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Sweat tests to diagnose cystic fibrosis in adults

MARGARET E HODSON, IRENE BELDON, RUTH POWER, FRANCIS R DUNCAN,
MAY BAMBER, J C BATTEN

Abstract

Twenty five patients with cystic fibrosis and 25 controls
were studied to define a sweat sodium concentration in
adults that could be taken as diagnostic of cystic fibrosis.
Some of the controls had a sweat sodium concentration
of over 50 mmol(mEq)/l, and thus cystic fibrosis should
be diagnosed in an adult only when two measurements
of sweat sodium concentration are above 70 mmol/l. In
cases in which the sweat sodium concentration was
borderline a suppression test using fludrocortisone
improved the accuracy of diagnosis; this test entails
recording the lowest concentration reached after
administration of the drug. A scatter diagram of the
baseline sweat sodium concentrations plotted against
the lowest concentration attained after suppression with
fludrocortisone may aid the diagnosis further.

Introduction

The sweat test is accepted as an essential diagnostic test for
cystic fibrosis in childhood. Normal adults have a higher sweat
sodium concentration than normal children, and the test may
therefore be less reliable in adults.! Di Sant'Agnese and Davis
stated, however, that the criteria for diagnosing cystic fibrosis
were similar in adults and children-namely, the presence of
raised sweat chloride and sodium (>50-60 mmol(mEq)/l)
concentrations and either chronic pulmonary disease or
pancreatic sufficiency.2 Shwachman et al commented that "one
can interpret the sweat test in adults with the same degree of
reliability as in children."3 Modifications of the sweat test
using aldosterone or fludrocortisone have been advocated.4
Most of these reports, however, concern children rather than
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adults. The aim of the present study was to define a sweat
sodium concentration in adults that could be taken as diagnostic
of cystic fibrosis and to study the effect of fludrocortisone on
sweat sodium concentrations in normal adults and adults with
cystic fibrosis.

Subjects and methods

Sweat tests were performed on 25 patients with cystic fibrosis
(10 male, 15 female; age range 15-36). The controls consisted of 25
fit adults (13 men, 12 women; age range 19-40). Sweat tests were
performed using pilocarpine iontophoresisG and the sodium con-
centration measured by flame photometry. All sweat tests were
performed by a laboratory scientific officer or a nursing sister
experienced in the technique. In each case over 100 mg sweat was
collected. Great care was taken that the filter paper was not con-
taminated by the investigator's sweat, and while sweat was being
collected the filter paper was completely occluded by an airtight
dressing to prevent loss of water by evaporation. All tests were
performed in duplicate. Only duplicate readings that did not vary
by more than 8 mmol/l were accepted.

Sweat tests were performed on day 1. On days 2 and 3 all 50
subjects received 5 mg fludrocortisone, and on days 4 and 5 the
sweat tests were repeated. Fig 1 shows the results of the sweat tests
over the five days in two controls and two patients with cystic fibrosis.
The baseline value on day 1 and the lowest concentration reached
on either day 4 or day 5 were recorded; the percentage suppression
was calculated from these values. Statistical analysis was by
discriminant analysis.7

Results

The mean ( j -2 SD) baseline sweat sodiuimn concentration was
43 20 (Jt35-3) mmol/l in the controls and t'o`),4 ( -318) mmol/l in
the patients with cystic fibrosis (p <0001). 'it-ree of the 25 controls
had concentrations of over 60 mmol/l (fig 2'. lThe mean percentage
suppression of sweat sodium concentration a.ter administration of
fludrocortisone was 26 32 ( { 29 9)% in the controls and 8-68 ( t69)%
in the patients (0-01 >p > 0-001) (fig 3). The mean o'L t4e lowest
sweat sodium concentrations attained after suppressioti -with
fludrocortisone was 31-56 (-t27-5) mmol/l in the cor-,zrols and
95-6 ( i31 3) mmol/l in the patients (p < 0-001) (fig 4). (No dup i.cate
readings varied by more than 8 mmol/l.)

Statistical analysis of the overlap between the distribution-s
indicated that if a baseline sweat sodium concentration of above
60 mmol/l was regarded as being diagnostic of cystic fibrosis 17-11%
of controls and 0-34() of patients would be misclassified; and if
70 mmol/l was used 6-430o of controls and 1-88% of patients would
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be misclassified. The best cut off point from these data would be
73-12 mmol/l, which would misclassify 3-75% of each group.
The percentage suppression of the sweat sodium concentrations

was significantly less in the patients than the controls (fig 3). The
overlap between the two populations, however, was considerable,
so that this index is not useful in diagnosing cystic fibrosis.

After administration of fludrocortisone sweat sodium concentrations
fell to below 70 mmol/l in all the controls (fig 4) but none of the
patients. Statistical analysis showed that if concentrations remaining
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FIG 1-Response of sweat sodium concentrations after 5 mg
fludrocortisone in two patients with cystic fibrosis (0) and two
controls ( * ).

Conversion: SI to traditional units-Sodium: I mmol/l-
1 mEq/l.
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FIG 3-Percentage suppression of sweat sodium concentrations
after administration of 5 mg fludrocortisone in controls and
patients with cystic fibrosis.
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FIG 2-Sweat sodium concentrations in controls and adults with
cystic fibrosis. Solid horizontal lines indicate means; broken
horizontal lines indicate 2 SD for controls.

Conversion: SI to traditional units-Sodium: I mmol/l=
1 mEq/1.
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FIG 4-Suppression of sweat sodium concentrations after
administration of 5 mg fludrocortisone in controls and patients
with cystic fibrosis. Solid horizontal lines indicate means; broken
horizontal lines indicate 2 SD for controls.

Conversion: SI to traditional units-Sodium: 1 mmol/1l
1 mEq/l.

above 63-58 mmol/l after suppression were taken as being diagnostic
of cystic fibrosis then 1-490/ of controls and 1 49% of patients would
be misclassified. A scatter diagram showing discriminant function
was prepared (fig 5) from baseline sweat sodium concentrations and
the lowest concentrations attained after suppression. By using both
these variables only 1-460° of subjects in each group would be
misclassified.
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FIG 5-Baseline sweat sodium concentrations plotted against
lowest concentration of sweat sodium recorded after suppression
with fludrocortisone. The best discriminatory line between the
two groups is shown.

Conversion: SI to traditional units-Sodium: 1 mmol/1=
1 mEq/l.

Discussion

The baseline sweat sodium concentration remains a good
discriminating test for cystic fibrosis in adults, but as con-
centrations of 50 and 60 mmol/l may be found in normal adults
values below 70 mmol/l should not be taken as diagnostic of the
disease. The percentage suppression of sweat sodium con-
centration after administration of fludrocortisone cannot be
used as an accurate diagnostic test, but the lowest concentration
reached after suppression distinguishes fairly accurately between
normal subjects and adults with cystic fibrosis. In cases of
doubt when a diagnosis of cystic fibrosis in an adult must be
confirmed or refuted we suggest that both the baseline sweat
sodium concentration and the lowest concentration to which

the sweat sodium will be suppressed are estimated by a
technician familiar with the technique. Fig 5 might usefully
be used as a scatter diagram on which to plot individual results.
Patients who fall below the best discriminatory line shown on
fig 5 may be regarded as normal, while cystic fibrosis may be
diagnosed with reasonable confidence in patients who fall
above the line.

It is important that a diagnosis of cystic fibrosis is correct;
false negative results may result in a patient not being given
optimal treatment, and false positive results may cause un-
necessary distress to both the patient and the family. Diagnosis
of cystic fibrosis has genetic implications for the whole family
as well as for the quality of life and life expectancy of the patient.

We are indebted to Miss M Rehahn for statistical analysis of these
results and to Miss S Hockley for secretarial help.
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ONE HUNDRED YEARS AGO We have received descriptive
drawings and specifications of these tents, invented by Major Doecker
of the Danish army, which are strongly recommended by the inventor
for military use, in preference to the ordinary canvas marquees and
tents employed by troops in the field, and to the wooden huts of
standing camps. They are alleged to possess superior advantages from
a sanitary point of view, and to be more economical in cost. The felt
is fixed to suitably formed timber frames, and these are connected
by hinged joints in such a way that the whole tent can be quickly
erected at any given locality, and as rapidly displaced for removal.
The tents are rectangular in form, and each has a case, which serves
for keeping it together during transport, and for a table and cupboard
for the reception of articles when the tent is in use. The chief sanitary
advantages attributed to the felt tents, are the equable temperature
maintained in them under varying conditions of the external
atmosphere, their dryness, and the disinfecting qualities ofthe material.
The felt being a bad conductor of heat, the interior of the tent is
relatively cool under the rays of a powerful sun, and relatively warm
at night, or in cold seasons. The material is impermeable to wet, so
that the ground within is preserved in a dry state during rain. Ventila-
tion is easily provided for, and regulated according to circumstances.
Another stated advantage is that no vermin are found to harbour in
these tents. The Doecker tents have been under trial for some years
past, by the military and medical authorities in Copenhagen, and
the results are said to have been so satisfactory under all circumstances,
that the Danish Government has now definitely settled to adopt it
throughout Denmark for army purposes. A hospital for the reception
of cases of contagious disease, made of these felt huts, has also been

recently constructed for the town of Copenhagen. For such a purpose
as this, the felt huts, judging from the description, would appear to
be particularly well fitted. Each hut can be dismounted in about ten
minutes, and the material then admits of being thoroughly aerated,
or, if necessary, washed with any disinfecting solution. As soon as
they are dry they can be remounted for use in the same, or any other,
suitable locality. They have thus obvious advantages over wooden
huts, which are not only very permeable, from the nature of the
material of which they are composed, but are also so fixed together
that it is a matter of difficulty to take them to pieces, without, at the
same time, destroying their fitness for further use. The question of
substituting felt tents for the canvas tents in use in the British service,
as of making any other important changes in the established articles
of army equipment, is necessarily a serious one, as it entails, not
merely considerations with regard to the articles themselves, but often
affects various collateral subjects; as, for example, in the present case,
the means of transport. Moreover, however well the felt tents may
meet the wants of the Danish army, it by no means follows that they
would answer the purposes of an army liable to be placed under
such very different conditions of service as the widely distributed
army of this country is. Three of the felt huts, one of them being
designed for hospital purposes, are now being exhibited at Paris,
from which place the description of them has been sent to us; and
thus an opportunity is afforded, to those who may be interested in
the subject, of making a thorough examination of them. Particulars in
detail regarding them can be procured from the agents, Messieurs
Hans Puggard, at 51, Rue Jean-Jacques-Rousseau, Paris. (British
Medical Journal 1883 ;i :326.)
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