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Oblective: To evaluate the effectiveness of child- 
resistant packaging in reducing the mortality rate from 
the unintentional ingestion of aspirin for children younger 
than 5 years. 

Design: Estimates of the annual aspirin-related mortal- 
ity rate for children younger than 5 years in the United 
States were developed for the 1958-1990 study period. 
A multivariate negative binomial regression model was 
then used to estimate the independent effect of the pack- 
aging requirements on the child mortality rate during the 
postintervention period. The analysis controlled for 
changes in the per capita use of aspirin, long-term safety 
trends, and other extraneous and potentially confound- 
ing factors that may have affected the aspirin-related child 
mortality rate. 

Main Outceme Measure: Estimated percentage re- 
duction in the child mortality rate associated with the 
use of child-resistant packaging. 

Re.uhs: After conmolling for covariates, the use of child- 
resistant packagmg was associated with a 34% reduction 
in the aspirin-related child mortality rate. This mortality 
rate reduction equates to the prevention of about 90 child 
deaths during the 1973-1990 postregulatory study period. 

Comlurknm: Child-resistant packaging has been effec- 
tive in reducing aspirin-related child poisonings. How- 
ever, because its effectiveness is only partial. further poi- 
son prevention strategies shouldbe developedand instituted. 
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D URING THE 1950s and 
1960s. aspirin poison- 
ings constituted a sub- 
stantial poisoning haz- 
ard for children. From 

1958 through 1963, for example, an an- 
nual average of about 120 fatal aspirin poi- 
sonings involved children younger than 5 
years.' These poisonings accounted for 
slightly more than 25% of all fatal child 
poisonings involving the ingestion of sol- 
ids and liquids and almost two thirds of 
fatal poisonings involving drugs. 

Concern about the high incidence of 
aspirin poisonings inspired 2 Food and 
Drug Administration (FDA) conferences 
to address this hazard: the 'Conference on 
the Accidental Ingestion and Misuse of Sa- 
licylate Preparations byChildrenW in 1955 
and the "Conference on Prevention of Ac- 
cidental Ingestion of Salicylate Products 
by Childrenn in 1966.13 It also provided 
a strong impetus for the Poison Preven- 

From the Dircctoratc tion Packaging Act of 1970, which was de- 
lor  Economic Analysts. signed to protect children younger than 
US Consumer Product 5 yean from poisonings caused by the un- 
%jcty Commission, intentional ingestion of hazardous house- 
Washington, DC. hold substances.' 

The Poison Prevention Packaging Act 
authorized the US Consumer Product 
Safety Commission to issue regulations re- 
quiring special child-resistant packaging 
for toxic substances used in or around the 
home. Aspirin was the first product cov- 
ered by the new law; regulations requir- 
ing the use of child-resistant packaging for 
products containing aspirin became effec- 
tive on August 14,1972. The testing pro- 
tocol required that at least 80% of chil- 
dren younger than 5 years be unable to 
open the safety packages within a speci- 
fied time.' 

An early postregulatory analysis 
evaluated fiends in aspirin poisoning rates 
from 1965 through 1974 and concluded - 
that child-resistant packaging for aspirin 
products had been effective in reducing as- 
pirin-related poisonings in ~hildren.~ How- 
ever, this finding was disputed in a widely 
publicized 1985 study based on a mul- 
tiple regression analysis of the aspirin 
poisoning rate from 1963 to 1980.' After 
controlling explicitly for potentially con- 
founding influences, it found no statisti- 
cal association between child-resistant 
packaging and the declining aspirin poi- 
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soning rate; the author suggested that the earlier study 
failed to account for other factors that contributed to the 
declining rate of aspirin poisonings. 

My article takes another look at the effectiveness of 
child-resistant packaging for aspirin products, based on 
a multivariate negative binomial regression analysis of 
fatal child poisonings during the period from 1958 to 
1990. The negative binomial model is well suited for the 
analysis of data that have counts as possible outcomes. 
It can also be used to evaluate child-poisoning rates when 
the outcome data, measured in deaths, are indexed ac- 
cording to the population of children at  risk. The 1958- 
1990 study period represents a substantially expanded 
database when compared with previous analyses. 

DATA 

Data on the annual number of child deaths c a w d  by the un- 
intentional ingestion of aspirin were collected from the files on 
underlying c a w  of death published by the National Center for 
Health Statistics (NCHS).' The NCHS data are ckssied by codes 
for external cause of death (E-codes) based on the standard- 
ized Intcmatiod Classification of Diseases (ICD) manuals of 
the World Health Organization. 

The NCHS bases its classification of mortality data on the 
underlying c a w  of death reported in death certir~cata, which 
must be cerfl~ed by physicians or other qualified persons such 
as medical examiners or coroners. Although the NCHS col- 
lected these data continuously during the study period, the spe- 
cific E-codes according to which the aspirin-related deaths w m  
classified vary b e c a w  of revisions to the ICD. The ICD-7: which 
was applicable from 1958 through 1967, included aspirin deaths 
within E-code E872: 'accidental poisonings by aspirin andsa- 
licylates." The ICDlP which was applicable from 1968 through 
1978, dassied aspirin deaths within the4digit category E853.1, 
'salicylates and congeners," a subset of medications included 
in E-code E872 of the ICD-7. The category E853:l explicitly 
excluded accidental deaths that were caused by methyl salicy- 
late, paminosalicylic acid, and theobromine calcium salicy- 
lates, medications grouped with aspirin in the ICD-7. Finally, 
the ICD-9,'"hich includes aspirin deaths within the category 
E850.1, 'salicylates." also made xveral coding changes. Deaths 
caused by salicylamide, for example, were.no longer grouped 
with those caused by aspirin. 

Additional data used in the analysis comprised annual 
estimates of the US resident population" (including the 
population of children younger than 5 years), the annual do- 
mestic production of aspirin (which was available from 1958 
to 1990),* and the unintentional-injury death rate from d l  
causes for children younger than 5 years.13 The study period 
was limited to the years 1958 through 1990, the period for 
which data were available for all variables. 

STATlSTlCAL ANALYSIS 

The effect of child-resistant packaging on the child death ate 
was evaluated with a negative binomial regression model de- 
signed for rate data. In this model, the expected annual num- 
ber of poisoning-related child deaths was assumed to follow a 
negative binomial distribution (with a log link) and was esti- 
mated as a function of predictor variables and an o k t  term."-" 
The offset term adjusted the expected d u e  of the response vari- 
able for the population of children at risk and had a defined 
coefficient of 1. 

As an alternative to the negative binomial model, a Pois- 
son regression model was considered for the analysis but was 
rejected because the estimated response counts exhibited 
overdispersion (ie, a greater variability than would be ex- 
pected with Poissondistribution). The negative binomial model 
is the standard parametric model used to account for overdis- 
persion.16 

The regression model included several predictor vari- 
ables. The f i t  was per capita US aspirin production (aspirin) 
in grams per year. a measure of risk exposure that should be 
directly related to the child mortality rate. Per capita aspirin 
consumption would have been preferable, but data on net as- 
pirin imports were not available before 1967. However, dur- 
ing the time span when both production and consumption es- 
timates were available, per capita aspirin production was highly 
correlated with aspirin consumption (r=0.98; PC.001). 

A linear trend variable (trend= 1 in 1958; trend-2 in 
1959;. . . trend133 in 1990) was included to control for 
long-term safety trends. These trends are reflected in the s u b  
stantial decline in the unintentional death rate for children 
from all causes, from about 445 deaths per million children 
younger than 5 years in 1958 to approximately 136 deaths per 
million in 1997.13 This decline is related to factors such as im- 
provements in emergency health care across time, improve- 
ments in the delivery of health information through health 
care providers and poison control centers, and the increased 
safety awareness of parer~ts.~'.~' 

A categorical variable with a value of 1 beginning in 1982 
was included to control for changing patterns in the consump 
tion of aspirin following the discovery (and substantial p u b  
licity) of the relationship between children's use of aspirin and 
Reye syndrome." 

The primary variable of interest% s regulation, a categori- 
cal variable that assumed a value of 1 beginning in 1973, the 
h t  full year of the packaging requirements. Thisvariable should 
be negatively correlated with the child mortality rate if the pres- 
ence of child-resistant packaging reduces child poisonings. 

Finally, the model included 2 categorical variables. ICD-7 
and ICD-8. to represent the periods covered by these revisions 
to the ICD manuals relative to the ninth revision. The variable 
1CD-7 equals 1 for 19581967 and 0 othemise; ICDS equals 
1 for 19681978 and 0 otherwise. 

An analysis was also conducted to measure the sensitiv- 
ity of the statistical results to variations in the specification of 
the regression model. 

After pealung at more than 7 deaths per million children 
younger than 5 years in the early 1960s, the aspirin- 
related chlldmortality rate declined substantialb, by 1990, 
the mortality rate was less than 0.1 deaths per million 
(Mgun 1 ). According to the regression results, the use 
of child-resistant packaging played a role in this reduc- 
tion (Tabk). The results of the regression analysis were 
generally as expected. The child mortality rate was di- 
rectly related to aspirin production and appears to have de- 
creased beginning in the early 19805 following the discov- 
ery of the relationship between aspirin and Reye syndrome. 

Long-term safety trends likely played a particularly 
important role in the declining mortality rate; the effect 
of the trend variable suggests an annual mortality rate 
reduction of about 5.6%. Additionally, the positive co- 
efficients for the ICD-7 and ICD-8 categorical variables 
suggest higher mortality rates associated with the ear- 
lier classification periods. Besides being consistent with 
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the larger grouping of salicylate deaths included in the 
earlier ICD classification codes, these variables prob- 
ably capture the higher mortality rates that resulted from 
therapeutic overdose during these earlier periods. Fatal 
aspirin poisonings due to overdoses mistakenly admin- 
istered by parents or guardians constituted a docu- 
mented and significant hazard pattern that was increas- 
ingly publicized and addressed during the 1 9 6 0 ~ . ' ~ ~  

Most important, the negative and significant coef- 
ficient for regulation suggests that child-resistant pack- 
aging independently lowered the child death rate by about 
34% (95% confidence interval, 1%-55%) from levels that 
would have been expected in the absence of child- 
resistant packaging. This relationship is illustrated in 
Flgun 2, which shows the predicted child death rate 
by year and the predicted mortality rates in the absence 
of requirements for child-resistant packaging. The fig- 
ure is adjusted to exclude the positive death rate com- 
ponents associated with the ICD-7 and ICD-8 classifica- 
tion periods. It shows a declining mortality rate that was 
further reduced by child-resistant packaging. The rela- 
tively wide confidence interval for the regulation vari- 
able appears to be the result of intercorrelation between 
regulation and other predictor variables. Although this 
type of collinearity does not bias the coefficient esti- 
mates, it does tend to inflate the estimated SEs." 

An analysis was conducted to evaluate the sensitiv- 
ity of the results to variations in the specification of the 
regression model. For example, when the unintentional- 
injury death rate from all causes for children younger than 
5 years was substituted for the trend ~ a r i a b l e . ~  the re- 
s i t s  suggested that child-resistant packaging reduced the 
child mortality rate by 41% (95% confidence interval. 
3%-62%). similarly, &e results were not affected by rea- 
sonable variations in the categorical variable used to ad- 
just for the discovery of the relationship between Reye 
syndrome and aspirin consumption; they were virtually 
identicalwhen it was assumed that the discovery ini- 
tially affected the poisoning rate in 1981 or 1983 rather 
than in 1982 (ie, when the categorical variable was set 
at 1 beginning in 1981 or 1983). 

This study supports the conclusion that child-resistant 
packaging has played an important role in reducing the 
aspirin-related child death rate. After controlling for 
several extraneous and confoundine variables that also - 
affected the poisoning rate, child-resistant packaging 
was estimated to have reduced the aspirin-related mor- 
tality rate by about 34% relative to levels that would 
have been projected in the absence of child-resistant 
packaging. This 34% reduction equates to about 90 
fewer child deaths during the 1973-1990 postregula- 
tory study period. 

The results of this analysis differ from those of the 
1985 study by Viscusi,' which did not find a statistical 
association between child-resistant packaging and fatal 
or nonfatal aspirin poisoning rates for children. The least- 
squares regression models used by Viscusi included a regu- 
latory variable and an aspirin use variable, comparable 
with those used in our study. In addition, to account for 
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long-term trends. the models included both a lagged- 
response variable and another variable representing real 
per capita personal-consumption expenditures. 

Several factors may help explain the lack of a sta- 
tistical association found in the study by Viscusi. With 
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Beause of the high incidence of aspirin poisonings, child- 
resistant packaging was required for aspirin shortly af- 
ter the Poison Prevention Packaging Act was passed in 
1970. Although this requirement has existed for almost 
30 years, only 2 studies have attempted to quantify the 
effect of this packaging on aspirin poisoning rates. The 
most recent study, a highly publicized 1985 analysis, 
found no beneficial effect of child-resistant packaging on 
aspirin poisonings. 

In conhut, our study 6nds that child-resistant pack- 
aging has played an important role in reducing the aspirin- 
related child death rate. This finding, combined with re- 
sults from a recent study of oral prescription drug 
poisonings, supports a general conclusion t h t  child- 
resistant packaging hPr been effective in preventing un- 
intentional drug poisonings in children. However, de- 
spite the overall positive effect of thin packaging, the 
results also suggest that it is onIy pamally effective; there- 
fore, further poison prevention strategies need to be 
developed. 

respect to the analysis of mortality data. the regression 
model may have been affected by severe multicollinear- 
ity. as evidenced by the high intercorrelation exhibited 
between the predictor variables used in the analysis. Ad- 
ditionally. the lagged-response variable, which by defi- 
nition was related to the response variable and therefore 
was highly correlated with it (r=0.97; P<.001). played 
such a dominant role in the analysis that it may have 
masked the effects of other variables. Finally, these prob- 
lems may have been exacerbated by the relatively short 
study period in the analysis. which was limited to the 
evaluation of annual data from 1963 to 1980. 

Also for 1963 to 1980. Viscusi evaluated nonfatal 
aspirin ingestions that were reported to the FDA's Na- 
tional Clearinghouse for Poison Control Centers by in- 
dividual poison control centers. The same statistical fac- 
tors that may have affected the analysis of fatal poisonings 
would also have affected the analysis of nonfatal inges- 
tions. Additionally. according to the FDA, the data on 
nonfatal ingestions reported through the poison control 
centers were unsuitable for estimating population- 
based poisoning rates or secular trends of those rates. This 
was because participating poison control centers joined 
and left the reporting program periodically. many re- 
ported their data sporadically, and the size of the popu- 
lation served by participating poison control centers var- 
ied but was never measured (M. Fow, PhD, FDA. written 
communication, April 1987). 

POSSIBLE LIMITATIONS 

Despite the statistical significance and intuitive plausi- 
bility of the principal finding of our study-that child- 
resistant packaging has been effective in reducing the child 
mortality rate from aspirin products-the analysis must 
be interpreted with some caution. It does not explicitly 
adjust for changes in the consumption patterns of baby 
aspirin and other analgesics (such as acetaminophen). 

for which little time series information is available. nor 
does it adjust for packaging changes adopted by aspirin 
manufacturers during the 1960s that may have influ- 
enced the poisoning rate. In 1966. for example. follow- 
ing the joint FDA-industry "Conference on Prevention 
of Accidental Ingestion of Salicylate Products by Chil- 
dren" highlighting the susceptibility of infants and young 
children to aspirin poisonings. the drug industry lim- 
ited the number of c h i l w s  aspirin tablets to 36 per bottle 
and expanded warning labels.' 

Nevertheless. although these factors were not con- 
trolled for explicitly, there is no reason to believe that 
their exclusion invalidates the results. First. per capita 
aspirin use is the primary measure of risk exposure in 
aspirin-related deaths and. as shown in our study. was 
highly correlated with the child mortality rate. Second. 
including the trend variable to adjust for long-term safety 
improvements implicitly adjusts for the full range of fac- 
tors that may have reduced the mortality rate smoothly 
across time. and may therefore account for factors such 
as expanded warning labels or long-term changes in the 
consumption patterns of other analgesics. 

Finally. the results of this study are consistent with 
those of a recent analysis that found that the use of child- 
resistant packaging for oral prescription drugs reduced 
the mortality rate by about 45% from levels that would 
have been predicted in the absence of child-resistant 
pa~kaging.~This similarity supports our findings and pro- 
vides additional evidence that child-resistant packaging 
is an effective countermeasure to unintentional child 
poisonings. 

RECOMMENDATIONS FOR FURTHER RESEARCH 

Although our study provides further indication that child- 
resistant packaging has effectively reduced child mor- 
tality rates from unintentional drug poisonings. the re- 
sults also suggest that this effectiveness has been only 
partial. consequently, additional strategies designed to 
prevent unintentional drug poisonings need to be devel- 
oped and evaluated. 

One strategy recently undertaken by the Con- 
sumer Product Safety Commission has been to increase 
consumer acceptance of child-resistant packaging by en- 
couraging the development of packaging that is both child- 
resistant and easy for all adults to use.U Such packag- 
ing. which relies more on cognitive abilities than strength, 
should ultimately lead to further reductions in the child- 
poisoning rate by lowering adult resistance to the use of 
child-resistant packaging. 

It would be useful to evaluate the effectiveness of 
packaging requirements for nondrugs such as furniture 
polish. paint solvents. turpentine. and other household 
products that are also covered by child-resistant pack- 
aging requirements. Although there is no reason to be- 
lieve that child-resistant packaging for these products has 
been less effective than it has been for drugs. little effort 
has been made to quantify these effects. 

Accepted jor publication April 9,2002. 
I thank Michael Greene, PhD,jor helpjul comments in 

the preparation o j  this article. 

(REPRINTED) ARCH PEDLATE AWLESC MEWVOL 1%. SEP UK)2 WWW.ARCHPEDLATBLCS.COM 
932 

01002 Amaicnn Medical hsodntlon. All r igh~ ramcd 



Corresponding author and reprints: Gregory B. 
Rodgers. PhD, Directorate for Economic Analysis, US 
Consumer Product Safety Commission, Washington, DC 
20207 (e-mcril:grodgcrs@cpx.gov). 

1. N ~ ~ r f o r H e J m S t i t i s t k s .  YltrlSb&fksofIhrUnMSb$s, VoC 
unw Pkvlurl MortrYlylk& HyattsvHb, M: Nltbnrl b n b r  lor Health W s -  
tlcs; 1858-1993. PuMk-use Ms. 

2 Food ud Drug Mminlstntion. Chlld protdon pachghg rhndardslor pnp ,  
talioms mtdm asdrln. fed Rmnt 1971 :36:17512. 

3. Takm ML, hnk-hJ..Asp&h b ~ k r n  T h s w A  W. New Yo* NY: Star- 
linp Drug Inc; 1969. 

4. Pdron Pnvsntion PrrAugh Act, 15 USC 51471-1476 (1970). 
5. Food ud Drug MmWantion. Child proWon prdcsOh standardslor pnpa- 

dons contdninp asplrln. Fed Rag& 1972;37:3427-3429. 
6. Clark h Walton WW. Efiad of Irfaty prdoplng on aspirin m n  by childnn. 

Pd- 1979;63S87-683. 
7. V u u d  WK Consum behavior ud tho safety l a d s  of product safety mgw 

lation. JLaw Econ. 198528'527-553. 
8. World Health OrImlzam. l n t ~ ~ ~ o f ~ ,  Ssmm R e  

virion (ICD7). ~m, Swbrlurd: World Health Orgonizatlon; 1-957. 
B. World tbdlh O m m i .  I n h m r W  Clusiffcslkn oflkases. Ekhth R e  

nsion (ICD-~). GM, met iand :  world M Organization; 1967, 
10. World Health Organbttion. I n t 0 t ~ M  CkShkJdicn of&-, Uinih R~u-  

sion (ICD-9). G a m  SwlQarIand: World H&h Ofgmlzmim; 1977. 

11. US Bureau 01 tha Census. Curnnt Popuhticm Reports, 11958-1W. Washhrg 
ton. DC: US Govsmmont Printing Oftiw; A@rlllB75. July 1982. and February 
1993. Lrbs P-25. Nos. 519,917. md 1095. 

12. US lnbmationsl Tnde Commission. SynfMk Or& Chemiuls h u r l  R e  
ports. Washington, DC: US lntsmrtional Tfade C o m m i m  1958-1991. 

13. N a h d  SIfay Council. Accihnthds, 1999 EdYlkn. ltasca, Ill: Natiomal Waty 
Coundl; 1999. 

14. McCullqh P. W r J A  GmedizdLirurModdr.2ndd. )bw York, NY:Clup- 
mm6 M;1989. 

15. Aqmai A An I- b Wegoriulkul)rsis. New York. MY: John Wiby 6 
Som; 1896. 

16. C w m n A C . T ~ i P K ~ ~ ~ o f ~ n l & & ~ Y o r k N Y : ~  
bridgo URivsrsily Press; 1898. 

17. Knpp Jf. A all to a3ian: tha Inslitvts of M#ns mporl on emrgency m d i  
d mnhs to chlldmn. hdhtrb. 199S,S(suppIl, pt 2):173-174. 

18. Lltwlt2 T. Mmogwrn A Comparison of pediatric poisoning hnrds: M uuly- 
ds 01 3.8 mlHion uposun inddenb. WirMcs. 1992;894991006. 

19. Centers f w  Disease Contrd. Surgeon gmnl's advlwry on the urn of dicy 
Iates and Rey  syndrome. MMWR Morb Morbl Wk& Rep. 1982;31:289 
m. 

20. Proptiatary h i l t i o n .  a le& Pachging in Ihr 70's: R u m e d I ~  of J Confor- 
enwSpomandLyIhr~IkurdopmcntCunmittw. Washington, DC.Pro- 
prktary Asroelltion; 1970. 

21. Myrn AH. ClrssU mi Modem R q m d o n  WHtt &Mutiom. 2nd ed. tbl- 
mont. Wi: Durbury Press; la. 

22. Rodgon GB. Thr safety clffscFl of child-resistant paclmgii for on1 prescription 
drugs: fwo dwdesof exprmnw. blM 1896275:1661-1665. 

23. US Consumr Product Safety Cornmidon. Requlnmnb lor the sprc*l pack- 
q lng of hooMhdd substarces: find rub. fed R q k t  1@95;6Q:3771&37744. 

(REPRINTED) ARCH PEDUTR ADOLESC MEWVOL 156. SEP 2002 WWW.ARCHPEDUTRICS.COM 
933 


