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ERIN M PRINGLE, RICHARD W LATIN, KRIS BERG.

School of HPER, University of Nebraska at Omaha, Omaha, NE 68182, USA


ABSTRACT

Pringle EM, Latin RW, Berg K. The Relationship Between 10 Km Running Performance And Pulmonary Function.
JEPonline 2005;8(5):22-28.  The purpose of this study was to investigate the relationship between selected measures of respiratory function and capacity and performance in a 10 Km race.  Thirty-five subjects completed a local 10 Km road race.  Subjects were measured for the following variables: inspiratory capacity (IC), forced vital capacity (FVC), functional residual capacity (FRC), total lung capacity (TLC), maximal voluntary ventilation in 12 sec) (MVV), maximum inspiratory pressure (MIP), maximum expiratory pressure (MEP), and forced expiratory volume in 1 sec (FEV 1.0).  Results showed a significant (p<0.05) negative relationship between run time and FVC (r=-0.39), MVV (r=-0.52), and IC (r=-0.35).  Using stepwise multiple regression analysis it was found that MVV explained 27.0% of the variance in 10 Km run time, FVC explained 15.2% and IC explained 12.3%. Results of this study suggested that selected measures of lung capacities were related to performance in a 10 Km race.
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INTRODUCTION

Pulmonary function, and its relationship to athletic performance, has been a controversial topic among exercise researchers.  While some have claimed that respiratory muscle fatigue did not influence submaximal exercise performance (1,2,3), others have found that respiratory training actually enhanced exercise tolerance (4).   It has been shown that running improved pulmonary muscle strength in recreational runners (5).  It has also been reported that respiratory muscle fatigue limited performance in high intensity activities such as sprinting (1).  

Measures of respiratory muscle strength and endurance have been studied on athletes and non-athletes for several years.  It has been found that people who engaged in regular exercise had greater ventilatory endurance (6), as well as higher lung volumes and inspiratory and expiratory flow rates than the general population (7).  It has even been suggested that standard equations for predicting pulmonary function were inappropriate for athletes (7).

While numerous respiratory assessments have been performed on endurance athletes, and pulmonary adaptations to exercise have been defined, the question remains as to what degree these pulmonary parameters are related to exercise performance.  Furthermore, can the assessment of pulmonary function values in endurance athletes help to predict performance in an endurance event, such as a 10 Km race?

In longer running events, such as a marathon, pulmonary function has also been studied, but not in terms of performance in a race (8, 9).  In a study of 11 male marathon runners, researchers found no significant differences between the runners’ actual lung function scores and their age predicted scores in force vital capacity (FVC), forced expiratory volume in one second (FEV 1.0), total lung capacity (TLC), and functional residual capacity (FRC) values (8).  Another study of 101 male runners found that running did not improve inspiratory muscular strength or FVC values (10).

There is limited research examining pulmonary function as a predictor of running performance.  In one study, it was found that respiratory function was related to performance in a 26.2-mile marathon run.  A significant relationship was found between race finish and residual volume (RV), FRC, TLC, RV/TLC ratio and FEV 1.0 (10).  In another study, pulmonary measurements were obtained on subjects before, during, and after a 17 Km race; however, these values were not analyzed in terms of individual performance in the race (3).

Therefore, the purpose of this study was to determine if selected measures of lung function and capacity correlate with performance in a 10 Km road race.  In addition, pulmonary function tests were studied as predictors of distance running performance. 
METHODS

Subjects

Members of the local running community, who voluntarily entered and completed a local 10 Km run, were invited to participate in the study.  Subjects were 23 men and 12 women ages 23 to 71 years, who were free from pulmonary disease and illness and were nonsmokers.  

Procedures

Thirty-five men and women, who successfully completed the 10 Km race, reported to the exercise physiology laboratory at the University of Nebraska for pulmonary function testing.  Testing was completed within two to 14 days of the race.  Approval for this study was obtained from the University of Nebraska Institutional Review Board (IRB), and all subjects signed an IRB approved informed consent prior to participation.

Subjects were asked to refrain from exercise for eight hours prior to testing since FVC values have been shown to decrease immediately following endurance exercise (9).  Subjects also completed a medical form stating they did not have an illness or disease precluding them from participation in pulmonary function testing.

Information on the current training habits of each subject was obtained through an exercise history form.  Participants answered questions about the frequency and intensity of their workouts, their best 10 Km performances, and their performances on the day of the run.   

A pulmonary profile was obtained on each subject, which included measures of expiratory reserve volume (ERV), FRC, inspiratory capacity (IC), tidal volume (TV), FVC, TLC, maximal voluntary ventilation in 12 s (MVV), maximal inspiratory pressure (MIP), maximal expiratory pressure (MEP), and FEV 1.0.  Demographic data and race finish time were also reported on each subject, and all testing was completed during a single laboratory visit.

Spirometric measurements were obtained from a Stead-Wells 10-L spirometer (11).  Subjects were seated and wearing nose clips during data collection.  All procedures were explained to the subjects, and subjects received verbal encouragement throughout the testing.  The best value of two trials was recorded for each subject.  Calibration of the spirometer and all testing protocols was performed as outlined in the instruction manual for the Collins standard modular pulmonary function testing system (11).

To obtain forced vital capacity (FVC) values, the subject was connected to the mouthpiece of the spirometer and instructed to breathe normally.  When the subject was comfortable with the testing apparatus, a minimum of three recorded tidal breaths established a baseline for the FVC maneuver.  When a baseline had been established, the subject was instructed to inspire maximally to TLC.  When TLC was reached, the subject expired maximally to RV.

To obtain MVV 12 s values, the subject breathed normally into the mouthpiece.  After two or three breaths, the subject performed maximal inspirations and expirations for 12 seconds.  The test was repeated after several minutes of rest, and verbal encouragement was provided throughout testing.  

To determine maximal expiratory pressure (MEP) and maximal inspiratory pressure (MIP), an inspiratory force manometer (Boehringer model # 4101) was used.  Subjects were instructed to inhale as deeply as possible and continue drawing in air until they had inhaled to maximum lung capacity.  Subjects then exhaled as forcefully as possible while a reading was measured in cmH20.  The best score of three trials was recorded.

To perform a maximal inspiratory pressure (MIP) maneuver, subjects exhaled as deeply as possible.  The subjects then inhaled as forcefully as possible into the manometer and a reading was taken.  

Statistical Analyses

Descriptive statistics were calculated for subjects on selected variables.  To determine if pulmonary function tests serve as predictors of performance in a 10 Km race, stepwise multiple regression analysis was performed on the pulmonary data based on the finishing time of each subject.  Lung volumes and capacities were corrected by (divided by) subject height.   Pearson correlation coefficients were analyzed to determine the relationship between 10 Km run performance and selected measures of lung function and capacity.  MINITAB software was used for data analysis.  Statistics were tested at the p<0.05 level of significance, and data are reported as mean(standard deviation.     

RESULTS

Subject characteristics are reported in Table 1.The mean age of the female subjects was 32.3 yrs and the mean age of the male subjects was 40.0 yrs.  Height averaged 178.8 cm for men and 169.0 cm for women.

Table 2 describes the performance histories on all subjects.  Average weekly mileage was 27.1 miles per week for females and 25.2 miles for males. Number of training days per week was 4.6 in the female subjects and 4.5 in the male subjects.  Mean 10 Km run times were reported as 43.4 minutes for men and 47.8 minutes for women.

Table 2.  Performance History of Subjects

	Variable   
	Males (n=23)
	Range
	Females (n=12)
	Range

	10 Km run time, min
	45.7±6.1 
	34.0-54.5
	51.8±13.6
	35.7-70.5

	Best 10 Km run time, min
	43.4±6.3
	34.1-52.5
	47.8±7.2
	37.5-70.0

	Training mileage, mi/wk
	25.2±13.3
	3.0-50.0
	27.1±16.1
	3.0-70.0

	Training frequency, days/wk
	4.5±1.5
	2.0-7.0
	4.6±1.1
	2.0-6.0


Results of spirometry testing can be found in Tables 3 and 4.  It was noted that for FVC, FRC, TLC, MVV, and MIP, all subjects had values higher than predicted norms for their age, height, and gender.  Values for MEP were 56.4% of predicted for men and 58.0% for women.


For FRC, the male subjects were at 127.3% of their predicted values, whereas the female subjects were at 102.5% of predicted values.  The women performed at 123.4% of predicted values for FVC, while the men performed at 113.4% of predicted values.

The largest difference between actual and predicted scores (26.0 L/min) was noted in MVV values for women.  The actual scores (138.5 L/min) were 123.1% of predicted scores (112.5 L/min).  For the men, actual MVV scores (175.1 L/min) were 104.4% of predicted scores (167.8 L/min) for a difference of 7.3 L/min. 

It was noted that MEP values for men and women were below age predicted norms.  Actual mean scores for men were 111.5 cmH20 and predicted values were 197.8 cmH20 with a difference of -86.3 cmH20.  Actual mean scores for women were 88.3 cmH20 and predicted values were 152.2 cmH20 with a difference of -63.9 cmH20. Table 5 consists of the Pearson correlation coefficients of all independent variables with 10 Km run time.  All variables used in correlation analysis were corrected by height.  Ten Km run times were significantly correlated (p<0.05) in the total subject pool (N=35) with the following variables:  FVC (r=-0.39), MVV (r=-0.52), and IC (r=-0.35).

Regression equations and associated statistics are found in Table 6.  Using the total subject pool (N=35), it was found that MVV explained 27.0% (r = -0.52), forced vital capacity explained 15.2% (r=-0.39), and inspiratory capacity explained 12.3% of the variance in run time (r=-0.35).  No other variables were significant in explaining variation in 10 Km performance.  The regression equations developed for predicting run time, and their associated standard error of estimates (SEE), are as follows:

Y' = 63.6 – 18.4 (MVV, L/min/Ht, cm), SEE=5.4 min.

Y' = 61.0 – 510.0 (FVC, L/Ht, cm), SEE=5.8 min.

Y' = 55.8 – 517.0 (IC, L/Ht, cm), SEE=5.9 min.

Where:  Y' = 10 Km run time, min

DISCUSSION

Measures of respiratory muscle strength and endurance, as well as selected lung volumes and capacities, were examined for correlation with performance in a 10 Km road race.  Only one other study was found in which running performance was correlated with pulmonary function measures (8).  In that study, 11 marathon runners were measured for FVC, FEV 1.0, TLC, FRC, RV, and RV/TLC ratio following a 26.2-mile marathon race.  A significant negative relationship was found between marathon race finish and measures of FRC, RV, and RV/TLC ratio, suggesting higher lung volumes were negatively related to running times (8).

In the present study, significant negative relationships were found in 10 Km race times and values for FVC, MVV, and IC, which suggested that higher lung volumes are negatively correlated with faster run times. Comparisons between the two studies are complicated by the fact that the marathon is a substantially longer race than the 10 Km. Furthermore; the present study used recreational runners, whereas Kaufmann et al. (8) used elite distance runners.       

Research on pulmonary function and endurance event performance has yielded conflicting results.  For example, Boutellier et al. (4) reported respiratory training in normal subjects increased their breathing endurance by almost 300%.  It was further reported that pulmonary function improvements occurred in well-trained athletes after targeted respiratory training, and that these changes caused a 50% increase in cycle endurance time (4).  In contrast, another study performed on well-trained athletes found that respiratory muscle training did not affect performance on a graded exercise challenge test (12).

It was hypothesized that there would be a significant negative relationship between 10 Km run time and measures of MVV, MEP, MIP, and FEV 1.0. There was a significant negative relationship between FVC (r=-0.39), MVV (r=-0.52), and IC (r=-0.35).  Of particular interest is the relationship between MVV and 10 Km run time (r=-0.52), which has not been reported in other research.  It suggested that in these subjects, higher MVV values were associated with faster run times.  Since targeted respiratory training has been shown to improve MVV values by as much as 13.6% in recreational runners (5) and by 11.5 L/min in trained subjects (4), the implication is that athletes may potentially improve their 10 Km run times by training their respiratory muscles.  This finding may be of interest to competitive athletes and coaches.

Additional research is needed to determine if respiratory training improves running times.  The current study has shown that higher MVV values are associated with faster times in a 6.2-mile run.  Would the same results be found in a 5 Km run, or a half marathon?  Furthermore, which respiratory training programs would best improve MVV values?

Forced vital capacity values were 113.4% of predicted norms in men and 123.4% of predicted norms in women.  These findings are consistent with a study performed on 101 male runners in which subjects were significantly (p<0.05) higher than predicted values for FVC, with the runners scoring at 104.5% to 113.8% of predicted scores from five different prediction equations (10).

MEP values in the current study were found to be below age predicted norms for all subjects.  Actual values for the men were 111.48 cmH20, which is 56.4% of the predicted value of 197.78 cmH20.  In the women, actual values (88.33 cmH20) were 58.0% of predicted values (152.2 cmH20).  These findings suggest that in these subjects, running may be associated with decreases in maximal expiratory pressures.  Question: If running causes up to 40% decrease in MEP, why is it not related to their performance?  Why is the correlation coefficient in the current study negative if a decrease of MEP is caused by a reduction in airway resistance due to endurance training?

Cordain et al. (10) noted similar low values in their subjects for MEP.  Actual MEP values for the runners (202.0 cmH20) were lower than predicted norms (236.0 cmH20).  Researchers suggested this was related to breathing high lung volumes at rest and during exercise over an extended period of time, which could have caused a reduction in airway resistance.  Similar adaptations may have occurred in the current subjects. 

Research has suggested that running did not improve inspiratory muscle strength in men or women as measured by MIP (5,10).    Current findings are in agreement with this in that both male and female subjects recorded actual MIP values (-124.5 cmH20 for men, -94.4 cmH20 for women) similar to predicted norms (-121.4 cmH20 for men, -87.4 cmH20 for women).

In addition, a study measuring MIP values of male distance runners before, during, and after a 17 Km race, also found that there were no significant (p>0.05) decreases in any of the MIP measures, suggesting inspiratory muscle strength was not impaired during the run (3).  This finding is important to the current study in that the endurance event used by Nava et al. (3) is only 7 Km longer than the running event used in the current study, making comparisons more relevant.

CONCLUSIONS

In conclusion, the current study was shown that there was a significant negative relationship between 10 Km run time and FVC, MVV, and IC, which indicated that the higher lung volumes are associated with faster 10 Km run times.  In addition, MVV, FVC, and IC, can be used to explain variance in or predict 10 Km run time within + 5.4 minutes, + 5.8 minutes, and + 5.9 minutes, respectively.
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Table 1.  Description of the subjects.


Variable   �
Males (n=23)�
Range�
Females (n=12)�
Range�
�
Age, yr�
40.0±12.7�
23-71�
32.3±7.1�
24-44�
�
Weight, kg�
77.9±12.4�
53.0-109.0�
62.8±7.0�
52.0-77.0�
�
Height, cm�
178.8±4.6�
173.0-188.0�
169.0±5.0�
162.0-178.0�
�






Table 3.  Comparison of Selected Observed and


Predicted Lung Volumes in Females (n=12)


Variable   �
Actual�
Pred’d�
%�
Diff�
�
FVC, L�
4.40�
3.60�
123.4�
0.8�
�
FRC, L�
3.20�
3.10�
102.5�
0.1�
�
TLC, L�
5.90�
5.60�
104.8�
0.3�
�
MVV, L/min�
138.5�
112.5�
123.1�
26.1�
�
MIP, cmH2O�
-94.4�
-87.5�
108.0�
7.0�
�
MEP, cmH2O�
88.3�
152.2�
58.0�
-63.9�
�






Table 4.  Comparison of Observed and Predicted


Lung Volumes in Males (n=23)


Variable   �
Actual�
Pred’d�
%�
Diff�
�
FVC, L�
5.3�
4.7�
113.4�
0.6�
�
FRC, L�
3.5�
2.8�
127.3�
0.8�
�
TLC, L�
7.2�
6.7�
108.1�
0.5�
�
MVV, L/min�
175.1�
167.8�
104.4�
7.3�
�
MIP, cmH2O�
-124.5�
-121.4�
102.6�
3.2�
�
MEP, cmH2O�
111.5�
197.8�
56.4�
-86.3�
�






Table 5.  Correlation Coefficients


for 10 Km Run Time and Selected


Lung Volumes and Capacities.


Variable�
Correlation�
�
FVC, L�
-0.39*�
�
FRC, L�
-0.09�
�
TLC, L�
-0.23�
�
MVV, L/min�
-0.52*�
�
FEV 1.0, L�
-0.17�
�
MIP, cmH20�
0.11�
�
MEP, cmH20�
-0.17�
�
IC, L�
-0.35*�
�
ERV, L�
-0.12�
�
TV, L�
-0.09�
�









 	        





























*p < 0.05,   All volumes and


capacities corrected for height, cm.








Table 6.  Regression Equations for the Prediction


of 10 Km Run Time (n=35)


Equation�
r�
r2 x 100�
SEE�
�
Y' = 63.6 - 18.4 (MVV)�
-0.52  �
27.0�
5.4�
�
Y' = 61.0 - 510.0 (FVC)�
-0.39�
15.2�
5.8�
�
Y' = 55.8 - 517.0 (IC)�
-0.35�
12.3�
5.9�
�
Where: Y' = 10 Km Run Time, min,


MVV=MVV L/min / Height, cm; FVC= L / Height, cm;


IC=L / Height, cm











