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The purpose of this study was to investigate the relationship between ice
water ingestion and the induction of asthmatic symptoms and signs in eth-
nic Chinese asthmatic children. Sixty asthmatic children with a positive
history of exacerbation of symptoms after drinking ice water were divided
randomly into two groups: 34 children were instructed to drink 250 ml of
0-4°C ice water within one minute, and 26 to drink 250 ml of 25°C warm

The three groups had forced expiratory volume in one second (FEV) per-

ter the spirometric test at 90 minutes the patients of the two asthmatic
groups received three puffs (0.6 mg) of hexoprenaline MDI and a further
spirometric test was performed 5 min after the inhalation. Cough and
wheeze were monitored throughout the course of the test.

The mean FEV, after challenge decreased significantly only in the ice-wa-
ter asthmatic group (p=0.004). Compared with the baseline data, the mean

creased in the two asthmatic groups (p<0.001). A significant difference in
FEV, change was noted among the three groups (p=0.015). Nine cases

ter asthmatic group, and none of the ice-water normal control group
showed a decrease of FEV, greater than 15% (p=0.018). The greatest dif-
ference occurred between the two ice water groups. All six cases who de-
veloped symptoms after challenge, accompanied by a simultaneous
decrease of FEV, greater than 15%, belonged to the ice-water asthmatic
group. Forty-seven percent of the ice-water asthmatic group and 4% each
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water. All of the asthmatic children were stable when studied. Twenty-three
healthy children as controls were asked to drink 250 ml of 0-4°C ice water.

formed at baseline and at 5, 15, 30, 60, and 90 minutes after challenge. Af-

FEV, at various periods after challenge was only significantly decreased at
60 min (p=0.035). After hexoprenaline inhalation the FEV, significantly in-

(26%) from the ice water asthmatic group, three (12%) from the warm-wa-
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Abbreviation: FEV = forced expiratory volume.

A recent survey among 200 asthmatic children visit-
ing the Paediatric Allergy Clinic of the Taipei Mu-
nicipal Chung Hsiao Hospital found that 73% of the
patients reported the experience of coughing or
wheezing after drinking ice-cold beverages, and
88% of them had been advised by medical practi-
tioners to refrain from ice-cold drinks. This creates a
difficult situation since summer is usually rather hot
and humid in subtropical Taiwan, where the average
daily temperature rises above 30°C and the humid-
ity is up to 90%, and so families find it almost im-
possible to prevent their asthmatic children from
drinking ice-cold beverages during this season. In

of the two other groups had cough and/or wheeze after challenge
(p=0.0002). In conclusion: Ice water ingestion may induce or exacerbate
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1985 Wilson reported a significantly higher preva-
lence rate of ice-cold drinks related coughing or
wheezing among Asian (63%) as opposed to
non-Asian (9%) asthmatic children (1), with an in-
creased bronchial responsiveness and a decreased
FEV, after challenge with ice and acid in children of
Asian origins (2, 3). These reports were the motiva-
tion to investigate the relationship between the in-
gestion of ice-cold beverages and the induction of
asthma in Taiwanese patients, all of whom were of
Asian origin. The prevalence rates of ice-cold drink
induced asthmatic symptoms among patients here
and among Asians in Wilson’s report were very sim-
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ilar; there was, however, no mention of any concur-
rent asthmatic symptoms in Wilson’s provocation
study during the course of the challenge. The
present study was thus designed to investigate the
relationship between ice water ingestion and the in-
duction of asthmatic symptoms and signs, using
spirometry and clinical symptoms as monitoring
systems, and with control groups for comparison.

Patients and methods
Patients

This study included three groups. The “ice-water
group” consisted of 34 asthmatic patients who were
followed up at the Paediatric Allergy Clinic of the
Taipei Municipal Chung Hsiao Hospital with a diag-
nosis of mild to moderate bronchial asthma (4) and
accompanied by a positive history of ice-cold drink
induced coughing or wheezing. The asthma diagno-
sis was based on the American Thoracic Society
standards (5). Patients were eligible for study if they
had no cough or wheeze audible by stethoscope ex-
amination at presentation, were at least five but un-
der fourteen years of age, and had the ability to per-
form spirometry. Patients with recent respiratory
tract infections were excluded. Patients who had re-
ceived any aerosolized beta-agonist within six
hours, or oral bronchodilators within twelve hours,
before presentation, were also excluded. This group
was challenged by drinking 250 ml of 0-4° C ice
water (ice in water). The “warm-water group” con-
sisted of 26 asthmatic patients who also had a posi-
tive history of ice-cold drink induced coughing or
wheezing and fulfilled the same inclusion and ex-
clusion criteria as those of the ice-water group. This
group was challenged by drinking 250 ml of 25° C
warm water. The “normal” group included 23 chil-
dren who were physically well without recent respi-
ratory tract disease or a past history of wheezing ep-
isodes; they all voluntarily participated in this test.
This latter group received 250 ml of 0-4° C ice wa-
ter. All of them were asked to drink the water within
60 seconds. The asthmatic patients were randomly
divided into the two asthmatic groups according to
their date of entry. The challenge was performed in
an air conditioned room at an ambient temperature
of 25° C in the afternoon in a summer season. In-
formed consents were obtained from at least one of
all the subjects’ parents before the study.

Measurements
Spirometry

All subjects in all three groups were well instructed
how to use spirometry before the formal recording;
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Table 1. demographic characteristics of the studied subjects

[ce~water Warm-water lce—water
asthmatic group ~ asthmaticgroup  normal group
(n=34) {n=26) (n=23)
Age lyears) 8.82+1.90* 8.31£2.22 8524219
Range 512 5-14 513
Sex (M/F) 25/9 20/6 13/10
Severity of asthma#
mild 5 4
moderate 29 22
Medications )
Br-Agonists 28 22
Theophyllin 27 22
Inhaled steroids 4 3
Intermittent oral 10 9
steroids
FEV: (%) 91.44+13.88* 87.88+12.12 929141329
Range 62127 57-109 781290
*MeanzSD

#According to reference 4

their forced expiratory volume in one second
(FEV,) was performed at baseline and again at 5,
15, 30, 60, and 90 minutes after the challenge. After
the spirometric test at 90 minutes, the patients of the
two asthmatic groups received three puffs (0.6 mg)
of a hexoprenaline metered dose inhaler through a
750 ml valved spacer; a further spirometric test was
performed 5 min after this inhalation. All tests were
performed using standard spirometry (Vitalograph
Compact, Cat No. 42.000; Vitalograph). The FEV,
values of at least three consecutive efforts were de-
termined using the curve having the best FEV, as
defined by the American Thoracic Society (6).The
values were expressed as a percentage of the pre-
dicted normal values for age, height, and sex. No
exercise was allowed during the course of testing.

Evaluation of clinical response

The clinical response to the ingestion challenge was
monitored by asking the subjects or their accompa-

Table 2. Clinical responses to water ingestion challenge

lce—water Warm~water lce—water
asthmatic group ~ asthmatic group  normai group
(n=34) {n=26) (n=23)

* Coughing 9(26%) 0 1{4%)
Wheezing 5{15%) 1{4%) 0
Coughing and wheezing 2(6%) 0 0
Total 16 (47%)* 1(4%)* 1{4%)*
Confidence interval 30%—64% 0%—12% 0%-12%

* p< 0.00002 by Pearson chi-square test



Ice water ingestion in ethnic Chinese asthmatic children

Fig. ]. The changes in FEV,
after challenge among the three
tested groups.

Data are expressed as mean +
SE.

Within group analysis, p = 0.004

i _ .
o — (ice-water asthmatic group).
E 92 asthmatic group Between group analysis, p =
* —O-Warm-water 0.015 (among the three tested
~ %0+ ssthmatic group groups); p = 0.001 (between the
S “~o—tca-vater normal two ice-water groups) #p =
W e grove 0.035 when compared with the
$ baseline value of the same group
86 (with Bonferroni’s correction); *
p <0.001 when compared with
ot any other values for the same
0] group.
80

baseline Smin 16 min 30 min SO min 90 min

Time

nying family members whether they had had cough
symptoms during the waiting periods, and by aus-
cultating the subjects to detect any wheezing before
each successive spirometric testing. This evaluation
was performed by a senior pediatrician who had not
been made aware of the details of this study.

Statistics

The one-way ANOVA test was used for analysis of
age and baseline spirometric resuits. The repeated
measurements of the ANOVA test were used for sta-
tistical analysis of the spirometric results before and
after the water ingestion challenge for the three test-
ed groups. Multiple comparison tests with Bonfer-
roni’s correction were used for within group statisti-
cal analysis between the baseline value and any of
the five values after challenge. The %2 test was used
for statistical analysis of sex disposition, severity of
asthma, and medications, as well as the comparative
frequency of the spirometric and clinical response to
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FEV ; (% predicted)

hexoprenaline

the water ingestion challenge. A p value of less than
0.05 was considered statistically significant.

Results

The demographic characteristics of the three groups
are shown in Table 1. There was no statistical differ-
ence with regard to age, sex or initial spirometric re-
sults among the three groups. There was no statisti-
cal difference with regard to the severity of asthma
or medication categories between the two asthmatic
groups.

The spirometric results before and after the water
ingestion challenge are depicted in Fig. 1. Although
the mean FEV, of the two asthmatic groups showed
a decreasing trend after the challenge, only the
ice-water asthmatic group was statistically signifi-
cant (p=0.004). For within group analysis, com-
pared with the baseline data, only the decrease in the
mean FEV, at 60 min after challenge reached statis-
tical significance when multiple comparison tests
with Bonferroni’s correction were performed

~o—case 1
—O-case 2
—t—case
—a—cased
—x—case §
~O—casa

Fig. 2. The changes in FEV, among
the six asthmatic patients who
showed a decrease in FEV, greater
than 15%, accompanied by the
development of clinical symptoms.
All belonged to the ice-water
asthmatic group. C: coughing; W:

baseline Smin 15 min 30 min 60 min 90 min
Time

wheezing; C+W: coughing with
wheezing.
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(p=0.035). After hexoprenaline inhalation the FEV,
significantly increased in the two asthmatic groups
(p<0.001). On the contrary, the ice-water normal
group showed a slight FEV, increase after chal-
lenge, but without any statistical significance. For
between-group analysis, there was significant dif-
ference among all three groups after the challenge
(p=0.015). The greatest difference occurred between
“the two ice-water challenge groups (p= 0.001). Indi-
vidually, nine (26%) cases of the ice-water asthmat-
ic group, three (12%) cases of the warm-water asth-
matic group, and none of the ice-water normal
group had a decrease in FEV, of 15% or greater be-
low the baseline (p=0.018). Again, the greatest dif-
ference occurred between the two ice-water chal-
lenge groups (p= 0.008, Fisher’s exact test). Never-
theless, only six cases had a decrease in FEV, great-
er than 15% accompanied by the development of
symptoms (Fig.2); all six cases belonged to the
ice-water asthmatic group.

The clinical response after challenge is shown in
Table 2. Forty-seven percent (16/34) of the ice-wa-
ter asthmatic group had coughing and/or wheezing
after challenge. On the contrary, only 4% of each of
the two other groups (1/26 and 1/23 respectively)
had such a response (p=0.0002). Of the 16 cases of
the ice-water asthmatic group who developed symp-
toms after challenge, eight (50%) had symptom on-
set at 5 min, five (31%) at 15 min, two (13%) at 30
min. and one (6%) at 60 min.

Discussion

The results of this study indicate that ice water in-
gestion in asthmatic children results in the deteriora-
tion of baseline pulmonary function and the devel-
opment of clinical symptoms which are evidenced
by a significant decrease in FEV, and a significant
increase in the frequency of occurrence of clinical
symptoms after challenge. To our knowledge, this
study is the first study to demonstrate the develop-
ment of clinical symptoms accompanied by a deteri-
oration in pulmonary function after ice water inges-
tion. The clinical symptoms provoked can hardly be
explained as a result of the subjects’ expectation of
a response to ice water ingestion, since most chil-
dren would be delighted with a negative result and
being allowed to take icy drinks in the hot summer
season. In addition, it was almost impossible to per-
form the study in a double-blind model, even by ad-
ministering the ice water through a naso-gastric
tube, since the patients could still sense the cold
feeling through the esophagus or stomach.

There have been very few reports describing asth-
ma induced by the ingestion of ice. To the authors’
knowledge, the only reports can be credited to Wil-
son et al., who not only surveyed asthmatic children
(1) but also performed ice-ingestion challenge tests
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for those with a positive history of symptoms exac-
erbated by ice-cold drinks (2, 3). In their first study,
the symptoms induced by ice were significantly
more frequent in Asian than in non-Asian children,
and an increased bronchial responsiveness was in-
duced by ice challenge but without peak expiratory
flow change (2). In the later study, a significant in-
crease in bronchial responsiveness and a maximal
decrease in FEV, at 90 minutes following ice and
acid ingestion were demonstrated in ten Asian pa-
tients, of whom, six were challenged with ice, and
four with acid (3). In that study the ten patients chal-
lenged by either ice or acid were combined for as-
sessment to determine any statistically significant
changes in FEV, and bronchial responsiveness. The
clinical symptoms of either coughing or wheezing
following the challenge were not mentioned. In our
study the ice water was the only agent for challenge
and we demonstrated not only the more frequent
clinical symptoms but also a significant decrease in
FEV, following the challenge in the ice-water
group. Although bronchial responsiveness to in-
haled histamine has been shown to be more sensi-
tive than a baseline pulmonary function test alone in
detecting airway changes induced by ice (2) and by
some other food substance (7, 8), nevertheless, a
greater amount of ingested ice water (250 ml instead
of 40 ml) and a larger number of tested subjects (34
cases) might compensate for this defect and make
the test more sensitive in detecting any subtle
changes. Furthermore, all of our study subjects lived
in Taiwan and were of ethnic Asian origin. They
were, as noted by Wilson et al., the proper candi-
dates for the study of an ice challenge.

Using a rigid statistical assessment method (Mul-
tiple comparison tests with Bonferroni’s correction),
our study found a significant decrease in FEV, only
at 60 min after challenge in the ice-water asthmatic
group. On the contrary, in the study of Wilson et al.
which assessed the data using a 95% confidence in-
terval for change in FEV, without further correction,
a small but significant fall in FEV, was observed at
each time point, increasing to a maximum 90 min
after ingestion (3). Without the Bonferroni’s correc-
tion there would have been a statistically significant
fall in FEV, occurring also at 30 min and 90 min
(p=0.027 and p=0.029 respectively, Multiple com-
parison tests with least significant difference) after
ice water challenge in the ice-water asthmatic
group. In some other reports among asthmatic chil-
dren, an increase in bronchial reactivity was detect-
ed 30 min after the ingestion of Pepsi-Cola (7) and
tartrazine (8); a maximal fall in FEV, of 12% or
more below the pretreatment level was detected at a
mean time of 30, 20, and 5 min, respectively, after
tartrazine, sodium benzoate, and sulphur dioxide
challenges (9). It could not be ruled out that some



delayed type reaction might also play a role in caus-

ing ice water induced asthma, since the patients

were followed for only 90 min after challenge. As a
matter of fact, in a recent survey of our 200 asthmat-
ic children, almost half of the asthmatic children
with a positive history of reaction to ice-cold drinks
reported that symptoms occurred 30 min or more af-
ter ingestion, among whom some also had symp-
toms occurring at night after daytime drinking of
ice-cold drinks.

It is interesting that there was a discrepancy be-
tween the frequency of ice-induced asthmatic symp-
toms by questionnaire (73%), the frequency of ice-
induced asthmatic symptoms by challenge (47%),
the frequency of a decrease in FEV, greater than
15% below the baseline after challenge (26%), and
the frequency of a decrease in FEV, greater than
15% below the baseline accompanied by simultane-
ous development of clinical symptoms after chal-
lenge (18%). The prevalence rate became less as the
criteria set for the ice-induced asthma became more
strict. The reason for this discrepancy may be that a
clinical history is usually fallible, requiring further
clarification; on the other hand the asthmatic re-
sponse to ice water may not easily be confirmed in
the laboratory. Furthermore, the response may de-
pend on the asthmatic severity at presentation, the
amount of ice water ingested, the speed and method
of drinking, the water temperature, and the concur-
rent presence of other asthma-triggering factors
such as exercise, hyperventilation, allergen expo-
sure and upper respiratory infections. The actual sit-
uations in daily life are much more complicated
than those which can be designed in a laboratory
setting. Speculation here is that the real prevalence
rate of ice-induced asthma should lie between 18
and 73%.

What can be learned from this study is that asth-
matics are more vulnerable to ice water ingestion
than normal subjects, although the mechanism for
this is unclear. The difference between ice water
and warm water ingestion results from a cooling of
the upper gastrointestinal tract. In the study of Wil-
son et al.(3), there was no significant change in
FEV, or histamine PC,, after orally retained chal-
lenge with ice or acid. After the ice and acid had
been swallowed, a small but statistically signifi-
cant fall in FEV, together with a significant in-
crease in bronchial responsiveness occurred. The
esophagus was thus incriminated to be the trigger
site. Bronchoconstriction after cooling of airways
can indirectly result in a drop in the esophageal
temperature in asthmatic subjects with postexer-
cise asthma (10). The reverse could occur since the
trachea is separated from the esophagus only by a
membrane, Therefore, it may be possible that the
development of clinical symptoms and fall in FEV,
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after ice water ingestion was due to the direct cool-
ing of the upper gastrointestinal tract, including
larynx, and/or the indirect cooling of the upper air-
way like trachea. Another possible mechanism
may be similar to the association between gastro-
esophageal reflux and asthma, which has been re-
ported by many authors (11-13). The major cause
of gastroesophageal reflux induced asthma has
been reported to be a reflex-mediated bronchos-
pasm from stimulation of the esophagus without
direct aspiration (11, 12), which can be blocked by
topical lidocaine anesthesia of the distal esophagus
in awake asthmatic subjects (11). Both mecha-
nisms still need to be proven.

For a long time in this ethnic Chinese culture it
has been taken for granted by practitioners and par-
ents who take care of asthmatic children that
ice-cold drinks usually exacerbate asthmatic symp-
toms. The people living here always warm-feed
their babies, either learning from their own experi-
ence or through advice, not to take cold drinks when
wheezing or coughing, and usually drink cold bev-
erages only on summer days. This custom differs
greatly from that of most Caucasian people who
feed their children cold drinks early and throughout
the four seasons. The speculation is that this habit
may be one of the reasons for the greater sensitivity
of Asian asthmatic children to ice-induced asthma.
Needless to say, racial differences may be another
reason.

In conclusion, ice water ingestion may induce or
exacerbate asthma in ethnic Chinese asthmatic chil-
dren, but the mechanism involved still needs further
study.
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