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Abstract

Introduction: Unintentional falls are a leading cause of injury-related hospital visits
among Canadians, especially seniors. While certain meteorological conditions are sus-
pected risk factors for fall-related injuries, few studies have quantified these associa-
tions across a wider range of age groups and with population-based datasets.

Methods: We applied a time-stratified case-crossover study design to characterize asso-
ciations of highly-spatially-resolved meteorological factors and emergency department
(ED) visits for falls, in Ontario, among those aged 5 years and older during the winter
months (November to March) between 2011 and 2015. Conditional logistic models were
used to estimate the odds ratios (ORs) and their 95% confidence intervals (CIs) for
these visits in relation to daily snowfall accumulation, including single-day lags of up to
one week before the visit, and daily mean temperature on the day of the visit. Analyses
were stratified by age and sex.

Results: We identified 761 853 fall-related ED visits. The odds for these visits was increased
for most days up to a week after a snowfall of 0.2 cm or greater (OR = 1.05-1.08) com-
pared to days with no snowfall. This association was strongest among adults aged 30 to
64 years (OR = 1.16-1.19). The OR for fall-related ED visits on cold days (less than
—9.4 °C) was reduced by 0.05 relative to days with an average daily temperature of
3.0 °C or higher (OR = 0.95; 95% CI: 0.94, 0.96), and this pattern was evident across
all ages. There were no substantive differences in the strength of this association by sex.

Conclusion: Snowfall and warmer winter temperatures were associated with an
increased risk of fall-related ED visits during Ontario winters. These findings are rele-
vant for developing falls prevention strategies and ensuring timely treatment.

Keywords: case-crossover, unintentional falls, accidental falls, injuries, weather, snow,
ambient temperature, winter

Highlights

e A snowfall accumulation of 0.2 cm
or greater was associated with an
increased number of fall-related
emergency department (ED) visits.

e Colder days (temperatures lower
than —9.4 °C) were associated with
a decrease in fall-related ED visits
compared to days with an average
daily temperature of 3.0 °C or
higher.

e Adults between 30 and 44 years
old had the highest likelihood of a
fall-related ED visit after snowfall
or at low temperature.

e Our findings suggest that snowfall
increases the risks of falls and pro-
vide some support for policies that
reduce these risks.

Introduction

About 37.3 million falls that require medi-
cal attention occur globally every year.! In
Canada, falls are the leading cause of
injury among older adults, accounting for

85% of injury-related hospitalizations in
this demographic.>®* The number of fall-
related deaths and self-reported injuries
in older adults increased by 65% from
2003 to 2008 and by 43% from 2003 to
2009/2010.% This trend is worrying as the

likelihood of experiencing a fall increases
with age and Canada’s population is
aging.> Nevertheless, the public health
concern for older adults should span
across all ages given that those younger
than 65 years made up about 70% of
emergency department (ED) visits for falls
in 2017/2018.* Furthermore, there are dif-
ferences by sex, with females accounting
for 54% of fall-related ED visits compared
to 46% for males in 2017/2018.* This is
especially important considering that the
prevalence of osteoporosis is more than
two times greater among women,’ and
this health condition leaves women more
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vulnerable to injuries from falls. As falls
can result in mortality and significant
morbidity (e.g. injuries, chronic pain,
functional decline, mental health issues,
reduced quality of life, etc.),>>¢ there is a
public health benefit to an improved
understanding of the factors contributing
to falls.

Slippery conditions due to ice and snow
have been implicated as one of the pri-
mary causes of outdoor falls,”® indicating
that falls are more likely to occur during
winter. Although Chow et al.” found con-
flicting findings in the literature on the
seasonality of falls, most of the studies
they examined found an increased inci-
dence in falls during winter among older
adults, and the authors suggested that
cold temperatures and slippery conditions
during winter likely contributed to this
increase.” Given these findings and that
over half of falls reported among those
aged 18 to 44 years’ and about half of the
falls among community-dwelling older
adults occurred outdoors,'? weather is
likely an important risk factor. Despite
these findings, most messaging to do with
preventing falls relates to modifications in
ergonomics, built environments and mod-
ifiable health behaviours rather than
weather.'¥1°

Previous studies have shown snowfall
was 13.4 times more likely to occur before
days with excess ED visits for falls than
before periods without excess visits.!
Others found a 38% increase in falls
involving ice and snow compared with
risks on dry weather days'” and an 18%
increase in fall-related hospitalizations
within 6 days of a snowfall.'® In addition,
fall-related injuries were 31% higher
among men and 15% higher among
women on days where freezing rain alerts
were issued,” and the number of outdoor
falls doubled a few days following freez-
ing rain compared to days without excess
falls during the month of December.?® Past
research also found that these increases
typically have a lag period, beginning a
few days after a winter meteorological
event (e.g. ice storm, snowstorm, and
freezing rain) and persisting for up to a
week after its occurrence.®!¢182022 Fyrther-
more, it has been suggested that falls and
hospitalizations for fall-related injuries
among seniors increase as average daily
temperature decreases.'?> More specifi-
cally, Luukinen et al." found that the inci-
dence rate of outdoor falls among the
elderly was about 4.5 times greater on
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days with an average daily temperature
less than —20 °C compared to days of at
least 10 °C.

Although these studies provide some
insight into how meteorological events
may increase the risk for a fall and related
hospital care, their generalizability is lim-
ited. Firstly, almost all studies investigat-
ing relationships between meteorological
factors and hospital care for falls focussed
exclusively on older adults.®!"?3** Secondly,
the Canadian studies that have explored
these associations have largely focussed
on the impacts of major storms and freez-
ing rain.®?2? Thus, previous studies have
not reported associations between more
frequent winter meteorological events
(e.g. everyday snowfall and cold tempera-
tures) and falls; nor have they consistently
explored variations by age. By under-
standing the relationships between mete-
orological factors and fall-related hospital
care among residents of Ontario, we are
better able to anticipate the health care
resources required to treat these events
and target injury prevention.

To address research gaps in this topic
area, the aim of this study was to examine
the influence of snowfall and temperature
on fall-related ED visits during winter
months in Ontario and investigate whether
these associations differed by sex and age.

Methods
Study design

We used a time-stratified case-crossover
study design to evaluate associations
between meteorological factors (e.g. daily
snowfall accumulation and daily average
temperature) and the occurrence of ED
visits for unintentional falls during winter
months. This design is effective for evalu-
ating associations between short-term
environmental exposures and adverse
health events® (e.g. snowfall and myocar-
dial infarction,? temperature and myocar-
dial infarction,*” air pollution and asthma,?
etc.). The effectiveness of this study
design at evaluating these associations
lies in its method of controlling confound-
ers (e.g. age, sex, etc.) by having cases
essentially match to themselves.? This
study design controls for the influence of
individual-level factors by contrasting the
individual’s exposure on the event date to
their exposure during control periods. We
chose the time-stratified bi-directional
approach to certain control periods by

selecting other days of the month that fall
on the same day of the week as the event
date; this provides the additional benefit
of controlling day-of-week effects.?®

Study population

The National Ambulatory Care Reporting
Systems (NACRS) captures individual-level
demographic (e.g. age, sex, postal code)
and administrative information (e.g. regis-
tration date and diagnostic codes) for
all hospital-based and community-based
ambulatory care from participating facili-
ties and ministries of health.*® Unin-
tentional falls are defined by records
containing International Classification of
Disease 10" edition (ICD-10-CA) codes
W00 to W19 as the primary reason for
these ED visits. As we were most inter-
ested in quantifying the associations
between meteorological factors and ED
visits for outdoor unintentional falls, we
removed records with ICD-10-CA codes
indicating a fall that was unlikely to occur
outdoors. (For a list of included and
excluded ICD-10-CA codes, see Figure 1.)
We excluded children aged under 5 years
because unintentional falls in this age
range predominantly occur indoors.? Fur-
thermore, given that performing these
analyses nationally requires considerable
computational resources and that Ontario’s
NACRS data provides ample sample size
and has near complete coverage,® we
restricted our analyses to Ontario ED
visits.

Weather data

While meteorological stations are often
used to assess spatial associations between
weather events and health outcomes, their
use is limited to health outcomes that
occur near these stations.’>3 The Canadian
Forest Service of Natural Resources
Canada works to overcome this issue by
using thin-plate smoothing splines through
ANUSPLIN climate modelling software to
create spatial climate models.?*** While
these models have largely had applica-
tions in the forestry industry, they can be
used in environmental health research.’*3
These climate models can estimate daily
values for temperature extremes (mini-
mum and maximum) and total precipita-
tion at a postal code level.**3* However,
the lowest geographical unit level avail-
able from our NACRS dataset for place of
residence is the forward sortation area
(FSA; regions defined by the first three
digits of a postal code). Thus, the mean
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FIGURE 1
Algorithm used to determine emergency department visits for outdoor unintentional falls included in study population,
November to March, 2011-2015, Ontario

Unintentional falls, Ontario, 2011-2015
(n=2039330)

Y

» ICD-10 diagnostic codes indicating outdoor falls:

Inclusion criteria:

» W00 - Fall on same level involving ice and snow (n = 118119)

» W01 - Fall on same level from slipping, tripping and stumbling (n = 189774)

» W02 - Fall involving skates, skis, sport boards and in-line skates (n = 70 886)

* W03 - Other fall on same level due to collision with, or pushing by, another person (n = 2782)
» W04 - Fall while being carried or supported by other persons (n = 714)

» W05 — Fall involving wheelchair and other types of walking devices (n = 5779)

» W09 - Fall involving playground equipment (n = 4433)

» W10 - Fall on and from stairs and steps (n = 95 856)

» W11 - Fall on and from ladder (n = 13322)

* W12 - Fall on and from scaffolding (n = 442)

» W13? - Fall from, out of or through building or structure (n = 2833)

* W14 - Fall from tree (n = 739)

* W15 — Fall from cliff (n = 56)

» W16 — Diving or jumping into water causing injury other than drowning or submersion (n = 496)
W17 — Other fall from one level to another (n = 19029)

* W18 — Other fall on same level (n = 83 106)

» W18.09 — Other and unspecified fall on same level (n = 7172)

e W19 — Unspecified fall (n = 142 147)

Exclusion criteria:

* Months without snowfall: April to October (n = 1 178 457)
» Age: <5 years (n = 67 388)°
 Missing weather data (n = 1748)
» ICD-10-diagnostic codes indicating indoor falls:
» W06 — Fall involving bed (n = 14 929)
» W07 - Fall involving chair (n = 9955)
» W08 - Fall involving other furniture (n = 3931)
* W18.00 — Fall on same level in or from bathtub (n = 516)
» W18.01 — Fall on same level in or from shower stall (n = 281)
» W18.02 — Fall on same level from or off toilet (n = 272)

Inclusion for analysis Exclusion from analysis
(n =761 853) (n=1277 477)

Sources: Canadian Urban Environmental Health Research Consortium (meteorology data); National Ambulatory Care Reporting System (emergency department visit data).
2The ICD-10-CA code W13 was included as it also codes for outdoor falls on balconies, bridges, flag poles and rooftops.

b Falls that occur among those aged less than 5 years mostly occur indoors.
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daily average temperature, temperature
extremes and total precipitation were cal-
culated for each FSA by averaging these
values for all six-character postal codes
within an FSA. The meteorological data
for all fall and control event dates were
linked spatiotemporally by the Canadian
Urban Environmental Health Research
Consortium (CANUE).3>3¢

As our measure of total precipitation was
not able to distinguish rain from snow, we
defined snowfall as precipitation occur-
ring on days with an average temperature
at or below 0 °C. Furthermore, as increases
in ED visits for unintentional falls occur
up to one week after winter meteorologi-
cal events,®16182022 we examined lag days
up to one week before the fall-related ED
visit. We analyzed single-day snowfall
accumulation rather than multi-day snow-
fall accumulation because snowfall removal
is likely to occur within 24 hours of its
occurrence.'”” We also categorized our
main meteorological variables because we
sought to examine how the associations
between meteorological variables and fall-
related ED visits varied at different levels.
Furthermore, there may be some error in
the values for environmental factors
within an FSA due to factors such as
buildings, topography, vegetation cover
and wind. In the context of snowfall, indi-
viduals tend to stay indoors when greater
snowfall accumulation occurs,* reducing
their risk for a fall. We categorized snow-
fall using the definitions for trace and
non-trace snowfall accumulation (>0 to
<0.2 cm and >0.2 cm, respectively) from
Environment and Climate Change Canada.*”
Trace snowfall accumulation was used to
represent modest snowfall amounts that
exceed 0 cm and accumulation of at least
0.2 cm represented more significant
snowfall.

For average daily temperature, the tem-
perature range in our data crossed 0°C,
where more slippery conditions may occur
due to freezing rain and ice formation. In
turn, these conditions may be more likely
to precipitate a fall, unlike at temperatures
considerably above or below 0°C. Conse-
quently, we used a quintile approach to
categorize our average daily temperature
ranges." As there was only recorded
snowfall between the months of November
and March, we defined these months as
winter and restricted the records for
analysis to these months. Furthermore, we
removed 1748 fall-related ED visit records
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(0.2%) with missing weather data on the
registration date from analysis (Figure 1).

Statistical analysis

We summarized individual-level charac-
teristics by demographic and meteorologi-
cal factor of individuals who had an ED
visit for an unintentional fall during the
months of November to March for the cal-
endar years of 2011 to 2015, inclusively.
We used conditional logistic regression to
compute the odds ratio (OR) and its 95%
confidence interval (CI) for ED visits for
unintentional falls on days with total daily
snowfall accumulation (>0 to <0.2 cm,
>0.2 cm) compared to days with no snow-
fall, including lag days up to one week
before the fall-related ED visit.

Furthermore, we conducted regression
analyses for fall-related ED visits on days
corresponding to average daily tempera-
ture ranges of less than —9.4°C, —9.4 to
less than —4.1°C, —4.1 to less than
—0.3°C and -0.3 to less than 3.0°C
compared to days with an average tem-
perature of at least 3.0°C. We stratified
the analyses by age group (5-17, 18-29,
30-44, 45-64 and 65+ years) and sex.

We also modelled the association between
fall-related ED visits and both exposure
factors to assess the stability of our pri-
mary results. All analyses were performed
using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, US). Carleton University’s Research
Ethics Board approved the study (Project
#113345).

Results
Demographic and weather characteristics

We identified 761 853 fall-related ED visits
during the study period (Table 1). Fall-
related ED visits occurred most fre-
quently on days without snowfall (63.2%;
n = 481273), followed by days with trace
snowfall accumulation (24.1%; n = 183831)
and days with non-trace snowfall accumu-
lation (12.7%; n = 96749). The distribu-
tion of fall-related ED visits by temperature
was similar across the temperature ranges.
Demographically, there were more fall-
related ED visits among females (55.3%;
n = 420978) than males and among adults
aged 65 and older (29.6%; n = 225733)
than the other age groups. There were also
more fall-related ED visits among those liv-
ing in urban areas (82.5%; n = 628650)
than in rural areas and in central Ontario

(34.7%; n = 264692) than other regions
in Ontario.

Daily snowfall accumulation

For days with trace snowfall accumula-
tion, the highest increase in the odds for
fall-related ED visits occurred on the day
this accumulation occurred (OR = 1.05;
95% CI: 1.04, 1.06) compared to days
with no snowfall (Figure 2; data table
available on request from the authors).
This pattern was consistent across all
groups of analysis (e.g. overall, by sex and
by age group). By age group, adults (indi-
viduals 30-44 and 45-64 years) presented
with the largest increase in odds for a fall-
related ED visits (adults 30-44 years:
OR = 1.07, 95% CI: 1.05, 1.09; adults
45-64 years, OR = 1.08, 95% CI: 1.06,
1.09). We also observed elevated odds 5
to 7 days afterwards across most groups
analyzed.

These observed patterns differed from
those seen on days with non-trace snow-
fall accumulation (Figure 3; data table
available on request from the authors).
Overall, the increased odds persisted for
most of the week after non-trace snowfall
accumulation occurred (OR = 1.05-1.08),
with a slight reduction 5 days afterwards.
While this relationship did not differ by
sex, there were differences by age. A mod-
est reduction in the odds for fall-related
ED visits occurred on the case day to
2 days afterwards (OR = 0.92-0.97)
among school-aged children (5-17 years).
While there was a peak in the odds for
fall-related ED visits one day following
non-trace snowfall accumulation across
most age groups, this association was
most pronounced among adults (OR =
1.16-1.19). Individuals aged 18 to 29
years and 65 years and older presented
with similar increases in odds ratios for
fall-related ED visits 1 to 4 days following
non-trace snowfall (OR = 1.03-1.09).
When adjusted for temperature (Table 2),
the risk estimates were similar (OR on lag
day 0 for trace snowfall accumulation =
1.06, 95% CI: 1.06, 1.07) to the unad-
justed values (OR = 1.05, 95% CI: 1.04,
1.06). This was also the case for our strati-
fied analyses (data available on request
from the authors).

Daily average temperature
The odds for fall-related ED visits was

elevated across most temperature ranges
analyzed (Figure 4). Overall, the increase
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TABLE 1
Distribution of ED visits for unintentional falls according to meteorological factors
and patient characteristics, November to March, 2011-2015, Ontario

Number of emergency department visits

Variable
n=761853 %”

Snowfall accumulation on the day of the ED visit, cm

0 481273 63.2

>0 to <0.2 183831 24.1

20.2 96 749 12.7
Daily average temperature, °C

>3.0 (warmest) 147996 19.4

—0.3to <3.0 148 645 19.5

—4.1t0 <—0.3 160298 21.0

—9.4 to <—4.1 158765 20.8

<-9.4 (coldest) 146 149 19.2
Rurality®

Rural 133203 17.5

Urban 628650 82.5
Region of residence in Ontario®

Eastern Ontario 140251 18.4

Central Ontario 264692 34.7

Metropolitan Toronto 129532 17.0

Southwestern Ontario 157315 20.6

Northern Ontario 70063 9.2
Sex

Female 420978 55.3

Male 340875 44.7
Age droup, years

5-17 138707 18.2

18-29 94185 12.4

3044 105067 13.8

45-64 198161 26.0

65+ 225733 29.6
Year

2011 144068 18.9

2012 144305 18.9

2013 157 564 20.7

2014 165496 21.7

2015 150420 19.7

Sources: Canadian Urban Environmental Health Research Consortium (meteorology data); National Ambulatory Care Reporting

System (emergency department visit data)
2 Percentages may not add up to 100% due to rounding.

b Defined by the second digit of forward sortation areas (rural [0] and urban [1-9]).

< Defined by first letter of forward sortation areas (eastern Ontario [K], central Ontario [L], metropolitan Toronto [M], southwest-

ern Ontario [N] and northern Ontario [P]).

in the OR on days with an average daily
temperature between —0.3 and less than
3.0 °C (OR = 1.04; 95% CI: 1.03, 1.05)
was less than the increase seen on days
with an average daily temperature of
between —4.1 and less than —0.3 °C
(1.09; 1.08, 1.10) or between —-9.2 and
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less than —4.1 °C (1.08; 1.07, 1.09).
Conversely, there was a modest reduction
in the odds on days colder than —9.4 °C
(0.95; 0.94, 0.96).

There were no substantive differences by
sex (Figure 4). By age group, the association

between average daily temperature and
fall-related ED visits was weakest among
older adults and most pronounced among
adults. The reduction in the odds for fall-
related ED visits on days with an average
daily temperature of less than —9.4 °C
was similar among school-aged children,
those 45 to 64 years of age and older
adults (OR: 0.92-0.95). Meanwhile, adults
aged 18 to 29 years and 30 to 44 years
demonstrated no reduction in the odds on
these days (OR: 1.00). Conversely, on
days with an average daily temperature of
—4.1 to less than —0.3 °C, adults had the
greatest increase in the odds for a fall-
related ED visit (OR: 1.15-1.18) compared
to other age groups (OR: 1.04-1.06).

The risk estimates from our sensitivity
analysis examining the association between
average daily temperature and fall-related
ED visits when adjusted for snowfall (data
available on request from the authors)
were similar to unadjusted values for
all groups analyzed. For example, the
adjusted OR for the —4.1 to less than
—0.3 °C average daily temperature range
was 1.10 (95% CI: 1.09, 1.11), while the
unadjusted OR was 1.09 (95% CI: 1.08,
1.10).

Discussion

In this study, we evaluated associations
between select meteorological factors (i.e.
daily snowfall accumulation and tempera-
ture) and ED visits for unintentional falls
among those aged 5 years and over, in
Ontario, for the months of November to
March between 2011 and 2015. We found
positive associations between snowfall
and fall-related ED visits relative to days
with no snowfall. We also found decreased
odds for these events on days with an
average temperature of colder than
—9.4 °C compared to days with an aver-
age temperature of at least 3.0 °C.

We observed a 5% increase in the odds
for fall-related ED visits on days with trace
snowfall accumulation and 5 to 7 days
after this accumulation. Furthermore, we
observed a 5% to 8% elevation on days
with non-trace snowfall accumulation up
to a week afterwards. Our findings are
consistent with past research that found
an increase in fall-related ED visits after
winter precipitation (i.e. snowfall and
ice storms), with greater lags in these
increases as the severity of these weather
events increased.”'¢'”122 The delay in
increased ED visits may be due to lags in
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FIGURE 2

Associations between snowfall (>0 to <0.2 cm) and emergency department visits for unintentional falls (>5 years of age)
compared to days with no snowfall, November to March, 2011-2015, Ontario
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Sources: Canadian Urban Environmental Health Research Consortium (meteorology data); National Ambulatory Care Reporting System (emergency department visit data).

Note: Lag days represent the number of days before the emergency department visit.
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FIGURE 3
Associations between snowfall (>0.2 cm) and emergency department visits for unintentional falls (>5 years of age)
compared to days with no snowfall, November to March, 2011-2015, Ontario
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Sources: Canadian Urban Environmental Health Research Consortium (meteorology data); National Ambulatory Care Reporting System (emergency department visit data).

Note: Lag days represent the number of days before the emergency department visit.
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TABLE 2
Association between snowfall accumulation and emergency department visits
for unintentional falls (=5 years of age) adjusted for average daily temperature
compared to days with no snowfall, November to March, 2011-2015, Ontario

Snowfall accumulation, cm

Lag day >0t0 0.2 20.2
OR 95% CI OR 95% CI
0 1.06 1.06, 1.07 1.06 1.05, 1.07
1 1.04 1.04, 1.05 1.09 1.09, 1.10
2 1.03 1.02,1.03 1.07 1.06, 1.08
3 1.01 1.00, 1.01 1.05 1.04, 1.06
4 1.02 1.01, 1.02 1.06 1.05, 1.07
5 1.02 1.02,1.03 1.03 1.02,1.03
6 1.03 1.02, 1.04 1.06 1.05, 1.07
7 1.03 1.02,1.03 1.05 1.04, 1.06

Sources: Canadian Urban Environmental Health Research Consortium (meteorology data); National Ambulatory Care Reporting

System (emergency department visit data).

Abbreviations: Cl, confidence interval; OR, odds ratio.

Note: Lag day refers to the number of days before the fall-related emergency department visit.

the development of slippery conditions
from thawing and refreezing of precipita-
tion?**? or individuals delaying care by
staying indoors during inclement weather.?
While our associations were more attenu-
ated compared to past studies, the find-
ings from our population-based study
suggest that snowfall is an important pre-
dictor of unintentional falls treated in
Ontario hospitals.

We found no substantial differences in the
strength of the association between mete-
orological characteristic and ED visits for
unintentional falls between men and
women. This differs from past research
that found that men had a greater risk of
falling following freezing rain alerts.® This
finding was somewhat surprising given
that multiple biological and behavioural
factors have previously been identified
that could contribute to sex differences in
these associations. For example, females
may be more predisposed to falling due to
age-related decreases in bone mineral
density, increased depressive symptoms
and gait variability.?**! Females may also
be at a greater risk of fracture from a fall
due to the loss in bone density.?
Meanwhile, males may be at greater risk
for falling due to poorer balance, increased
comorbidities and greater risk-taking
behaviour.®** However, we were unable
to look at these specific influences directly
given limitations of the data.

In contrast, we did find that there were
differences in the strength of the associa-
tion across age groups. Specifically, we
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observed that school-aged children had
reduced risks for fall-related ED visit fol-
lowing snowfalls relative to older age
groups. We also noted that adults had the
greatest positive association, even when
compared to older adults, which corrobo-
rates with findings from other studies.!®”
Given this increased risk, it is important
to identify factors that may put adults at
greater risk. Past research found that older
adults (65+) spend less time outdoors
during winter than younger adults**; other
studies posited that exposure to winter
weather during work-related commutes
was responsible for this elevated risk in
the younger age group.'®! This rationale
could be extended to explain the reduced
risk of fall-related ED visits among school-
aged children, as schools, parents and
caregivers may restrict their outdoor activ-
ities on days with inclement weather.
However, it is also important to note that
we did not find a reduction in risk among
older adults even though they also spend
less time outdoors than younger adults.
This may be explained by differences in
the nature in which children and older
adults fall, as interactions between
weather and other factors (e.g. mobility
issues) may put older adults at greater risk
for weather-related falls compared to chil-
dren.? However, additional research is
needed to confirm these hypotheses.

With respect to temperature, we observed
a 4% to 9% increase in the odds of fall-
related ED visits on days with average
daily temperature ranging from —9.4 to

408

3.0 °C and a 5% decrease on days when
the average daily temperature was colder
than —9.4 °C compared to days with an
average daily temperature of at least
3.0 °C. By age group, we noted school-
aged children and older adults had the
lowest increases in risk for temperature
ranges at least —4.1 °C and modest
decreases in odds on days colder than
—9.4 °C. Conversely, we found that
adults had the greatest elevated risk on
days within the daily temperature ranges
of —4.1 to less than —0.3 °C and —9.4 to
less than —4.1 °C. These findings partly
contradict previous studies that found an
inverse association between lower average
daily temperature and the incidence of
falls and hip fractures."*

The relationships we found between tem-
perature and fall-related ED visits could
be explained by two factors. The elevated
risk on days with an average daily tem-
perature of at least —9.4 °C may be due
to increased slipperiness of walking sur-
faces caused by either freezing rain and
ice formation from thawing and refreezing
of ice and snow as temperatures fluctuate
throughout the day. Meanwhile, the
decreased risk on colder days (< —9.4 °C)
may be attributable to individuals reduc-
ing their exposure to weather by staying
indoors. Older adults may be dissuaded
from going and being active outdoors dur-
ing colder temperatures due to decreases
in perceived walkability.**** In addition,
school-aged children may be at a lower
risk due to the greater care taken to pro-
tect them from colder temperatures. For
example, school boards have policies
actively encouraging schools to keep
school-aged children indoors during the
school day (e.g. recess) on days of extreme
cold.** While thresholds differ across dif-
ferent school boards and such policies
also consider wind chill, unlike our analy-
sis, such wind chills are more likely to be
achieved as temperature decreases.*” This
may partly explain why these groups have
a reduction in falls—unlike among young
adults or adults 30 to 44 years of age
where such policies are less likely to be in
place. Future studies should consider eval-
uating the impact of these factors.

In Canada, unintentional falls are highly
prevalent and the accompanying health
impacts are substantial. While past research
has focussed on older adults, our study
suggests that other age groups can also be
at increased risk for weather-related falls,
especially adults aged 30 to 64 years.
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FIGURE 4
Associations between ranges of average daily temperature? and emergency department visits for unintentional falls (>5 years of age)
compared to days with an average daily temperature of >3.0 °C, November to March, 2011-2015, Ontario
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Sources: Canadian Urban Environmental Health Research Consortium (meteorology data); National Ambulatory Care Reporting System (emergency department visit data).

Abbreviations: Cl, confidence interval; OR, odds ratio.

Note: A quintile approach was used to select daily average temperature ranges, as follows: blue (—0.3 to <3.0 °C), green (—4.1 to <—0.3 °C), orange (-9.4 to <—4.1 °C) and pink (<-9.4 °C).
2 Ranges of average daily temperature: <-9.4 °C, —9.4 to <—4.1 °C, —4.1 to <—0.3 °C, —0.3 to <3.0 °C.
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Thus, measures aimed at reducing weather-
related falls or mitigating the resultant
health impacts should also consider target-
ing younger demographic groups.

Our findings provide support for the
development of falls prevention strategies
in several areas. As part of regional plan-
ning, municipalities can consider these
findings when developing service stan-
dards (e.g. priorities, snowfall thresholds,
timeliness, etc.) for their ice and snow
removal policies. Our findings can also
inform the content, target audience and
timing of weather-related risk communi-
cations. Furthermore, for some occupa-
tions, employers may be able to implement
flexible work arrangement policies (e.g.
remote work, variable starting and ending
times) due to inclement weather to help
reduce the risk of weather-related falls
among employees.'®? Finally, these find-
ings may be able to help hospitals better
anticipate changes in the number of
patient contacts and determine appropri-
ate ED staffing levels.

Strengths and limitations

While our study has a wider scope than
past Canadian studies, there are several
important considerations to note in inter-
preting these results. First, we matched
meteorological factors by place of resi-
dence. While it is possible for individuals
to have fallen outside the FSA associated
with their place of residence, individuals
spend most of their time at home. Thus,
they are most likely to be exposed to these
factors at their place of residence.

Second, some falls may have occurred
indoors. We attempted to remove indoor
falls from our analysis by excluding
NACRS records encoded with ICD-10-CA
codes with indoor locations in their
description (e.g. W18.00 [Fall on same
level in or from bathtub]). However, some
ICD-10-CA codes lack location specificity
(e.g. W10 [Fall on and from stairs and
steps]), which meant that we could only
remove about 5% of records. However, as
up to 50% of falls could occur indoors,”®
our risk estimates for the relationships we
analyzed may be conservative. Future
studies could consider using other data-
sets where the distinction between out-
door and indoor falls is collected, such as
the Canadian Hospitals Injury Reporting
and Prevention Program.
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Third, our province-wide analyses do not
consider more localized factors, like neigh-
bourhood walkability. A more local analy-
sis can provide additional insights for
developing more tailored recommendations.

Nonetheless, unlike previous studies, our
study can support falls prevention and
mitigation efforts for across a wider range
of age groups.

Conclusion

ED visits for unintentional falls are more
likely to occur on days with snowfall com-
pared to days without snowfall. This
increased risk persists over several days
when greater snowfall accumulation occurs.
Meanwhile, the risk for fall-related ED vis-
its decreases on days with daily average
temperatures of less than —9.4 °C com-
pared to days of at least 3.0 °C. Adults are
generally at greatest risk with respect to
these relationships. These findings pro-
vide insight for the development of strate-
gies to prevent and mitigate the harms
due to falls.
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