish time, sex, age, and body
mass index) were predictors of obtaining a postexercise
reduction in FEV1 of at least 10% (yes or no) from exercise. Furthermore, a stepwise multiple linear regression
was used to determine which factors were associated with
finish times. The event distance, sex, age, and body mass
index, and whether the subjects had a postexercise reduction in FEV1 by at least 10% or not (ie, EIB) were used as
potential predictors in the model.
The sample size was calculated based on the change in
FEV1 pre- and post-marathon from Maron et al.7 Between
pre- and post-marathon, based on a 110-mL reduction in
FEV17 and a correlation of 0.5 in FEV1, the effect size was
calculated to be 0.54 (G*Power 3.1.9.2, Universität, Kiel,
Germany). With an alpha error probability of .05 and a
statistical power set at .80, at least 30 subjects would be
needed (t test family, the difference between 2 dependent
means, G*Power 3.1.9.2).
Results
During the race on March 30, 2008, it was rainy and
cool; the mean temperature was 47°F (8°C [range, 6 –10°C
43–50°F]), the mean relative humidity was 88% (range,
76 –100%), and the dew point was 41°F (5°C). Overall,
2,226 runners and walkers finished the marathon, and
8,646 runners and walkers completed the half-marathon. A
total of 294 participants signed a consent form and completed pre-race spirometry, but only 79 completed both
pre-test and post-test spirometry to constitute the subjects for
this study (group 1). The anthropometric characteristics of
these recreational 79 runners are presented in Table 1.
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Table 2.

Comparison of Spirometric Values Pre-Race in the 79
Subjects Who Completed Both Pre- and Post-Race Testing
(Group 1) With the 215 Subjects Who Only Completed
Pre-Race Testing (Group 2)
Characteristic

Age, mean ⫾ SD, y
Men, %
FEV1, mean ⫾ SD, % predicted
FVC, mean ⫾ SD, % predicted
FEV1:FVC, mean ⫾ SD,
% predicted

Group 1
(n ⫽ 79)

Group 2
(n ⫽ 215)

P,
2-tailed

37 ⫾ 11
46
97 ⫾ 17
96 ⫾ 17
101 ⫾ 7

40 ⫾ 12
52
92 ⫾ 17
92 ⫾ 16
100 ⫾ 9

.07
.10
.39

Because the data were not normally distributed, a Mann-Whitney U test was used to compare
the different groups.

There were no differences in the pre-race percentages of
predicted spirometry values between the 79 study subjects
who completed both pre- and post-race testing (group 1)
and the 215 participants who only completed pre-race testing (group 2) (Table 2). Based on the Global Lung Function Initiative reference equations,25 3 recreational runners
(4%) in group 1 who had complete pre- and post-race
spirometry data displayed mild obstruction with the prerace FEV1:FVC being below the lower limit of a normal
range, and the FEV1 of ⬎70% predicted. The subjects in
group 2 showed a similar pattern.
The proportion of female and male finishers in this study
compared with the total number of finishers in the halfmarathon (44% men and 56% women) and in the full
marathon (66% men and 34% women) was similar. We
were not able to make a comparison of the age distribution
between the marathon finishers in this study (n ⫽ 13) and
the total number of finishers in the marathon (2,226) due
to an insufficient sample size. Of the 79 finishers who
completed the full study (group 1), 73% were white (92%),
3 were Asian (4%), and 3 were African-American (4%).
Sixty-six study subjects finished the half-marathon: 27 men,
with times that ranged from 92.3 to 209.2 min (mean ⫾ SD,
131.3 ⫾ 26.0 min); and 39 women, with times that ranged
from 103.1 to 231.5 min (mean ⫾ SD, 145.9 ⫾ 29.8 min).
Nine men and 4 women finished the full marathon, with
times that ranged from 210.8 to 256.3 min (mean ⫾ SD,
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Table 3.

Pre- and Post-Race Spirometry Values Subdivided by Decreases in ⌬FEV1 ⬍10% and ⱖ10%

Spirometry Value
⌬FEV1 ⬍ 10% (n ⫽ 56)*†
FEV1, L
FVC, L
FEV1:FVC
PEF, L/s
⌬FEV1 ⱖ 10% (n ⫽ 23)§㛳
FEV1, L
FVC, L
FEV1:FVC
PEF, L/s

Pre-Race,
mean ⫾ SD

Post-Race,
mean ⫾ SD

Change, Post-Race ⫺ Pre-Race,
mean ⫾ SD (bootstrapped 95% CI)

Change, %

3.28 ⫾ 0.76
3.96 ⫾ 0.95
0.83 ⫾ 0.05
6.90 ⫾ 2.23

3.18 ⫾ 0.76
3.74 ⫾ 0.94
0.85 ⫾ 0.07
6.77 ⫾ 2.19

⫺0.10 ⫾ 0.16 (⫺0.14 to ⫺0.06)‡
⫺0.22 ⫾ 0.30 (⫺0.31 to ⫺0.14)‡
⫹0.02 ⫾ 0.05 (0.01–0.04)‡
⫺0.13 ⫾ 1.34 (⫺6.49 to 0.21)

⫺3
⫺6
⫹2
⫺2

4.05 ⫾ 1.02
4.89 ⫾ 1.31
0.83 ⫾ 0.05
8.16 ⫾ 3.03

3.07 ⫾ 0.68
3.82 ⫾ 0.93
0.81 ⫾ 0.09
6.61 ⫾ 2.12

⫺0.97 ⫾ 0.57 (⫺1.20 to ⫺0.75)‡
⫺1.07 ⫾ 0.87 (⫺1.43 to ⫺0.73)‡
⫺0.02 ⫾ 0.08 (⫺0.05 to 0.01)
⫺1.55 ⫾ 1.94 (⫺2.36 to ⫺0.01)‡

⫺24
⫺22
⫺2
⫺19

* These subjects had a decrease in FEV1 from pre-to post-race by ⬍10%.
† Mean ⫾ SD half-marathon time, 141.3 ⫾ 31.5 min (n ⫽ 47); mean ⫾ SD marathon time, 231.9 ⫾ 17.0 min (n ⫽ 9).
‡ Indicates a significant difference between pre-and post-race (P ⬍ .05).
§ These subjects had an FEV1 that decreased by ⱖ10% from pre-to post-race; the numbers for men and women are combined.
㛳 Mean ⫾ SD half-marathon time, 136.6 ⫾ 22.5 min (n ⫽ 19); mean ⫾ SD marathon time, 250.1 ⫾ 29.7 min (n ⫽ 4).
PEF ⫽ peak expiratory flow

232.4 ⫾ 16.6 min), and from 220.3 to 288.9 min (mean ⫾
SD, 248.8 ⫾ 31.2 min), respectively. Based on a walk-torun transition at ⬃128 m/min (7.7 km/h or 4.8 miles/h),29
12 individuals (18%) in this study predominantly walked
the half-marathon. None of the 13 marathon finishers
averaged a walking pace. Seventy-six study subjects
were classified as “slow” finishers because the ratio of
the sex and age-matched world record time for the event
divided by their finish time was ⬍0.60, whereas the
other 3 subjects were classified as “local class” runners
(0.60:0.69).30,31
There were differences in spirometric lung function between pre- and post-race. Spirometry was measured 25 ⫾
7 min post-race, and there were differences compared with
pre-race values. There were parallel reductions in FEV1
and FVC from pre- to post-race by ⱖ10% (r ⫽ 0.88,
P ⬍ .001). The peak expiratory flow decreased by ⬃8%
in ⬃30% of the subjects (23/79), with no change in
FEV1:FVC. Men and women had similar changes in spirometric parameters from pre- to post-race. There was no
difference in the proportion of men versus women, with a
drop in FEV1 by ⱖ10% post-race (men, 12 of 36 subjects
[33%]; women, 11 of 43 subjects [26%]; a difference of
7%, chi-square test ⫽ 0.46, P ⫽ .50). Twenty-three subjects (32 ⫾ 8 y old) had a post-race FEV1 change that met
a widely used criterion for EIB, and, of these, 7 men and
4 women had a postexercise change of ⱖ25%, which would
be considered moderate EIB. However, when these 23
subjects were compared with a subgroup of individuals
with a postexercise FEV1 that changed by ⬍10% (n ⫽ 56;
40 ⫾ 11 y of age), significant differences in the changes in
spirometric function were observed (Table 3). In the subgroup without a post-race decrease in FEV1 by at least
10%, the mean changes in spirometric parameters varied
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by no more than 6%. In the subgroup with a post-race
change in FEV1 by at least 10%, there were decreases in
FEV1, FVC, and peak expiratory flow by ⬃20%.
To control for age, height, sex, and ethnicity, the percent of predicted values were compared between the preand post-race and were stratified by subgroups (Table 4).
This finding indicated that there were no clinically meaningful changes (even though there were statistically significant changes) in the percent of predicted FEV1, FVC,
and FEV1:FVC between pre-and post-race in the subgroup
of individuals with a postexercise decrease in FEV1 by
⬍10%. The mean percent of predicted change in any spirometric variable was only as high as 5%. However, in the
subgroup of individuals with a postexercise change in FEV1
by at least 10%, there was a mean decrease in the percent
of predicted FEV1 and FVC, and the peak expiratory flow
by 18 to 26% (Table 4).
Binary logistic regression analysis (n ⫽ 79) indicated
that age was the best predictor of a likelihood of obtaining
a decrease in FEV1 of ⱖ10% postexercise. The model
indicated that, for every 1-y increase in age, the likelihood
of having a postexercise decrease in FEV1 by 10% or more
was reduced by 7% (95% CI 2–12%, ⫺2 log likelihood ⫽ 86.7, Nagelkerke R2 ⫽ 0.15, P ⫽ .003). The event
distance, sex, finish time, and body mass index did not
significantly add to the model, so these were not included
in the final model.
Multiple linear regression analysis (n ⫽ 78) indicated
that the distance run, age, body mass index, and sex
predicted time to completion. Approximately 65% of
the variance in the model was accounted for by the distance
of the race (event), whereas age, body mass index, and
sex accounted for 7, 5, and 5% of the model, respectively (total adjusted R2 ⫽ 0.82, P ⬍ .001). Whether the

29

SPIROMETRY AFTER PROLONGED EXERCISE
Table 4.

Pre- and Post-Race Percent Predicted Spirometry Values Subdivided by Decreases in ⌬FEV1 ⬍ 10% or ⱖ10%

Spirometry Value
⌬FEV1 ⬍ 10% (n ⫽ 56)†‡
FEV1, % predicted
FVC, % predicted
FEV1:FVC, % predicted
PEF, % predicted
⌬FEV1 ⱖ 10% (n ⫽ 23)㛳¶
FEV1, % predicted
FVC, % predicted
FEV1:FVC, % predicted
PEF, % predicted

Pre-Race, mean ⫾ SD

Post-Race, mean ⫾ SD

Change, Post-Race ⫺ Pre-race
(bootstrapped 95% CI)*

92 ⫾ 12
91 ⫾ 11
101 ⫾ 7
83 ⫾ 23

90 ⫾ 12
86 ⫾ 14
104 ⫾ 9
82 ⫾ 20

⫺3 (⫺4 to ⫺2)§
⫺5 (⫺7 to ⫺3)§
⫹3 (1–4)§
⫺2 (⫺7 to 4)

109 ⫾ 21
109 ⫾ 22
100 ⫾ 6
95 ⫾ 28

83 ⫾ 15
85 ⫾ 17
97 ⫾ 11
78 ⫾ 25

⫺26 (⫺32 to ⫺20)§
⫺24 (⫺31 to ⫺16)§
⫺2 (⫺6 to 1)
⫺18 (⫺24 to ⫺11)§

* Numbers are rounded for simplicity.
† These subjects had a decrease in FEV1 from pre-to post-race by ⬍10%.
‡ Mean ⫾ half-marathon time, 141.3 ⫾ 31.5 min (n ⫽ 47); mean ⫾ marathon time, 231.9 ⫾ 17.0 min (n ⫽ 9).
§ Indicates a significant difference between pre- and post-race (P ⬍ .05).
㛳 These subjects had an FEV1 that decreased by ⱖ10% from pre-to post-race.
¶ Mean ⫾ half-marathon time, 136.6 ⫾ 22.5 min (n ⫽ 19); mean ⫾ marathon time, 250.1 ⫾ 29.7 min (n ⫽ 4).
PEF ⫽ peak expiratory flow

subjects had a postexercise decrease in FEV1 of ⱖ10%
did not affect the model, so this was omitted. The model
was as follows:
Finish time (min) ⫽ 106.9 ⫻ (event) ⫹ 0.86 ⫻ (age in
years) ⫹ 3.6 ⫻ (body mass index in kg/m2) ⫹ 22.86 ⫻
(sex) ⫹ 5.3; adjusted R2 ⫽ 0.82, standard error of the
estimate (SEE) ⫽ 19.8 min, P ⬍ .001, in which, for sex,
0 ⫽ male, 1 ⫽ female; and for the event, 0 ⫽ half-marathon, 1 ⫽ marathon; n ⫽ 78. The standardized residual
for one participant exceeded 3.0 SD units, and, thus, this
participant was removed from the final model, which left
78 subjects in the model.
Because adding the event distance (marathon or halfmarathon) may dilute the contribution of other, more interesting factors, another multiple linear regression was
performed on just the half-marathon subjects. Approximately 50% of this model was accounted for by body mass
index (22%), sex (19%), and age (11%), not whether the
subjects had a postexercise decrease in FEV1 of ⱖ10%.
The model was as follows:
Half-marathon finish time (min) ⫽ 3.65 ⫻ (body mass
index in kg/m2) ⫹ 20.83 ⫻ (sex) ⫹ 0.86 ⫻ (age in
years) ⫹ 5.19; adjusted R2 ⫽ 0.49, standard error of the
estimate (SEE) ⫽ 20.0 min, ⬍ .001, in which, for sex,
0 ⫽ male, 1 ⫽ female. The standardized residual for one
participant exceeded 3.0 SD units and thus that participant
was removed from the model, which left 65 subjects in the
model.
Discussion
When considering the first research question of whether
prolonged exercise affects spirometric variables, post-race
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spirometric function had only minor decrements in most
subjects, but a subgroup of 29% (23/79) had a decrease in
FEV1 of ⱖ10%, which met a universal criterion for EIB.
This subgroup showed a parallel reduction in the mean
FVC along with FEV1, which can result from bronchoconstriction and associated small airway closure but could
also reflect reduced inspired volume caused by weakness,
fatigue, or reduced motivation.
Mild interstitial pulmonary edema triggered by exercise
could also have caused parallel reductions in FEV1 and FVC.
Mild interstitial pulmonary edema triggered by marathon running exercise occurs in a majority of subjects1,20; however,
severe pulmonary edema triggered by exercise is rare.32 For
pulmonary edema to occur, the exercise should be exhaustive
and at near-maximum effort.33 As mentioned previously,
nearly 20% of the subjects walked, and most subjects were
slow finishers. It is unlikely that the present study subjects
were of sufficient fitness to stress the pulmonary system to
the extent that moderate-to-severe pulmonary edema would
occur. Thus, pulmonary edema was unlikely.
Cold temperature can trigger a postexercise reduction in
FEV1. Reductions in FEV1 due to cold air are from the
reduced water content of the air, rather than the low
temperature.34 The inhaled water content from the ambient conditions of the race was 15% lower than in an
indoor exercise laboratory. (The race conditions were
47°F (8°C) and ⬃88% humidity, thus the inhaled water
content would be ⬃6.2 g of water per kg of air [7.4
g/m3], which is 15% lower than in an exercise laboratory, at 68°F (20°C) and 50% humidity [7.3 g/kg or 8.7
g/m3] [https://www.lenntech.com/calculators/humidity/
relative-humidity.htm] Accessed June 12, 2018). There-
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fore, the ambient weather conditions on race day could
have triggered EIB.
Poor effort or poor technique in performing spirometric
maneuvers is also possible for the postexercise reduction
in FEV1. A submaximum inhalation, early termination,
and/or variable effort can decrease FEV1 and FVC.19 Other
studies had mean reductions in FEV15 and FVC5,7 as with
this study. In this investigation, the highest spirometric
value of 3 postexercise trials was recorded and supported
in all cases by another blow within 150 mL, and, although,
weak effort cannot be discounted, the researchers did encourage the subjects to do their best during spirometry testing.
Upper airways obstruction was unlikely because the FEV1to-peak expiratory flow ratio, which is an indicator of that,35
was not increased between pre- and post-race.
Exercise-induced respiratory muscle fatigue is also a
possibility for the reduction in FEV1. Respiratory muscle
fatigue can be indirectly determined by a reduction in
maximum voluntary ventilation or maximum inspiratory
pressures, which have been shown to occur in studies by
using prolonged running exercise.4,5,8,14,15 Loke et al15
observed a 10% decrease in maximum voluntary ventilation and a 14% decrease in maximum inspiratory pressure measured ⬃40 min after completing a marathon
(P ⬍ .05). FVC decreased by 140 mL. However, it was
not statistically significant due to the small sample size
(n ⫽ 4). Ross et al8 observed a 15% decrease in maximum inspiratory pressure (P ⬍ .01) and a 270-mL
decrease in FVC (P ⫽ .06) immediately after completing a treadmill marathon.
Thus, inspiratory muscle fatigue could prevent the subjects from achieving full lung inflation post-race, which
results in a lower FVC. This study did not measure maximum voluntary ventilation or inspiratory or expiratory
pressures, which limited our findings. Furthermore, the
pulmonary system may not have been overtaxed enough to
cause respiratory muscle fatigue because most of the subjects were truly slow finishers, with 20% of the subjects
walking the course. Lower airway narrowing seems more
likely in this case because, in the studies that demonstrated
respiratory muscle fatigue from marathon running through
reductions in maximum voluntary ventilation and peak
inspiratory pressures, the running pace was 25% faster
compared with the present study.8,15
With regard to the second research question of predictive factors for the decrease in FEV1 by ⱖ10% postexercise, only age was a significant predictor. For every 1-y
increase in age, there was a 7% less likelihood of having
a ⱖ10% decrease in FEV1 postexercise. Why was age a
predictive factor for the decline in FEV1 triggered by exercise? One reason could be that the younger individuals
gave a greater effort that was not reflected in the finish
time. Another reason is that younger individuals may have
airways that are more inclined to bronchoconstrict from
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exercise. It could also be that individuals with airway hyperreactivity are more likely to give up running as they
age. Neither finish time nor event distance predicted a
decrease in FEV1 by ⱖ10% postexercise. The subjects in
this study with faster finish times would have a higher
likelihood of altering airway osmolality, which triggered EIB.
Indeed, expired ventilation rates (mL/kg/min) have been
shown to be ⬃20% higher in runners who ran the marathon
in 3 h compared with those runners who completed the marathon in 4 h.36 However, it is possible that the event distance
and finish time were omitted from the model due to the lack
of faster runners in both distances. The study subjects were
also too homogenous with respect to finish time.
In terms of the third research question, the presence or
absence of at least a 10% reduction in FEV1 did not predict
the finish time, only the distance run, age, body mass
index, and sex affected the finish time. When examining
only half-marathon finish times, body mass index and sex
were the best predictors of finish time; the presence or
absence of a postexercise decrease in FEV1 of ⱖ10% was
not. That the presence or absence of a postexercise decrease in FEV1 of ⱖ10% was not related to the finish time
could be related to a lack of cardiovascular fitness or a
lack of maximum effort given by some subjects. This is a
known limitation of this study, a natural experiment. Thus,
overall, the stress on the pulmonary system could be questionable in this specific cohort of subjects. Also, the subjects were relatively homogenous in terms of finish times.
There were no fast subjects. For finish times to be a significant predictor of postexercise decrease in FEV1 of
ⱖ10%, a heterogenous sample of faster and slower subjects is required. In addition, musculoskeletal soreness
(which was not recorded) could also limit the finish time
and cause a lack of association between alterations in lung
function and the race time.
There were 215 individuals who did not complete the
post-test spirometry (group 2). Possible reasons for not
completing the post-test include (1) the subjects were not
interested in completing the study, (2) the subjects were
not able to find the kiosk, or (3) the subjects were distracted by family and friends, and forgot to show up for
post-race testing. Alternatively, runners with acute bronchospasm may have failed to finish or may have opted out
of post-race testing; conversely, symptomatic runners may
have been motivated to get a post-race spirometry. However, the pre-testing analyses demonstrated that the percent of predicted for FEV1, FVC, and FEV1:FVC in these
215 subjects (group 2) was similar to the 79 subjects who
performed spirometry post-race (group 1).
Conclusions
This study examined spirometric lung function in 79 recreational runners and/or walkers before and after a half-
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marathon or a full marathon. This study demonstrated that
prolonged endurance exercise similarly reduced spirometric lung function by ⬃20% in a subgroup of men and
women. Age was the only predictor of a postexercise decrease in FEV1, and the postexercise decrease in FEV1 did
not affect half-marathon or marathon finish times. The
decrease in FEV1 by at least 10% postexercise in 30% of
the subjects is mostly representative of EIB or respiratory
muscle fatigue, although the former seems more likely.
Future studies are needed to examine half-marathon and
marathon performances by using faster runners in dry,
freezing temperatures, and in hotter, more humid environments.
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