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Summary I 

Cystic fibrosis (CF) is characterized by high sweat sodium and 
chloride concentrations. CF patients have long been assumed to 
be at risk for heat illness, but there has been no quantitative 
documentation that CF patients actually have a greater loss of 
sodium and chloride than normals when under environmental 
stress. We compared thermoregulatory responses of eight CF 
patients with five normal controls during 90-min exposures to 
exercise and heat stress. Both groups reached similar peak rectal 
temperatures and peak heart rates; they had similar sweat volumes 
and rates. CF patients showed the normal rise in renin and 
aldosterone and the normal fall in urine sodium excretion; however, 
CF patients lost significantly more sodium (48.8 + 23.4 mEq/liter/ 
m2 versus 20.2 + 11.2 mEq/liter/m2) and chloride (46.6 + 21.6 
mEq/liter/m2 versus 18.5 f 11.3 mEq/liter/m2) per unit of surface 
area than the controls. Serum sodium and chloride concentrations 
fell in the CF patients but not in the normals. After exercise/heat 
stress, CF serum chloride was significantly less than normals' (99 
f 3 mEq/liter versus 104 f 1 mEq/liter, P < 0.01). 

CF patients have normal temperature, heart rate, hormonal, 
and renal responses to exercise and heat stress, yet still lose 
significantly more sodium and chloride than normal. These losses 
are reflected in part in lower serum concentrations of these ions. 
There may be important effects of these losses on respiratory 
tract secretions. 

Abbreviations 

CF, cystic fibrosis 
NS, not significant 

Cystic fibrosis (CF) is characterized by high sweat sodium and 
chloride concentrations (17), and CF patients are assumed to be 
at risk for sustaining excessive loss of these ions with exercise or 
exposure to high environmental temperatures. The sweat abnor- 
mality was discovered in 1953 when di Sant' Agnese et al. (5) 
followed up on the observation that a disproportionate number of 
children hospitalized during a heat wave with heat illness had 
cystic fibrosis (5). ~urthermore, CF patients may have decreased 
serum electrolvte concentrations as the first recognizable manifes- 
tation of theirhisease (2, 11). Several investigat&s have discussed 
possible sequences of events which occur with salt depletion in 
CF (6, 12). But experimental documentation that CF patients 
actually lose large amounts of salt in their sweat and are thus 
really at risk for developing heat illness has not been published. 
We measured thermoregulatory and hormonal responses of CF 
patients with mild lung disease but typical sweat abnormality 
during 90-min exposures to exercise in the heat and compared 
them to normal persons. Our findings provide the experimental 
data to support the observation of CF patients' susceptibility to 
heat illness. 

METHODS AND SUBJECTS 

Eight CF patients, four male and four female, age 12-31 years 
volunteered for study. Five normal volunteers, two male and three 
female, age 16-35 years, with no history, signs, or symptoms of 
lung disease, served as controls. Informed consent was obtained. 
CF was diagnosed by a positive sweat test (sweat chloride concen- 
tration greater than 60 mEq/liter) and either typical pulmonary 
or digestive symptoms or a family history of the disease (17). 

Progressive exercise tests were performed on an electronically 
braked Siemens-Elema cycle ergometer in our computerized lab- 
oratory (I), following Godfrey's protocol (7): subjects began with 
1 min of unloaded pedaling, and had work increments of 20 watts 
added each successive minute until they could no longer pedal. 
Peak oxygen consumption (VOn) and peak heart rate were re- 
corded. The combined exercise and heat stress portion of the study 
was carried out on another day in an environmental chamber at 
an ambient temperature of 37-38°C dry bulb, and 24-29°C wet 
bulb. After a 10-min accomodation period in the chamber, subjects 
pedaled on cycle ergometers for 70 min at 50% of their peak VOz, 
and then recovered for another 10 min. Rectal temperatures (by 
Yellow Springs Instruments temperature probe) and ECG were 
monitored. Subjects had continuous free access to water. Sweat 
was collected by total body washdown (14) for determination of 
sweat electrolyte losses. Body weight was measured before and 
after the exercise/heat stress; respiratory water loss was estimated 
(13); and sweat volume calculated. Before and after the heat stress, 
urine and serum osmolality and sodium and potassium concentra- 
tions and serum renin activity and chloride and aldosterone 
concentrations were determined by standard methods. Student's 
t test was used to compare group results, and the paired t test was 
used to evaluate changes before and after the exercise/heat stress. 

RESULTS 

Patient characteristics are presented in Table 1. Seven of the 
eight CF patients and four of the five control subjects completed 
the exercise and heat stress tests. We interrupted the exercise in 
one 15-year-old male CF subject and one 16-year-old male control 
subject when they complained of dizziness and nausea and their 
rectal temperatures reached 39.1 "C and 39.2OC, respectively, with 
heart rates of 184 bpm and 194 bpm, after 40 and 45 min of 
pedaling. Both were able to complete 90 rnin in the heat without 
further difficulty once they stopped pedaling. 

Peak VOz (38.1 f 15.3 ml/kg/min; mean k S.D.) for the CF 
patients was not significantly different from controls (36.4 f 10.1 
ml/kg/min). There were also no significant differences with re- 
spect to baseline urine electrolytes or serum electrolytes, renin, or 
aldosterone. 

Responses to exercise and heat stress are summarized in Table 
2 and Figures 1-3. Both groups reached similar peak rectal 
temperatures and peak heart rates. Both groups drank similar 
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amounts of water. Both had similar sweat volumes; however, the 
CF patients had significantly higher concentrations of sodium and 
chloride in their sweat. They lost significantly more sodium and 
chloride per unit of surface area than did the controls. Serum 

Table 1. Patient characteristics. Values given are group means and 
(S. D.) All dflerences statistically nonsignificant (P > 0.05). 

Cystic fibrosis Control 
(n = 8) (n = 5) 

Age ( ~ r )  20 25 
(6) (9) 

Height (cm) 164.6 162.8 

(9.5) (10.5) 
Peak VO2 (ml/kg/min) 38.1 36.4 

(15.3) (10.1) 

chloride concentrations fell significantly ( P  < 0.05), serum sodium 
concentrations fell (NS), and potassium concentrations rose (NS) 
for the CF patients after the heat and exercise exposure (Table 3, 
Fig. 1). CF serum osmolality also decreased significantly (P < 
0.02). The control subjects' serum sodium and chloride concentra- 
tions and osmolality remained unchanged, whereas their serum 
potassium concentration rose (NS). The difference between the 
CF and control serum chloride concentrations after the heat/ 
exercise stress was significant ( P  < 0.01). Both CF and control 
subjects responded to heat and exercise stress with significantly 
decreased urinary sodium ( P  < 0.05) and slightly increased urinary 
potassium concentration (Table 3, Fig. 2). The two CF patients 
whose urinary potassium fell were those who drank free water in 
excess of their weight loss. Both groups of subjects increased both 
their plasma renin activity and serum aldosterone concentration 
with heat and exercise stress (Fig. 3). All of these changes except 
the control renin were statistically significant. 

Table 2. Cysticfibrosis (CF) and control group responses to DISCUSSION 
exercise and heat stress. Values given are group means and (S. D.). In this study we found eight CF patients with mild lung disease 

CF Control to have normal exercise and heat tolerance. Their heart rates and 
(n = 8) (n = 5) 

Peak T, 38.3 
(O°C) (0.4) 

Peat heart rate 161 
(bpm) (16) 

H20 consumed 746 
(ml) (360) 

Sweat volume 958 
(ml) (366) 

Sweat rate 7.36 
(ml/m2/min) (2.13) 

Sweat Na' conc. 76' 
(mEq/liter) (23) 

Sweat C1- conc. 73' 
(mEq/liter) (20) 

Sweat K+ conc. 6.4 
(mEq/liter) (3.6) 

Sweat Na+ lost 48.81' 

(mEq/m2) (23.44) 
Sweat C1- lost 46.61' 

(mEq/m2) (21.58) 
Sweat K+ lost 3.78 

(mEq/m2) (2.43) 

' CF significantly different from control ( P  < 0.05). 
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Fig. 2. Urine electrolyte concentrations in CF and control groups 
before and after exercise and heat stress. Symbols the same as Figure 1. 
Both groups had significantly decreased urine sodium concentration after 
exercise and heat (P  < 0.05). 
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Fig. 1. Serum electrolyte concentrations in CF (circles) and control groups (triangles), before (solid symbols) and after (open symbols) exercise and 
heat stress. The CF serum chloride after stress is significantly different from CF before (by paired t test, P < 0.05), and from control serum chloride after 
stress (P  < 0.01). 
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Fig. 3. Plasma renin activity and serum aldosterone in CF and control 
.groups before and after exercise and heat stress. Symbols the same as 
Figure 1. Both CF (P < 0.01) and control (P < 0.05) groups increased 
aldosterone concentrations significantly, and CF increased renin signifi- 
cantly (P < 0.05). 

rectal temperatures were the same as their non-CF peers in this 
90-min bout of heat exposure, which included 70 min of exercise 
at 50% peak VOz. The CF patients achieved normal thermal and 
cardiac responses in part by having normal sweat volumes. Both 
the control and CF sweat rates and volumes were comparable to 
published results for untrained, unacclimatized normal subjects 
(3, 18). Renin and aldosterone increases in response to the salt 
and fluid loss were similar in the two groups, and also comparable 
to published normal responses (4, 15). Although our urines were 
spot samples after free access to water, the results indicate that 
both groups had normal renal salt conservation, with lower urine 
sodium concentrations after exercise in the heat (4, 8, 15). The 
small rise in serum potassium in both groups is also normal (3). 

CF sweat contained significantly more sodium and chloride 
than that of the controls, and CF patients lost significantly more 
of both ions per m2 of body surface area than the controls did. 
These losses led to significantly lower serum chloride concentra- 
tions and serum osmolality and slightly lower serum sodium 
concentrations for the CF patients after the exercise and heat 
exposure. 

This study has provided the experimental data to explain the 
observations of the apparent increased susceptibility to heat illness 
in CF. Although our relatively healthy CF patients had normal 
thermal, renal, and cardiac responses to a single session of exercise 
in the heat, they did experience significant salt losses. It remains 
to be determined how CF patients respond to repeated exposures 
to exercise in the heat. 

In addition to the potential for systemic heat illness which these 
salt losses represent, there may also be important implications 
related to CF lung disease. Knowles and colleagues (9) have 
reported significant differences between bioelectric potentials 
across respiratory epithelia of CF and non-CF subjects, apparently 
related to the CF epithelium's actively pumping sodium out of the 
lumen. The active loss of sodium, and the passive loss of water, 
from respiratory secretions would seem to explain the low water 
content of CF  sputum (17), and help explain its apparently 
abnormal viscosity. If low total body sodium and the attendant 
high aldosterone increases the respiratory scavenging for sodium, 

Table 3. Changes with exercise and heat stress. All values 
expressed as mean and (S. D.) CF, cystic fibrosis 

Serum 
Na+ 
conc. 

Serum 
c1- 

conc. 

Serum 
K+ 

conc. 

3.8 

(.3) 
4.1 
(.4) 
3.7 

(.3) 
4.0 
(.3) 

Urine 
Na+ 
conc. 

171' 
(63) 
120' 
(88) 
1 883 

(76) 
1333 
(79) 

Urine 
K+ 

conc. 

' CF after is a significant decrease from CF before (paired t analysis). 
CF after significantly different from control after. 
Control after significantly different from control before (paired t 

analysis). 

as is the case in isolated baboon and human (both CF  and non- 
CF) respiratory epithelia (10, 16), then exercise in the heat may 
put CF patients at risk for further dehydration of respiratory 
secretions and increased pulmonary embarrassment. 
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