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The Safety Effects of Child-Resistant
Packaging for Oral Prescription Drugs

Two Decades of Experience

Gregory B. Rodgers, PhD

Objective.—To evaluate the effectiveness of child-resistant packaging in reduc-
ing the mortality rate for children younger than 5 years from the unintentional
ingestion of oral prescription drugs.

Design.—Annual mortality rates for children younger than 5 years associated
with the unintentional ingestion of oral prescription drugs are constructed for 1964
through 1992. The effect of child-resistant packaging on the child mortality rate
during the postintervention period (1974 through 1992) is evaluated with a
multivariate time series regression model. The analysis controls for changes in the
consumption of oral prescription drugs over time and for long-term safety trends.

Setting.—United States.

Subjects.—Children younger than 5 years.

Main Outcome Measure.—Estimated reductions in the child mortality rate as-
sociated with the use of child-resistant packaging.

Results.—After controlling for covariates, the use of child-resistant packaging
was associated with an annual reduction in the oral prescription drug—related mor-
tality rate of 1.40 (95% confidence interval, 0.85-1.95) deaths per million children
younger than 5 years. This suggests a reduction of about 460 child deaths from
1974, the year oral prescription drugs became subject to child-resistant packaging
requirements, through 1992—a mortality rate reduction of about 45% from levels

projected without the chiid-resistant requirements.
Conclusion.-—Child-resistant packaging reduces child mortality from the unin-
tentional ingestion of oral prescription drugs.

IN 1970, Congress enacted the Poison
Prevention Packaging Act (PPPA) to
protect children from poisonings result-
ing from the unintentional ingestion (ie,
ingestions not supervised or adminis-
tered by a parent or guardian) of haz-
ardous household substances.! The
PPPA authorizes the US Consumer
Product Safety Commission (CPSC) to
require the use of special child-resistant
packaging for toxic substances used in
or around the home. Child-resistant
packaging is defined by the PPPA to be
packaging that is “difficult for children
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under age five years to open” but “not
difficult for normal adults to use prop-
erly.” Current testing protocol requires
that at least 80% of children younger
than 5 years be unable to open the pack-
age within a specified time.?

The special packaging regulations
cover 21 categories of household sub-
stances, including such diverse products
as oral prescription drugs and paint sol-
vents. Oral prescription drugs became
subject to child-resistant packaging re-
quirements in 1974. Some preliminary
field studies and early postregulatory
analyses concluded that child-resistant
packaging was effective in reducing
medicine-related poisonings of chil-
dren.>” However, the requirements have
provoked some controversy over the
years because some adults, especially
older adults, have difficulty opening and
closing child-resistant packaging.®* Ad-
ditionally, a widely publicized 1985 study
by Viscusi,'® which focused primarily on
aspirin-related poisonings, challenged

the earlier conclusions: it found no sta-
tistical association between child-resis-
tant packaging and the declining child
poisoning rate from aspirin products.
The author suggested that the earlier
studies may have failed to account fully
for other factors that contributed to the
decrease in child poisonings.

This article describes the results of a
time series study designed to assess the
effectiveness of child-resistant packag-
ing in reducing the mortality rate of chil-
dren younger than 5 years from the un-
intentional ingestion of oral prescription
drugs. The study is based on 29 years of
annual mortality data, from 1964 through
1992. This represents a substantial ex-
pansion of the mortality database when
compared with earlier studies and, given
that the requirements became effective
in 1974, allows us to analyze almost 2
decades of experience with child-resis-
tant packaging. Also, the use of multi-
variate statistical methods enables us to
control for the extraneous and potentially
confounding variables that may have af-
fected the child mortality rate indepen-
dent of child-resistant packaging.

METHOD
Data

Time series data on the deaths of chil-
dren younger than 5 years are available
from the National Center for Health Sta-
tistics (NCHS) underlying cause-of-
death files for 1964 through 1992.'° The
NCHS data, which are based on records
of all deaths occurring in the Uni
States, follow the standardized Interna-
tional Classification of Diseases (ICD)
manuals of the World Health Organi-
zation.

For purposes of this analysis, deaths of
children younger than 5 years from the
unintentional ingestion of oral prescrip-
tion drugs are defined as a subset of the
deaths reported under the general E-code
category “accidental poisoning by drugs,
medicaments and biologicals,” currently
ICD codes E850 through E858.1 The sub-

set excludes deaths involving nonpre-

Safety Eftects of Child-Resistant Packaginé—Rodgers 1661



scription drugs (eg, aspirin and acetami-
nophen) and deaths involving prescription
drugs not covered by the PPPA regula-
tions (eg, topical preseription drugs). E-
codes E850-E858 include all deaths re-
sulting from unintentional overdoses but
exclude deaths in which the correct drugs
were administered properly in therapeu-
tic or prophylactic dosage or deaths in
which the drugs were administered with
suicidal or homicidal intent.

About 12.8% of deaths included in the
analysis were coded by the NCHS as
“other” (E858.8) or ‘“unspecified”
(E858.9). Deaths coded as other typi-
cally resulted from ingestions of mul-
tiple drugs classified to different third-
digit E-code categories.”® However, some
of these deaths, as well as some of the
deaths resulting from the ingestion of
an unspecified drug, may have involved
drugs not covered by the child-resistant
packaging requirements.

The NCHS uses information on the
underlying cause of death reported in
death certificates to classify the mor-
tality data. Physicians or other qualified
persons such as medical examiners or
coroners must certify the cause of
death.!® Although the NCHS collected
these data continuously for 1964 through
1992, there were some variations in the
applicable E-codes based on changes in
the World Health Organization’s sev-
enth, eighth, and ninth revisions to the
ICD coding manual (ICD-72* [CD-82
and fCD-Q,” respectively). Therefore,
based on the 3 ICD revisions, we looked
at the following 3 time periods; 1964
through 1967, 1968 through 1978, and
1979 through 1992. The specific E-codes
used to estimate the number of child
deaths during each of the 3 reporting
periods are as follows: for 1964-1967,%
E870-E878, but excluding E872, E873,
and E876; for 1968-1978  E850-E859,
but excluding E852.3, E852.5, E852.7,
E853.1, E853.4, E854.3, E856.2, E856.3,
E858.0-E858.9, E859.0, and E859.5-
E859.8; and for 1979-1992,"" E850-E858,
but excluding E850.1, E850.2, E852.2,
E854.1, E855.1, E855.2, and E858.7.

Additional data used in the analysis
include annual estimates of the US resi-
dent population, including estimates of
the number of children younger than 5
years,? annual estimates of the number
of oral prescription drugs dispensed in
the United States (B. McClintock, IMS
America Ltd, Plymouth Meeting, Pa,
written communication, August 1987, and
Simonsen®%) and information on the un-
intentional injury death rate from all
causes for children younger than 5 years.”

Statistical Analysis

Crude mortality rate ratios and differ-
ences, including 95% test-based confidence
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intervals (Cls), were estimated by com-
paring child mortality rates (ie, deaths
per million person-years) from 1964
through 1973, before child-resistant pack-
ages were required for oral preseription
drugs, with those from the postregula-
tory period from 1974 through 1992.

The principal method is a multivariate
analysis, using ordinary least-squares re-
gression procedures. The regression
mode] controls for the extraneous and
potentially confounding variables that
may have affected the child mortality rate
independently of child-resistant packag-
ing. The Durbin-Watson statistic was used
to test for first-order serial correlation in
the error terms. The statistical analysis
was performed with MicroTSP, a statis-
tical software package designed for the
evaluation of times series data.® The
2-tailed statistical significance of the re-
gression coefficients is reported at 1%
(P<.01) and 5% (P<.05) significance lev-
els; 95% Cls are also provided for se-
lected coefficients.

The general functional form of the re-
gression model, for the i-th year, is given
by the following linear equation: Mortal-
ity rate=B,+ B, prescription; + Bsregulation;
+ Bgtrendi + B4I CD-71 + Br,] CD-8i +€;, where
Bis a vector of coefficients, €; is a normally
distributed error term, and the variables
are as follows.

The dependent variable, mortality
rate, is the annual child mortality rate
resulting from the unintentional inges-
tion of oral prescription drugs; it is ex-
pressed in terms of deaths per million
children younger than 5 years.

The variable “prescription” represents
the annual per capita consumption of
oral prescription drugs and is defined as
the annual number of oral drug prescrip-
tions dispensed divided by the US resi-
dent population. Annual per capita con-
sumption has been generally rising, from
about 4.5 preseriptions per US resident
in the mid 1960s to about 6.7 prescrip-
tions in 1992. This variable is included in
the model as an aggregate measure of
risk exposure and is expected to be di-
rectly related to the child mortality rate:
the greater the per capita consumption
of oral prescription drugs, the greater
the likelihood of poisonings associated
with those drugs.

The linear trend variable (trend=1
for 1964, trend =2 for 1965, . . . trend =29
for 1992) is included to control for long-
term trends in the child death rate that
may be independent of child-resistant
packaging.

The primary variable of interest is
the regulatory variable (“regulation”),
which is intended to capture the effect
of the requirements for child-resistant
packaging on the child mortality rate.
Regulation is defined as a dichotomous
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Figure 1.—Child mortality rate due to the uninten-
tional ingestion of oral prescription drugs, 1964-
1992.

independent variable such that regula-
tion=1 for 1974-1992, the years when
the child-resistant packaging require-
ments were applied to oral prescription
drugs, and regulation=0 before 1974.%
The regulatory variable should be in-
versely related to the child mortality
rate if the presence of child-resistant
packaging reduces child poisonings.

The regression model also includes 2
categorical variables (“ICD-7?" and “ICD-
8”) to represent the periods covered by
the seventh and eighth revisions to the
ICD. These variables control for the pos-
sible impact of variations in the classifi-
cation of some child deaths from the 1968
and 1979 ICD revisions. The variable
ICD-7 was set equal to 1 for 1964-1967
and equal to 0 otherwise; ICD-8 was set
equal to 1 for 1968-1978, and equal to 0
otherwise. Defined in this way, these vari-
ables control for any effects the revisions
may have had on the classification of
deaths during the earlier periods (1964-
1967 and 1968-1978), relative to the later
period (1979-1992). Since these variables
are not substantive, the analysis plan was
to exclude them in the second model if
their coefficients were not significant at
the usual 5% significance level.

Finally, the study describes the re-
sults of a sensitivity analysis designed
to measure the sensitivity of the statis-
tical results to variations in the speci-
fication of the regression model.

RESULTS

Figure 1 shows historical trends in
child mortality from the unintentional
ingestion of oral prescription drugs from
1964 through 1992. The pattern is quite
striking. The mortality rate declined
from about 3.5 deaths per million chil-
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dren in the late 1960s to less than 2.0
deaths per million children in the early
1990s. Note, however, the somewhat
higher mortality rates in 1971 and 1972.
The rates for these 2 years may be in-
dicative of a rising mortality rate before
the introduction of the child-resistant
packaging requirements, possibly linked
to increases in the per capita consump-
tion of oral prescription drugs. Alter-
natively, they may be outliers, in which
case the mortality rate could be con-
strued as being relatively constant from
1964 through 1973. In either case, the
data display no decrease in the child
mortality rate before child-resistant
packaging was first required in 1974.
They do, however, show a relatively
large decrease following the child-resis-
tant packaging requirements.

A reduction in the child mortality rate
beginning in 1974 is confirmed by the
analysis of the crude mortality rates. Both
the crude mortality rate ratio and its dif-
ference, which compare the child mortal-
ity rate during the preregulatory period
(1964-1973) with that of the postregula-
tory period (1974-1992), show a strong
reduction in child mortality following the
child-resistant packaging requirements.
The mortality rate ratio of 2.01 (95% CI,
1.80-2.24) indicates that the mortality rate
during 1964-1973 was about twice that
during 1974-1992. Additionally, the mor-
tality rate difference of1.82 (95% CI, 1.54-
2.10) indicates that the mortality rate de-
clined by about 1.82 deaths per million
children younger than 5 years after 1973.

This reduction may not, however, be
attributable solely to child-resistant pack-
aging. As shown in Figure 2, the unin-
tentional injury death rate for children
younger than 5 years from all causes has
declined steadily from 1946 through 1992.

It decreased from about 600 deaths per -

million children younger than 5 years in
1946 to about 180 deaths per million in
1992, a reduction of about 70% during the
47-year period.”” This long-term redue-
tion suggests that the deeline in the mor-
tality rate associated with the uninten-
tionalingestion of oral prescription drugs
may berelated in part tolong-term safety
trends that are independent of child-re-
sistant packaging, including improve-
ments in emergency health care® im-
provements in the delivery of health
information through poison control cen-
ters and health professionals, and height-
ened parental awareness of and vigilance
against hazards.® These long-termtrends
must be taken into account in the multi-
variate analysis.

Regression Results

The Table presents the results of the
time series regression analysis. Model 1
includes the shift parameters ICD-7 and

JAMA, June 5, 1996—Vol 275, No. 21

ICD-8, representing the ICD classifica-
tion periods. However, because the co-
efficients for these parameters are not
statistically significant, they are ex-
cluded from model 2.

The coefficients of the trend and pre-
scription variables have the expected
signs in both models, although the coef-
ficient for presecription is not significant
in model 1 (P=.13). More importantly,
the coefficient for the regulatory variable
is negative and highly significant in both
models (P<.001), suggesting that the in-
troduction of child-resistant packaging re-
quirements for oral prescription drugs
was strongly associated with the reduc-
tion in the child mortality rate.

The Durhin-Watson statistic is used to
test for first-order serial correlation in
the error terms (ie, the correlation be-
tween consecutive error terms), a statis-
tical problem that can bias the SEs of the
coefficients.® The Durbin-Watson tests
for models 1and 2 were inconclusive. How-
ever, the results of the analysis were not
affected when the models were corrected
for possible first-order serial correlation.

Since the dependent variable in each
regression model was measured in terms
of annual deaths per million children
younger than 5 years, the negative co-
efficient for the regulatory variable in-
dicates that the timing of the child-re-
sistant packaging requirements was
associated with an annual reduction of
about 140 (95% CI, 0.85-1.95) deaths
per million children younger than 5
years. This is illustrated in Figure 3,
which shows the predicted (ie, fitted)
estimates of the child mortality rate by
year and the predicted mortality rates
in the absence of child-resistant pack-
aging. The difference between the 2 mor-
tality rate lines beginning in 1974 rep-
resents the estimated reduction in the
child mortality rate associated with the
use of child-resistant packaging.

Sensitivity Analysis

Several analyses were conducted to
evaluate the sensitivity of the statistical
findings to variations in the specifica-
tion of the model. For example, we re-
estimated the coefficient for the regu-
lation variable under the assumption that
the higher child mortality rates associ-
ated with the ingestion of oral prescrip-
tion drugs in 1971 and 1972 were in fact
outliers. Under this assumption, we re-
moved the effects of these 2 years by
including 2 categorical variables in the
regression model, the first set equal to
11in 1971 and 0 otherwise, and the sec-
ond set equal to 1 in 1972 and 0 other-
wise.®> When these variables were in-
cluded, the estimated coefficient for the
regulation variable was —1.03 (SE, 0.25).
Although smaller than the original co-
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Figure 2. —Unintentional injury death rate for chil-
dren younger than 5 years from all causes, 1946-
1992.

efficient of —1.40 from the Table, it was
within the original coefficient’s 95% CI
(~1.95 to —0.85).

The model was not sensitive either to
the specification of the trend variable or
to the exclusion of the small proportion
of child deaths (12.8%) associated with
drugs and other medicaments that were
coded by the NCHS as unspecified or
other. When the unintentional injury
death rate for children younger than 5
years from all causes was substituted
for the linear trend variable, the esti-
mated coefficient for the regulation vari-
able was —1.19 (SE, 0.35). Similarly,
when the child deaths coded as unspeci-
fied or other in the NCHS data were
excluded, the estimated coefficient for
the regulation variable was —1.27 (SE,
0.24). Again, these coefficients were
within the 95% CI of the original coef-
ficient for the regulatory variable.

Finally, a model was specified with
terms that were analogous to those used
by Viscusi® in his regression analysis of
aspirin-related poisonings of children
younger than 5 years. The Viscusi model
included a regulatory variable and an
annual per capita aspirin consumption
variable similar to the regulation and
prescription variables used in the pres-
ent study. In addition, to account for
long-term trends, the Viscusi model in-
cluded a lagged dependent variable and
another variable representing real per
capita personal consumption expendi-
tures. When the model was thus speci-
fied, the estimated coefficient for the
regulation variable was —1.86 (SE, 0.39).
Viscusi’s formulation of the model sug-
gests an even stronger relationship be-
tween child-resistant packaging and the
reduction in the child mortality rate.
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COMMENT

Child-Resistant Packaging
Effectiveness

The results of this time series study
provide persuasive and robust evidence
of the effectiveness of child-resistant pack-
aging for oral prescription drugs. A sta-
tistically significant decrease in the child
mortality rate was associated with the
introduction of child-resistant packaging,
even after controlling for changes in the
consumption of oral prescription drugs
and for long-term safety trends. Follow-
ing the 1974 child-resistant packaging re-
quirements, the annual child mortality rate
decreased by an estimated 140 deaths
per million children younger than 5 years.

This reduction is substantial as well as
statistically significant: it equates toabout
460 fewer child deaths from 1974 through
1992. This averages to about 24 fewer
child deaths annually, a reduction of about
45% from levels that were projected in
the absence of child-resistant require-
ments. Moreover, the results were not
sensitive to reasonable variations in the
specification of the regression model.

To the extent that child-resistant pack-
aging also prevents nonfatal ingestions,
which constitute the great bulk of the un-
intentional child ingestions of oral pre-
scription drugs, the results underestimate
the benefits of child-resistant packaging.
According to the CPSC’s National Elec-
tronic Injury Surveillance System, there
were an estimated 27 500 (95% CI, 21 000
to 34 000) nonfatal child ingestions involv-
ing oral prescription drugs treated in hos-
pital emergency departments in 1989333
Unfortunately, no suitable preregulatory
data on nonfatal poisonings are available
for comparison with postregulatory data.
The National Clearinghouse for Poison
Control Centers at the US Food and Drug
Administration collected exposure data
on nonfatal child poisonings from 1957
through 1983. However, these data were
unsuitable for deriving population-based
poisoning rates or secular trends of those
rates. Participating poison control centers
joined and left the program periodically,
many reported only sporadically, and the
size of the population being served by
participating poison control centers var-
ied but was never measured (M. Fow,
PhD, Food and Drug Administration,
Bethesda, Md, written communication,
April 1987).

The results of the present analysis
differ from those of the Viscusi'® study,
which did not find a statistical associa-
tion between child-resistant packaging
and either the nonfatal or fatal aspirin
poisoning rate for children. With respect
to nonfatal ingestions, this may be be-
cause the Viscusi study relied on the
poison control center data just described.
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Regression Results for Predicting the Mortality Rate From the Unintentional Ingestion of Oral Prescription

Drugs for Children Younger Than 5 Years

Model 1* Model 2*
[ 1 F L
Variables Coefficient SE P Coefficient SE P
Intercept 1.90 1.40 k) 1.72¢ 0.81 .04
Prescription 0.40 0.25 13 0.37t 0.14 .01
Trend -0.06t 0.03 .04 -0.05% 0.02 .006
Regulation -1.40% 0.27 <.001 -1.39% 0.26 <.001
1CD-7§ -0.35 0.48 47
ICD-8§ -0.25 0.36 .51

*For both models, A2=0.87; Durbin-Watson=2.38.
1P<.05, 2-tailed test.
$P<.01, 2-tailed test.

§/CDindicates International Classification of Diseases. These covariates were not included in model 2 because

their coefficients were not statistically significant.

Additionally, the Viscusi'® analysis of
the mortality data may not have ad-
equately controlled for factors other than
child-resistant packaging. For example,
the analysis did not control for the rapid
Ir'{eduction in the aspirin-related mortality

ate that occurred before child-resistant
packaging requirements became effective
in 1972. The mortality rate decreased dra-
matically from about 6.2 child deaths per
million children younger than 5 years in
1964 to about 2.6 deaths per million chil-
dren in 1971—a reduction of almost 60%
in the 7 years before child-resistant pack-
aging was required. This decrease, which
confounded the relationship between the
aspirin-related child mortality rate and
child-resistant packaging, was probably
related to efforts designed to reduce the
incidence of unintentional poisonings from
overdoses of aspirin administered by par-
ents or guardians,>®>% poisonings that
child-resistant packaging would not have
been expected to prevent in any event.
The relationship between child-resistant
packaging and the aspirin-related child
mortality rate may also have been con-
founded by the fact that 2 major manu-
facturers of children’s aspirin voluntarily
adopted the use of child-resistant pack-
ages in 1969 and by the voluntary intro-
duction of child-resistant packaging on
some adult aspirin products as early as
1971, well before the child-resistant pack-
aging requirements became effective?

The present study did not suffer from
the severe confounding difficulties in the
aspirin-related mortality data. There is
no evidence that oral prescription drugs
mistakenly administered by parents or
guardians in doses higher than those
recommended by physicians constituted
a widespread problem at any time dur-
ing the study period. Nor was there sub-
stantial use of child-resistant packaging
with oral prescription drugs before the
requirements went into effect.

Nevertheless, the estimated 45% re-
duction in the child mortality rate from
the unintended ingestion of oral pre-
seription drugs is less than might be
expected given that the current testing

Predicted

Predicted, in Absence
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Figure 3.—Fitted model for predicted child mortal-

ity rate due to the unintentional ingestion of orat
prescription drugs, 1964-1992.

protocol for child-resistant packaging re-
quires that at least 80% of children be
unable to open child-resistant packages
during a specified test period.? In other
words, the reduction is less than might
have been expected based solely on the
technological aspects and testing expe-
rience of child-resistant packaging.
There are, however, at least 2 observ-
able factors that can help explain the lower
45% reduction in the child mortality rate.
First, a large percentage of the uninten-
tional poisonings of children younger than
5 years (perhaps as many as 40%, accord-
ing to a 1989 CPSC study of nonfatal poi-
sonings resulting in hospital emergency
department medical treatment*) involve
drugs that are dispensed in conventional,
non—child-resistant packaging. Non—child-
resistant packaging is available under the
PPPA because Congress wanted to en-
sure that substances subject to child-re-
sistant requirements are “readily avail-
able to elderly or handicapped persons
unable to use such substances when pack-
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aged in [child-resistant packaging].’®" As
a result, preseription drugs can be dis-
pensed in non-child-resistant packaging
ifdirected by the prescriber orif requested
by the purchaser.?® There is also evidence
of noncompliance with the child-resistant
requirements by some pharmacists.®®

Second, a substantial proportion of
child poisonings involved medicines
originally dispensed in child-resistant
packages that were left unsecured (ie,
not in a child-resistant mode) at the time
of ingestion.%

Overall, more than 50% of all oral pre-
scription drug-related poisonings of chil-
dren younger than 5 years may involve
medicines either originally dispensed in
conventional non—child-resistant packages
or in child-resistant packaging that has
been disabled. It is also worth noting that
a large proportion of prescription drug
poisonings, perhaps as many as 20% to
25%, occur outside the child’s home,**
and many involve the medications of
grandparents and other older persons.®

Recent Efforts to Improve
Child-Resistant Packaging

These findings suggest that further
reductions in the child poisoning rate
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