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ABSTRACT

GOTSHALL, R. W., T. D. MICKLEBOROUGH, and L. CORDAIN. Dijetary salt restriction improves pulmonary function in
exercise-induced asthma. Med. Sci. Sports Exerc., Vol. 32, No. 11, pp. 1815-1819, 2000. Purpose: Exercise-induced asthma (EIA)
occurs in approximately 90% of persons with asthma. The mechanism has not been delineated. Epidemiological studies have suggested
that dietary salt may play a role in airway responsiveness. Therefore, the purpose of this study was to determine the influence of both
elevated and restricted salt diets on pulmonary function in subjects with EIA. Methods: Eight subjects with EIA and eight subjects
without EIA (control) participated in a double-blind crossover study. Pulmonary function was determined pre- and post-exercise
challenge before and after 2 wk on a normal salt, sodium chloride, diet (NSD), a low salt diet (LSD), and a high salt diet (HSD). A
1-wk washout occurred between diets. Results: Diet had no effect on preexercise pulmonary function values in either group and had
no effect on postexercise pulmonary function values in control subjects. However, LSD improved and HSD worsened postexercise
pulmonary function values in EIA subjects. Forced expiratory volume in 1 s (FEV,) decreased by at least 10% in EIA subjects with
exercise. In EIA subjects, FEV, decreased by 14 * 6% on LSD, 20 = 7% on NSD, and 24 * 6% on HSD at 15 min postexercise.
Similar patterns were observed for forced vital capacity and peak expiratory flow rates. Although LSD did not normalize pulmonary
function in EIA, it did improve it. Conclusions: These data suggest that individuals with EIA might benefit from lower salt diets. Key
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xercise-induced asthma (EIA) occurs in 80-90% of

all persons with asthma, 35-40% of those with al-

lergic rhinitis, and 12-15% of the general population
(2,15,16,22). Additionally EIA has been reported to be as
high as 19.3% of Australian school children (13,14). A
study of the 1984 Olympic games indicated that approxi-
mately 11% of U.S. Olympic athletes suffered from EIA
(22,34). EIA, or exercise-induced bronchoconstriction
(EIB), refers to the postexercise decrement in pulmonary
function characterized by airway narrowing and increased
airway resistance. This is typically diagnosed by a standard
exercise protocol of approximately 80% of age-predicted
heart rate maximum for 10 min with pulmonary function
measured 5 min postexercise (33). A greater than 10%
reduction in forced expiratory volume at 1 s (FEV,) com-
pared with preexercise values supports the diagnosis of EIA
(33).
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Dietary sodium has been linked to the prevalence and
severity of asthma in several epidemiological studies (4-
6,27). In general, the higher the salt intake within a popu-
lation, the greater prevalence of asthma and the greater the
severity of the asthma (4-6,27). Additionally, most
(7,8,31), but not all (3,10,21), interventional studies have
indicated that increased salt worsens bronchiolar smooth
muscle reactivity. Therefore, there is a rationale to hypoth-
esize that alteration in dietary sodium intake will influence
pulmonary function in those with EIA. Thus, the experi-
mental hypothesis tested in the current study was that di-
etary salt restriction would improve, and dietary salt en-
hancement would worsen, pulmonary function in subjects
with EIA, but have no effect on pulmonary function in
subjects without EIA.

METHODS

Subjects. Eight subjects with clinically diagnosed EIA
volunteered for this study. Eight subjects with no history,
signs, or symptoms of EIA also volunteered for the study.
Subjects were recruited from the Colorado State University
student population and were recreationally active. All EIA



TABLE 1. Subject characteristics.

Height 220,,60c
Group Gender (M, F) Age (yr) Weight (kg) (cm) (mL-min“-f(g“)NSD
Control 44 28+17 66 +3 170 + 3 43628
EiA 1,7 2310 60 + 4 166 = 2 41+58

Values are means + SEM.

subjects had a history of postexercise shortness of breath
and intermittent wheezing, relieved by bronchodilator ther-
apy, but were otherwise free of atopic asthma as diagnosed
by their physician. All EIA subjects had been using physi-
cian-prescribed medication for EIA before participation in
the study for a minimum of 1 yr and a maximum of 10 yr.
All EIA subjects demonstrated the presence of EIA during
screening as indicated by a reduction in postexercise FEV,
of greater than 10% (33). Each subject completed a health
questionnaire and gave written informed consent to partic-
ipate before enrollment in the study, which was approved by
the Colorado State University Institution Review Board.
Table 1 indicates that the two groups, EIA and control were
well-matched according to age, physical characteristics and
fitness level. Table 2 shows that subjects were using tradi-
tional short-acting or “rescue” medications and none were
on maintenance medications.

Study design. The study was conducted as a random-
ized double-blind crossover trial over 5 consecutive weeks.
A 1-wk washout period followed each treatment period. All
subjects entered the study on their normal salt diet (NSD),
after which they were randomly assigned to either the high
salt diet (HSD) or low salt diet (LSD) for 2 wk. Thereupon,
they followed a 1-wk washout on their NSD, followed by
the alternative diet for the remaining 2 wk. All subjects were
required to consume a base diet of 1500 mg-d ! of sodium
(~2250 mg-d™" of chloride), whether on the LSD or HSD,
which was provided by means of a menu plan. The base diet
was supplemented during the HSD with ten 1-g salt capsules
per day (4000 mg-d~" of sodium, ~6,000 mg-d™! of chlo-
ride). For the LSD, the base diet was supplemented in the
same manner with placebo (sucrose) capsules. The contents
of the capsules were unknown to the subjects and investi-
gators. To monitor dietary compliance, 24-h urine collec-
tions for the determination of 24-h sodium excretion were
made at the beginning of the study while on the NSD and at
the end of each dietary period.

Protocol and measurements. Each subject was in-
structed to avoid any strenuous physical activity 24 h before
the exercise test and to refrain from using therapeutic drugs
before the exercise test. Initially, and at the end of each
treatment period, the subjects underwent a standardized

TABLE 2. Subject medications for EIA.
Subject

Medication

Terbutaline (Bricanyl)
Albuterol (Ventolin)
Albuterol (Ventolin)
Terbutaline (Bricanyl)
Albuterol (Ventolin)
Albuterol (Ventolin)
Terbutaline (Bricanyl)
Albuterol (Ventolin)
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exercise challenge routinely used for the diagnosis of EIA
(33). The exercise test protocol lasted approximately 10 min
and required the subject to run on a treadmill (Quinton
Instrument Company, Model Q635, Seattle, WA) at 85-90%
of age-predicted maximum heart rate (PMHR) for at least 5
min of the exercise (33) using a standard graded protocol of
incremental increasing workloads. The exercise protocol
was tailored to each subject to achieve heart rate criteria.
Heart rate was determined from the ECG and monitored
continuously (Quinton 4500 Stress Test Monitor). Environ-
mental conditions were 23°C and 50% relative humidity. At
the end of the 5 min of steady-state exercise, the treadmill
was elevated by 1% per minute until volitional fatigue to
achieve a measure of peak exercise capacity. During the
exercise, metabolic analyses of expired gases were accom-
plished by indirect open circuit calorimetry (SensorMedics
2900 Metabolic Cart, SensorMedics Corp., Yorba Linda,
CA).

Pulmonary function was determined preexercise and at 1,
5, 10, and 15 min postexercise. Pulmonary function tests
were performed using the SensorMedics’ V,,,, 22 comput-
erized spirometry. Subjects were required to perform three
acceptable spirograms (forced vital capacity) according to
the American Thoracic Society Standardization of Spirom-
etry (1).

Urine samples were analyzed for sodium and potassium
concentrations using ion-specific electrodes (Beckman As-
tra Analyzer, Beckman Instruments, Inc., LaBrea, CA). Uri-
nary creatinine concentration was determined by a modified
Jaffe rate reaction, using the same instrument, to verify
complete collection of the 24-h urine samples.

Statistical analysis. Data were analyzed using the
NCSS 2000 statistical software (NCSS, Kaysville, UT). The
data were analyzed for cross-over effects and none were
detected. A two-factor repeated-measures ANOV A was per-
formed on the data with both treatment and time as “within-
subject” effects. Where a significant F-ratio was found (P <
0.05), Fisher’s protected least-significant-difference post

TABLE 3. Twenty-four—h urinary excretion of sodium, potassium, and creatinine
(mg-d").

Group LSD NSD HSD
Control
Sodium 1580 + 1732 3478 = 425° 10547 + 1,868°
Potassium 2561 = 417 2405 + 435 2213 + 252
Creatinine 1174 + 253 1485 + 219 1821 + 204
EIA
Sodium 1335 + 2272 2414 = 416° 6750 + 1159¢
Potassium 1802 + 325 2362 + 652 2973 = 1410
Creatinine 1305 = 136 1353 + 102 1311+ 99

Values are means = SEM.

Letters @9 designate significance (P<0.05). For sodium, values with the same
letter are not statistically different, differing letters show significance among
values. There are no significant differences among potassium or creatinine values.
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TABLE 4. Baseline pulmonary function.

TABLE 6. Pulmonary function postexercise in EIA subjects.

FVC (L) FEV, (L) FEV./FVC (%)  PEFR (L-/s7") FVC (L) FEV, (L) FEV,/FVC (%)  PEFR (L/s)
Control NSD
NSD 470 = 0.26 3.92 +0.23 83 = 761081 1 min 372+£037*% 299 +030*%® 8t =+3? 5.39 + 0.78*#¢
LSD 4.63 =0.30 387024 84 +3 8.37 £ 0.80 5 min 3.71 £ 036" 276 + 0.29*¢ 7439 494 +081*°
HSD 4.62 + 0.26 371 =027 832 88 +0.70 10 min 372 £037*¢ 276 +0.29*¢ 74 3% 490=081*
EIA 15 min 3.63 +0.38*¢ 265+ 0.33* 72+3*% 468 +083*”
NSD 4.09 = 0.30 333+0.18 822 6.14 = 0.63 LSD
LSD 413 +0.31 337021 82+2 6.10 = 0.66 1 min 386 £ 0.35*% 314 x027* 82+ 3° 5.62 + 0.72*4
HSD 3.92 £0.36 3.18+025 82+3 589 =074 5 min 3.86 £0.38*% 3.03+0.29*2 80 x 3 5.49 + 0.74*2
: - » ) 10 min 392 +0.38*2 299 +0.28*2 76 + 37 5.26 = 0.78*¢
Values are means + SEM. FVC, forced vital capacity; FEV,, forced expiratory volume in X a a va va
15; PEFR, peak expiratory flow rate; NSD, normal salt diet; LSD, low salt diet. HSD, high pop 880387 290 =031 [EEE AR
sait diet. There are no significant differences for any variable among diets or groups. 1 min 351+ 039 2,85 + 0,29+ 82+ 30 5.99 + 0,77+
5 min 338 +042*% 257 £0.32*° 77+ 42 4.79 * 0.80*°
) o . 10min 331 +043*2 25t £031*  77+3% 452+ (.83
hoc test was applied to identify differences in group means 15min - 319 041*% 242 £ 033* 76+ 4% 440+ 084*°

(P < 0.05). Data are expressed as mean = SEM.

RESULTS

Subject’s diets were compliant, demonstrating sodium
restriction on the LSD and sodium enhancement on HSD as
indicated by the 24-h urinary excretions of sodium (Table
3). Neither potassium nor creatinine excretions were altered
by the diets (Table 3).

Preexercise pulmonary function is shown in Table 4. Both
control and EIA subjects had similar preexercise pulmonary
function values. Preexercise, pulmonary function values
were not altered by the diets in either group.

Postexercise pulmonary function values are presented in
Tables 5 and 6. For control subjects (Table 5), there was no
effect of either the exercise or the diets upon pulmonary
function values postexercise. These results differed from
EIA subjects (Table 6). EIA subjects experienced significant
reductions in FVC, FEV,, and PEFR postexercise on all
diets at all postexercise times. FEV,/FVC was reduced
postexercise on occasion on all diets. Diet altered the pos-
texercise change in pulmonary function in EIA subjects. For
FVC, FEV,, and PEFR, the postexercise values were high-
est on the L.SD, less on the NSD, and less still on HSD. Diet
did not alter FEV,/FVC.

Figures 1 and 2 demonstrate the differential effect of
dietary salt in control (Fig. 1) and EIA (Fig. 2) subjects on
the percent change in FEV, pre- to post-exercise. Control
subjects (Fig. 1) demonstrated no difference in the percent

TABLE 5. Pulmonary function post exercise in control subjects.

FVC (L) FEV, (L)  FEV,FVC (%) PEFR (L/s™")
NSD
Tmin 455+028  3.86%022 85+3 793+ 078
5min 464028 390 =021 85+ 8.01 = 0.7
10min  465+028  3.89 =023 84 = 8.14+078
15mn  471+030 39502 84+ 7.79 £ 0.74
LSD
Tmin 456+030  3.90+025 87 +3 8.41 + 0.71
Smin  462+033 394027 86+ 3 8.50 + 0.71
10min  460+033 397 %028 85+ 3 8.46 + 0.72
15mn  473+033 399+ 028 85+3 8.59 + 0.74
HSD
Tmin 454+028 380025 84+3 8.58 = 0.68
5mn 452029 378+025 84+3 8.38 + 0.74
10min  458+029 370+ 029 81+4 8.55 + 0.76
15min  456+030 368+ 029 81+4 844079

Values are means = SEM. There were no significant differences in control subjects for
postexercise values by time or diet.

DIETARY SODIUM AND ASTHMA

Values are means = SEM.

* P < 0.05 compared with respective pre-exercise value.

Letters®< refer to comparisons by diet for the postexercise time period within
specific variable; different letters designate significant difference.

change in FEV, pre- to post-exercise on any diet. EIA
subjects (Fig. 2) had a significant percent change in FEV,
pre- to post-exercise with all three diets. There was a sig-
nificant gradation of response from LSD to NSD to HSD.
However, the minimum 10% reduction in FEV,; was ob-
served during all diets.

DISCUSSION

This study has shown for the first time that 2 wk of
altering dietary intake of salt ( sodium chloride) can alter the
pulmonary function of those with EIA. Lowering dietary
salt intake improved postexercise pulmonary function, and
increasing dietary salt intake worsened postexercise pulmo-
nary function in EIA subjects. Restricting salt intake did not,
however, normalize postexercise pulmonary function.
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Figure 1—The percent change in FEV, from pre- to post-exercise in
subjects without asthma (control) across the three diets.
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Figure 2—The percent change in FEV, from pre- to post-exercise in
subjects with exercise-induced asthma (EIA) across the three diets.

Dietary goals were achieved as sodium excretions fell
significantly while on the LSD and rose significantly while
on the LSD. These changes in sodium excretion occurred
without a change in potassium excretion or glomerular fil-
tration rate (creatinine excretion). Thus, a graded dose of
dietary sodium was accomplished in this study from approx-
imately 13001500 mg-d~' (~2166-2250 mg:d~' chlo-
ride) to 6,000-10,000 mg+d ™" (~10,000-16,667 mg-d ™" of
chloride).

Several investigators have demonstrated the possible in-
fluence of dietary salt on the severity of asthma
(4-8,27,31). However, this report is the first study demon-
strating the potential influence of dietary salt on the symp-
toms of EIA after exercise. The mechanism of EIA itself has
not been determined (33), and (12,24) the mechanism by
which dietary salt may influence EIA is unknown. However,
studies involving subjects with asthma have attempted to
uncover a possible mechanism by which dietary salt might
alter the severity of asthma. For example, sodium transport
across smooth muscle cells has been implicated in the reg-
ulation of airway smooth muscle tone (32). Additionally,
studies involving dietary salt and bronchial reactivity have
suggested that elevated dietary salt may increase bronchial
reactivity (7,8,31). However, not all studies have demon-
strated this potential relationship between dietary salt and
bronchial reactivity (3,10,21).

There are several possibilities to explain the effect of
dietary salt on the severity of EIA. Recently, Tribe et al. (32)
evaluated dietary salt intake and airway responsiveness to
methacholine in subjects with asthma. Their results sug-
gested that a serum-borne factor found in subjects with
asthma caused an increase in cell membrane permeability,
thereby stimulating sodium influx into cells. Dietary salt
would further increase this influx. Possibly, the increased
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transcellular flux of sodium alters intracellular calcium con-
centrations, thus, increasing smooth muscle contractility, as
well as enhancing release of inflammatory mediators
(9,11,28). Dietary salt may alter the release of histamine by
altering intracellular calcium, via inhibition of the sodium-
calcium exchanger, resulting in histamine release (29). It is
also conceivable that elevated dietary salt may mediate the
release of eicosanoids from cells in the airways, such as
mast cells, eosinophils, granulocytes, basophils, macro-
phages, and epithelial cells (25,36). However, the role of
dietary salt in influencing these potential mediators of the
inflammatory response in humans with EIA remains to be
established.

In addition to these possible effects of dietary salt, the
influence of dietary salt on circulating blood volume and,
consequently, on hemodynamics and pulmonary function
cannot be ruled out as another possibility. Finally, because
EIA may be a vascular phenomenon and the result of mu-
cosal edema (23), dietary salt could act via alterations in the
formation of mucosal edema.

Although the focus of most investigations has been on
sodium, salt contains both sodium and chloride. It may be
that the anion, chloride, plays a significant role in the
influence of salt on asthma and EIA. In hypertension re-
search, there have been several reports that implicate the
chloride ion as the major contributor to elevated blood
pressures during salt loading (17-20,30,35,37). For exam-
ple, Kurtz et al. (18) substituted sodium citrate for sodium
chloride in diets of five hypertensive men. Sodium chloride
elevated blood pressure whereas sodium citrate did not.
Shore et al. (30) performed a similar study in six hyperten-
sive men but substituted sodium phosphate for sodium chlo-
ride. Blood pressures increased on sodium chloride but not
on sodium phosphate. Medici et al. (26) did examine the
potential role of chloride in asthma. They placed 14 subjects
with asthma on high sodium chloride diets or high sodium
citrate diets. Salt loading regardless of type worsened symp-
toms of asthma and increased the use of inhaled steroids.
They suggested that sodium is the mediator of the effect of
salt on subjects with asthma. Whether sodium or chloride is
the main contributor to the alterations in EIA observed
within the current study is not known.

In conclusion, elevating dietary salt intake worsened and
lowering dietary salt intake improved postexercise pulmo-
nary function in subjects with EIA. Restricting dietary salt
intake did not normalize pulmonary function in these sub-
jects. It is likely that dietary salt is not a cause of EIA but
is a modifier of underlying mechanisms and enhances the
effects of exercise on pulmonary function in those with EIA.
Whether sodium or chloride is most important in this effect
is not known.

This research was support by a grant from the United States
Olympic Committee, Sport Science and Technology and United
States Swimming.

Address for correspondence: Robert W. Gotshall, Ph.D., Profes-
sor, Colorado State University, Health and Exercise Science, 214
Moby Complex, Fort Collins, CO 80523-1582; E-mail: gotshall@
cahs.colostate.edu.

http://www.acsm-msse.org



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES

- AMERICAN THORACIC SoCIETY. Standardization of spirometry: 1987

update. Am. Rev. Respir. Dis. 136:1285-1298, 1987.

. ANDERSON, S. D. Exercise-induced asthma: the state of the art.

Chest 87:1915-1958S, 1985.

. Brirron, J., I PAvorb, K. RICHARDs, et al. Dietary sodium intake

and the risk of airway hyperreactivity in a random adult popula-
tion. Thorax 49:875-880, 1994.

- Burney, P. A diet rich in sodium may potentiate asthma: epide-

miologic evidence for a new hypothesis. Chest 91:143—148, 1987.

. BURNEY, P. G. The causes of asthma-does salt potentiate bronchial

activity? J. R. Soc. Med. 80:364-367, 1987.

- BurnEy, P. G. The origins of obstructive airways disease: a role for

diet? Am. J. Respir. Crit. Care Med. 151:1292-1293, 1995.

. Burney, P. G,, J. BritTON, S. CHINN, et al. Response to inhaled

histamine and 24 hour sodium excretion. Br. Med. J. 292:1483—
1486, 1986.

- Burney, P. G, J. E. NELp, C. H. Tworr, et al. Effect of changing

dietary sodium on the airway response to histamine. Thorax 44:
36-41, 1989.

. CaBapo, A. G., M. R. VEYTES, and L. M. Borana. Inhibition of

Na*/K* ATPase under hypertonic conditions in rat mast cells.
Life Sci. 63:1227-1237, 1998.

Devereux, G., J. R. Beach, C. BroMLy, et al. Effect of dietary
sodium on airways responsiveness and its importance in the epi-
demiology of asthma: an evaluation in three areas of northern
England. Thorax 50:941-947, 1995.

Franzius, D., M. Hotx, and R. Penner. Non-specific effects of
calcium entry antagonists in mast cells. Pflugers Arch. 428:433—
438, 1994.

Freep, A. N,, and M. S. Davis. Hyperventilation with dry air
increases airway surface fluid osmolality in canine peripheral
airways. Am. J. Respir. Crit. Care Med. 159:1101-1107, 1999.
Hagy, M. M., S. D. ANDERSON, J. K. Peat, C. M. MeLLIs, B. G.
ToeLLE, and A. J. WooLcock. An exercise challenge protocol for
epidemiological studies of asthma in children: comparison with
histamine challenges. Eur. Respir. J. 7:431-49, 1994.

Hapy, M. M., J. K. PeaT, C. M. MELLIS, S. D. ANDERSON, and A. J.
WooLcock. An exercise challenge for epidemiological studies of
childhood asthma: validity and repeatability. Eur. Respir. J.
8:729-736, 1995.

Jones, R. S., M. H. Buston, and M. J. WrarTON. The effect of
exercise on ventilatory function in the child with asthma. Dis.
Chest 56:78, 1962.

Kawabory, 1., W. E. Pisrson, L. L. CoNQuEsT, and C. W. BIERMAN.
Incidence of exercise-induced asthma in children. J. Allerg. Clin.
Immun. 58:447-455, 1976.

Korcen, T. A, R. G. Lukg, C. E. Ortr, J. H. GaLLa, and S. WH-
TESCARVER. Effect of chloride on renin and blood pressure responses
to sodium chloride. Ann. Intern. Med. 98:817-822, 1983.

Kurtz, T. W., H. A. AL BaNDER, and R. C. Morrrs, Jr. “Salt-
sensitive” essential hypertension in men: is the sodium ion alone
important? N. Engl. J. Med. 317:1043-1048, 1987.

Kurrz, T. W., and R. C. Mornis, Jr. Dietary chloride as a deter-
minant of “sodium-dependent” hypertension. Science 222:1139—
1141, 1983.

DIETARY SODIUM AND ASTHMA

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34,

35.

36.

37.

Kurtz, T. W., and R. C. Morris, Jr. Dietary chloride and bicar-
bonate as determinants of desoxycorticosterone hypertension.
J. Hypertens. 2:5371-S373, 1984.

LieBERMAN, D., and D. HEmEer. Effect of dietary sodium on the
severity of bronchial asthma [see comments]. Thorax 47:360-362,
1992.

MaHLER, D. A. Exercise-induced asthma. Med. Sci. Sports Exerc.
25:554-561, 1993.

McFabpen, E. R. Hypothesis: exercise-induced asthma as a vas-
cular phenomenon. Lancer 335:880-~883, 1980.

McFappen, E. R, J. A. NELsoN, M. E. Skowronskl, and K. A.
Lenner. Thermally induced asthma and airway drying. Am. J.
Respir. Crit. Care Med. 160:221-226, 1999.

McGrrr, J. C., and J. R. VANE. Prostaglandins and the regulation
of blood pressure. Kidney Int. Suppl. $262-8270, 1975.

Mepici, T. C., A. Z. Scumip, M. Hacki, and W. VETTER. Are
asthmatics salt-sensitive? A preliminary controlled study. Chest
104:1138-1143, 1993.

Mepict, T. C., and W. VETTER. Bronchial asthma and kitchen salt.
Schweiz. Med. Wochenschr. 121:501-508, 1991.

MEYER, G., S. DoppIERIO, P. VALLIN, and L. Darronchio. Effect of
frusemide on CL™ channel in rat peritoneal mast cells. Eur.
Respir. J. 9:2461-2467, 1996.

Pragrorius, H. A., U. G. Frus, J. PraeTORIUS, and T. JOHANSEN.
Evidence for a sodium-calcium exchange mechanism in rat peri-
toneal mast cells. Pflugers Arch. 437:86-93, 1998.

SHORE, A. C., N. D. MaRrkaNDU, and G. A. MACGREGOR. A ran-
domized crossover study to compare the blood pressure response
to sodium loading with and without chloride in patients with
essential hypertension [published erratum appears in J. Hypertens.
1988 Nov;6(11):i]. J. Hypertens. 6:613-617, 1988.

Searrow, D., G. T. O’CoNNOR, B. Rosner, and S. T. Warss.
Methacholine airway responsiveness and 24-hour urine excretion
of sodium and potassium: The Normative Aging Study. Am. Rev.
Respir. Dis. 144:722-725, 1991.

TriBE, R. M., J. R. BarTON, L. PostoN, and P. G. BURNEY. Dietary
sodium intake, airway responsiveness, and cellular sodium trans-
port. Am. J. Respir. Crit. Care Med. 149:1426-1433, 1994,
Virant, F. S. Exercise-induced bronchospasm: epidemiology,
pathophysiology, and therapy. Med. Sci. Sports Exerc. 24:851—
855, 1992.

Voy, R. O. The U. S. Olympic Committee experience with exer-
cise-induced bronchospasm, 1984. Med. Sci. Sports Exerc. 18:
328-330, 1986.

WEINBERGER, M. H. Sodium chloride and blood pressure. N. Engl.
J. Med. 317:1084-1086, 1987.

WHITESCARVER, S., C. E. OtT, B. A. Jackson, G. P. GUTHREE, and
T. A. Korcren. Salt-sensitive hypertension: contribution of the
chloride ion. Science 223:1430-1432, 1984,

Wyss, J. M., M. LIUMSIRICHAROEN, W. SRIPAIROJTHIKOON, D.
Brown, R. Gist, and S. OparIL. Exacerbation of hypertension by
high chloride, moderate sodium diet in the salt-sensitive sponta-
neously hypertensive rat. Hypertension 9:171-175, 1987.

Medicine & Science in Sports & Exercises 1819



