Reye’s Syndrome and Aspirin

Evidence for a Dose-Response Effect
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Data collected from the Public Health Service Main Study of Reye’s Syndrome
and Medications were analyzed to assess the relationship between the develop-
ment of Reye's syndrome and the dose of aspirin received during the anteced-
ent respiratory or chickenpox iliness. Among those exposed to aspirin, case-
patients were found to have received greater average daily and maximum daily
doses of aspirin and greater doses of aspirin on the first four days of the
antecedent illness (median, 25.1 mg/kg: 33.0 mg/kg; and 65.4 mg/kg; respec-
tively) than did controls (median, 14.5 mg/kg; 19.0 mg/kg; and 27.0 mg/kg;
respectively). The excess risk associated with increasing aspirin doses was due
primarily to intermediate levels of dose (eg, 15 to 27 mg/kg per day) rather than
higher levels (>27 mg/kg per day). The dose difference between exposed case-
patients and controls was greatest on days 3 and 4 of the antecedent iliness.

SINCE 1980, six studies,” including
the recently reported Public Health
Service (PHS) Main Study of Reye’s
Syndrome and Medications, have been
reported that demonstrated a strong as-
sociation between Reye’s syndrome and
taking salicylates (specifically aspirin)
during the antecedent respiratory or
chickenpox illness that typically pre-
cedes the disease. In addition to the
tendency for case-patients to receive as-
pirin more frequently, a trend for such
patients to receive higher doses of aspi-
rin than controls was reported in three
of the four previous studies that exam-
ined dosage."* In this report we describe
analyses and results of the recently
reported PHS Main Study of Reye’s
Syndrome and Medications designed to
explore further the nature of the rela-
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tionship between dose of aspirin and
Reye’s syndrome. We compare various
characteristics of the aspirin exposure
among cases and controls, including the
relationship between risk of Reye’s syn-
drome and timing, duration, and dose of
aspirin administered during the ante-
cedent illness, and quantify increases in
risk associated with different aspirin
dose levels. In addition to providing
supportive epidemiologic evidence for
the causal association between Reye’s
syndrome and aspirin, these analyses
may provide further clues to the patho-
physiology of this illness.

METHODS

The methods used in the PHS Main
Study of Reye’s Syndrome and Medica-
tions have been described elsewhere.®
The study involved a comparison of
medications administered to patients
with Reye’s syndrome (identified from
70 pediatric tertiary-care centers) dur-
ing antecedent respiratory, chicken-

pox, or gastrointestinal illnesses with
medications administered to control
children with similar illnesses. Four dif-
ferent control groups were compared
with Reye’s syndrome cases—emer-
gency department, inpatient, school,
and community. Due to the relatively
small numbers of controls in each group
who used aspirin (8, 4, 16, and 12,
respectively), the control groups were
aggregated in our analysis.

Three types of care providers (main
care providers, other care providers,
and the subjects themselves whenever
possible) were questioned about the
medications administered during the
subject’s antecedent illness. A given ad-
ministration of a specific medication to a
study child, reported by one of these
care providers, was defined as a medi-
cation event, if the medication in ques-
tion contained aspirin, then we labeled
this an aspirin medication event. These
care providers were asked to list all
medication events that they were aware
of and for each one to give the date of the
event, the exact (brand) name of the
medication involved, the name of the
individual who administered the medi-
cation, and the total number of standard
dosage units administered. A standard
dosage unit was defined as a tablet, ta-
blespoon, or other unit of measurement
(eg, drop) appropriate to the physical
form of the medication. Only those med-
ication events that were reported by the
care provider who actually adminis-
tered the medication were used in our
analysis.

For each medication mentioned, a
pharmacist calculated the number of
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Table 1.—Characteristics of Case-Patients and Controls Who Received Aspirin

Characteristic

Case-Patients, No. (%)

Controls, No. (%)

Age, y
0-6 3 (12) 2 (6)
7-10 6 (24) 10 (31)
11-14 12 (48) 14 (44)
15-18 4 (16) 6 9)
Total 25 (100) 32 (100)
Nonblack race 24 (96) 31 (97)
Respiratory iliness 23 (92) 31 (97)

Table 2.—Characteristics of Medication Events of Case-Patients and Controls Who Received Aspirin

Aspirin Administration Case-Patlents (n =25) Controls (n=32) P*
No. of aspirin medication
events (days 1-4)t
Median (range) 5.0 (1-14) 3.0 (1-16) <.05
Mean 6.0 4.6
Average daily No. of aspirin
medication events
Median (range) 2.0 (1-4.0) 1.2 (0.5-4.0) <01
Mean 2.0 1.5
No. of days exposed to aspirin
(days 1-4)
Median (range) 3 (0-4) 2 (0-4) 01
Mean 27 1.9

*Wilcoxon rank-sum test.

tincludes only those 24 cases and 26 controls exposed during days 1 to 4.

Table 3.—Characteristics of Aspirin Dose Among Case-Patients and Controls Who Received Aspirin

Dosage, mg/kg

Case-Patlents Controls
Dose Measure (n=23) (n=31) P*
Average daily
Median (range) 25.1 (6.1-71.2) 14.5 (4.2-55.5) o
Geometric mean 25.8 15.4
Maximum daily
Median (range) 33.0 (6.1-94.9) 19.0 (4.2-56.3) 001
Geometric mean 31.8 17.3
4 Dayt
Median (range) 65.4 (6.1-284.8) 27.0 (4.2-204.1) <01
Geometric mean 61.6 29.6

*t test.

tincludes only those 22 cases and 26 controls exposed during days 1 to 4.

milligrams of each of the active ingredi-
ents per standard dosage unit. All dos-
ages referred to in the analysis are ex-
pressed as milligrams per kilogram of
body weight.

In all our analyses for cases, we con-
sidered only those exposures that oc-
curred during the antecedent iliness be-
fore the clinically defined onset of
Reye’s syndrome. For controls, unless
otherwise stated, we examined all expo-
sures reported during their comparable
illness.

To examine possible differences in
the pattern of aspirin doses received by
cases vs controls we looked at the fol-
lowing three measures of dose: average
daily dose (total aspirin dose divided by
number of days aspirin was adminis-
tered), maximum daily dose (maximum
aspirin dose administered in a single
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day), and four-day dose (total aspirin
dose on the first four days of the ante-
cedent or comparable illness). This lat-
ter measure was used as a surrogate for
total dose to ensure that cases and con-
trols had comparable exposure inter-
vals. On average, cases received 85% of
their total aspirin dose on days 1to 4 and
only one exposed case did not receive
aspirin by day 4. When examining four-
day dose we limited our analyses to
those exposed during days 1 to 4.

In addition, we examined certain in-
direct indexes of aspirin dose: these
included averzge daily number of aspi-
rin medication events, number of aspi-
rin medication events on the first four
days, and the number of days, through
day 4, exposed to aspirin. The Wilcoxon
rank-sum test was used to assess statis-
tical significance regarding the indirect

dose indexes while Student’s ¢ test
(based on log dose) was used for the
direct dose measures. Weights were un-
available for two cases and one control;
therefore, their milligram per kilogram
doses could not be calculated. These
subjects were used, however, in analyz-
ing the indirect dose measures.

Multivariate analysis using condition-
al logistic regression models was em-
ployed to obtain estimates of risk associ-
ated with different levels of dose and to
control for the effect of matching vari-
ables. The original protocol for the PHS
Main Study of Reye’s Syndrome and
Medications specified a study design in
which each case was individually
matched to several controls. For the
purposes of analyzing dose in this study,
it was more efficient to use group
matching; this enabled us to utilize data
on all exposed individuals while retain-
ing the essentials of the matched de-
sign.® Group matching on age was done
according to the categories shown in
Table 1. The other two original match-
ing variables (race and type of anteced-
ent illness) had limited disparity in both
cases and controls (>90% in each group
were nonblack and had respiratory ill-
ness); thus, these were not included in
the group matching criteria.

Each regression model treated the
development of Reye’s syndrome as the
dependent variable and included a di-
chotomous variable, which indicated as-
pirin exposure as well as a variable(s)
representing one of the direct dose mea-
sures as independent variables. All sub-
jects, both unexposed and exposed,
were included in these models.

In our first set of logistic models we
classified each dose as lower, intermedi-
ate, or higher based on the overall dis-
tribution of that dose measure in cases
and controls. This enabled us to esti-
mate the odds ratios of different levels
of exposure relative to other levels of
exposure or to no aspirin exposure.

To corroborate the validity of these
findings and to gain further insight into
the shape of the dose-response curve,
we also developed continuous models
using both dose and log dose as the inde-
pendent variables.

As noted in the report of the main
study, the severity of the antecedent
illness, as measured by the severity in-
dex, was in general greater for controls
than for cases. Therefore, we chose not
to include the severity index covariates
in the model. Including these variables
would have resulted in anincrease in the
observed odds ratios.

The statistical significance of all find-
ings was assessed using one-tailed tests
unless otherwise noted.
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Fig 1.—Distribution of four-day aspirin dose in cases and controls receiving aspirin by day 4. Striped bars

indicate case-patients; and hollow bars, controls.

Table 4.—Logistic Model—Estimates of Relative Risk for Different Dose Levels of Aspirin

Incremental Riskt

95%

Dose Measure Dose Range, Relative Confidence

of Asplrin mg/kg Risk* Risk P Interval
Average daily

Lower 4-15 7.3 73 .03 1.2-42.2

Intermediate 15-27 61.4 8.5 <.01 2.0-36.1

Higher 27-71 73.6 1.2 NS 0.4-3.6
Maximum daily

Lower 4-18 12.4 12.4 <.01 2.4-64.2

Intermediate 18-33 33.3 2.7 NS 0.7-10.0

Higher 33-95 126.4 3.8 .03 1.2-12.4
4 Day

Lower 4-28 11.0 11.0 .01 2.0-60.0

Intermediate 28-69 61.8 5.6 .02 1.4-23.0

Higher 69-285 83.5 1.4 NS 0.4-4.4

*Relative risk of given level of exposure relative to unexposed.
tRelative risk of given level of exposure relative to next lower level of exposure (eg, lower:unexposed,

intermediate:lower, and higher:intermediate.

RESULTS

Care providers reported directly ad-
ministering aspirin containing-medica-
tions during the subject’s antecedent ill-
ness to 93% (25/27) of case-patients and
to 23% (32/140) of controls. (For eight
additional controls, aspirin medication
events were reported only by individ-
uals who did not administer the
medication.)

AsseeninTable 1, exposed cases and
controls were generally similar with re-
spect to age (mean age, 11.1 years and
11.5 years, respectively).

The total number of aspirin medica-
tion events on the first four days, as well
as the average daily number of aspirin
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medication events, was found to be sig-
nificantly elevated in cases compared
with controls (Table 2). When the total
and average numbers of all medication
events were examined, however, no
significant differences between cases
and controls were found. Cases were
also found to have been exposed on sig-
nificantly more of the first four days of
the antecedent illness than were
controls.

As seen in Table 3, the (geometric)
mean of each dose measure (average,
maximum, and four day) was signifi-
cantly greater in cases than in controls.
Fig 1 displays the distribution of four-
day dose in cases and controls exposed
during this period. Seventy-three per-
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cent of the case-patients were exposed
to at least 40 mg/kg of aspirin during the
first four days of the antecedent illness
compared with only 39% of the controls.
Similarly, 87% of the case-patients were
exposed to at least 15 mg/kg per day of
aspirin compared with only 45% of the
controls.

Logistic Regression Models

Table 4 gives estimates of the relative
risk of each dose level of aspirin com-
pared with no exposure and compared
with the next lower level of exposure;
we term, this latter measure the incre-
mental risk.

As seen from Table 4, lower dose ex-
posure to aspirin vs no aspirin exposure
was associated with a significantly ele-
vated relative risk ranging from 7.3 for
average daily dose to 12.4 for maximum
dose. Exposure to intermediate and
higher doses of aspirin vs no aspirin ex-
posure, however, was associated with a
markedly greater relative risk; thus the
relative risk of an intermediate average
daily dose of aspirin was 61.4 and the
relative risk of a higher average daily
dose was 73.6.

Individuals exposed to intermediate
four-day aspirin doses were 5.6 times
more likely (ie, incremental risk of 5.6)
to develop Reye’s syndrome than those
exposed to lower four-day doses and
61.8 times more likely (ie, relative risk
of 61.8) to develop Reye’s syndrome
than those not exposed to aspirin. Inter-
mediate average daily doses of aspirin
also carried significantly elevated incre-
mental risk (8.5). The incremental risk
for intermediate (compared with lower)
maximum daily doses was relatively low
(2.7) and not significantly different from
1; however the incremental risk of high-
er compared with intermediate maxi-
mum daily doses was significantly ele-
vated (3.8). The estimated incremental
risk for higher compared with interme-
diate doses was minimal for average dai-
ly dose and four-day dose; neither of
these incremental risks were signifi-
cantly different from 1. For each dose
measure, however, the relative risk of
higher compared with lower dose expo-
sure did significantly exceed 1, ranging
from 7.6 for four-day dose to 10.2 for
maximum daily dose (not shown in Ta-
ble 4).

Each of the continuous models dem-
onstrated a significant effect of aspirin
dosage on the risk of Reye’s syndrome
among those exposed to aspirin. Analy-
sis of the goodness of fit of the continu-
ous models demonstrated that the log
model outperformed the linear model
for all three dose measures.” Compari-
son of the log-dose model with the cate-
gorical model provides further support
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for the validity of the log-dose model.
Estimates of the log relative risk of low,
moderate, and high aspirin doses gener-
ated from the categorical models, when
plotted at the median observed dose
within each category, closely approxi-
mated the estimates generated using
the log-dose models (F'ig 2).

Dose by Day

We attempted to characterize further
the observed dose increase in cases com-
pared with controls by examining dose
on specific days of the antecedent ill-
ness. For each of the first four days of
the antecedent illness, a significantly
higher proportion of case-patients were
exposed to aspirin (67%, 78%, 78%, and
73%, respectively) than were controls
(14%, 14%, 9%, and 9%, respectively).
As seen in Fig 3, among those who re-
ceived aspirin on a given day, aspirin
doses on days 1 and 2 were similar in
cases and controls; however, case-
patients received significantly higher
doses of aspirin than did controls on
days 3 and 4.

COMMENT

These findings suggest that in addi-
tion to the strong association between
exposure to aspirin and development of

‘Reye’s syndrome observed in this study
and several prior studies, larger doses
of aspirin (though generally, as in previ-
ous studies, well below the recommend-
ed upper limit for antipyretic therapy of
80 mg/kg per day®) administered during
the antecedent illness are related to an
increased risk of disease. Although
considerable overlap in doses was ob-
served, case-patients tended to receive
higher doses of aspirin during the first
four days, and higher doses of aspirin on
each day exposed, than did controls.
Such an epidemiologic observation
lends strong additional support for a
causal role of aspirin in the development
of Reye’s syndrome.

The results of this study suggest that
even in low doses aspirin is a significant
risk factor for developing Reye’s syn-
drome. Exposure to as little as 15 mg/kg
per day of aspirin (eg, about two'325-mg
tablets for a 40-kg child) was associated
with a sevenfold increase in the risk of
developing Reye’s syndrome. It should
be noted, however, that the doses re-
ported herein may underestimate the
true dose since only those medication
events reported by the individual who
actually administered the medication
were utilized in this analysis (these ac-
counted for 71% and 70% of the medica-
tion events reported for case-patients
and controls, respectively).

Too few subjects (four cases and 14
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Fig 2.—Curves of log-relative risk vs aspirin dose. Symbols represent relative risk estimates for lower,
intermediate, and higher dose levels plotted at median observed dose within given level. Lines represent
relative risk curves derived from continuous logistic models using log dose.
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Fig 3.—Aspirin dose by day: case-patients vs controls. Numerators of fractions in parentheses give number
exposed on given day. Denominators give number of cases who have not yet developed Reye's syndrome or
controls who are stillill. Error bars (+ 1 SEM) denote significant (P<.05) differences in geometric mean dose
between cases and controls. Dashed line indicates controls; and solid line, case-patients.

controls) were exposed to nonaspirin sa-
licylates, which included subsalicylate
bismuth, salicylate magnesium, and
salicylamide, to assess these com-
pounds independently in terms of a pos-
sible dose-response relationship with
Reye’s syndrome. The median total
dose of salicylate from nonaspirin
sources was 5.9 mg/kg in cases com-
pared with 4.5 mg/kg in controls.

To address concerns related to a pos-
sible tendency of case respondents to
recall better the quantity of medication

doses that they administered, indirect
indexes of aspirin dose (eg, number of
aspirin medication events and number
of days exposed to aspirin), which are
not as dependent on the numerical accu-
racy of respondents recall as are the
direct dose measures, were assessed.
These indexes were found to be signifi-
cantly higher in cases than in controls.
The milligram per kilogram doses of
aspirin reported herein for Reye’s syn-
drome cases are similar to those report-
ed in earlier studies.* Only in the Michi-
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Fig 4.—Combined aspirin and acetaminophen dose by day: case-patients vs controls. Dashed line indicates

controls; and solid line, case-patients.

gan study’ were control weights
obtained; there the mean total, aver-
age, and maximum daily milligram per
kilogram doses were markedly higher in
cases (n=12) than in controls. Starko et
al' reported a trend for cases (n=17) to
receive higher milligram doses of aspi-
rin than controls in a study in Arizona.
In the Ohio study,® analyses were com-
pleted comparing cases and controls
stratified for age at five-year intervals;
the average and maximum daily doses in
milligrams were found to be significant-
ly elevated in cases compared with con-
trols. In the PHS pilot study, milligram
per kilogram doses of aspirin were esti-
mated based on age and sex. In this
study the average daily aspirin doses in
cases (mean, 21.9 mg/kg) and controls
(mean, 18.3 mg/kg) were similar.
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