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ABSTRACT

Introduction Fall injuries caused by icy road conditions
are a prevalent public health problem during winters

in Sweden, especially in older populations. To combat
this problem, many Swedish municipalities have
distributed ice cleats to older adults. While previous
research has shown promising results, there is a lack of
comprehensive empirical data on the effectiveness of ice
cleat distribution. We address this gap by investigating
the impact of these distribution programmes on ice-
related fall injuries among older adults.

Methods \We combined survey data on ice cleat
distribution in Swedish municipalities with injury data
from the Swedish National Patient Register (NPR). The
survey was used to identify municipalities that have
distributed ice cleats to older adults at some point
between 2001 and 2019. Data from NPR were used to
identify municipality-level data on patients who have
been treated for injuries related to snow and ice. We
used a triple differences design—a generalisation of
difference in differences—that compared ice-related fall
injury rates before and after intervention in 73 treatment
and 200 control municipalities, with unexposed age
groups serving as within-municipality controls.

Results We estimate that the average ice cleat
distribution programmes reduced ice-related fall injury
rates by —0.24 (95% CI —0.49 to 0.02) per 1000
person-winters. The impact estimate was larger in
municipalities that distributed more ice cleats (—0.38
(95% Cl —0.76 to —0.09)). No similar patterns were
found for fall injuries unrelated to snow and ice.
Conclusion Our results suggest that ice cleat
distribution can decrease the incidence of ice-related
injuries among older adults.

INTRODUCTION

Fall injuries that occur outdoors are often associ-
ated with environmental risk factors such as snow
and ice, which are very common during winter in
Nordic countries. As a result, ice-related fall injuries
are a prevalent public health problem in Sweden.'
In previous studies, fall injuries have been found
to be associated with weather conditions in inter-
action with individual characteristics such as high
age.! The risk of being injured in an ice-related fall
increases with age,” which implies a need for inter-
ventions targeting older adults. Research suggests
that ice cleats can reduce the risk of ice-related fall
injuries.>” Distributing ice cleats could, therefore,
potentially complement other community interven-
tions, such as clearing snow from roads and walk-

67
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Ice cleat distribution may be a cost-effective
way to reduce the burden of ice-related fall
injuries, but comprehensive impact evaluations
are lacking.

WHAT THIS STUDY ADDS

= We perform a comprehensive, quasi-
experimental evaluation of 73 municipal
ice cleat distribution programmes targeting
older adults in Sweden. Our primary estimate
suggests that ice-related injury incidence
was 8.2% lower on average after ice cleat
distribution.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Our study reaffirms previous evidence
suggesting that distributing ice cleats to older
adults may be an effective prevention measure
in settings affected by snow and ice.

Over the past decade, about 25% of Sweden’s
290 municipalities have distributed and offered ice
cleats to older citizens to help combat the seasonal
rise in ice-related fall injuries that typically occur
during the Swedish winters. Previous research
suggests that exposure to these programmes is asso-
ciated with greater ice cleat use among older adults,
especially in municipalities with high distribution
rates per citizen.® Model-based economic evalu-
ations have also found that ice cleat distribution
is likely to be cost-effective.” '* However, there is
still a lack of comprehensive evidence on how the
distribution of ice cleats impacts fall injury rates. To
our knowledge, only one study has directly investi-
gated changes in fall-related injury rates following
an ice cleat distribution programme, and the esti-
mates from this study are limited to a single city
(Gothenburg, Sweden).” While their results showed
a short-term reduction, the programme in Gothen-
burg was also quite successful in reaching its target
population (62% of all eligible citizens collected a
pair of ice cleats”). Meanwhile, process evaluation
data indicate that municipalities have variations in
programme designs, which can impact programme
effectiveness in terms of reach.® It, therefore,
remains unclear whether these programmes have
had an impact on ice-related fall injuries. While
greater distribution rates seem to lead to larger
increases in ice cleat use,’ it also remains unclear
if these results translate to greater impacts on
ice-related injury rates in municipalities with
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greater reach. In this study, we aimed to address these issues by
conducting a comprehensive impact evaluation of the ice cleat
distribution programmes on ice-related injury rates among older
adults in Swedish municipalities.

METHODS AND MATERIALS

Data collection

Intervention data

In June 2019, we sent an electronic survey to all municipali-
ties in Sweden (n=290) to collect data on ice cleats distribution
programmes, with non-responding municipalities receiving up
to 4 reminders (the final reminder was sent in October 2019). In
the survey, we asked if the municipality had ever distributed ice
cleats. If they answered yes, we collected data on implementa-
tion dates, targeted age groups, programme costs and how many
ice cleats they distributed. Further details about the intervention
data collection can be found in Holmberg et al.®

Injury outcome data

We used municipality-level data from the Swedish National
Patient Register (NPR)'' to estimate the number of patients
treated in inpatient care or at hospital-based outpatient physi-
cian visits for injuries related to snow and ice during the study
period 2001-2019. Per our request, the National Board of
Health and Welfare provided aggregated data on the number
of patients with International Classification of Diseases, 10th
revision (ICD-10) external cause code W00 (Fall due to ice and
snow) stratified by municipality, year, month and age. To avoid
double counting (eg, due to readmission), they only counted the
same patient once per calendar year for the same diagnosis. To
calculate rates per 1000 population, we combined these patient
numbers with population data from Statistics Sweden.'?

To assess the risk of bias, we also collected corresponding data
on the number of patients with external cause codes W01-W18
(Falls due to other specified causes unrelated to snow and ice)
as a negative control outcome.”® We refrained from collecting
mortality data because deaths due to falls on snow and ice are
very uncommon in Sweden.’

Study design

We used a triple differences design'* to estimate the average impact
of the ice cleat distribution programmes. Like a conventional
difference-in-differences approach,® the design controls for any
time-invariant confounders by using preintervention data among
the ages eligible for ice cleat distribution (‘eligible ages’), as well
as national time trends by using concurrent outcome data from
municipalities without ice cleat programmes (“control munici-
palities”). Our triple differences design also includes an internal
control group consisting of within-municipality age groups that
were ineligible for ice cleat distribution (‘ineligible ages’” defined
here as 1-15 years younger than the age of eligibility), which
allowed us to control for local time trends (eg, weather shocks
and concurrent interventions). In control municipalities, we
defined 65+ years as the eligible age group and 50-64 years as
internal controls, as this is the most common age of eligibility for
ice cleat distribution used by Swedish municipalities.®

Statistical analysis

For the statistical analysis, we constructed a panel dataset strati-
fied by municipality, time, and eligible and ineligible age groups.
We defined time intervals in winter periods (eg, 2003/2004) by
aggregating data from 1 October to 30 April, as these months
approximately capture the period at risk for ice-related injuries

in Sweden (see online supplemental figure S1). The study period
spans from the winter of 2001/2002 to 2018/2019 (18 winters).
If a municipality implemented a programme during a given
winter, eligible ages within that municipality were coded as
treated from that period until the end of the study, reflecting the
possibility that behavioural responses may persist even after the
distribution has ended.

The programmes were implemented in different years (typi-
cally referred to as staggered adoption). It was recently discov-
ered that two-way fixed effects models—the models typically
applied in difference-in-differences studies—may be biased with
this data structure.'® To estimate the impact of ice cleat distribu-
tion, we, therefore, applied an alternative imputation approach
proposed by Borusyak et al,'” which does not suffer from bias
due to staggered adoption.

The imputation-based method estimates the impact by first
fitting a fixed effects regression model to not-yet-treated observa-
tions (ie, observations from the preperiod or unexposed groups).
It then uses the estimated model to impute the expected coun-
terfactual postperiod injury rates in all programme municipal-
ities. It then calculates winter-and-municipality-specific impact
estimates by taking the difference between the observed injury
rates and the imputed counterfactual rates, and finally averages
the estimates across programme municipalities and postinterven-
tion time points to estimate average effects. We performed the
analysis in Stata V.17 (StataCorp), using the DID_IMPUTATION
module,'® which performs the imputation and also accounts
for within-municipality autocorrelation using cluster-robust
standard errors. For further details, see online supplemental
materials.

In our primary analysis, we aimed to estimate the average
intention-to-treat effect'’ of the programmes, which reflects the
effectiveness of the programmes under ‘real-world’ conditions
(including limited reach and adherence). In a secondary analysis,
we also estimated the efficacy in a scenario where all targeted
citizens collect a pair of ice cleats (ie, when the reach is perfect).
To do this, we divided the municipality-specific impact estimates
by municipality-specific reach before estimating the average
programme impact, as proposed by Borusyak et al.'” Following
Holmberg et al,°® we defined reach as the number of ice cleats
distributed divided by the size of the postintervention target
population in each programme municipality.

Sensitivity analyses

The validity of difference-in-differences analyses relies on the
parallel trend assumption, which, in essence, means that the
groups must have followed the same trend on the outcome in
a counterfactual scenario without ice cleat programmes.”’ To
probe this assumption, we checked for differential pretrends
visually. We also performed an F-test on time-specific placebo
estimates up to 10 years before the implementation winter to
assess if pre-existing differences jointly differed from zero, which
if true would imply that any observed intervention impacts
started occurring even before the intervention started (eg, due
to non-parallel trends or anticipation effects).'” To further assess
the risk of bias due to non-parallel trends, we performed a
synthetic control analysis?' using the Bayesian dynamic multi-
level latent factor modelling approach proposed by Pang et al,*
which relaxes the parallel trend assumption by modelling devi-
ations from the national common trend using latent factors (see
online supplemental materials for details). Finally, we conducted
a falsification test by using fall injuries unrelated to snow and
ice (ICD-10 codes W01-W18) as a negative control outcome. '
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Y
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Included as treated
municipality
(n=73)

Figure 1  Flow chart of the study sample selection process.

Patient and public involvement
No patients or members of the public were involved in the
design of the study.

RESULTS

We received a response from 228 (78.6%) out of the 290 munic-
ipalities invited to answer our survey (figure 1). Of these, 78
municipalities responded that they had distributed ice cleats.
Five of these were excluded as they reported having distributed
ice cleats to all ages, and therefore, cannot be analysed using
our triple difference methodology. All remaining municipali-
ties—that is, those who answered that they had not distributed
ice cleats or did not respond to our survey—were assessed for
eligibility to be included as controls. To validate the survey
responses, we searched online for communications about ice
cleat distribution programmes for all 290 Swedish municipal-
ities (information was usually available on municipal websites
or reported in local newspapers). This procedure identified 12
additional municipalities with distribution programmes. Two
of these had participated in our survey but reported having no
programme. Due to the inconsistency and lack of programme
data, these 12 were all excluded from the study. The final study
sample included 273 municipalities (73 with intervention, 200
controls; figure 1). As a sensitivity analysis, we also restricted the
controls to those who responded to the survey (n=148).

Descriptive programme data

Table 1 contains descriptive data on the 73 included ice cleat
programmes. The majority (84.9%) of programmes had set the
age of eligibility for ice cleat distribution to 65+ years. Most
programmes (78.1%) were implemented late in the study period
(between 2015 and 2019), with a mean observation time of 14.5

Included as control
municipality in primary
analysis
(n =200)

Excluded: No
response to survey
v (n=152)

Included as control
municipality in sensitivity
analysis
(n=148)

winters before and 3.5 winters after intervention (see online
supplemental figure S2 for exact data on implementation period
per municipality). The programmes varied greatly in terms of

Table 1 Characteristics of ice cleat distribution programmes for older
adults included in the study (n=73)
Characteristic Descriptive data n missing
Programme municipalities—n 73
Ages eligible for ice cleat distribution—n 0
(%)
65+ years 62 (84.9)
70+ years 7(9.6)
75+ years 3(4.1)
80+ years 1(1.4)
Implementation period—n (%) 0
Between 2005 and 2009 4 (5.5)
Between 2010 and 2014 12 (16.4)
Between 2015 and 2019 57 (78.1)
Observation time—mean (min-max) 0
Before distribution 14.5 winters (4-17)
After distribution 3.5 winters (1-14)
Reach*—mean (min-max) 0.40 (0.01-1.08) 7 (9.6%)

Purchased ice cleat pairs per eligible 0.48 (0.02-1.34) 23 (31.5%)
citizen—mean (min-max)
Programme cost per eligible citizen, 2018

Euros—mean (min—-max)

€3.069 (0.039-15.861) 11 (15.1%)

*Reach is defined as the number of distributed ice cleats per eligible citizen. A
number below 1 indicates that less than one ice cleat pair was distributed per
citizen, and a number above 1 indicates that more than one pair was distributed per
eligible citizen.
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Table 2 Descriptive injury data by intervention, period and age groups for fall injuries related to snow and ice (primary outcome) and for other

specified injuries unrelated to snow and ice (negative control outcome)

Snow and ice-related fall injuries (ICD-10: WO00)

Other specified fall injuries unrelated to snow and ice
(ICD-10: W01-W18)

Mean incidence per 1000
person-winters (min—max)

Group and period No of injury patients

Mean incidence per 1000

No of injury patients person-winters (min—max)

Control municipalities (all periods)

Eligible ages 49 963 2.84 (0-15.95) 390509 20.72 (0-39.92)

Ineligible ages 45923 2.67 (0-17.42) 158 187 8.60 (0-35.01)
Programme municipalities (all periods)

Eligible ages 18193 2.39(0-11.04) 188 323 21.65 (4.50-75.97)

Ineligible ages 18 386 2.29 (0-11.80) 80930 8.72 (0.66-21.61)
Programme municipalities (preperiod)

Eligible ages 13583 2.33(0-11.04) 137 545 21.21 (4.5-63.81)

Ineligible ages 13910 2.18 (0-10.53) 58576 8.36 (0.66-20.13)
Programme municipalities (postperiod)

Eligible ages 4610 2.67 (0-10.84) 50778 23.55 (8.98-75.97)

Ineligible ages 4476 2.76 (0-11.80) 22 354 10.25 (1.73-21.61)

Notes: Programme municipalities (n=73) are municipalities that have distributed ice cleats; control municipalities are all other municipalities in the study sample (n=200). All
periods reflect the entire study period from the winter of 2001/2002 to the winter of 2018/2019. Preperiod is the period before intervention in programme municipalities and
postperiod is the period after intervention in programme municipalities (not applicable for control municipalities). Eligible ages are defined as all ages above the age of eligibility
in programme municipalities, and ineligible ages are 1-15 years younger than the age of eligibility. In control municipalities, the eligible ages are defined as 65+ years and
ineligible ages as 50-64 years, reflecting the most common age ranges in programme municipalities.

ICD-10, International Classification of Diseases, 10th revision.

reach, with a mean number of ice cleat pairs distributed per
eligible citizen at 0.40 (min: 0.01, max: 1.08). This number was
highly correlated with the number of ice cleats purchased (Spear-
man’s r=0.89, p<0.001; mean: 0.48 pairs per eligible citizen).
Combining the cost data provided by the municipalities with
population numbers, we estimate that the mean programme cost
per eligible citizen was €3.069 in 2018 (table 1).

All 73 municipalities provided the essential programme data
required for our intention-to-treat analysis (table 1). Seven
municipalities did not provide data on the number of distributed
ice cleats and were therefore excluded from the (secondary) effi-
cacy analysis.

Descriptive injury data

Our analysis is based on data from 132465 patients treated for
injuries due to an ice-related fall (numbers by age group and
intervention status are presented in table 2). Considering the
entire study period, the mean incidence of ice-related falls in the
eligible age groups was 2.84 per 1000 person-winters in control
municipalities and 2.39 per 1000 person-winters in programme
municipalities. The mean incidence increased over time in all
groups (online supplemental figure S3), but the increase was
smaller in eligible than ineligible ages within programme munic-
ipalities (table 2). Corresponding data on the negative control
outcome can be found in table 2 and online supplemental figure
S4.

Estimated impact of ice cleat distribution

The results from the triple differences analysis are presented
in table 3. The primary analysis suggests an average intention-
to-treat effect of —0.24 (95% CI —0.49 to 0.02) ice-related
fall injuries per 1000 person-winters, which corresponds to a
—8.2% change. Scaling the estimates by municipality-specific
reach implies that the impact under ideal conditions is —0.38
(95% CI —0.76 to -0.09) ice-related fall injuries per 1000
person-winters, which corresponds to a —12.5% change.

Negative control analysis
The negative control analysis showed no evidence of effects on
injuries unrelated to snow and ice (table 2).

Pretrends assessment

There were no visual signs of pretrends (online supplemental
figure S5) and the pretrends tests did not identify significant
‘effects’ before the start of the interventions (table 2).

Sensitivity analyses

The Bayesian synthetic control analysis, which is more robust to
deviations from the parallel trend assumption, produced results
that were similar to the primary analysis (table 2; see online
supplemental files for detailed results). Restricting the control
sample to municipalities that responded to our survey also had
limited influence on the results (table 2).

DISCUSSION

This study aimed to investigate the average impact of Swedish
municipal ice cleat distribution programmes on ice-related fall
injuries among older adults. Using a quasi-experimental design,
we found evidence suggesting that distributing ice cleats may
reduce injury rates by about 8% with a mean of 3.5 years of
follow-up in the average programme municipality and by 12.5%
if one ice cleat pair is distributed per eligible citizen.

To our knowledge, this is the first comprehensive impact
evaluation investigating injury outcomes following multiple
ice cleat distribution programmes. Overall, our findings are
consistent with previous research. In terms of injury impacts,
Bonander and Holmberg” also found evidence of a reduction
in emergency department visits for ice-related falls following a
distribution programme in Gothenburg, Sweden. We have also
found an association between ice cleat distribution and increased
ice cleat use among older adults living in municipalities with ice
cleat programmes,® and data from other studies suggest that
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Table 3 Estimated average impact of ice cleat distribution programmes in 73 Swedish municipalities on snow and ice-related fall injuries among
older adults (primary analysis) and fall injuries unrelated to snow and ice (negative control analysis)

Estimated impact per 1000 person-

P value from parallel pre-trends

Model and estimate winters (95% Cl) Impact in relative terms P value for impact test*

Primary analysis 0.143
Intention to treatt —0.24 (-0.49, 0.02) -8.2% 0.066
Efficacyt —0.38 (-0.76, —0.09) -12.5% <0.001

Negative control analysis§ 0.096
Intention to treatt 0.06 (-0.76, 0.79) 0.3% 0.881
Efficacyt 0.02 (-0.62, 0.65) 0.1% 0.995

Synthetic control analysisq N/A
Intention to treatt —0.22 (-0.44, 0.00) -7.6% 0.055

Survey respondents only** 0.169
Intention to treatt —-0.27 (-0.53, -0.01) -9.2% 0.043
Efficacyt —-0.42 (-0.72, -0.11) -13.6% 0.006

*A joint significance test (F-test) on time-specific preintervention impact estimates up to 10 winters before the intervention takes place. A significant test suggests a risk of bias.

Not estimable in the synthetic control analysis.

tAverage effectiveness estimate using a binary intervention variable. The estimate reflects the average expected impact under typical conditions. Based on data from all 73

programme municipalities.

tAverage efficacy estimate estimated by scaling municipality-specific impact estimates by municipality-specific reach (ie, the number of ice cleat pairs distributed per eligible
citizen). The estimate reflects the expected impact when one ice cleat pair distributed per citizen. For reference, the average programme municipality distributed 0.4 ice cleat
pairs per eligible citizen (table 1). This estimate is based on data from the 66 programme municipalities within non-missing distribution data.

§The negative control outcome is the incidence of fall injuries unrelated to snow and ice per 1000 population (ICD-10 codes WO01-W18), which should not be affected by ice cleat

distribution. A significant impact suggests a risk of bias.

9IResults from an analysis that is more robust potential violations of the parallel trend assumption (see online supplemental file 1 for details). Efficacy could not be estimated in

this analysis.

**Results from an analysis that restricts the control group to non-programme municipalities that responded to our survey (n controls=148).

ICD, International Classification of Diseases, 10th revision; N/A, not available.

using ice cleats can reduce the risk of ice-related injuries.’™ I,
therefore, appears plausible that the reductions we observed in
this study are caused by increases in ice cleat use. In fact, a popu-
lation impact analysis using external data on estimated increases
in ice cleat use® and data on the effects of ice cleat use from a
randomised trial® yields estimates that are similar to the empir-
ical estimates in our study (—0.196 (expected population impact)
vs —0.235 (our empirical estimate) ice-related injuries per 1000
person-winters; see online supplemental file 1 for details.

Previous economic evaluations—one conducted alongside the
impact evaluation from Gothenburg’” and the other a model-
ling study investigating hypothetical ice cleat programmes in
all Swedish municipalities’—have reported that the economic
benefits of ice cleat distribution may outweigh the costs by
about 10-90 times.” * In online supplemental file 1, we perform
an updated cost-benefit analysis using the estimates from the
present paper, finding a benefit-to-cost ratio of approximately
85 using the official estimates for benefits per pedestrian injury
averted used by the Swedish Transport Administration.” Using
more conservative benefit estimates, the benefit-to-cost ratio
decreases to approximately 10. Thus, our results support the
conclusions from previous economic evaluations indicating that
ice cleat distribution is likely to be cost-effective.

Strengths and limitations

A key strength of our study is the large sample of intervention
and control municipalities combined with high-quality register
data on injury rates from the Swedish NPR.!' Using a triple
differences design,'* we were able to control for (1) national
time trends, (2) time-invariant unobserved confounders and (3)
time-varying unobserved confounders that influence eligible
and ineligible ages equally (eg, local weather shocks). Our data
also passed several bias checks, including synthetic and negative
control analyses.

Our study also has some limitations. First, our primary
intention-to-treat estimate was imprecise. It seems unlikely
that these programmes would be harmful considering
previous research,** 7 % but still worth noting the upper
bound of the 95%CI is consistent with a small increase
in risk (0.02 ice-related injuries per 1000 person-winters;
table 2).

Our design also relied on younger, ineligible ages as internal
controls. If there were spillover effects in terms of increased ice
cleat use in these ages, our estimates might be biased towards
a null effect. However, Holmberg et al® found no evidence of
spillovers on younger ages in terms of ice cleat use.

Another limitation is that our injury data do not cover injuries
treated in primary care, as these are not reported to the NPR.
The NPR, while generally deemed to be of good quality,'’ may
also fail to capture all ice-related injuries treated in inpatient or
outpatient care, the same injury may be double counted despite
efforts to reduce such risks, and data quality may change over
time. However, we see no reason to suspect that any of these
issues would be unique to any of the comparison groups in our
study.

Despite efforts to validate our programme data, our results
may still be susceptible to exposure misclassification bias. We
suspect that the effectiveness results, which are based on a binary
exposure classification, should be less susceptible to these prob-
lems than the efficacy estimates, which also rely on correct data
about the number of distributed ice cleats.

Finally, our study is observational, and we cannot rule
out the possibility of residual confounding that uniquely
affects ice-related injuries among older adults in munic-
ipalities with distribution programmes. Our data are also
ecological, and we cannot guarantee that the patients who
drive the observed reductions are those who participated in
the programmes.
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Original research

Future perspectives

Important avenues for future research include studying similar
interventions in other contexts, preferably with a randomised
design. Longer periods of follow-up time after intervention (ours
was, on average, 3.5 years) may also allow for a more precise
estimation of the longevity of the impact.

As expected, our results suggest that greater reach leads to
greater impact. In a previous process evaluation, we found that
the strongest determinant of high reach was simply how many
ice cleats the municipality purchased®; on average, the munic-
ipalities who participated in our survey reported that 9 out
of 10 ice cleats purchased were eventually distributed. Thus,
it appears that those that aim high are usually able to achieve
higher reach, but more in-depth analyses of other determinants
of successful implementation are still needed to enable rational
decision-making about the optimal design of ice cleat distribu-
tion programmes, including the most (cost-)effective means of
communication and distribution.

CONCLUSION

Distributing ice cleats may be a useful and cost-effective comple-
ment to winter road maintenance for reducing the incidence of
ice-related fall injuries among older adults.

Acknowledgements We would like to thank the Swedish municipalities who
participated in our survey and for providing data on their ice cleat programmes, and
the National Board of Health and Welfare for compiling the injury data according to
our needs. This study would not have been possible without their contributions.

Contributors CB and JG conceptualised the study, acquired funding and managed
the project. CB and RH performed data collection and management. EE and CB
conducted the statistical analyses. EE drafted the initial manuscript with critical
revisions from all co-authors. CB had full access to all data and acts as the guarantor
for the study. All authors contributed to the interpretation of the results and
approved the final version.

Funding This work was supported by research grants from the Kamprad Family
Foundation (Familjen Kamprads Stiftelse; grant number 20180067) and the Swedish
Transport Administration (Skyltfonden; TRV 2021/111693).

Disclaimer The funding sources had no role in the design of the study, the analysis
and interpretation of the data or the writing of, nor the decision to publish, the
manuscript.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study was approved by the Regional Ethics Board in Uppsala
(DNR 2018/480; with addendum (DNR 2021-10338) approved by the Swedish
Ethical Review Authority).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. Data may
be obtained from a third party and are not publicly available. This study used data
from two sources. Our programme survey data are non-sensitive and will be shared
with anyone on reasonable request. The injury outcome data, although aggregated,
were classified as sensitive personal data by the National Board of Health and
Welfare due to the fine-grained aggregation into cells with few patients. These data
must, therefore, be handled in accordance with the Swedish Ethical Review Act (SFS
2003:460) and the European Union's General Data Protection Regulation (GDPR;
2016/679). Researchers interested in gaining access to this part of the data must
first apply for ethical approval from the Swedish Ethical Review authority. With

the appropriate approvals in place, the data can then be ordered directly from the
National Board of Health and Welfare or by contacting the corresponding author.

Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content

includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.01.

ORCID iDs

Robin Holmberg http://orcid.org/0000-0001-5637-0359
Johanna Gustavsson http://orcid.org/0000-0003-4840-6424
Carl Bonander http://orcid.org/0000-0002-1189-9950

REFERENCES

1 Stel VS, Smit JH, Pluijm SMF, et al. Consequences of falling in older men and
women and risk factors for health service use and functional decline. Age Ageing
2004;33:58-65.

2 Schepers P, den Brinker B, Methorst R, et al. Pedestrian falls: a review of the literature
and future research directions. J Safety Res 2017,62:227-34.

3 McKiernan FE. A simple gait-stabilizing device reduces outdoor falls and Nonserious
injurious falls in fall-prone older people during the winter. / Am Geriatr Soc
2005;53:943-7.

4 Berggard G, Johansson C. Pedestrians in wintertime-effects of using anti-slip devices.
Accid Anal Prev 2010;42:1199-204.

5 Gard G, Berggard G. Assessment of anti-slip devices from healthy individuals in
different ages walking on slippery surfaces. App! Ergon 2006;37:177-86.

6 Holmberg R, Gustavsson J, Bonander C. Evaluation of the design and implementation
of municipal ice cleat distribution programs for the prevention of ice-related fall
injuries among older adults in Sweden. PLOS ONE 2021;16:20253054.

7 Bonander C, Holmberg R. Estimating the effects of a studded footwear subsidy
program on pedestrian falls among older adults in Gothenburg, Sweden. Accid Anal
Prev 2019;132:105282.

8 Holmberg R, Gustavsson J, Svensson M, et al. Ice cleat distribution programmes and
ice cleat use among older adults: repeated cross-sectional evidence from 63 municipal
interventions in sweden. Inj Prev 2022;28:539-44.

9 Bonander C, Holmberg R, Gustavsson J, et al. Model-based economic evaluation of ice
cleat distribution programmes for the prevention of outdoor falls among adults from a
Swedish societal perspective. Inj Prev 2022;28:125-30.

10 Enhdrning T, Svensson M, Nystrand C, et al. Fallprevention — en Kostnadseffektiv
Atgard? Halsoekonomiska Berakningar AV Fallpreventiva Atgérder For Aldre.
Stockholm Socialstyrelsen; 2022. Available: https://www.socialstyrelsen.se/
globalassets/sharepoint-dokument/artikelkatalog/ovrigt/2022-5-7923.pdf

11 Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of the
Swedish National inpatient register. BMC Public Health 2011;11:450.

12 Ludvigsson JF, Almquist C, Bonamy A-KE, et al. Registers of the Swedish total
population and their use in medical research. Eur J Epidemiol 2016;31:125-36.

13 Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for detecting
confounding and bias in observational studies. Epidemiology 2010;21:383-8.

14 Olden A, Mgen J. The triple difference Estimator. Econom J 2022;25:531-53.

15 Dimick JB, Ryan AM. Methods for evaluating changes in health care policy: the
difference-in-differences approach. JAMA 2014;312:2401-2.

16 Goodman-Bacon A. Difference-in-differences with variation in treatment timing.

J Econom 2021;225:254-77.

17 Borusyak K, Jaravel X, Spiess J. Revisiting event study designs: Robust and efficient
estimation. ArXiv210812419. Available: http://arxiv.org/abs/2108.12419 [Accessed
22 Dec 2021].

18 Borusyak K. Did_Imputation: STATA Module to perform treatment effect estimation
and pre-trend testing in event studies. 2022. Available: https://ideas.repec.org/c/boc/
bocode/s458957.html [Accessed 02 Sep 2022].

19 Gupta SK. Intention-to-treat concept: a review. Perspect Clin Res 2011;2:109.

20 Angrist JD, Pischke J-S. Mostly Harmless Econometrics: An Empiricist’s Companion, 1st
ed. Princeton: Princeton University Press, 2009.

21 Abadie A, Diamond A, Hainmueller J. Synthetic control methods for comparative
case studies: estimating the effect of California’s tobacco control program. JASA
2010;105:493-505.

22 Pang X, Liu L, Xu Y. A Bayesian alternative to synthetic control for comparative case
studies. Polit Anal 2022;30:269-88.

23 The Swedish Transport Administration. Analysmetod och Samhallsekonomiska
Kalkylvarden For Transportsektorn. 2020. Available: https://www.trafikverket.se/
contentassets/4b1c¢1005597d47bda386d81dd3444b24/asek-7-hela-rapporten_
210129.pdf [Accessed 18 Feb 2021].

Eklund E, et al. Inj Prev 2023;29:378-383. doi:10.1136/ip-2022-044808

383

‘1ybuAdoo Ag paroalold 1sanb Ag 2oz ‘0T |udy uo jwod fwg uonuasaidAinfuly/:diny wouy papeojumoq ‘€20z AN ZZ U0 8081170-2202-dI/9ETT 0T Se paysiignd sy :Aalid [u]


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5637-0359
http://orcid.org/0000-0003-4840-6424
http://orcid.org/0000-0002-1189-9950
http://dx.doi.org/10.1093/ageing/afh028
http://dx.doi.org/10.1016/j.jsr.2017.06.020
http://dx.doi.org/10.1111/j.1532-5415.2005.53302.x
http://dx.doi.org/10.1016/j.aap.2010.01.011
http://dx.doi.org/10.1016/j.apergo.2005.04.004
http://dx.doi.org/10.1371/journal.pone.0253054
http://dx.doi.org/10.1016/j.aap.2019.105282
http://dx.doi.org/10.1016/j.aap.2019.105282
http://dx.doi.org/10.1136/ip-2022-044681
http://dx.doi.org/10.1136/injuryprev-2021-044203
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/ovrigt/2022-5-7923.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/ovrigt/2022-5-7923.pdf
http://dx.doi.org/10.1186/1471-2458-11-450
http://dx.doi.org/10.1007/s10654-016-0117-y
http://dx.doi.org/10.1097/EDE.0b013e3181d61eeb
http://dx.doi.org/10.1093/ectj/utac010
http://dx.doi.org/10.1001/jama.2014.16153
http://dx.doi.org/10.1016/j.jeconom.2021.03.014
http://dx.doi.org/10.1016/j.jeconom.2021.03.014
http://arxiv.org/abs/2108.12419
https://ideas.repec.org/c/boc/bocode/s458957.html
https://ideas.repec.org/c/boc/bocode/s458957.html
http://dx.doi.org/10.4103/2229-3485.83221
http://dx.doi.org/10.1515/9781400829828
http://dx.doi.org/10.1515/9781400829828
http://dx.doi.org/10.1198/jasa.2009.ap08746
http://dx.doi.org/10.1017/pan.2021.22
https://www.trafikverket.se/contentassets/4b1c1005597d47bda386d81dd3444b24/asek-7-hela-rapporten_210129.pdf
https://www.trafikverket.se/contentassets/4b1c1005597d47bda386d81dd3444b24/asek-7-hela-rapporten_210129.pdf
https://www.trafikverket.se/contentassets/4b1c1005597d47bda386d81dd3444b24/asek-7-hela-rapporten_210129.pdf
http://injuryprevention.bmj.com/

	Quasi-­experimental evaluation of municipal ice cleat distribution programmes for older adults in Sweden
	Abstract
	Introduction﻿﻿
	Methods and materials
	Data collection
	Intervention data
	Injury outcome data

	Study design
	Statistical analysis
	Sensitivity analyses
	Patient and public involvement

	Results
	Descriptive programme data
	Descriptive injury data
	Estimated impact of ice cleat distribution
	Negative control analysis
	Pretrends assessment
	Sensitivity analyses


	Discussion
	Strengths and limitations
	Future perspectives

	Conclusion
	References


