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Abstract

Background: Unintentional child poisoning represents a significant public health problem across the globe, placing
a substantial burden on health services emergency departments. Around the world, every year, thousands of children
die as a result of physical injuries, most of which involve children under 5 years old. Medicines are the main products
involved in poisoning, and children under 5 years old are the most vulnerable age group. The objective of this study
was to measure the prevalence of unsafe storage of medicines in households with a 4-year-old child.

Methods: We used data from the follow-up of 4-year-old in the 2004 Pelotas Birth Cohort Study in Brazil (N = 3799).
“Unsafe storage” was considered present when medicines were stored unlocked and within reach of children (at a
height below the eye level of the average adult). Independent variables included maternal and family socioeconomic
and demographic characteristics and the child’s health care. All information was collected during household interviews
with the mothers using a standardized questionnaire. The overall prevalence rate with a 95% confidence interval (95%
Cl) and the prevalence associated with various independent variables were determined.

Results: The storage of medicines in unlocked areas was reported by 80.9% of the mothers, and, within reach
of children for 26.5%. The overall prevalence rate of unsafe storage of medicines was 21.4% (20.1-22.7%). The

main storage locations used were the kitchen (57.0%) and bedroom (53.3%).

Conclusions: The results indicate that medicines were unsafely stored in a 21.4% number of homes, which
can contribute to the vulnerability of children to poisoning from medicines. To minimize this risk, education
about the safe storage of medicines should be reinforced by health professionals.
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Background

Unintentional child poisoning represents a significant
public health problem globally, placing a substantial bur-
den on health services emergency departments [1]. Every
year, thousands of children around the world die as a con-
sequence of physical injuries, most of them involving chil-
dren under 5 years old [2]. Childhood injury prevention is
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considered a public health priority [3, 4]. Most domestic
accidents leading to injuries in children are caused by falls,
cuts, burns [5], and poisoning [6].

Medicines are the main type of products involved in
accidental poisoning, and children under 5 years are the
most vulnerable age group [7]. Today, there are more
medicines at home than ever before, increasing the risk
for poisoning. However, the vast majority of childhood
poisoning incidents may be prevented [8]. Strategies to
prevent this type of injury include changes in the pack-
aging, labels and instruction materials of medicines, as
well as the dissemination of knowledge about the type of
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medicines most frequently involved in poisoning, the
circumstances in which poisonings occur and estimated
underreporting rates.

Previous studies have shown that factors associated
with childhood poisoning include the low educational
level of the parents, the low socio-economic level of
the family, the presence of more than four children
in the family, the youth of the mother, less continu-
ous supervision in the household, and the unsafe
storage of medicines and household cleaning products
[9-17]. Both prescription and over-the-counter (OTC)
medicines may be responsible for poisonings [18, 19].
Burghardt et al. [20], in an ecological study of sec-
ondary data from the American Association of Poison
Control Centers from 2000 through 2009, showed
that an increase in the use of hypoglycaemic, antihy-
perlipidaemic, beta-blocking, and opioid drugs by
adults was associated with an increase in the number
of poisoned children visiting emergency rooms and
admitted to hospital. Lovegrove et al. [21] conducted
a study between 2004 and 2013 using data from the
National Electronic Injury Surveillance System-
Cooperative Adverse Drug Event Surveillance Project
to assess trends in emergency department visits for
unsupervised medication exposures in children aged
< 6years and found that easy access to medicines and
lack of supervision at home are the main reasons for
domestic poisoning of children. The objective of our
study was to measure the prevalence of unsafe medi-
cine storage in households with a 4-year-old child
from the 2004 Pelotas Birth Cohort as a way of asses-
sing the potential vulnerability of children to medi-
cine poisoning.

Methods

Study design

Cross-sectional study nested in the 2004 Pelotas Birth
Cohort.

Setting and participants

The city of Pelotas is in southern Brazil and had a popu-
lation of approximately 330,000 inhabitants in 2010 [22].
All live births in the city’s hospitals (N =4231) in the
year 2004 to mothers living in the urban area of Pelotas
who agreed to participate were included in the 2004 Pe-
lotas Birth Cohort Study. The participation refusal rate
was less than 1%. These children were followed through
household interviews at 3, 12, 24, and 48 months of age
(4 years old). Information on the storage of medicines in
the home at the 4-year follow-up was obtained from
3799 (92%) cohort participants. This cohort is being
followed on a regular basis, and details about the study
design and methodology can be found elsewhere [23].
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Variables and data sources/ measurement

The following questions were designed to ascertain
whether medication was stored unsafely at home: “Do
you store medications: in the kitchen? (yes/no), in the
bathroom? (yes/no), in the child’s bedroom? (yes/no), in
another bedroom? (yes/no), in any other room?”; “Do you
keep medications unlocked in a drawer or a cabinet?”
(yes/no); and for those mothers who answered yes, was
asked:“Are these drawers or cabinets installed at a height
below the eye level of an average adult?” (yes/no). Unsafe
storage conditions were deemed to exist when medicines
were kept in an unlocked drawer or cabinet and at a
height below the eye level of an average adult [24].

The study explored a variety of independent variables.
We assessed the following demographic information: the
child’s sex; the age of the mother (categorized into 13-19,
20-29 and 30 or more years of age); and the self-reported
skin colour of the mother (categorized into white, black,
brown or mixed, Asian and Native). We assessed the fol-
lowing socioeconomic characteristics: the educational level
of the mother and father (years of schooling categorized
into 0—4, 5-8, 8-11, and 12 and more years); the employ-
ment status of the mother (actively working after the child
was 2 years of age); the household’s socioeconomic status
according to the Brazilian Association of Market Research
Institutes [25], categorized into A/B, C and D/E, where A is
the richest and E the poorest (we grouped together A/B
and D/E in order to homogenize the size of the categories);
and the marital status of the mother (living with a husband
or partner). We reviewed the following variables regarding
maternal and family characteristics: the identity of the
child’s primary caregiver before age 4 years (relative or un-
related); the self-reported health of the mother (excellent/
very good, good, and fair/poor); chronic conditions of the
mother and father (mental illness, diabetes, or high blood
pressure); and the number of people living in the household
(2, 3, 4, 5 or more). Finally, we assessed the following vari-
ables regarding the child’s health care: breastfeeding dur-
ation (never breastfed, or breastfed 1-30, 31-180, 181-365,
or over 365 days); private health insurance (yes/no); num-
ber of health care visits after the child was 2 years old (0, 1,
2, or 3 or more); utilization of emergency or hospital care
services after 2years old; history of poisoning involving
medicines or household cleaning products after 2 years old
(no/yes for medicines; no/yes for household cleaning prod-
ucts; no/yes for both); history of other injuries in the home
from 2 to 4 years old (falls, cuts and burns); and child’s use
of medications in the preceding 15 days.

Statistical methods

Statistical analyses were performed using Stata version
12.0 (Stata Corp., College Station, US. We carried out
analyses, first to describe storage type and location of
medicines in the household, presenting absolute and
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relative frequencies and prevalence of unsafe storage
of medicines. Second, we calculate the characteristics
of the sample (distribution) and third the frequency
of the outcome (unsafe storage of medicines at home)
according to the independent variables and the re-
spective 95% confidence interval (95% CI). A theoretic
model linking the independent variables to the unsafe
storage of medicines in the household is shown in
Fig. 1.

Ethical considerations

The study was approved by the Research Ethics Com-
mittee of the Federal University of Pelotas Medical
School (CEP/FAMED/UFPEL) under the number
OF.012/07. Mothers who agreed to be interviewed were
enrolled in the study after signing an informed consent
document. Participants were advised that their participa-
tion was voluntary and that they could withdraw from
the study at any time without the need to give a reason.
Participants were also assured of the confidentiality of
the information that they provided.

Results
Of the 4231 children included in the original 2004 co-
hort, 4137 were able to participate at the age of 4 years
(94 had died within 4 years of birth). After subtracting
losses and refusals (n = 338), 3799 interviews were con-
ducted that provided information about medicine stor-
age in the household.

The most frequent storage locations were the kit-
chen (57.0%) and the child’s bedroom (27.4%),
whereas the least frequent storage location was the
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medicines in cabinets at a height below the eye level
of an average adult. The prevalence of unsafe storage
(medicines stored in an unlocked area and within the
reach of children) was 21.4% (20.1-22.7%) (Table 1).

Table 2 shows the distribution of the sample and the pro-
portion of unsafe storage of medicines in the home accord-
ing to socioeconomic, demographic and health-related
characteristics. Over 53% of the households were classified
into socioeconomic group C. Most parents had five or
more years of schooling, 35.2% of the families had five
people or more living in the household, and 62% of the
children were born to white mothers. The child’s primary
caregiver was a relative in 75.5% of the families. Among the
mothers, most (79.7%) were living with a partner, 65.3% of
them were employed after the child was 2 years old, and ap-
proximately half of them (46.9%) self-rated their health as
good. Over 50% of the parents did not report any chronic
conditions. Unsafe medication storage was more frequent
in families characterized by parents with limited education
and a low socioeconomic status.

Table 3 shows that 37% of the children were breast-
fed for 1-6 months and that only 6% were not breast-
fed at all. A history of injuries at home after 2 years
old was reported for 2939 children (77.5%), 55.4% of
the children did not attend any health care visits
from 2 to 4years old, and hospitalization or emer-
gency care services utilization from 2 to 4 years old
was reported for more than half of the children
(58.2%). A total of 110 children (2.9%) experienced
poisonings involving medicines (n =71) or household
cleaning products (n=39) from 2 to 4 years old. Un-
safe storage of medicines in the home was more fre-
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Table 1 Storage type and location of household medicines in
families with children four-year-olds from the 2004 Pelotas Birth
Cohort (Brazil)

Storage type and location N %

Storage locations

Kitchen 2166 57.0
Bathroom 235 6.2
Child's bedroom 1040 274
Other bedroom 985 259
Other room 255 6.7
Medicines stored unlocked in a drawer or a cabinet 3072 809
(N=3797)*
Medicine stored unlocked in a drawer or cabinets 813 265
installed below eye level of an average adult (N =3072)
Unsafe storage**(N = 3797%) 813 21.4

Detailed legend: * 2 missing (not answer)

**When medicines were kept in an unlocked drawer or cabinet and at a
height below the eye level of an average adult

Total sample N =3799

Discussion

This study found that the prevalence of unsafe storage
of medicines was 21.4% (20.1-22.7%) in households with
a 4-year-old child from the 2004 Pelotas Birth Cohort.
This finding is lower that the results from another Bra-
zilian study conducted of 280 households in Sdo Paulo,
Brazil, which found supplies of medicines in 255 (91%)
households, of which 41.1% had unsafe/inadequate stor-
age [26]. However consistent with finding from Tour-
inho et al. [27] that reported 22.4% of unsafe storage of
household medicines in a study of 705 households from
two cities in Sdo Paulo, Brazil; that study involved a total
of 2004 children and adolescents, of which 39.4% of the
children were 6years old or younger, and 91% of the
households kept supplies of medicines at home.

Beirens et al [24] conducted a cross-sectional observa-
tional survey in the Netherlands using the same out-
come definition as this study and obtained that 50.1% of
the toddlers surveyed were exposed to unsafe storage of
possible poisonous products in the home. Al Ruwaili et
al, in a cross-sectional survey conducted in Saudi Arabia,
found that 93% of children under 6 years old were at risk
of accidental poisoning by medicines [28].

Studies performed in Parana State by Margonato et al.
[14] collected data during home visits to patients with a
record of acute unintentional drug poisoning according
to the Poison Control Centre in Maringd and found that
the majority of the victims were under 5years old
(59.7%), males (54.2%), and from lower-income groups
(63.9%) and that there was a significant association (p <
0.05) between medicine poisoning in children and inad-
equate medicine storage. In Rio Grande do Sul State,
Ramos et al. [17] surveyed similarly situated families and
found that they are approximately 17 times more likely
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to have children poisoned by medicines. The study
population in that case consisted of children aged from
0 to 14years old who were victims of acute poisoning
and who had been attended at an emergency unit in the
period from 2008 to 2012. It is important to emphasize
that the health of the mother is important for the health
of the child. In this regard, a study conducted by
Siqueira et al. [29] on maternal depression showed that
it is a common condition associated with several child
health outcomes and that the median number of injuries
among boys was higher for those whose mothers con-
sistently presented symptoms of depression. That study
also showed that maternal depression is associated with
a higher incidence of injury among children of both
sexes aged 2—4years, even after adjustment for con-
founding factors [29].

The prevalence of unsafe medicine storage observed in
the current study is consistent with findings from other
studies [30-32]. Groom et al. [33] conducted a cross-
sectional study of children aged 0—4 years who were ad-
mitted to hospital due to unintentional poisoning in the
former National Health Service Trent Region in the East
Midlands, UK between 1 April 1995 and 31 March 1997
and showed that the number of hospital admissions due
to medicine poisonings was 2-3 times higher for low-
income children (IRR 2.49, 95% CI 1.87-3.30) and that
those admissions were most commonly associated with
accidental ingestion of benzodiazepines (IRR 5.63; 1.72—
18.40), antidepressants (IRR 4.58; 1.80-11.66), and anti-
cough medicines (IRR 3.93; 1.67-9.24).

Wealthier families whose children have a private
health plan presented a lower rate of unsafe medicine
storage. The impact of medicine on the healthcare of
children under 4 years of age is well known. In this age
group, with the cost of medicines in over 40% of families
is the primary health expense, and the wealthier the fam-
ily is, the higher the expenditure on medicines and pri-
vate health plans [34]. In addition, Barcelos et al., 2017
[5], in a study using the same sample as our study,
showed that adolescent mothers and poorer families
with less education can benefit from preventive health
measures to minimize risk injury to children.

The highest prevalence of unsafe storage of medicines
was observed in households whose children have used
medicines in the last 2 weeks, as well as in households
where the parents had a lower level of education, which
is consistent with the results obtained in a previous
study [24] that found an association between lower level
of education and unsafe storage of medicines.

Another important identification was the distribution
of medicines in many rooms around the house. This lack
of organization with medicines stored in multiple places,
may lead to more opportunities for children to gain ac-
cess to medicines. The families reported storing the
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Table 2 Study sample and unsafe storage of household
medicines in families with children four-year-olds from the 2004
Pelotas Birth Cohort (Brazil)
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Table 2 Study sample and unsafe storage of household
medicines in families with children four-year-olds from the 2004
Pelotas Birth Cohort (Brazil) (Continued)

Variables Study sample Unsafe storage Variables Study sample Unsafe storage
N % N % 95% Cl N % N % 95% Cl
Child's gender Number of household members
Male 1973 5193 428 2171 19.89-2358 2 136 358 27 1985  13.51-27.55
Female 1826 48.07 385 2108 19.23-23.03 3 1068 28.11 253 2369 21.17-2636
Maternal skin colour 4 1257 3309 263 2092 1870-23.28
White 2329 6197 508 2181 20.15-2355 5 or more 1338 3522 270 2021 18.06-2243
Black 626 16.66 128 2045 17.35-23.82 Detailed legend: Total sample N =3799
Brown or mixed 764 2033 165 2163 1873-24.69
Asian or Native 39 104 S 1287 429-3743 medicines in different places, a fact that was also ob-
Maternal age served by other authors [24, 28]. However, Morrongiello
et al. [35] and Gibbs et al. [36] showed adults may have
13-19 710 1870 167 2355 2045-2682 jnaccurate perceptions about whether a child has access
20-29 1878 4946 380 2023 1844-2212 14 unsafely stored substances.
30 or more 1209 3184 266 2202 19.70-2444 It should be taken into account that the results pre-
Maternal education (years of schooling) sented in this study are only descriptive. Studies aimed
04 581 1536 115 1983 1663-2327 at understanding the risk factors related to unsafe medi-
- 1405 3714 291 2071 18602293 cine storage should include adjusted analysis for possible
confounding factors.
&1 1341 3545 285 2127 1909-2354 Morrongiello et al. [37] further showed that parents
12 or more 46 1205 118 2588 21.92-30.16  jntend by their reactions to reduce children’s injury-risk
Paternal education (years of schooling) behaviours, but it study revealed some unexpected
0-4 560 1630 129 2304 1961-2675  patterns that differ between boys and girls and relate to
s_g 1470 4278 299 2035 1831-2250  the frequency with which parents react by teaching or
a1 1064 3097 232 9183 1936441 gis}fiplining their children when they engage in risky
ehaviours.
12 or more #2.9% /9 2310 187472794 The safe storage of medicines can mean that a child is
Maternal employment status after the child was born safe at home. Although the results cannot be used in iso-
No 1317 3474 262 1991 1777-2215  lation to dictate clinical or regulatory actions, they have
Yes 2474 6526 548 2215 2053-2384 important practical implications for reducing poisoning
Socioeconomic status (ABEP) in children. The results of this study represent the per-
Aand B 974 259 97 2331 20682609 spective of a medium-sized city in the southern region
of the country. However, it does not limit the general
¢ 19979315 415 2079 19.02-2263 applicability of the study; the results from studies of the
Dand E /86 2092 160 2036 1759-2334  Pelotas cohort are extremely similar to the national
Primary caregiver averages [38].
Unrelated 925 2450 217 2346 20.76-2632 The results of this study are consistent with the initia-
Relative 2850 7550 589 2068 1919-2770  tives adopted by the Office of Disease Prevention and
Maternal self-rated heath Health Promotion Healthy People 2020 to reduce drug
poisoning in children under the age of five by at least
Excellent / very good 1314 34.59 270 2056  1839-22.84 10% bY the end of the decade [39] According to Budnitz
Good 1781 4688 392 2201 2011-2401 et al. [8], meeting this objective will require a coopera-
Fair / poor 704 1853 151 2148 1847-2467  tive undertaking involving researchers, physicians, phar-
Maternal chronic condition macists, pharmaceutical companies, parents and
No 2080 5475 449 2159 1984-234»  caretakers. The importance of cooperation in preventing
Ves 1719 4595 364 2120 19979318 the poisoning of children can be seen in the PROTECT
A y Initiative: Advancing Children’s Medication Safety,
Paternal chronic condition which has inspired the development of safety measures
No 2315 6757 485 2096 19312267 for medicines [40]. Studies have demonstrated that chil-
Yes 1 3243 249 2243 1999-2498  dren gain access to medicines because the bottles are left
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Table 3 Unsafe storage of household medicines in families with
children four-year-olds, child’s health and history of poisoning.
2004 Pelotas Birth Cohort (Brazil)

Variables Study sample Unsafe storage
N % N % 95%Cl

Breastfeeding duration (months)

None 223 5.87 62 2780 22.03-34.18

Less than one 210 553 54 2571 1995-32.18

1-6 1403 3693 282 2011 1803-2229

6-12 639 1682 127 1987 16.85-23.18

More than 12 1324 3066 288 21.77 19.56-24.07
Private health insurance

No 2242 5908 462 2062 1895-22.34

Yes 1553 4088 350 2254 2048-24.70
Number of health care visits

0 2104 5538 449 2135 1961-23.15

1 1140 30.01 237 2079 1847-23.26

2 431 1135 98 2274  18.86-26.99

3 or more 124 3.26 29 2358 16.26-31.83
Hospitalization or use of emergency care services

No 1587 4180 328 2068 1870-22.75

Yes 2210 5823 485 2194 2024-2373
Medicines used in the 2 preceding weeks

No 1943 5116 371 1910 17.37-2091

Yes 1855 4884 442 2384 2190-25.83

History of poisoning involving medicines or cleaning products

No 3688 9710 788 2138 20.05-22.73

Yes, medicines 71 1.87 18 2535 15.77-37.08

Yes, cleaning products 39 1.03 6 1538 5.86-30.53
Prior history of home injuries

No 855 2254 179 2094 1825-23.82

Yes 2939 7746 632 2151  20.03-23.03

Detailed legend: Total sample N=3799

open or are improperly closed or the medicines are put
into other receptacles [41, 42]. According to Budnitz et
al. [43] and Lovegrove et al. [21], the reasons for emer-
gency room visits by poisoned children under 5 years old
(95%) are the easy access to medicines and the absence
of adult supervision at home. The significance of this
problem lies mainly in the factors predisposing uninten-
tional poisoning.

In a systematic review carried out by Barcelos et al. [44],
educational interventions to reduce the risk factors and be-
haviours that cause childhood injuries were effective, sug-
gesting the need for ongoing education of parents and
caregivers regarding the risks for accidental medicine poi-
soning in young children. Substantial reductions in the risks
and rates of injuries, as well as improvement in the
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knowledge of parents/caregivers and children regarding the
prevention of accidents, were observed in the home [44].

In Brazil, unlike in other countries, most medicines are
commercialized in blisters. In addition to the mandatory
language in the medicine’s accompanying leaflet to “keep
out of the reach of children”, the implementation of guid-
ance that the medicine should be stored in a locked place or
at a height above an adult’s head may contribute to keeping
a child safe at home. Although the incidence of poisoning
can be reduced by using child-resistant packaging, such
packaging is not child-proof [45], and the research has dem-
onstrated that up to 20% of child poisonings involved grand-
parents’ medication [46]. Soori et al. [47] concluded that
adequate supervision was the most important factor that
prevented childhood accidents, highlighting the need for ad-
equate supervision of children under 5 years old. Parents
and caregivers remain the first line of defence in preventing
these incidents, and their behaviour is influenced by their
knowledge and attitudes towards safe storage [48]. The re-
search indicates that 1 in 3 parents believe that as
long as a child is being watched, it is not important
where medicine is stored [49]. Many parents overesti-
mate their child’s ability to understand the potential
dangers and follow safety rules, so supervision alone
will not protect against medicine poisoning [49, 50].

Another important point that warrants discussion is
the impact that the frequency of unsafe storage of
household medicines has on the 4-year-old children
from the 2004 cohort. An initial concern is the children’s
vulnerability to medicines at home, which may lead to
medicine poisoning. The National Network of Poisoning
Control Centres (Rede Nacional de Centros de Controle
de Intoxicagdes) in Brazil has reported medicines as the
main agent responsible for poisoning events, even with
all the advances in the toxicology field, the changes in
packaging, and the educational messages about medicine
safety [51]. In addition, according to the Centre of
Toxicological Information of Rio Grande do Sul State
(Centro de Informagdes Toxicolégicas do Rio Grande do
Sul) [52], in the period between 1980 and 2005, out of
62,071 incidents, 28.1% involved children younger than
six years old, representing the second largest age group
to suffer from poisoning. In 2013, medicine poisonings
were the most common cases of poisoning, with 6036
visits to the Emergency Room of the Centre of Toxico-
logical Information, representing 32.3% of all occur-
rences. Children under 5 years old represented 28%
(N =1692) of the incidents related to medicine poison-
ing. Seventy-six incidents were reported in the city of
Pelotas for children under 5 years old, representing 4.5%
of the medicine-related occurrences in the year 2013 in
Rio Grande do Sul State [53]. The results highlight the
challenge of identifying strategies that promote the safe
storage of medicines, especially the adoption of



Santos et al. BMC Pediatrics (2019) 19:235

protective measures in the everyday life of families. The
children of working mothers had a lower risk of poison-
ing than the children of stay-at home mothers [54]. In
addition, stay-at-home mothers provided inadequate
supervision to their children and may have inadvertently
created an unsafe home environment due to poor medi-
cine storage habits [16]. Furthermore, the absence from
the home of at least one parent was associated with an
increased risk of accidental poisoning [16].

A systematic review that included 98 studies, involving
more than 2 million people, evaluated the effectiveness
of education about home safety and safety equipment in
improving safety practices at home. Individual and face-
to-face educational interventions effectively improved
safe practices and were also found to effectively increase
the safe storage of medicines (OR =1.53; 95% CI 1.27-
1.84) and promote the maintenance of ready access to
the telephone number of the centre for poison control
(OR =3.30; 95% CI 1.70-6.39) [4].

To our knowledge, since no questionnaire has been
validated for Brazil regarding the correct storage of med-
icines at home, we suggest that future research be con-
ducted to validate a questionnaire to investigate safety
practices of children at home through personal reports
of parents or other adults responsible for the education
of children under 5 years of age [54, 55]. There are cri-
teria for the safe storage of medicines at home, and these
criteria were used in this study.

Conclusions

Research that identifies the behaviour of families con-
cerning the storage of medicines supports the imple-
mentation of measures aimed at preventing harm. This
is the first cohort study in Brazil that has investigated
the unsafe storage of medicines at home. This study
aims to contribute to the adoption of safety measures
that incorporate the learnings from the study to develop
educational interventions on the safe storage of medi-
cines at home, thereby reducing the poisoning of chil-
dren by household medicines.

The storage of medicines at home is an important
public health issue. The results from our study indicate
that medicines were unsafely stored in a 21.4% of homes,
which can increase children’s vulnerability to poisoning
from household medicines. To minimize the unsafe stor-
age of medicines, education about the safe storage of
medicines should be reinforced by health professionals.
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