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Sensitivity and specificity of histamine PC,,
determination in a random selection of young
college students

Donald W. Cockcroft, MD, FRCP(C), Karen Y. Murdock, BSCN,
Barbara A. Berscheid, BA, and Brenda P. Gore
Saskatoon, Saskatchewan, Canada

Histamine provocative concentration causing a 20% drop in FEV, (PC,,) was measured in 500,
randomly selected, young (20 to 29 years) university students. Participation was 500/619. or
81%. In this population, by a research assistant-administered questionnaire, we identified {7
subjects with current asthma, 16 with asthma only on allergen exposure, 19 with past (more
than 1 vear ago) asthma. 158 with rhinitis (77 atopic and 81 nonatopic subjects), and 290
subjects with neither asthma nor rhinitis. Histamine airway hyperresponsiveness (PC,, <8
mg/ml} was observed in 58 subjects and included the 17 subjects with current asthma, 6/16
with asthma only on allergen exposure, 2/19 subjects with prevous asthma, 20/158 with
rhinitis, and 13/290 subjects with neither asthma nor rhinitis. With “current symptomatic
asthma” as the diagnosis and PC,, <8 mg/ml as the positive test, the sensitivity was 100%, the
specificity was 93%, and the negative predictive value was 100%; the positive predictive value
(for current symptoms of asthma) was only 29%. The strength of this test with a cutoff of 8
mg/ml is the high sensitivity, indicating that a PC,, >8 mg/ml is likely to indicate that current
asthma is not present. The weakness is the failure to predict current symptoms of asthma. As the
cutoff is lowered. for example, to PC,,, 1 mg/mi, the sensitivity falls to <50% and the positive
predictive value approaches 100%. These data indicate that a PC,, >8 (or 16) mg/mi rules out
current asthma in most instances, whereas a PC,, <I mg/ml is almost diagnostic of current
asthma. Values between 1 and 8 mg/ml are intermediate in these regards. (J ALLERGY CLIN

IMmuNOL 1992,89:23-30.)

Key words: Airway responsiveness, sensitivity, specificity, histamine inhalation

Airway hyperresponsiveness to nonsensitizing
stimuli, such as histamine or methacholine, is a char-
acteristic feature of subjects with current asthma.'
Mild airway hyperresponsiveness is also found in
some subjects with rhinitis* * and in a small number
of normal (no asthma and no rhinitis) subjects.** We
have developed and standardized a method for mea-
suring airway responsiveness to histamine and metha-
choline.? The current investigation describes the re-
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Abbreviations used
PC,: Provocative concentration causing i 20%
drop in FEV,
Q: Question on American Thoracic Society
Adult Questionnaire

sults of airway responsiveness to inhaled histamine
performed by this method in a random selection of
500 young university students. Special reference is
made to descriptive characteristics of responsive ver-
sus nonresponsive populations and to assessment of
sensitivity and specificity of determinations versus
current symptoms of asthma recorded by a research
assistant-administered questionnaire. The unimedal
distribution of histamine airway responsiveness® and
relationship of histamine airway responsiveness to
atopy® has previously been reported in portions
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(N = 300 and N = 400, respectively) of the same
population.

METHODS
Subjects

Five hundred university students were selected from a
computer-generated list of students enrolled at the Univer-
sity of Saskatchewan. The list contained an equal number
of male and female white students, aged 20 to 29 years. To
study 500 subjects (253 female and 247 male subjects), we
had to contact by telephone 619 subjects from the list; this
represents a participation rate of 81% of contacted individ-
uals. The investigation was approved by the President’s
Ethics Committee of the University of Saskatchewan, and
signed informed consent was obtained.

Histamine inhalation test

Airway responsiveness to inhaled histamine was assessed
as previously described.”” Aerosols were generated with a
Wright nebulizer calibrated to deliver an output of 0.13
ml/min. Aerosols were inhaled for 2-minute periods of quiet
tidal breathing. The FEV, was initially measured in tripli-
cate, isotonic, nonbuffered saline was inhaled for 2 minutes
through the open mouth with the nose clipped, and the FEV,
was repeated once at 30 and 90 seconds. After this proce-
dure, doubling concentrations of histamine from 0.03 to
8 mg/ml, dissolved in isotonic saline, were inhaled for 2
minutes at 5-minute intervals. The FEV, was repeated at
30 and 90 seconds, and, if this were necessary, 180 seconds
after each inhalation. The test was continued until the FEV,,
measured from the lowest postsaline to the lowest posthis-
tamine value, had fallen =20% or until the highest con-
centration had been administered. The PC,, was then inter-
polated by a linear interpolation formula of the last two data
points.®

Questionnaire

The American Thoracic Society Adult Questionnaire on
Respiratory Disease® was administered by one of us to each
subject. The complete questionnaire was used as well as
modifications to include increased descriptions of causes of
wheezing (under question 10), temporal relationship of
symptoms to the tests, and supplemental questions regarding
the presence, duration, and perceived cause(s) of rhinitis.
Based on this standardized questionnaire, the following def-
initions were made: Asthma was considered to be present
if there was a positive response to Q20C (asthma diagnosed
by a physician), Q10A3 (wheezing on most days or nights),
or Q11C (two or more episodes of wheezing resulting in
shortness of breath). Asthma was also considered to be
present if there was a positive response to Q10A2 (wheezing
apart from a cold) only when such wheezing occurred on
response to an allergen to which the subject had a positive
skin test. Wheezing caused by respiratory tract infections
(Q10A1) and other wheezing apart from a respiratory tract
infection (Ql0A2) were not considered diagnostic of
asthma. The population with asthma was divided into three
groups. Subjects with current asthma were subjects who
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had symptoms at least within the past week, subjects with
past asthma were subjects who had not had symptoms within
the previous year, and subjects who had symptoms within
the past year but not within the past week proved to be
subjects with seasonal allergic asthma or subjects with
asthma exclusively related to allergen exposure. Perennial
rhinitis was arbitrarily defined as rhinorrhea or nasal conges-
tion for 3 months of the year for 2 consecutive years anal-
ogous to the definition of chronic bronchitis. Rhinitis was
also considered to be present if there were acute nose and
eye symptoms on response to exposure to a relevant allergen
as confirmed by skin test. Arbitrarily, subjects with peren-
nial rhinitis were considered to have allergic rhinitis if they
had one or more positive skin tests and to have nonallergic
rhinitis if their skin test battery was negative (see below).
A search was made for other respiratory diseases.

Skin tests

Allergy prick skin tests were performed with a standard
battery of a control and seven allergens. The allergens used
were Dermatophagoides farinae, 1:100; mixed tree pollen,
1:20; mixed grass pollen, 1:20; mixed weed pollen, 1:20;
mixed grain dust, 1:10; mixed animal danders (equal pro-
portions of cat, 1:10; dog, 1:10; and horse, 1:10); and
mixed molds (equal proportions of Alternaria, 1:20; As-
pergillus mix, 1:20; and Cladosporium, 1:20), purchased
from Hollister-Stier Canada Ltd., Rexdale, Ontario. The
wheal size was recorded at 10 minutes and was scored from
+1 to +4 if the wheal size was larger than any wheal
produced by the control skin test. Subjects were considered
atopic if they had one or more single positive response to
any of the seven allergen extracts tested.

Study design

Subjects were contacted by telephone and requested to
participate in the study. Subjects who were unwilling to
participate in the study were questioned as to the reason for
their decision. A brief telephone questionnaire regarding
allergies and asthma was administered to these subjects.
The remainder of the subjects was brought into the labo-
ratory. The questionnaire and skin tests were performed.
Spirometry was measured with a Godart water spirometer
(Godart, Bilthoven, The Netherlands). The histamine in-
halation test was then done with a shortened technique start-
ing with diluent, then 1 mg/ml for subjects in whom there
was no suspicion of asthma, and with longer protocols for
subjects in whom there was suspicion of asthma. Such a
shortened protocol is routinely used in our laboratory.

Analysis

Continuous data were analyzed with the Student’s ¢ test’®
and noncontinuous data (prevalence of positive histamine
tests among subjects with or without various positive re-
sponses on the questionnaire, such as prevalence of asthma,
atopy, wheeze, etc.) with the chi-square test.!’ Sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy of the test were assessed at various
arbitrary “cut points” with the standard 2 by 2 contingency
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table in which “disease” versus “no disease” is tabulated
versus “'positive test” and “negative test.”"* The reference
disease was current symptomatic asthma as defined from
the questionnaire. The defined “nondisease” was all subjects
who neither now nor ever had had asthma, and, in a second
analysis. all subjects (regardless of past history) without
current asthma symptoms.

RESULTS

These anthropometric data of the 500 subjects are
presented in Table I. The FEV, was normal (>80%
of predicted’®) in 499 of the 500 subjects and was 79%
in the other subjects. Atopy was observed in 199 of
499 subjects (38.3%); one subject refused to have skin
tests but consented to the remainder of the investi-
gations.

Asthma was diagnosed in 52 subjects (10.4%). This
number included 17 subjects with current symptom-
atic asthma (3.4%), 16 with seasonal asthma (3.2%),
and 19 subjects with a past history of asthma (3.8%};
42 of these 52 subjects (81%) were atopic. Rhinitis
without asthma was observed in 158 subjects (77
atopic and 81 nonatopic subjects) or 31.6% of the
population. The remaining 290 subjects or 58% of the
population had, by history, neither asthma nor rhinitis.
There was no other chronic or recurrent respiratory
condition. There were 361 lifelong nonsmokers, 45
exsmokers, and 94 current smokers. The mean smok-
ing consumption of the 139 smokers was 2.44 = 1.87
pack years. Chronic phlegm production for more than
3 months of the year for 2 consecutive years (Q7E-2
years). the definition of chronic bronchitis, was pres-
ent in 26 individuals or 5.2% of the population. Thir-
teen of these subjects (50%) were smokers.

Airway hyperresponsiveness (histamine PC,, =8
mg/ml. based on previous investigations of selected
subjects®) was present in 11.6% (58/500) of the pop-
ulation. This included 100% of subjects with current
symptomatic asthma, 38% of subjects with seasonal
asthma. and 11% of subjects with past asthma (for a
total of 48% of the entire population with asthma),
14% of atopic subjects with rhinitis, 11% of nonatopic
subjects with rhinitis (13% of all subjects with rhi-
nitis), and 4.5% of subjects with neither asthma nor
rhinitis (Table II). Distribution of PC,, values is il-
lustrated in Fig. 1.

Descriptive statistics are presented in Table III; chi-
squared values are used only to rank and compare
strength of the relationships. The prevalence of airway
hyperresponsiveness was not significantly increased
in smokers or in subjects with cough, sputum, or
dyspnea or recent reported respiratory infection. Air-
way hyperresponsiveness was more common among
subjects reporting wheeze, physician-documented
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TABLE I. Anthropometric data

M F

No. 247 283
Height (cm) 1778 = 6.7 1645 & 61
FEV, (L) 4.74 = 0.59 350 ¢ 042
(% predicted) 105.7 + 11.4 106.7 = 0.4
TABLE Ill. Prevalence of airway
hyperresponsiveness
PC, =8
Disease No. mg/mi %
Asthma
Current 17 17 100
Seasonal 16 6 3K
Past 19 2 i
Total 52 25 4%
Rhinitis
Atopic 77 I 14
Nonatopic 81 G i1
Total 158 20 13
Normal subjects
No asthma or 290 13 4.5
rhinitis
Total 500 58 I1.6

asthma, asthma by our definitions, subjects with rhi-
nitis, with rhinitis but not asthma, and with atopy.
The relationships were particularly strong for asthma,
atopy, wheeze, and rhinitis (which includes many sub-
jects with asthma). The mean percent predicted FEV,
was 96.3% = 10.6% in the hyperresponsive individ-
uals and 107.6% = 10.7% (p < 0.001) in the nor-
moresponsive individuals.

Sensitivity/ specificity data are tabulated for the 17
subjects with current symptomatic asthma versus the
448 subjects who had never had a history of asthma
(Table IV). Sensitivity and negative predictive values
were both 100%, and specificity and accuracy were
both approximately 93%; however, the positive pre-
dictive value, that is, the percentage of subjects with
positive tests who claimed to have current symptoms
of asthma, was only 34%. Similar results are obtained
by observing subjects with current asthma versus the
entire remaining 483 members of the population, al-
though positive predictive value is even lower (29%).
For subjects with current asthma versus subjects with
no asthma ever (N = 448), as the histamine PC,,
“cut point” is reduced in a stepwise fashion from 8
to 1 mg/ml, the sensitivity gradually falls from 100%
to 41%, the positive predictive value rises to almost
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FIG. 1. Population distribution of PC,, values in 500 randomly selected subjects. PC,, values >8
mg/mi are divided into subjects with a 10% to 20% FEV, fali with 8 mg/ml (PC,, between 8 and
16}, subjects with a 5% to 10% FEV, fall with 8 mg/ml (PC,, extrapolated to between 16 and 32),

and subjects with <5% FEV, fall with 8 mg/ml.

90% at 2 mg/ml and 100% at 1 mg/ml (Fig. 2), the
specificity reaches 100% at | mg/ml, and the negative
predictive value falls slightly to <98%. For current
asthma versus the 483 with no current asthma, similar
results are observed. However. positive predictive
value is only about 70% at 2 mg/ml and 86% at 1
mg/ml.

DISCUSSION

These data confirm that the 8 mg/ml cut point,
arbitrarily chosen. retrospectively. from selected sub-
jects,” has a high sensitivity and negative predictive
value for current symptoms of asthma as recorded on

questionnaire. However, it is relatively insensitive to
allergen-induced asthmatic symptoms within the past
year but for more than 1 week previously. A PC,, <8
mg/ml was a poor predictor (<<30%) of current symp-
toms. Lowering the cut point, as would be expected,
reduces the sensitivity and negative predictive values
while it increases specificity and the positive predic-
tive value; the latter reached 90% at 2 and 100% at
I mg/ml in this population.

In this study, questionnaire-recorded symptoms,
asked and recorded by one of us, were used as the
“gold standard” for the diagnosis of asthma in those
subjects with normal lung functions. We recognize the
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CURRENT ASTHMA vs NO ASTHMA

(n=17) {n=-448)
100, POSITIVE
PREDICTIVE
9ol VALUE
80}
T 10}

60}
50}
40t SENSITIVITY
30-

—_ | 1 ]

8 q 2 1

HISTAMINE PC,,

FIG. 2. Sensitivity and positive predicted value on y axis for four arbitrary cut point values of
PC, (PCy = value) on x axis for current symptoms of asthma (N = 17) versus no asthma ever
(N = 448) as the reference population.
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TABLE il
PC, <8 PC, <8 x* p
mg/ml/ mg/mi/ {uncorrected for
characteristic characteristic multiple
Rank Characteristic present % absent % comparison)

1 Asthma (our definition) 25/52% 48 33/448% 7.4 76 <(.001
2 Wheeze (Q10A2) 35/106 33 23/394 5.8 60 < 0,001
3 Asthma (Q20C) 16/31 52 42/453 9.3 52 < (.00}
4 Rbhinitis (total) 40/203 20 18/297 6.1 22 <20.001
5 Atopy 38/191 20 20/308 6.5 21 < (.001
6  Rhinitis (without asthma) 20/158 13 13/290 4.5 10

7  Family history of asthma 7/30 23 51/470 11 4.2

(Q280)

8  Smoking 11/139 7.9 47/361 13 2.6

9 Male 24/245 9.7 347253 13 1.6
10 Cough (Q7E) 4/24 17 54/476 11 0.6
1t Sputum (Q8E) 3/26 12 53/474 il 0.0001
12 Dyspnea (Q13A1B) 1/2 50 57/498 11 -
13 URTI <1 wk 1/42 2.3 ——
14 URTI <4 wk 7/126 5.6 51/374 14 6

URTI, Upper respiratory tract injection.
*With asthma, PC,, < 8/total number (e.g.. 25 of 52 with asthma had PC,, =< 8).
+tWithout asthma. PC,, =< 8/total number (e.g., 33 of 448 without asthma had PC,, =< 8).

weakness of this, since symptoms (and even “doctor-
diagnosed asthma”) are neither sensitive nor specific
for asthma. However, in the absence of any physio-
logic abnormality, the (questionnaire-recorded) symp-

toms are the only available means to arrive at a di-
agnosis for the purposes of addressing PC,, sensitivity.
The test, of course, cannot be used to validate itself.
The definition, although it is expanded slightly. was
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TABLE IV
PC, <8 PC, >8
mg/ml mg/ml Total
Current asthma 17 0 17
No asthma 33 415 448
Total 50 415 465

Sensitivity: 100 times 17/17. 100%; specificity: 100 times
415/448, 92.6%; positive predictive value: 100 times 17/50,
34%; and negative predictive value: 100 times 415/415, 100%.

clearly defined before the tests. The additional ques-
tions appear to have improved sensitivity versus
“doctor-diagnosed asthma” (Tabie III). The added
questions plus the meticulous questionnaire comple-
tion by research assistants likely make these subjects’
clinical characteristics, particularly the temporal re-
lationship between last symptoms and the test, better
defined than in many population studies.

This study was done, as in our original methods
description,” with unbuffered isotonic saline as the
diluent. Since pH affects the response,’* we now use
phosphate-buffered saline and adjust the pH of solu-
tions to 7.4."° The unbuffered PC,, of 8 mg/ml cor-
responds, approximately, with a buffered PC,, of 10
to 12 mg/ml."* For this reason, and because of the
continuous distribution of PC,, with its reproducibility
= * 0.5 doubling concentration, we recognize a
“grey area” of borderline hyperresponsiveness be-
tween 8 and 16 mg/ml.'" Thus a PC, >8 to 16
mg/ml virtually rules out current (i.e., within days)
symptomatic asthma, whereas a PC,, <1 to 2 mg/ml
is usually associated with asthma symptoms. PC,, val-
ues between these values are in the range of mild
airway hyperresponsiveness and are intermediate in
these regards.

The population in this study was selected both be-
cause of its availability and in an attempt to minimize
confounding problems associated with age and smok-
ing. Histamine airway hyperresponsiveness is ob-
served in subjects with (usually smoking-induced)
chronic airflow limitation; a number of features sug-
gest that different mechanisms may be involved. In-
creased prevalence of airway hyperresponsiveness
with age and cigarette-smoking history likely relate
to increased prevalence of resting airflow obstruction.
These confounding factors were successfully avoided
in this population; sensitivity, in particular, might be
expected to be reduced in an older population. The
possibility of a selection bias toward more healthy
individuals cannot be excluded; subjects with severe
asthma may well not attend university or may move
away from our cold climate.

In a random population, the high prevalence of sub-
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jects with mild airway hyperresponsiveness not re-
porting symptoms on a questionnaire has been ob-
served in other studies.'” "* There may be several ex-
planations. One possibility is that these individuals do
not encounter a strong enough stimulus in their day-
to-day activities to provoke bronchoconstriction. This
is particularly likely for sedentary individuals who do
little exercise. However, like subjects with symptom-
atic asthma,'* both children® and adults* with asymp-
tomatic mild airway hyperresponsiveness do appear
to have variable airflow obstruction, as assessed by
diarnal peak flow variability. Therefore, alternative
explanations would include both the failure to perceive
airflow obstruction and the failure to recognize airflow
obstruction as abnormal. Subjects with =20% FEV,
fall after histamine often spontaneously volunteered
that airflow obstruction was associated with symptoms
similar to sensations that occurred during (after) ex-
ercise but that these sensations had not been recog-
nized as “abnormal.” This was not examined, pro-
spectively, in a standardized way; however, this is one
way in which future population studies could be im-
proved.

To our knowledge, there are no other published
sensitivity/specificity data of histamine or methacho-
line responsiveness in a randomly selected healthy
population. Previous examinations of sensitivity and
spectificity of airway responsiveness (including an at-
tempt to apply this from our data on selected
subjects®®) have used selected populations in which
the proportion of subjects with current asthma: normal
subjects was overrepresented, being 1:2% or 1:1*
versus our study with a population with current
asthma/without asthma ratio of 1:26 (Table IV).
When the test is defined arbitrarily and retrospectively
to have near 100% sensitivity, the specificity in these
selected populations ranged from 60% to 80%.% %
These values, especially positive and negative pre-
dictive values, are dependent on the denominators in
each group (i.e., the prevalence of disease and of
nondisease). As the number of normal subjects or
subjects without asthma are increased (to represent
the proportion observed in a random population), the
specificity will improve to >90% as presented here;
however, the 4.5% positive tests in subjects denying
symptoms (“false positives”) cause this larger popu-
lation to yield much lower positive predictive values.

Unfortunately, such data cannot be readily com-
pletely extrapolated to a clinical setting. The use of
histamine or methacholine responsiveness as a diag-
nostic test is usually limited to subjects with respi-
ratory symptoms, often atypical or nondiagnostic. In
such a selected population, expected to have a higher
prevalence of asthma, the positive predictive value
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should be higher. These data may be used with some
certainty to state that a PC,, above a certain value
{e.g.. >16 mg/ml) is inconsistent with current symp-
toms being caused by asthma (as it is currently de-
fined). However, a positive test in subjects with symp-
toms must be interpreted with caution. This is because
there is not, in subjects with normal spirometry, an
independent “test” for asthma that can be used as a
validation. Although the positive predictive value in
subjects with symptoms should be much better than
in subjects without symptoms, in the absence of a
confirmatory test, the coexistence of symptoms and
airway hyperresponsiveness does not prove cause and
effect. Response to specific treatment may be useful,™
but, when the response is evaluated by symptoms, it
is likely only slightly less subjective than the symp-
toms themselves. Variable airflow obstruction can be
confirmed by peak flow monitoring,'*' but this pro-
cedure is probably only an alternate way to measure
airway responsiveness and not truly “independent.”
Despite these weaknesses, it is useful to assume at
least the possibility of cause and effect, when non-
diagnostic symptoms and airway hyperresponsiveness
coexist, and to use this finding as an objective basis
for a trial of therapy.™

The prevalence of airway hyperresponsiveness and
descriptive relationships presented in Table III are
similar to other random populations of adults."”-* This
relationship of airway hyperresponsiveness to asthma,
wheeze, and atopy has been noted'” ¥ with the latter
relationship being particularly strong in pediatric pop-
ulations.*®* There has been a lack of a relationship
to smoking in young populations,'”- *’ but this rela-
tionship appears in older populations,'’" perhaps as
lung function on smokers deteriorates.?' Other pop-
ulation studies.'” *" as well as studies on selected in-
dividuals,™ have also failed to document a significant
relationship between recent reported respiratory tract
infections. despite the observations of histamine air-
way hyperresponsiveness (measured by specific air-
way resistance) in normal subjects with recent pre-
sumed viral respiratory infections.* The relationship
between PC,, <8 mg/ml and recent reported respi-
ratory infection in our study was actually in the op-
posite direction to that expected, although, when the
relationship is corrected for multiple comparisons, it
would not be significant. Also surprising was the rel-
atively weak relationship of a family history of asthma
to airway hyperresponsiveness.

In summary, these data confirm the arbitrary cut
point of 8 mg/ml (increased to 16 mg/ml as a “grey
area”) for the tidal breathing method of measuring
airway hyperresponsiveness as highly sensitive for
current asthma symptoms in a random selection of
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young, largely nonsmoking, college students. Spec-
ificity (93%) and positive predictive value (<230%)
are low. If the cut point is lowered to | or 2 mg/ml,
the specificity and positive predictive value for symp-
toms approach 100%, whereas the sensitivity falls to
<50%. Values between 1 and 16 mg/mi are inter-
mediate. The test performance. particularly positive
predictive value, would be expected to improve
populations in which the prevalence of disease is
higher, that is, in subjects with nondiagnostic symp-
toms. However. as yet, there remains no “indepen-
dent” test to confirm the diagnostic accuracy of the
PCy.

We thank Jacquie Bramley for assistance in preparing
this manuscript.
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