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Summary (in English)

Background. Injuries are the fourth leading cause of death in the World Health Organization
European Region and the third leading cause of death in the Russian Federation. However,
injury-related mortality in Russia is far higher than in any other European country. Injuries are
preventable, and good-quality injury data are necessary for the development of effective
prevention. The Shenkursk Injury Registry (SHIR) was established in the Shenkursk District,

Arkhangelsk Region, Northwestern Russia in 2015 for the purposes of primary prevention.

Aims. The specific aims of this PhD thesis were to: 1) describe demographic, medical, spatial,
and temporal characteristics of injuries, as well as the mechanisms and circumstances of injuries
in the Shenkursk District; 2) assess the completeness, representativeness, and reliability of
SHIR data and their suitability as an evidence basis for local injury prevention; 3) study the
circumstances of non-fatal accidental fall injuries by age to provide data-driven evidence for
the development of injury prevention measures in different age groups; 4) investigate the
associations between weather conditions and the frequency of non-fatal accidental outdoor fall
injuries (AOFIs) and provide an evidence basis for awareness-raising measures targeting

weather-related dangers.

Methods. The present thesis was based on the description of the overall injury panorama and
three studies that used SHIR data on medically treated injuries that occurred between 1 January
2015 and 30 June 2018. The completeness, representativeness, and reliability of SHIR data
were assessed using a sample of 1696 injuries that occurred between 1 July 2015 and 30 June
2016. The circumstances and mechanisms of non-fatal accidental fall injuries (outdoor and

indoor) were studied in four age groups: preschool age, school age, working age, and elderly

Vi



age. The associations between non-fatal AOFIs and weather conditions were investigated in the

cold season (15 October — 14 April) and the warm season (15 April — 14 October).

Main results. A total of 5343 injuries were entered into the SHIR between 1 January 2015 and
30 June 2018. When compared to cases treated at the Shenkursk Central District Hospital, the
completeness of the SHIR was 86%. Two independent data entries from standard paper injury
registration forms showed a 79% to 99% agreement, depending on the variable considered.
Dwellings, homestead lands, and other nearby outdoor areas constituted the most common
injury sites (48% of total injuries). The majority of injuries in the SHIR were the result of
accidents (88%), predominantly falling (42%). In the preschool age group, fall injuries were
most commonly associated with climbing onto or down from home furnishings, play
equipment, or stairs, and a loss of balance (64%). The most substantial proportion of fall injuries
(36%) in the school age group occurred during physical exercise. The most frequent accident
mechanism in the working (32%) and elderly (37%) age groups was slipping on an ice-covered
surface. The highest risk of AOFI was observed in the cold season on days with a combination
of medium air temperature (-7.0°C — -0.7°C), medium/high precipitation (> 0.4 mm), and a

ground surface covered with compact or wet snow.

Conclusion. The study demonstrated that SHIR data were sufficiently complete, reliable, and
representative of the injury situation in the Shenkursk District. The majority of injuries in the
study area were due to falls. SHIR data allowed for the identification of typical scenarios of fall
injuries in different age groups. Combining SHIR data with meteorological data allowed for the
identification of high-risk days with respect to AOFIs. Thus, SHIR data are applicable for
epidemiological research and can serve as an evidence basis for the development of diverse

injury prevention measures in the Shenkursk District.
vii



Summary (in Russian)

AKTYaJIbHOCTb. TpaBMbI SBISAIOTCS YETBEPTOU BEAYIIECH NPUYMHOM cMepTH B EBporerickom
perunone BO3 u Tperweil Benymield npuunHoii cMeptd B Poccuiickoit denepannu. OanHako,
CMEPTHOCTb OT TPaBM B Poccuu 3HaUUTEIBHO BBILLIE [10 CPABHEHUIO ¢ ApyruMu EBponeiickumu
cTpaHaMu. TpaBMbl IPEJOTBPATUMBI U JIaHHBIE XOPOLIET0 KauecTBa O TPaBMax HEOOXOIUMBI
utst pa3zpabotku 3 dexTuBHBIX Mep npodunaktuku. [llenkypckuii peructp TpaBm (I1IPT) 6611
co3nan B 2015 rony B lllenkypckom paitone Apxanrenbckoit oonactu, CeBepo-3amnan Poccun,

JUISL LieTIel IepBUYHON NPOQUIAKTHKY.

Heau. llensiMu auccepTaliMOHHOTO WCCIEAOBaHUsA ObuTH: 1) omucarh aeMorpadudeckue,
MEIUIIMHCKHUE, TPOCTPAHCTBEHHBIE U BPEMEHHBIC XapaKTEPUCTUKHU TPABM, & TAKKE MEXAHU3MBI
u obcrosTenbcTBa TpaBM B LlleHKypckoM paiioHe; 2) OLIEHUTDH MOJIHOTY, PENPE3EHTaTUBHOCTD
u HaaexxHocTh NaHHbIX IIPT M mX mpuMeHUMOCTh B KauecTBE JOKa3aTeNbHOW Oa3bl s
npo(UIaKTUKA TPaBM Ha MECTHOM YpPOBHE; 3) M3Y4HUTb OOCTOSITENILCTBA HECMEPTEJIbHBIX
CIIy4aiHbIX TPaBM, CBSI3aHHBIX C M1aJIEHUSIMH, [10 BO3PACTy, YTOOBI IPEIOCTAaBUTH 0OOCHOBAHUS
IUIsl pa3paboOTKU Mep MPpOUIAKTUKH TPABM B Pa3HBIX BO3PACTHBIX I'pymIax; 4) UCCIeI0BaTh
CBSI3U MEXIY MOTOJAHBIMU YCIIOBUSIMH M YaCTOTOW HECMEPTENIbHBIX CIYYalHBIX TPaBM MPH
NaJCHUSX BHE IMOMEIIEHUH, 4TOObI MPEeAOCTaBUTh OOOCHOBAaHUS MJsl pa3pabOTKU Mep o

IOBBIICHHUIO OCBEAOMJICHHOCTHU 00 OITIACHOCTAX, CBA3aHHBIX C HOFOJIOI\/'I.

Metoabl. Hacrosiee nuccepTallmoOHHOE MCCIEAOBAaHUE OCHOBAHO HA OMMCAHUU MaHOPaMbl
TpaBM B II€JIOM M TPEX MCCIEAOBaHUW ¢ ucnoiab3oBaHueMm naHHbiX LIIPT, Brirowaromero
IIPOJICYEHHBIE TPABMBI, KOTOpPbIE BO3HUKIIN 32 nepuon ¢ 1 saBaps 2015 roxa no 30 nrons 2018

rona. [TomHOTA, penpe3eHTaTUBHOCTH U HaJeKHOCTh JaHHBIX [IIPT Obln o11eHEeHbI Ha BEIOOPKE

viii



u3 1696 ciiyuaeB TpaBM, KOTOpbI€ BOZHUKIIM 3a niepuos ¢ 1 uronst 2015 rona no 30 urons 2016
roga. OOCTOATENbCTBA M MEXAaHU3Mbl HECMEPTENBHBIX CIyYalHBIX TPaBM, CBSI3aHHBIX C
najieHusIMHU (BHE M BHYTPU TOMEIICHHIA), ObUIM M3Y4YECHbI B YETHIPEX BO3PACTHBIX TPYIIMax:
JIETH JIOIIKOJIBHOTO BO3PAcTa, JETH IIKOJBHOTO BO3PACTa, B3POCIHbIE TPYIOCIOCOOHOTO U
MMOXXKWJIOTO BO3pacTa. CBs3u MCKAY IMOTrOJHBIMHA YCJIIOBUAMHA U HCCMCPTCIIbHBIMU CJIy‘-IElfIHbIMPI
TpaBMaMu, OGYC.TIOBJICHHLIMI/I ImaaCHUusAMHN BHEC HOMCIJ.[GHI/If/'I, GBIHI/I HNCCIICA0BAHbI B XOHOHHLIﬁ

ce30H (15 okTsa0ps — 14 anpens) u B Temisiid ce30H (15 anpens — 14 okTaops).

OcHoBHbIe pe3yabTarthl. 3a niepuos ¢ 1 saBaps 2015 roga no 30 urons 2018 roxa B IIIPT
ObUT0 3apeructpupoBano 5343 tpasmbl. [lpu cpaBHenuu yucina tpaem B ILIIPT ¢ tpaBmamu,
nposeueHHbIMU B lIleHKypckoii ieHTpaabHOU paiioHHON O6obHMLE, TosHoTa IIIPT cocraBuia
86%. J|BoItHO HE3aBUCUMBII BBOJ JaHHBIX U3 CTAHJAPTHBIX OYMa)KHBIX JINCTOB YUETa TPABM
nokasaja ypoBeHb coriacus 79 — 99% B 3aBUCMMOCTH OT TuIla HepeMeHHoW. OmnucaHue
MaHOPaMbl TPaBM MOKA3aJI0, YTO JKWJIbIE JOMa, MpUycafcOHble YYaCTKH W JIPYTHUE PSIOM
pacrioio)KeHHBIE  OTKPBITHIE IJIOMIAAKKA ObUTH Hamboyiee paclpoCTpaHEHHBIM MECTOM
nostyueHus TpasM (48% ot oO1iero yucna TpaBM). BoJbIIMHCTBO TpaBM, 3aperUCTPUPOBAHHBIX
B IIIPT, mpousonuio B pe3ynbTaTe HecwacTHOro ciydast (88%), vaiie BCero mpH MaJeHUH
(42%). Cpenu meTeit TOMIKOIBHOTO BO3pACTa TPABMBI Yallle BCETO BO3HUKAIM TP MaJCHUH C
MeOei, UTPOBOTO O00OPYIOBaHUS WIM JICCTHUIl B pe3ysibTaTe MoTepu paBHOBecusi (64%).
Haubosee 3naunTenbHas A0 TpaBM MpH MaJeHUU B IIKOJEHOM Bo3pacte (36%) npou3zonia
BO BpeMs (PU3MUECKMX YHPaXHEHUH C HCHOJIb30BAHWEM CIOPTUBHOTO HMHBEHTAps WIIH
UrpoBoro obopyznoBanus. Haubornee yacTeiM MEXaHU3MOM HECUYACTHBIX CIIy4aeB CPEH JIUI
TpyaocmnocooHoro Bo3pacta (32%) u y noxuibsix (37%) ObLI0 MOCKaTb3bIBAHUE HA MOKPHITON
Jb0M TOBEepXHOCTU. HamOonpmii puck ciiydyailHbIX TpaBM, CBSI3aHHBIX C IaJICHUSMHU BHE

MOMEIIeHUH, HaOJII0JalICsl B XOJIOAHBIM CE30H rojia B IHU CO CpeIHEH TeMnepaTypoil Bo3ayxa

iX



B quanaszone ot -7,0°C no -0,7°C B coueranuu co CpeAHHM / 3HAUUTEIBHBIM KOJUYECTBOM

0cakoB (= 0,4 MM) 1 HATMYMEM IIJIOTHOTO WJIM MOKPOI'O CHETa Ha IIOBEPXHOCTH 3EMIIH.

3akawuenue. McciaenoBanne mokasano, yro ganHeie 1IPT SBIIsSIOTCS JOCTATOYHO IOJIHBIMH,
HAJIC)KHBIMH U PENPE3CHTATUBHBIMU B OTHOLUECHHM ONUCAaHUs TpaBMartu3ma B IlleHkypckom
paiioHe. BONpIIMHCTBO TpaBM B pailiOHE MPOM3O0LLIO B pe3yibrare najaeHui. Jannsie [IPT
MO3BOJIWJIM BBISIBUTH PA3JIMYHbIE THUIMYHBIE CIEHAPUU TPaBM IPU MAJCHUU B PA3HBIX
Bo3pacTHbIX rpynnax. OOwveaunenue apanHbix IPT ¢ mereoponorunueckuMu AaHHBIMU
MO3BOJIMJIO BBISIBUTH JIHU MOBBIIIEHHOI'O PUCKAa BO3HUKHOBEHHUSI HECMEPTENBHBIX CIIyYalHbBIX
TpaBM TpU TMAJACHUSAX BHE momemieHuid. Takum oOpasom, nansabie IIPT moryr ObITH
WCIIOJIB30BAHbI JUIsl SNIUJAEMHUOJIOTMYECKUX HCCIEA0BAHUM U MOTYT CIIYKUTh JT0KA3aTEIbHOU
0a30il 15 pazpabOTKU LIMPOKOTO CHEKTpa Mep NpoHIIaKTUKHU TpaBMatu3Ma B LlleHkypckom

paiioHe.
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Chapter 1. Introduction

1.1. Injury definition

An injury is defined as “the damage caused by the acute transfer of energy, whether physical,
thermal, chemical or radiant, that exceeds the physiological threshold, or by the deprivation of
a vital element” (1). In the International Statistical Classification of Diseases and Related
Health Problems 10" revision (ICD-10), injuries are included in Chapter XIX “Injury,
poisoning and certain other consequences of external causes” (ICD-10 codes SO0 to T98) and
Chapter XX “External causes of morbidity and mortality” (ICD-10 codes V01 to Y98)
(Appendix A) (2). Injuries can be further categorized as unintentional or intentional. An injury
is classified as unintentional if it is “judged to have occurred without anyone intending harm
be done; in many settings these are termed as accidental injuries” (3). Intentional injuries are
those resulting “from purposeful human action whether directed at oneself or others, sometimes
referred to as violent injuries” (3). In the literature, the terms trauma and injury are used

interchangeably; thus, in the present PhD thesis, we consider these terms to be synonyms.

1.2. Global burden of injuries

Due to the concurrent processes of globalization, urbanization, economic growth, and the
demographic and nutritional transitions that have occurred during the 20" century, non-
infectious diseases and injuries now contribute more to most countries’ epidemiological
profiles than infectious diseases (4). At present, injuries are an important cause of health and
human capital losses globally, causing over 4.4 million deaths each year (5). According to

global trends, between 1990 and 2017 the age-standardized mortality rate from injuries



decreased by 31% while the age-standardized incidence rate for injuries decreased by only 1%
(6). The decreased mortality rate from injuries in many countries may reflect a changing injury
profile due to aging population, the implementation of injury prevention programs, and

improvements in healthcare systems (6-8).

Injury-related mortality is unevenly distributed across the world, with a larger proportion
occurring in low- and middle-income countries (88%) (9). Injuries are the fourth leading cause
of death in the World Health Organization (WHO) European Region and accounted for 465,000
deaths (or 5% of all deaths) in 2019 (5). Mortality rates from injuries in middle-income
countries in the WHO European Region were 1.7 times higher than in high-income countries
(Fig. 1) (6, 10, 11). Estimates for 2019 showed that the three most common causes of injury-
related mortality in the WHO European Region were self-directed injuries (25%), falls (19%),
and road traffic injuries (15%). Other injuries, such as violence, drowning, fire-related burns,
exposure to mechanical forces, and poisonings, jointly accounted for 17% of injury-related

mortality (5).

All age groups are affected by injuries, but people aged 5 — 49 years are at particular risk.
Injuries account for a third of all deaths in children aged 5 tol14 years, half of deaths in young
people aged 15 — 29 years, and a quarter in adults aged 30 — 49 years (10). Road traffic injuries,
suicides, and interpersonal violence account for 70% of all injury-related mortality in people
aged 15 to 29 years. Falls (40%) are the leading cause of injury-related death among the elderly

(aged 70+ years) (12).
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Figure 1. Age-standardized mortality rate (per 100,000 population) from injuries in the World

Health Organization European Region, 2017 — 2019, both sexes, all ages (6, 11)



Mortality is the most commonly used indicator of the burden of injuries, but it reflects only the
tip of the iceberg, as only a small proportion of injuries results in death. The largest proportion
of the total burden of injuries is made up of non-fatal injuries. In the WHO European Region,
for each death from injury, there are over 20 injury hospitalizations, and nearly 160 emergency
department visits (10). Many millions of non-fatal injuries result in varying degrees of long-
term disability, mental consequences, and behavioral changes; indeed, non-fatal injuries are

responsible for 9% of all disability-adjusted life-years lost (10, 13).

Unlike fatal injuries, there are no significant differences in the rates of non-fatal injuries
between middle- and high-income countries in the WHO European Region (Fig. 2). In 2017,
the average age-standardized incidence rate for injuries was 13,247 per 100,000 population in
middle-income countries and 12,910 per 100,000 population in high-income countries. The
difference between the highest and lowest age-standardized incidence rates for injury was
15,648 per 100,000 population in high-income countries and 11,884 per 100,000 population in

middle-income countries (6).

According to the European injury database EuroSafe (14), among all injuries treated in a
hospital or received ambulatory care, the most frequent causes of non-fatal injuries are falls
(36%), followed by road accidents (9%) and cuts/pierces (9%). Males are more commonly
treated for road traffic accidents, cuts and pierces, and burns, while females more frequently
attend hospitals for falls and poisonings. The largest proportion of non-fatal hospital injuries
occur in those of working age (25 — 64 years, 45%) followed by children (0 — 14 years, 21%),

the elderly (65+ years, 18%), and young people (15 — 24 years, 16%) (14).
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Figure 2. Age-standardized incidence rate (per 100,000 population) for injuries in the World

Health Organization European Region, 2017, both sexes, all ages (6)



1.3. Injuries in the Russian Federation

Injuries are the third leading cause of death in the Russian Federation, after diseases of the
circulatory system and neoplasms. However, injury-related mortality in Russia is far higher
than in any other European country. In 2017, the age- standardized mortality rate from external
causes in Russia (87.0 per 100,000) was 1.8 times higher than that in the WHO European

Region (49.4 per 100,000) (6, 11, 15).

An encouraging fact is that crude mortality rate from injuries in Russia has decreased from
206.1 per 100,000 in 1999 to 98.6 per 100,000 in 2018 (16) (Fig. 3). During this 20-year period,
males were four times more likely to die from injuries than females (17), and 65% of all injury-
related deaths occurred in people of working age (18). From 2014 to 2018, the three most
common causes of injury-related death in Russia were suicide (14%), road traffic accidents
(10%), and alcohol poisoning (8%). Other prevalent causes were homicide (6%), exposure to

low temperatures (6%), falls (5%), and drowning (4%) (18).

Despite the clear decrease in mortality rate from injuries in Russia between 1999 and 2018, the
incidence rate of non-fatal injuries increased over the same period by 7% (19) (Fig. 3).
Consequently, 13 million new non-fatal injuries, poisonings, and other consequences of

external causes (89.0 per 1000 population) were registered in Russia in 2018 (20).



250 - 100

c '90:
= o
& 200 - 80 &
: o 3
o o
8 150 - 60 o
8 50 S
3 o —
g 100 A 40 28
>'; [«b]
= - 30 ¢©
= g
£ 50 - 20 E
s 10 =
0 0

SR SRNZENCIEN NI SR SN IR N SN TN N SN I SN
A A A A A A A A A A A A DA AR AR AR AD

— Mortality = Incidence
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1.4. Injuries in the Arkhangelsk Region of Russia

The Arkhangelsk Region belongs to the Northwestern Federal District (NWFD) of Russia,
which also includes of 9 other regions in the European North of Russia, and Saint Petersburg
City. The total area of the Arkhangelsk Region is 311,500 km?. Due to its northern location, the
region has a cold climate, with a mean annual air temperature that ranges from 0.1°C to 2.0°C.
The total population of the Arkhangelsk Region was 1,111,031 as of 1 January 2018, with 78%
of inhabitants residing in urban settlements (21). The main industries in the Arkhangelsk
Region are pulp and paper production, woodworking, forestry, shipbuilding, fishery, and food

production.



The age-standardized mortality rates from injuries among males and females in the
Arkhangelsk Region for the period 1999 to 2018 were on average 20% higher than those in
Russia as a whole, and 20% higher than those in the NWFD (18, 22-28) (Fig. 4). In this period,
the age-standardized mortality rates from injuries among males in the Arkhangelsk Region
decreased by only 13%, while in Russia as a whole and in the NWFD, these mortality estimates
decreased by 22% and 23%, respectively. The age-standardized mortality rates from injury
among females in the Arkhangelsk Region decreased by 20%, while in Russia as a whole and
in the NWFD it decreased by 23% and 27%, respectively. The five most common external
causes of mortality in the Arkhangelsk Region in 2018 were suicide (20%), alcohol poisoning

(16%), road traffic accidents (10%), exposure to low temperatures (7%), and homicide (7%)

(29).
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Figure 4. Age-standardized mortality rate (per 100,000 population) from injuries, poisonings,
and other consequences of external causes in Russia as a whole, in the Northwestern Federal

District of Russia, and in the Arkhangelsk Region, 1999 — 2018, all ages (18, 22-28)



More than 115,000 cases of non-fatal injuries, poisonings, and other consequences of external
causes (104.5 per 1000 population) were registered in the Arkhangelsk Region in 2018. The
total crude incidence rate for injuries in the Arkhangelsk Region increased by 19% between
1999 and 2018. The total crude incidence rate for injuries from 2014 to 2018 in the Arkhangelsk
Region (on average, 106.7 per 1000 total population) was 1.2 times higher than that in Russia
as a whole. According to the Arkhangelsk Regional Medical Information Analytical Center
(MIAC), one of the highest incidence rates for injuries in the period 2014 to 2018 was in the

Shenkursk District (124.7 per 1000 total population).

1.5. Injury registration in Russia

In Russia, registration of a death from an injury, poisoning, or other consequence of external
causes requires that a doctor at a hospital or at forensic department completes a medical death
certificate. The certificate contains cause of death data, including the proper ICD-10 codes from
chapters X1X and XX (2). Issuing medical organizations submit medical death certificates to
their regional MIAC and their regional Vital Records Office; the latter then aggregates copies
of all medical death certificates and sends the information to the regional office of the Federal
State Statistics Service (Rosstat). The regional Rosstat offices use this data to create an

electronic database, which they send to the central Rosstat office in Moscow on a monthly basis.

New cases of non-fatal injuries, poisonings, and other consequences of external causes are
registered in Russian healthcare institutions, including hospitals, outpatient polyclinics, and
primary care units. The registration takes place when an injured person approaches a healthcare
institution for medical treatment, and the information about the injured patient and the injury

characteristics are entered into the healthcare institution’s medical information system (MIS).



In the Arkhangelsk Region, MISs are based on one of two software platforms: “ARIADNA” or

“SAMSON”, which code injuries using ICD-10 codes (2).

Once a year, Russian healthcare institutions use the data contained in their MIS to compile and

submit two standard statistical report forms to their regional MIACs:

— Report form N 12 , named “Information about cases of diseases registered in patients living
in the service area of a medical organization”, covers ICD-10 codes (A00 — T98) and is
stratified by age group: children and adolescents (0 —1,1—-3,0—-4,5-9,0— 14, and 15
— 17 years), adults (18+ years), and adults over working age (55+ years for females and
60+ years for males) (30).

— Report form N 57 is called “Information about injuries, poisonings, and some other
consequences of exposure to external factors” and includes detailed tables that list the
number of cases with ICD-10 codes from chapter X1X (Injury, poisoning, and certain other
consequences of external causes; SO0 — T98) and chapter XX (External causes of morbidity
and mortality; VO1 —Y98). It is also stratified by age group: children (0 — 17 years), adults
(18+ years), and adults over working age (55+ years for females and 60+ years for males)

(31).

Reports forms N 12 and N 57 include diagnoses assigned by doctors, but not by nurses,
midwives, or feldshers (healthcare workers with secondary medical education who commonly

constitute the medical staff of rural primary care units).

Regional MIACs compile and process the information from their regions, and once a year send
summarized statistical tables to their regional Rosstat office. Upon receipt of the reports from

the regional MIACs, the regional Rosstat offices create summary reports on overall morbidity
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and on the incidence of injuries in the population (32-34). Because they are based on the
aggregated data, these reports contain absolute numbers of cases by ICD-10 code and
corresponding incidence estimates for the total population and for its subgroups by age, sex,
and place of residence. These reports provide good descriptive overviews of the numbers of
medically treated injuries, as well as of the burden of injuries, measured as incidence estimates
per population numbers. However, they are of limited use for planning primary prevention,

because they lack information about when, where, and how exactly the injuries occurred.

More detailed patient information is available in the MIS of each healthcare institution. There,
in addition to diagnosis, age, sex, and place of residence, one can obtain data on selected socio-
demographic characteristics, results of medical examinations and laboratory analyses, a
description of the treatment provided, and other medical information. These detailed medical
records are used for clinical decision-making, planning rehabilitation, as well as for reporting
cases and treatment costs to health insurance. However, upstream information about the
circumstances of injuries is also lacking in MISs. Therefore, data from other sources must be
used when planning primary prevention, like data from road police, criminal records, or

population surveys.

1.6. Injury registries

Good-quality injury data are necessary for the development of effective prevention (35-37).
Therefore, the first step in the planning of primary injury prevention is to collect injury data
through surveillance systems or injury registries (38, 39). An injury (or trauma) registry may
be defined as “disease-specific data collection composed of a file of uniform data elements that

describe the injury event, demographics, prehospital information, diagnosis, care, outcomes,
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and costs of treatment of injured patients” (40). There are two types of disease and injury
registries: hospital-based and population-based. A hospital-based registry is “a file of all
patients seen at a hospital with a particular disease” (41), whereas a population-based registry
“collects detailed information about all new cases of a disease in a population of known size
and composition” (41). Registries can include data about medically treated injuries at the

hospital, regional, state, and national level.

The first injury registries date to the early 1970s in the United States (42). At present, a number
of developed countries maintain national injury registries, including Germany, Italy, Israel, the
United Kingdom, Australia, New Zealand, Canada, and the United States (36, 43, 44). Although
low-income countries face economic barriers to the establishment of injury registries (45), a
few countries, such as Peru (46), Pakistan (47), Nigeria (48), and the United Arab Emirates (39)

have succeeded in developing single-hospital or regional registries.

Hospital-based (or clinical) injury registries are valuable sources of medical information that
aim to support improvements in patient care and evaluate the efficacy of new interventions (36).
Such registries serve clinical purposes and include data on first aid, primary care, and
complementary exams. For example, the Alberta Trauma Registry in the Calgary Health Region
of Canada (43), the Victorian State Injury Registry in Australia (49), the Israel Injury Registry
(44), the Injury Registry at the Brazilian University Teaching Hospital (50), and the Swedish
Fracture Register (51) include a large amount of clinical information about the injured,
including treatment at the scene and in the emergency room, diagnostic and surgical procedures,

operating room time, and days spent in the intensive care unit.
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Both hospital-based and population-based injury registries can gather information about the
mechanisms and circumstances of injuries and can be used for primary injury prevention
programs (36). For example, the District Level Hospital-Based Injury Surveillance System in
India (52), the Trauma Registry in Cali, Colombia (42), the King Abdul-Aziz Medical City
Trauma Registry in Saudi Arabia (53), and the Harstad Injury Registry in Norway (54, 55)
include detailed etiological information about injury causes and circumstances: intent,
mechanism, nature and site, activity the patient was involved in when the injury occurred, place
of injury. These registries serve an evidence basis for primary injury prevention, and as a data

source for epidemiological studies.

Since 1987, the Harstad Injury Registry has been systematically collecting data on the
epidemiological profile of injuries in the municipality of Harstad, Norway (37, 55, 56), with an
emphasis on supporting primary injury prevention through the Safe Community program.
Using injury registry data and the Safe Community approach, the municipality of Harstad has
achieved substantial success in community-based injury prevention. Implementation of targeted
prevention programs based on the registry data has led to substantial reductions in specific
injuries. For example, the rate of road traffic injuries among young residents decreased by 59%,

and the burn injury rate in children under 5 years of age decreased by 51% (37, 56).

One of the strengths of a population-based registry is that it includes all cases in the target
population, so selection bias is minimized. In addition, using population-based registry data for
epidemiological research saves time and costs, because researchers can extract routinely
collected data. Furthermore, due to large numbers of observations generated over time, a
population-based registry data allow researchers to study rare exposures and outcomes, and

adjust for confounders that are available for the whole population (57-60). Finally, population-
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based injury registries can be linked with other population-based registries in order to study

injuries in a broader context (60-62).

1.7. Community-based injury prevention and injury surveillance in the Shenkursk

District

The success of the Harstad Injury Registry and the high incidence of injuries in the Shenkursk
District laid a basis for the project “Community-based injury prevention program and injury
surveillance in the Shenkursk District”. The project was launched in 2014, with the overall goal
of establishing a municipal injury registry and community-based injury prevention program in
the Shenkursk District, based on the experience of the Safe Community program in Harstad.
The project was supported by a grant from the Norwegian Ministry of Health and Care Services,
and the Norwegian Institute of Public Health was the lead institution. The University Hospital
of North Norway, UiT The Arctic University of Norway, the Northern State Medical University
in Arkhangelsk, and the Administration of the Shenkursk Municipal District were the project
partners. As one of the key project outputs, the first Russian population-based injury registry
was established in the Shenkursk District on 1 January 2015: the Shenkursk Injury Registry
(SHIR). This registry is based on the Harstad Injury Registry model, and its purpose is to
facilitate evidence-based primary injury prevention at the municipal level (63, 64). Largely due
to the implementation of this approach, in 2017 the town of Shenkursk was certified as an
International Safe Community and became the first Russian member of the International Safe

Community network (https://isccc.global/).
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1.8. Motivation for the study

The motivation for the present thesis was to assess the usefulness of the SHIR as a resource to
identify local injury problems and describe the mechanisms and circumstances of their
occurrence. Evidence-based knowledge about these injury characteristics is important for the

proper planning, development, implementation and evaluation of injury prevention measures.

1.9. Aims of the thesis

Overall aim:

— To provide an evidence basis for injury prevention in the Shenkursk District,

Northwestern Russia, using SHIR data

Specific aims:

To describe the demographic, medical, spatial, and temporal characteristics of injuries,
as well as the mechanisms and circumstances of injuries in the Shenkursk District (thesis
only)

— To assess the completeness, representativeness, and reliability of SHIR data and their
suitability as an evidence basis for local injury prevention (Paper 1)

— To study the circumstances of non-fatal accidental fall injuries by age and provide data-
driven evidence for the development of injury prevention measures in different age
groups (Paper 11)

— To investigate the associations between weather conditions and the frequency of non-

fatal accidental outdoor fall injuries and provide an evidence basis for awareness-raising

measures targeting weather-related dangers (Paper I11)
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Chapter 2. Materials and methods

2.1. Study design

The present thesis is based on the description of the overall injury panorama and three specific
registry-based studies that used SHIR data on medically treated injuries in the Shenkursk
District. The study period was from 1 January 2015 to 30 June 2018. Figure 5 reflects the logical
structure of the three papers that compose this thesis. The overall description of the injury
panorama and of fatal injuries in the Shenkursk District in the study period are included in this

thesis only.

Paper | assessed the quality of SHIR data and their applicability for research and prevention
purposes. We assessed the completeness, representativeness, and reliability of SHIR data using

a sample of 1696 injuries that occurred from July 2015 to June 2016.

Paper Il focused on the circumstances of accidental fall injuries (outdoor and indoor) in the
Shenkursk District, which is a major problem according to the local injury panorama. We used
data on all registered accidental fall injuries that occurred in the district from January 2015 to
June 2018 (N = 1551) and described typical scenarios of fall injuries in four age groups:
preschool age (0 — 6 years), school age (7 — 17 years), working age (18 — 59 years), and elderly

age (60+ years).

In Paper I11, we described AOFIs in the Shenkursk District from January 2015 to June 2018 (N
= 1125) and their associations with weather conditions, separately for the cold season (15

October — 14 April) and the warm season (15 April — 14 October).
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Distribution of injuries in the Shenkursk District and their demographic, medical, spatial, temporal,
and circumstantial characteristics, 1 January 2015 — 30 June 2018, N = 5343
Description of the SHIR and data quality assessment,
—
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Registry data quality: Proven usability
» completeness » for prevention and o] PAPERI
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Description of the typical scenarios of accidental fall injuries by age
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> accident mechanism preventing falls in
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Assessment of the associations between accidental outdoor fall
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Figure 5. Structure of this thesis and of Papers | — 11
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2.2. Study setting

The Shenkursk District is located in the Arkhangelsk Region, in the NWFD of Russia (Fig. 6),
and has a total area of 11,300 km?2. Due to its northern location (62°06° N, 42°54’ E), the
Shenkursk District has a cold climate, with a mean annual air temperature of 1.4°C.

Temperatures below zero prevail from October to April (65).
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Figure 6. Map of the Northwestern Federal District of Russia

As of 1 January 2018, the Shenkursk District had a population of 12,610 (Table 1). As a
proportion the population, people ages 18 to 59 years represented 50%; those aged 60+ years
and 0 to 17 years constituted 28% and 22%, respectively (21). Compared to 1 January 2015, by
1 January 2018 the total population of the district decreased by 7%, with the number of
inhabitants aged 0 to 17 years and 18 to 59 years decreasing by 6% and 14%, respectively.
However, the number of people aged 60+ years increased by 8%. These changes reflect general

demographic tendencies in provincial Russian settings.
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Table 1. Population of the Shenkursk District on 1 January by age group, 2015 — 2018 (21, 66-

68)
Age group 2015 2016 2017 2018
0—17 years 2885 2826 2794 2715
18—59 years 7352 6893 6537 6348
60+ years 3293 3371 3428 3547
Total 13,530 13,090 12,759 12,610

The town of Shenkursk is the administrative center of the Shenkursk District and its only urban
settlement, with a total population of 4772 on 1 January 2018. The rest of the population (62%)

resides in 253 rural settlements, spread all over the district.

The town of Shenkursk is situated 380 km from Arkhangelsk City, near the M8 Russian Federal
highway that links Arkhangelsk City and Moscow. Shenkursk is separated from the highway
by the Vaga River, which can be crossed by pontoon bridge, ice crossing, or ferry crossing,
depending on the time of the year. The road network, streets, and walkway infrastructure are
grossly underdeveloped in the town, and during the study period, most of the local roads were
unpaved; walkways were made of concrete or wood, or were covered by gravel; and only major
streets in the town had streetlights. By present time, the situation has gradually improved due
to the municipal program “Comfortable urban environment”, which is aligned with the

Shenkursk Safe Community program.
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The main industries in the Shenkursk District are forestry, woodworking, food production, and
agriculture. The educational network in the district includes 11 kindergartens, 6 secondary
schools and 1 specialty school (school of arts). Healthcare in the district is provided by the
Shenkursk Central District Hospital (CDH) and by rural primary care units. The Shenkursk
CDH is located in the town of Shenkursk and has inpatient facilities (46 beds) and outpatient
polyclinics for adults and children (400 visitors per day). The rural primary care units include
two rural outpatient departments and 23 feldsher-midwife stations. Within the framework of
the compulsory health insurance program, the Shenkursk CDH and rural primary care units
provide free inpatient, outpatient, and emergency medical care to all residents of the Shenkursk
District, as well as to visitors from other places. The Shenkursk CDH uses the SAMSON MIS

to register all medically treated patients, including patients with injuries.

2.3. The Shenkursk Injury Registry

The establishment of the SHIR started with the translation of the Harstad Injury Registry’s user
manual and injury registration form (IRF) from Norwegian into Russian (37, 54, 56). The user
manual contains registration instructions, as well as the definitions, classifications, and coding
lists to be used in the processing of the free-text descriptions of injury setting and
circumstances. The classifications used are based on the “Northern European Classification for
the Registration of Accidents” published by the Nordic Medico-Statistical Committee (69).
Questions about alcohol consumption in the preceding 24 hours, education, and marital status

were added to the Russian version of the IRF.

Two seminars were held, one in the municipality of Harstad and one in the town of Shenkursk,

during which two nurses from the Shenkursk CDH were trained as injury registrars, using the
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translated user manual. These nurses were trained in and became responsible for ensuring that
the IRF is completed by the appropriate party; for using coding lists to convert free-text
descriptions of injury situations into categorical variables that reflect the activity, accident
mechanisms, injury mechanisms, and involved factors; and for entering data from the paper

IRF into the electronic SHIR database.

In 2014, the SHIR was tested in two pilot studies. The aim of the first pilot study (N = 30) was
to assess whether injured patients could easily understand the questions in the IRF. The results
showed that patients had no difficulty in completing the IRF. However, questions about
education and marital status were found to be distracting and redundant. Several patients
questioned the need to collect these data, and the questions were excluded. For this reason, data
on education and marital status were not available for this thesis. On 1 January 2017, fields for
the medical staff to enter ICD-10 codes for external causes of morbidity and mortality (Chapter

XX) and fields to make records on who completed the IRF were added to the IRF.

The final IRF version (Appendix B) is a two-page form. Some sections are to be completed by
the injured patient and others by doctors. It collects information on socio-demographic
characteristics (sex, date of birth, address of residence, place of work or study), the time and
place of the injury, alcohol consumption in the 24 hours before injury, use of protective
equipment, and optional sections for descriptions of road traffic and sports injuries. Information
on alcohol consumption in the 24 hours before the injury is self-reported. The IRF also has a
free-text field, in which a description of how the injury occurred must be given. This field
contains three supporting questions to facilitate the descriptions of injury circumstances: “What
were you doing?”, “What went wrong?”, and “How were you injured?”, representing the pre-

event, event, and post-event stages as described by William Haddon (70). Each of these
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questions has a supplementary note asking the individual to indicate any involved external
objects, persons, or other circumstances. The concluding part of the IRF has several fields that
are to be completed by a physician: diagnosis, ICD-10 code, injury severity according to the
Abbreviated Injury Scale (AIS), generalized cause of injury (accident, violence, self-inflicted

harm), hospitalization (yes/no), and name of the physician.

The second pilot study (N = 68) tested the logistics of the data collection system and the data
management system. It was also used as the final step in the training of the injury registrars,
allowing them to master the practical skills needed to work with the SHIR. This study
demonstrated that the logistics, the data management system, and the practical skills of the

registrars were of acceptable level (63).

After these preparatory activities were completed, the SHIR was launched on 1 January 2015
and started gathering information on all people with non-fatal and fatal injuries, poisonings,
and certain other consequences of external causes (ICD-10 codes SO0 — T78) that receive
medical treatment at the Shenkursk CDH (Fig. 7). The SHIR is a population-based injury
registry because it collects information about all injuries that occur in the Shenkursk District
and are treated at the Shenkursk CDH, regardless of injury severity, or whether the patient was
hospitalized or received outpatient care. As the purpose of the SHIR is to provide an evidence
basis for primary prevention, patients with repeated visits for the same injury (to monitor the
progress of treatment, remove the cast, etc.) are not registered. For the same reasons,
complications of injuries, complications due to surgical and therapeutic interventions, and late

consequences of injury (ICD-10 codes T79 — T98) are not included in the registry.
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First visit to the Shenkursk Central District Hospital due to an injury

(ICD-10 codes S00-T78)

l I l

Outpatient department Inpatient department Emergency room

Injury Registration Form

Completed by a patient, Retrospectively completed by
accompanying relative, or Injury registrars using
data from routine medical records

accompanying person upon arrival : .
panying p P (ambulance journal, outpatient

or a few days after medical card, case history)

Coding of data from the Injury Registration Form, followed by data entry into

the Shenkursk Injury Registry based on Epilnfo 7

Export of data from the Shenkursk Injury Registry into Excel

Data analysis in statistical software packages

Figure 7. Flow chart of the Shenkursk Injury Registry, Arkhangelsk Region, Russia

According to the established data collection scheme, an injured patient is asked to complete the
IRF upon ambulance pick-up bound for the Shenkursk CDH or upon arrival at the outpatient

department of the Shenkursk CDH. If a patient has to be hospitalized due to severe injury, the
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IRF is offered to be filled out within a few days of hospitalization. If that is difficult for the
patient, accompanying relatives, a nurse, or a physician can help to complete the form. When
the IRF is not filled out due to a patient's severe condition or other reasons, the injury registrars
complete the IRF retrospectively, using data from routine medical records (ambulance journal,
outpatient medical card, case history) and the information obtained from the attending
physician. In 2017, 59% of IRFs were completed by patients or accompanying relatives, and
41% by registrars. Between 1 January and 30 June 2018, 62% of IRFs were filled in by patients

or accompanying relatives, and 38% by registrars.

The SHIR database is constructed using Epi Info 7 (71). From 2015 to 2017, the two injury
registrars attended a series of calibration sessions, where they were asked to code and enter the
same sets of 20 to 30 IRFs. The two registrars, the author of this thesis, and the main supervisor,
discussed any mismatches that occurred, and joint decisions were held on the standard way to

code questionable cases.

From its launch, it was decided that the SHIR would not include prehospital fatal injuries (i.e.,
individuals who perished from their injury before they reached the Shenkursk CDH). This is
because Russian regulations require all on-site injury deaths to undergo forensic investigation,
and the Shenkursk CDH does not have a forensic department. Therefore, most onsite or other
pre-hospital injury fatalities are transported directly to the closest forensic department, situated
in the neighboring town of Velsk (140 km of the Shenkursk), for forensic processing; some are
sent to the regional forensic center in Arkhangelsk. As there are practical difficulties in
collecting data from these two forensic institutions, the Shenkursk CDH administration obtains
data on on-site injury fatalities in the Shenkursk District from the Arkhangelsk Regional MIAC.

However, as the variables available in the MIAC differ from those in the SHIR, data integration
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into the SHIR is not possible. Therefore, for the purposes of planning local injury prevention,

data on fatal injuries in the Shenkursk District are collected and presented separately.

2.4. Analytic approaches

In the section on the overall injury panorama in the Shenkursk District, we present the
distributions of all injuries registered in the study period by selected SHIR variables. We used
data from the Arkhangelsk Regional MIAC to describe fatal injuries that occurred in the

Shenkursk District during the study period.

In Paper I, the completeness of SHIR data was assessed by linking SHIR records to the
Shenkursk CDH MIS, which was assumed to be a “gold standard” with respect to the coverage
of patient records. The linkage was performed using the names, dates of birth, and dates of
injuries of injured patients. We looked at the data for 1 year (July 2015 — June 2016), and
assessed the representativeness of SHIR data by comparing injuries treated at the CDH and
registered in the SHIR to those treated at the CDH but not registered in the SHIR. The
comparisons were made on a limited number of variables available in the Shenkursk CDH MIS.
Similarly, we assessed the representativeness of SHIR data for injuries in rural areas of the
district by comparing characteristics of injuries that were treated at the CDH and registered in
the SHIR to injuries that were treated at primary care units and were not covered by the SHIR.
Again, the comparisons were made on variables available in the Shenkursk CDH MIS. Data
reliability in the SHIR was assessed as agreement between the routine IRF data entry performed
by the injury registrars and the second independent entry that was performed by the author of

the thesis, including the independent coding of free-text descriptions of injury circumstances.
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Considering that 42% of all accidental injuries in the SHIR during the study period were due to
falls, Paper 11 addressed this major injury category alone. It identified typical scenarios of fall
injuries in the district by clustering the upstream information about fall injury circumstances
(preceding activities, accident mechanisms, predisposing and precipitating factors), with the
goal of supporting primary injury prevention in a practically useful way. In Paper II, we
analyzed data on 1551 non-fatal accidental fall injuries recorded in the SHIR from January 2015
to June 2018. The analyses were stratified by age group: preschool age (0 — 6 years), school

age (7 — 17 years), working age (18 — 59 years), and elderly age (60+ years).

In Paper I11, we further narrowed our focus to accidental outdoor fall injuries (AOFIs). In order
to provide evidence that would increase the local population’s awareness of the most “risky
days” with respect to AOFIs, we combined SHIR data on the daily frequency of AOFIs in the
period from January 2015 to June 2018 with the meteorological data archive for the Shenkursk
District for the same period (72). A total of 1125 non-fatal AOFIs were included in the analysis.
Associations between daily AOFI frequencies and weather conditions were investigated
separately in the two major seasons of the year: the cold season (October 15 — April 14) and

the warm season (April 15 — October 14).

2.5. Data presentation

Categorical injury characteristics in the description of the local injury panorama and in Papers
I to 111 are presented as absolute numbers and percentages. Mean and standard deviation were
used to present AIS, which was the only variable treated as continuous in the analyses of Paper
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In Paper 111, AOFIs were presented as count numbers on each day in the study period, as mean
daily numbers for the warm and the cold seasons, and for the subgroups of days with
combinations of selected weather parameters. The continuous weather condition variables such
as air temperature (°C), atmospheric pressure (hPa), wind speed (m/s), relative humidity (%),
and amount of precipitation (mm) were described using minimum and maximum values,
medians, and first and second tertiles, and were categorized into tertile groups for analytical
purposes. Weather variables that were originally categorical (e.g., ground surface conditions)

were presented as numbers and proportions of days per season with the conditions of interest.

2.6. Data analyses

Throughout the thesis and Papers | to Ill, chi-square tests were used to analyze categorical
injury variables: to assess differences between the registered and missed cases in the SHIR
(Paper 1), to compare fall injury characteristics between age groups (Paper 1), and to compare
AOFI characteristics between the cold and warm seasons (Paper Ill). Cohen’s kappa was

applied to assess the agreement between independent data entries in Paper I.

In Paper Il, a two-step cluster analysis was used to identify the most frequent or typical
combinations of fall injury circumstances in the four age groups. The upstream categorical
injury variables originating from the free-text descriptions of injury circumstances (mechanism
of preceding activity, accident mechanism, injury mechanism, factors involved in the
mechanism of preceding activity, and factors involved in the accident mechanism) were
included in cluster analyses. By using the Bayesian information criterion, the number of clusters
was determined automatically. To indicate the overall goodness of fit, we used the average

silnouette measure of cohesion and separation (range: -1 — +1) (73). A silhouette measure of
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<0.2 was considered a poor solution, between 0.2 and 0.5 indicated a fair solution, and >0.5
was considered a good solution (74). One-way analysis of variance was used to compare the

discovered clusters of fall injuries by AlS.

In Paper Ill, we applied negative binomial regression for the cold season and zero-inflated
Poisson regression for the warm season to assess the associations between daily numbers of
AOFIs and weather conditions (75). The “countfit” function in Stata was used to select the most
appropriate models, based on the Akaike Information Criterion and Bayesian Information
Criterion. Interactions between weather condition variables were investigated by entering the
corresponding interaction terms into multivariable models. We used average percent changes
(APCs) with 95% confidence intervals to assess changes in daily numbers of AOFIs per one-
unit change in each independent weather condition variable. Heat-maps of the mean daily
incidence of AOFIs were built separately for the cold and the warm seasons by calculating
mean daily incidences (per 100,000 population) of non-fatal AOFIs admitted to the Shenkursk
CDH on the days with combinations of weather characteristics that showed independent

associations with AOFI numbers in the corresponding multivariable regression models.

Statistical analyses were performed using SPSS, version 25 (SPSS Inc., Chicago, Illinois,

United States) (Papers | and I1) and STATA v. 16.1 (StataCorp LLC, 2020, College Station,

Texas, United States) (Paper I11).
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2.7. Ethical and legal considerations

The establishment of the SHIR and the corresponding data collection were approved by the
Ethics Committee of the Northern State Medical University, Arkhangelsk (protocol 07/10-13
from 9 October 2013). Both medical and non-medical information were collected by the
Shenkursk CDH, which holds the rights to do so through local regulations and informed consent
of patients. The SHIR does not contain personal identifiers; these are only present in paper
IRFs, which are stored according to the rules for storage of medical documentation at the

Shenkursk CDH.

The protocol for the present study was approved by the Ethics Committee of the Northern State
Medical University, Arkhangelsk (protocol 03/04-17 from 27 April 2017). The study has been
evaluated by the Norwegian Regional Committees for Medical and Health Research Ethics
(REC) (Remit Assessment 2017/1995/REK nord), which determined that it did not require REC
approval. Following the guidance received from the REC, the protocol was submitted for
evaluation and approved by the Norwegian Center for Research Data (protocol number Ne

56817/3/TAL from 21 December 2017) (Appendix C).
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Chapter 3. Main findings

3.1. Injury panorama

3.1.1. All injuries

A total of 5343 injuries (ICD-10 codes SO0 — T78) were entered into the SHIR between 1
January 2015 and 30 June 2018 (Table 2). Sixty percent of injured patients were males, and
more than half were of working age (3054 cases), followed by children (1365 cases) and the
elderly (924 cases). The most common ICD-10 codes belonging to the S-section were for
injuries of the upper and lower extremities (55% of total injuries); the most common codes from
T-section were for a foreign body entering through natural orifice (T15 —T19) (11%), followed
by burns and corrosions (T20 — T32) (4%). According to the AIS, 68% of injuries were minor,

and only one of every 10 cases was hospitalized.

Almost all registered injuries (87%) took place in the town of Shenkursk or in the rural areas
of the Shenkursk District (Table 3). A negligible proportion of injuries (2%) took place outside
the Shenkursk District. The proportion of missing values for the place of injury was 10%.
During the study period, 72% of minor injuries that occurred in the town of Shenkursk and 58%
of minor injuries that occurred in rural areas were registered in the SHIR. The proportion of
hospitalization was 7% for injured patients from the town of Shenkursk and 18% for those from

rural areas.

Dwellings, homestead lands, and other nearby outdoor areas were the most common injury sites

(altogether 48% of total injuries). There was little difference in the annual number of injuries

30



that occurred in between 2015 and 2017. A total of 1511 injuries were registered in 2015, 1638
in 2016, 1507 in 2017, and 687 cases were registered from 1 January to 30 June 2018. Larger
proportions of injuries occurred in the warm season (54%). Injuries were almost evenly spread
across the weekdays, being slightly more frequent on Sundays and least frequent on Thursdays.
Eighteen percent of adults (18+ years) reported that they had used alcohol in the 24 hours before

the injury.

The majority of registered injuries were the result of accidents (4678 cases or 88%) (Fig. 8).
About 10% of injuries (517 cases) were associated with interpersonal violence, and 1% of
injuries (51 cases) were due to intentional self-harm. For 97 cases (2%) the generalized causes

of injury were not indicated.

1,00 1,8%

9,7% \

= Accident
= Violence
m Intentional self-harm

= Missing data

87,6%

Figure 8. Generalized causes of injury in the Shenkursk District, 1 January 2015 — 30 June
2018
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3.1.2. Accidental injuries

Homestead lands or area near a dwelling (23%) and dwelling inside (20%) were the most
common accidental injury sites. Also, a large proportion of accidents occurred in public outdoor
residential areas (14%) and roadways (12%). The most common mechanism of preceding
activity of accidental injuries was walking (30%), followed by working at home or in the garden
(18%) (Table 4). Slipping (18%) and error or loss of control when handling an object (15%)
were the most frequent accident mechanisms. The majority of accidental injuries (42%)
occurred due to falling on a flat surface, from a height, or on stairs. AOFIs constituted 73% of
all accidental fall injuries (indoor and outdoor). Other common injury mechanisms were hits
due to unintentional contact with material objects, humans, or animals (17%). Twelve percent

of adults with accidental injuries reported using alcohol in the 24 hours before the injury.

Three hundred twenty accidental injuries (7%) were associated with sports, with 70% of these
injuries occurring in children. The major part of the accidental injuries in children were due to
physical exercise at school (35%) and in sports activities (34%). Playing with a ball (football,
volleyball, basketball) was the most common injury-related sports activity (53%). Only 5% of

injured children used protective equipment during physical exercise and sports activities.

Of the 4678 accidental injuries, 230 (5%) were road traffic injuries. Among the injured, the
proportions of motorcyclists, automobile users (drivers and passengers combined), and
bicyclists were 21%, 20%, and 18%, respectively. Only 10% of the injured were pedestrians.
About 90% of those injured in road traffic accidents while riding in a vehicle did not use proper

safety equipment (seat belts for automobile users, and helmets for motorcycle and bicycle
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riders). Among adults injured in traffic accidents, 37% reported that they had consumed alcohol

in the 24 hours before the injury.

The most commonly mentioned factors involved in mechanisms of preceding activity, accident
mechanisms, and injury mechanisms were natural events and objects (10%, 17%, and 14%,
respectively) and parts of buildings, including stairs (8%, 8%, and 12%, respectively) (Table
5). The category natural events and objects was mainly constituted by ice- and snow-covered
surfaces (83% — 89% of total cases in this category). Other common factors involved in
mechanisms of preceding activity were transport vehicles (i.e., car, motorcycle, and bicycle)
(8%). In accident mechanisms, common factors included particles, fragments, splinters, and
structural elements (10%); other humans and animals (mainly dogs and cats) (8%); and
transport vehicles (6%). Other common factors involved in injury mechanisms were particles,
fragments, splinters, and structural elements (19%) of various materials (mainly wood, metal,

and glass), and outdoor treated and natural surfaces (10%).

The proportions of missing values for accident variables in the SHIR ranged from 0.1% to 15%
(Tables 2 — 5). The variables age, sex, ICD-10 code, season, and weekday had no missing
values, whereas up to 0.5% of values for the variables AIS and hospitalization were missing.
The proportion of missing values ranged from 1% to 10% for place of injury, injury mechanism,
and factors involved in injury mechanism. The highest proportions of missing values (10% —
15%) were observed for mechanism of preceding activity, accident mechanism, and factors

involved in these mechanisms.
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3.1.3. Interpersonal violence

According to the ICD-10 codes, the head (55%) was the most commonly injured part of the
body due to interpersonal violence, followed by the trunk (16%) and upper extremities (15%).
The majority of injuries (72%) associated with violence were minor (Table 2). Among the total
cases of interpersonal violence, the proportion of domestic violence (in our case defined as

physical abuse at home and/or by a household member) was 19% (96 cases).

Substantial proportions of injuries due to violence occurred in dwellings (indoor and outdoor)
(36%) and at outdoor public residential areas (27%). Over one-third of such injuries (33%)
occurred on weekends (Table 3). Among the victims, 58% reported consuming alcohol in the
24 hours before the injury. The most common mechanisms of preceding activity were alcohol
consumption (18%) and walking (11%). Quarrel, fight, brawl (75%), and release of physical
force by a human (10%) were the most frequent violence mechanisms. As for the injury
mechanism, the majority of violent injuries (87%) occurred due to a blow from a material object
or a human (Table 4). A human was the most commonly mentioned factor involved in the
preceding activity (21%), violence mechanism (92%), and injury mechanism (68%). Another

common factor involved in the preceding activity was an alcoholic beverage (19%) (Table 5).

Mechanism of preceding activity and factors involved in this mechanism had the highest
proportion of missing values for injuries associated with interpersonal violence (Tables 4 and
5). Forty-four percent of the victims did not provide any information about the preceding
activity, and 27% did not answer the question about alcohol consumption before injury. The

proportions of missing values for place of injury, accident mechanism, and factors involved in
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accident and injury mechanisms varied from 1% to 10% (Tables 3 — 5). Missing values for the

variables AIS, hospitalization, and injury mechanism were up to 1% (Tables 2 and 4).

3.1.4. Intentional self-harm

Upper extremity (55%) was the part of human body most commonly injured due to intentional
self-harm, followed by poisoning by drugs, medications, and biological substances (20%). Half
of all injuries associated with intentional self-harm were moderate (51%), two cases (4%) were

fatal and one-third of self-inflicted cases (28%) were hospitalized (Table 2).

Almost all cases of intentional self-harm (82%) occurred in a dwelling (indoor and outdoor)
(Table 3). Every fifth case of intentional self-harm was on a Sunday, and 77% of injured adults
(18+ years) reported to have consumed alcohol in the 24 hours before intentional self-harm.
The most common mechanism of preceding activity was alcohol consumption (37%), and 43%
of patients with self-inflicted injuries did not describe any preceding activity. The most frequent
mechanisms of intentional self-harm were self-cutting (47% or 24 cases) and self-poisoning
(24% or 12 cases) (Table 4). The most commonly mentioned factors involved in mechanisms
of preceding activity were alcoholic beverages (37%) and other humans (14%). Non-
mechanical hand tools (i.e., knife) and medicines were the most frequent precipitating factors
(mentioned in 22% and 18% cases, respectively, in response to the question, “What went
wrong?”’) and factors involved in injury mechanisms (39% and 19%, respectively). Another

common precipitating factor was another human (22%) (Table 5).
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Table 2. Demographic and medical characteristics of injuries in the Shenkursk District,

1 January 2015 — 30 June 2018

Accidents Violence Self-inflicted  All injuries?
(N =4678) (N =517) (N =51) (N =5343)
N % N % N % N %
Sex
Male 2271 592 323 625 27 529 3192 597
Female 1907  40.8 194 375 24 47.1 2151 403
Age (years)
0-17 1241  26.5 103 19.9 7 13.7 1365 255
18-59 2569 549 371 71.8 41 80.4 3054 572
60+ 868 18.6 43 8.3 3 5.9 924 173
ICD-10 code
S00—-09: Head 557 119 286 553 1 2.0 894  16.7
S10—-39: Trunk 479 10.2 85 16.4 11.8 583 10.9
S40—69: Upper 1499  32.0 78 15.1 28 549 1624 304
extremity
S70-99: Lower 1278  27.3 30 5.8 3 5.9 1319 248
extremity
T15—19: Foreign body 569 12.2 1 0.2 1 2.0 571 10.7
entering through natural
orifice
T20-32: Burns and 175 3.7 7 1.4 1 2.0 187 3.5
corrosions
T36-50: Poisoning by 8 0.2 0 0.0 10 19.6 18 0.3
drugs, medications and
biological substances
Others codes 121 2.6 30 5.8 3 5.8 147 2.7
Severity according to AIS
Minor 3172 67.8 370  71.6 16 314 3623 678
Moderate 1210 259 117 226 26 51.0 1375 257
Severe, but not life- 272 5.8 21 4.1 5 9.8 303 5.7
threatening
Severe, potentially life- 14 0.3 7 1.4 2 4.0 24 0.5
threatening and critical,
with uncertain survival
Fatal 4 0.1 0 0.0 2 3.9 6 0.1
Missing 6 0.1 2 0.4 0 0.0 12 02
Hospitalization
Yes 472 10.1 67 13.0 14 27.5 561 10.5
No 4192 89.6 449  86.8 37 72.5 4765 89.2
Missing 14 0.3 1 0.2 0 0.0 17 0.3

2 Including 97 cases with missing data on generalized cause of injury (accident, violence, or
self-inflicted injury). ICD: International Statistical Classification of Diseases and Related
Health Problems 10™ revision, AlS: Abbreviated Injury Scale.
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Table 3. Spatial and temporal characteristics of injuries in the Shenkursk District,
1 January 2015 — 30 June 2018

Accidents Violence Self-inflicted  All injuries?
(N =4678) (N =517) (N =51) (N =5343)
N % N % N % N %
Place of injury
Town of Shenkursk 2272 486 330 638 38 745 2670 499
Shenkursk District 1838 393 140 27.1 11 21.6 2004 375
Other place 108 2.3 9 1.7 1 2.0 119 2.2
Missing data 460 9.8 38 7.4 1 2.0 550 10.3

Injury site
Homestead land, area 1058  22.6 32 6.2 3 5.9 1093  20.5
near a dwelling
Dwelling, inside parts 936 20.0 107 20.7 22 43.1 1071  20.0
(living room, bedroom,

kitchen)

Dwelling, outer parts 267 5.7 81 15.7 20 39.2 372 7.0
(roof, porch)

Roadway 543 11.6 23 4.4 0 0.0 569 10.6
Public outdoor 631 13.5 138 26.7 1 2.0 804 15.0
residential area

Educational institution 116 2.5 45 8.7 1 2.0 164 3.1

(inside and outside,
excl. sports facilities)

Sports facilities and 331 7.1 11 2.1 0 0.0 343 6.4
playgrounds
Natural surroundings 190 4.1 9 1.7 0 0.0 202 3.8
(forest, field, river side)
Other 85 1.8 3 0.6 0 0.0 67 1.3
Missing data 521 11.1 68 13.2 4 7.8 658 12.3
Season of the year
Cold 2181  46.6 243 47.0 23 45.1 2485 465
(15 October—14 April)
Warm 2497 534 274 53.0 28 549 2858 535
(15 April—14 October)
Weekday
Monday 704 15.0 68 13.2 8 15.7 792 14.8
Tuesday 662 14.2 73 14.1 7 13.7 761 14.2
Wednesday 682 14.6 57 11.0 6 11.8 752 14.1
Thursday 605 12.9 69 13.3 6 11.8 689 12.9
Friday 646 13.8 77 14.9 7 13.7 746 14.0
Saturday 675 14.4 89 17.2 7 13.7 785 14.7
Sunday 704 15.0 84 16.2 10 19.6 818 15.3

2 Including 97 cases with missing data on generalized cause of injury (accident, violence, or
self-inflicted injury).
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Table 4. Circumstantial characteristics of injuries in the Shenkursk District, 1 January 2015 —
30 June 2018

Accidents Violence Self-inflicted  All injuries?
(N = 4678) (N = 517) (N = 51) (N = 5343)

N % N % N % N %

Mechanism of preceding

activity
Walking 1380 295 56 10.8 2 39 1441 270
Working at home or garden 836 17.9 44 8.5 0 0.0 880 16.5
Physical exercise including 377 8.1 6 1.2 0 0.0 383 7.2
running
Movements of body parts 271 5.8 19 3.7 0 0.0 290 54
Carrying something 285 6.1 0 0.0 0 0.0 285 5.3
Sitting, laying, or standing 260 5.6 35 6.8 2 3.9 297 5.6
Alcohol consumption 27 0.6 95 18.4 19 37.3 141 2.6
Other activities 608 13.0 36 7.0 7 13.7 651 122
Missing data 634 13.6 226  43.7 21 412 975 182
Accident mechanism
Slipping 833 17.8 0 0.0 0 0.0 833 156

Error or lost control when 702 15.0 0 0.0 0 0.0 702 131
handling an object

Stepping wrong 378 8.1 0.0 0 0.0 379 7.1
Stumbling over something 357 7.6 0.0 0 0.0 358 6.7
Jumping on, touching, or 237 5.1 0 0.0 0 0.0 239 4.5
taking something

Release of physical force 193 4.1 54 10.4 0 0.0 247 4.6
by a human or animal,

including unintentional

o O

Quarrel, fight, brawl 0 0.0 388 750 10 19.6 398 7.4
Intentional self-harm ° 0 0.0 0 0.0 36 70.6 36 0.7
Other mechanisms 1388 29.7 47 9.1 5 9.8 1440 27.0
Missing data 590 12.6 28 5.4 0 0.0 711 13.3

Injury mechanism
Fall on the same level or 1974 422 21 4.1 3 59 2009 37.6
from a height including
falls on stairs
Blow due to contact with 796 170 449  86.8 2 39 1258 235
material objects, humans, or
animals
Gripping, cutting, stabbing, 773 16.5 32 6.2 29 56.9 841 15.7
abrasion
Foreign body in ear, nose, 690 14.7 6 1.2 14 275 714 134
mouth (object, substance)
Other mechanisms 389 8.3 5 1.0 2 3.9 397 7.4
Missing data 56 1.2 4 0.8 1 2.0 124 2.3

4 Including 97 cases with missing data on generalized cause of injury (accident, violence, or
self-inflicted injury).  self-cutting and self-poisonings
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Table 5. Factors involved in mechanisms of preceding activities, accidents, and injuries in the
Shenkursk District, 1 January 2015 — 30 June 2018

Accidents Violence Self-inflicted All injuries?
(N = 4678) (N = 517) (N = 51) (N = 5343)

N % N % N % N %

Mechanism of preceding

activity
Natural events and objects® 484  10.3 2 0.4 0 0.0 486 9.1
Transport vehicles © 380 8.1 4 0.8 0 0.0 384 7.2
Parts of buildings ¢ 373 8.0 3 0.6 0 0.0 376 7.0
Raw or semi-finished 244 52 1 0.2 0 0.0 245 4.6
materials, large
Human 104 2.2 107 20.7 7 13.7 218 4.1
Alcohol drinks 72 1.5 97 18.8 19 37.3 191 3.6
Others factors 1915 40.9 22 43 1 20 1938 36.3
No external factor 433 9.3 55 10.6 3 5.9 491 9.2
Missing data 673 144 226 437 21 41.2 1014 19.0

Accident mechanism
Natural events and objects® 784  16.8 0 0.0 0 0.0 784 147
Particles, fragments 457 9.8 0 0.0 3 5.9 460 8.6
Parts of buildings ¢ 389 83 0 0.0 3 59 393 74
Transport vehicles © 286 6.1 0 0.0 0 0.0 287 54
Hand tools © 260 5.6 0 0.0 11 21.6 271 5.1
Treated and natural 255 5.5 0 0.0 0 0.0 255 4.8
surfaces, outdoors
Animals 189 4.0 0 0.0 0 0.0 189 3.5
Humans 178 3.8 476  92.1 11 21.6 665 124
Alcohol drinks 35 0.7 6 1.2 6 11.8 49 0.9
Medicines 12 0.3 0 0.0 9 17.6 21 0.4
Others factors 1143 244 4 0.8 6 11.8 1153 21.6
Missing data 690  14.7 31 6.0 2 3.9 816 153

Injury mechanism
Particles, fragments 882  18.9 25 4.8 5 9.8 914 17.1
Natural events and objects® 639  13.7 4 0.8 0 0.0 644  12.1
Parts of buildings ¢ 558 11.9 16 3.1 2 3.9 577 10.8
Treated and natural 466  10.0 6 1.2 0 0.0 475 8.9
surfaces, outdoors
Transport vehicles © 284 6.1 0 0.0 0 00 285 53
Hand tools © 254 5.4 49 9.5 20 39.2 326 6.1
Animals 179 3.8 0 0.0 0 0.0 179 3.4
Humans 85 1.8 354 68.5 0 0.0 441 8.3
Medication 15 0.3 0 0.0 10 19.2 25 0.5
Others factors 1110  23.7 56 10.8 12 23.5 1180 22.1
Missing data 206 4.4 7 1.4 2 3.9 297 5.6

2 Including 97 cases with missing data on generalized cause of injury (accident, violence, or
self-inflicted injury); PNatural events and objects (ice- and snow-covered surfaces, frost, and
wind); ¢ Transport vehicles (car, motorcycle, and bicycle); ¢ Parts of buildings including stairs;
¢ Hand tools (mechanical, motorized, and non-mechanical)
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The variables sex, age, ICD-10 code, AIS, hospitalization, season of the year, weekday, and
accident mechanism for injuries associated with intentional self-harm had no missing values
(Tables 2 — 4). The proportions of missing values varied from 1% to 10% for place of injury,
injury site, injury mechanism, factors involved in accident mechanisms, and factors involved
in injury mechanisms (Tables 3 — 5). The highest proportion of missing values was identified
for mechanism of preceding activity and factors involved in this mechanism, for which 41% of

the victims did not provide any information (Tables 4 and 5).

3.1.5. Fatal injuries and poisonings

The annual mortality rate from injury in the Shenkursk District was 155.2 per 100,000 in 2015,
336.1 per 100,000 in 2016, and 148.9 per 100,000 in 2017. A total of 94 fatal injuries were
registered in the Shenkursk District during the study period (Table 6). This was about 2%
compared to the total number of non-fatal injuries registered in the SHIR. Seventy-three of the
94 fatal injuries (78%) occurred in males, 64 (68%) in people aged 18 to 59 years, and 29 (31%)
in people aged 60+ years. The majority of fatal injuries occurred in the rural areas of the

Shenkursk District (79%).

The most common ICD-10 codes belonging to the S-section were injuries of the head (16%)
and trunk (13%). The most common codes for the T-section were injuries due to the toxic effect
of alcohol (27%), asphyxiation (18%), and drowning (11%), followed by the toxic effect of

carbon monoxide (7%).

As for external causes (ICD-10 codes V01 — Y98), the majority of fatal injuries occurred due
to accidental poisoning by alcohol (27%) and intentional self-harm by hanging, strangulation,

and suffocation (21%). These were followed by injuries due to transport accidents (14%),
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assault (11%), accidental drowning (9%), exposure to uncontrolled fire in a building or structure

(6%), and contact with a blunt object, undetermined intent (6%).

Table 6. Demographic and medical characteristics of fatal injuries in the Shenkursk District,
1 January 2015 — 30 June 2018 (N = 94)

N %
Sex
Male 73 77.7
Female 21 22.3
Age (years)
0-17 1 1.1
18—59 64 68.1
60+ 29 30.9
Place of injury
Town of Shenkursk 20 21.3
Shenkursk District 74 78.7
Categorization according to ICD-10, Chapter XIX
S00—09: Head 15 16.0
S10-39: Trunk 12 12.8
T51: Toxic effect of alcohol 25 26.6
T58: Toxic effect of carbon monoxide 7 7.4
T71: Asphyxiation 17 18.1
T75.1: Drowning 10 10.6
Other 8 8.5
Categorization according to ICD-10, Chapter XX
V01-V99: Transport accident 13 13.8
W65-W74: Accidental drowning and submersion 8 8.5
X00: Exposure to uncontrolled fire in building or structure 6 6.4
X45: Accidental poisoning by and exposure to alcohol 25 26.6
X60—X84: Intentional self-harm by hanging, strangulation 20 21.3
and suffocation
X85-Y09: Assault 10 10.6
Y29: Contact with blunt object, undetermined intent 6 6.4
Other 6 6.4
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3.2. Results from Papers I, 11, and 111

3.2.1. Paper I. Injury registration for primary prevention in a provincial Russian region:

setting up a new trauma registry

During the 1-year period from 1 July 2015 to 30 June 2016, 1696 injuries were registered in the
SHIR, whereas a total of 2305 injuries were registered in the Shenkursk CDH MIS. Of these
2305 injuries, 1863 were treated at the Shenkursk CDH, 1607 (86%) of which were registered
in the SHIR. We also identified 89 injuries that were included in the SHIR but were missing in
the hospital MIS. Of the injuries registered in the MIS, 442 were rural injuries, which received

treatment at rural primary care units that are not covered by the SHIR.

Injuries treated at the CDH and registered in the SHIR (N = 1607) did not differ from injuries
that were not registered in the SHIR but were present in the hospital MIS (N = 256) by sex,
ICD-10 code (SO0 — T78 and V01 — Y98), or weekday of admission. However, the proportions
of injured children (34%) and injuries occurring in the summer (46%) were significantly higher
among the missed injuries compared to the registered injuries (24% and 27%, respectively).
Also, the distribution of treating physicians was different between registered and missed
injuries. Rural injuries treated at rural primary care units (N = 442) did not differ from those
treated at the Shenkursk CDH and registered in the SHIR (N = 610) by sex and season of the
year, but the proportions of child injuries (34%) and injuries of the wrist and hand (20%) treated

at rural primary care units were higher, while the proportion of traffic injuries were lower (3%).

A comparison of an independent coding of the information from the IRFs and the SHIR data

entered by the registrars found a 98% to 99% agreement for date of birth, date of injury, date
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of IRF completion, sex, ICD-10 code, alcohol consumption in the 24 hours before injury,
generalized cause of an injury, AlS, and hospitalization. The variables derived from free-text
descriptions in the IRFs showed lower, but still relatively high levels of agreement: 91% to 95%
for mechanism of preceding activity, accident mechanisms, and injury mechanisms, and 79%
to 88% for factors involved in the mechanism of preceding activity, accident mechanisms, and

injury mechanisms.

3.2.2. Paper Il. Mechanisms of accidental fall injuries and involved injury factors:

a registry-based study

About half of the fall injuries in the study period from 1 January 2015 to 30 June 2018 occurred
in the working age group (736 cases), followed by the elderly (437 cases), the school age group

(294 cases), and the preschool age group (84 cases).

About 50% of falls among preschool children took place inside dwellings. Public outdoor
residential areas (29%), and sports facilities and playgrounds (23%) were the main sites of falls
among children of school age. One-third of fall injuries in the working age and elderly groups
occurred on homestead land and other near-dwelling areas. Both groups also had a high

proportion of fall injuries inside dwellings (16% and 28%, respectively).

Accidental fall injuries in the preschool age group had two large clusters of circumstances: fall
injuries associated with climbing up or down (on furniture, play equipment, or stairs) with a
subsequent loss of balance and falling from a height of <1.5 m (cluster 1; 64% of cases); and
injuries associated with slipping while walking and falling on the same level (cluster 2; 36% of

cases). In the school age group, we identified four clusters of fall injury circumstances: falls
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that occurred during physical exercise, involving sports or play equipment and a loss of balance
(cluster 1; 36% of cases); fall injuries due to slipping on an ice-covered surface while walking
(cluster 2; 28% of cases); falls resulting from stepping wrong while walking (cluster 3; 24%);

and fall injuries which occurred on stairs in buildings (cluster 4; 12%).

Five clusters of fall injury circumstances were identified for the working age group: falls due
to slipping on ice-covered surface while walking (cluster 1; 32% of cases); falls due to stepping
wrong while walking (cluster 2; 19% of cases); falls resulting from slipping on an ice-covered
surface with carrying something as the mechanism of preceding activity (cluster 3; 18% of
cases); fall injuries resulting from slipping on a wet surface outside or inside (cluster 4; 16% of
cases); and falls on stairs (cluster 5; 15% of cases). Among the elderly, four clusters of fall
injury circumstances were discovered: falls due to slipping on an ice-covered surface while
walking (cluster 1; 37% of cases); fall injuries caused by faintness while walking (cluster 2;
25% of cases); falls resulting from slipping on ice-covered surface with carrying something as
the mechanism of preceding activity (cluster 3; 19% of cases); and fall injuries while walking

with stumbling over something as the accident mechanism (cluster 4; 18% of cases).

3.2.3. Paper I1l. Weather conditions and outdoor fall injuries in Northwestern Russia

The mean daily number of AOFIs in the cold season (1.10) was 1.7 times higher than in the
warm season (0.65). Walking was the most common mechanism of preceding activity both in
the cold season (65%) and in the warm season (45%). Slipping was a more frequent accident
mechanism in the cold season compared to the warm season (83% vs 27%). The most common
accident mechanism in the warm season was stepping wrong or stumbling over something

(49%).
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In the cold season, AOFIs occurred more frequently on days with medium mean daily air
temperature (-7.0°C —-0.7°C; APC =29.0%; p = 0.039) compared to days with high mean daily
air temperature (> -0.6°C), on days with medium/high precipitation (> 0.4 mm; APC = 24.3%j;
p = 0.015) relative to days with low precipitation (0.1 — 0.3 mm), and on days when the ground
surface was covered by compact or wet snow compared to days when the ground surface had
no snow (APC = 57.9%; p = 0.003). The highest daily incidence of AOFIs in the cold season
(20.2 per 100,000 population) was observed on the days with a combination of these weather
characteristics: air temperature from -7.0°C to -0.7°C, daily amount of precipitation > 0.4 mm,

and ground surface covered with compact or wet snow.

In the warm season, daily numbers of AOFIs were higher on days with medium mean daily air
temperature (9.0°C — 15.1°C; APC =15.3%; p = 0.034) compared to days with high mean daily
air temperature (> 15.2°C) and on days with medium mean daily atmospheric pressure (1003.6
—1010.9 hPa; APC = 15.7%; p = 0.015) relative to days with low mean daily atmospheric
pressure (< 1003.5 hPa). The highest daily incidence of AOFIs in the warm season (7.0 per
100,000 population) was observed on the days when these two weather characteristics (air

temperature 9.0°C — 15.1°C and atmospheric pressure 1003.6 — 1010.9 hPa) were combined.
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Chapter 4. General discussion

4.1.  Discussion of main findings

4.1.1. General injury panorama

The overall aim of the present study was to provide an evidence basis for injury prevention in
the Shenkursk District, Northwestern Russia using SHIR data. During the 3.5-year study period,
the SHIR included 5343 injuries (ICD-10 SO0 — T78), the majority of which were accidents
(88%). The proportions of interpersonal violence and intentional self-harm were 10% and 1%,
respectively. According to the AIS, 68% of all injuries were minor, only 11% of cases were
hospitalized, and 6 cases were fatal. Most of the injuries occurred in males (60%), and the most
common locations of injury were dwellings and areas near a dwelling. The majority of

accidental injuries (42%) occurred due to falls.

Similarly to our findings in the Shenkursk District, the burden of unintentional injuries in the
countries of the WHO European Region is substantially higher than that of intentional injuries
(5). This is also consistent with findings from injury registries and surveillance systems in other
countries. For example, the proportion of unintentional injuries was 89% in the National Injury
Surveillance System of China (76), 88% in the West Midlands of the United Kingdom (77),

85% in Cali, Colombia (42), and 84% in Karnali Province, Nepal (78).

Men represented the majority of the injured in our study, with a ratio of injured men to injured
women of 1.5. This ratio is close to the injury distribution by sex in Norway (1.1) (79), Canada

(1.4) (80), Nepal (1.6) (78), and China (1.9) (76). However, in many other countries, such as

46



Spain (81), Singapore (82), Iran (83), Saudi Arabia (53), North India (52), and the United Arab
Emirates (39), the proportion of men is much higher, varying from 3:1 to 6:1. In the Shenkursk
District, the majority of the injuries occurred in people of working age. This is in line with
previous studies in different settings, as this age group normally constitutes the largest

proportion of the total population (42, 52, 76, 80, 84, 85).

The upper and lower extremities were the most frequently injured anatomical regions in patients
presenting to the Shenkursk CDH, comprising 55% of total injuries. This contradicts the
findings of studies carried out in Spain (81), Nigeria (48), and North India (52), which reported
the head as the most commonly injured body region (53%, 59%, and 66% respectively). These
differences may be explained by different mechanisms of injury and by the inclusion criteria
used for cases. For example, clinical registries and studies of hospitalized patients normally
contain records of the most severe cases, with a higher representation of head injuries compared

with injuries of extremities, which are more likely to be treated without hospitalization.

Our study demonstrated that dwellings and areas near a dwelling were the most common
accidental injury sites (43%) in the Shenkursk District. This is different from studies carried
out in Northern India (52) and Kampala City, Uganda (86), where roads have been reported as
the most common place of injury (67% and 57%, respectively). However, our result is similar
to observations from Iran, where homes were the site of more than 60% of injurious accidents
(87); and China, where homes were the leading site of injury occurrence (88). Such variations
can be explained by differences in registration systems or by the varying characteristics of
injuries in different locations. This finding stresses the importance of using local injury data
and considering the data characteristics when planning and setting priorities for prevention

programs (89).
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In the Shenkursk District, falls were the leading cause of non-fatal accidental injuries. This is
similar to many other settings. However, the proportion of falls among total injuries in the
Shenkursk District (42%) was higher than those observed in China (32%) (76), Fiji (30%) (84),
and Missouri and Nebraska in the United States (26%) (90); and lower than that reported in
Toronto, Canada (53%) (80) and Finland (46% for males and 74% for females) (8). In addition,
our findings that falls were the leading cause of injury contradicted those of studies carried out
in Uganda (86, 91), North India (52), Nigeria (48), Saudi Arabia (53), Malawi (92), Iran (83),
and Cameroon (85), where road traffic injuries were the greatest contributor (36% — 68%) to
injury causes. Again, these comparisons are tricky, as the data on the listed comparisons was
not collected identically. During the study period, there were no fatal fall injuries in the
Shenkursk District. The vast majority of fall injuries were either minor or moderate according
to the AIS. That is an interesting observation when compared, for example, to some WHO

reports, which have presented falls as a major cause of deaths from injuries (10, 13).

Road traffic injuries accounted for a relatively small proportion (5%) of non-fatal accidental
injuries in the Shenkursk District. Road traffic injuries tend to account for far more severe
injuries than fall-related injuries. For instance, according to the German Trauma Registry and
the Navarra Major Trauma Registry in Spain, the proportions of severe injuries due to traffic
accidents were 56% and 36%, respectively (93). Road traffic injuries in the Shenkursk District
were the third leading external cause of death, after accidental alcohol poisoning and intentional
self-harm. The generally low proportion of traffic accidents among the causes of non-fatal
injuries can be explained by the poorly developed road infrastructure in the district, with few
asphalt-covered roads, which results in a low traffic volume and a low speed of travel; though

this low proportion might also be due to relatively good prevention.
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In the present study, intentional injuries comprised 11% of all non-fatal injuries; 10% were due
to interpersonal violence, and 1% due to self-harm. However, suicides were the second leading
external cause of death in the Shenkursk District (21% of deaths from external causes). The
proportion of intentional injuries among non-fatal injuries was comparable to that reported in
previous studies from the United Kingdom (77) and the United States (94), but lower than the
proportion in North India (52), Uganda (86), Malawi (92), Kenya (95), and Gambia (96), where
it varied from 16% to 24%. However, the proportion of suicides among all external causes of

mortality is lower in the study area than in the European countries, the USA, and Canada (5).

A striking finding was that alcohol poisoning was the leading external cause of death,
accounting for 27% of all external deaths in the Shenkursk District in the study period. This
may reflect existing alcohol problems that are typical for Russia: a high prevalence of severe
drinking (consumption of large volumes of alcohol per occasion) (97, 98) as well as possible

consumption of alcohol surrogates (99).

4.1.2. Typical scenarios of fall injuries by age

The findings from SHIR data demonstrated that environmental and behavioral circumstances
of fall injuries differ by age group. Almost a half of falls in the preschool age group (49%) in
the Shenkursk District occurred in dwellings. The most common mechanism of preceding
activity in this age group was climbing up or down (on furniture, play equipment, stairs), and
the proportion of fall injuries from a height of < 1.5 m was high (38%). These findings are
supported by studies in other settings, which showed that home furniture is a leading attribute

of fall injuries in the age group 0 to 6 years (100-105).
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For example, a study from Canada reported that falls from furniture accounted for 23% of
injuries in children < 1 year old (101). Another study from Canada demonstrated that the
proportion of falls from furniture and on stairs were the highest in the youngest age groups (<
1 year, 1 — 3 years, and 3 — 5 years), but the proportion of falls from playground equipment
was the highest in the age group 5 to 7 years (10%) (106). A retrospective analysis of trauma
registry data in Atlanta, Georgia in the United States also documented that furniture (24%),
playground equipment (9%), and stairs (6%) were the most common sites of fall injuries for
children in the age group 0 to 4 years (102). One more study from the United States showed
that home furnishings and fixtures (e.g., beds, tables, chairs) were the leading factors associated
with fall injuries in the age groups 0 to 1 year, 1 to 2 years, and 3 to 4 years (46%, 38%, and

35%, respectively) (100).

We found that public outdoor residential areas (29%) and sports facilities and playgrounds
(23%) were the most common sites for fall injuries among children of school age in the
Shenkursk District. The most common mechanisms of preceding activity in this age group were
walking (38%) and physical exercise (27%). Sports and play equipment were the factors
involved in the mechanism of preceding activity in one-third of fall injuries in this group. The
substantial roles of sports and play in the occurrence of fall injuries among school age children

have been described in several earlier studies in various settings (100, 103, 107-109).

A study from the United States showed that 32% of fall-related hospitalizations in the age group
5 to 9 years were caused by falls from playground equipment, and that 24% of fall-related
hospitalizations in the age group 10 to 14 years were due to falls from skateboards (103). Two
others studies from the United States had similar findings, with one reporting that children aged

5 to 12 years most commonly fell from playground equipment (26%) (105), and the other
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showing and that children aged 5 to 9 years, 10 to 14 years, and 15 to 19 years most commonly
had falls associated with sports and recreation (e.g., basketball, football, soccer) (29%, 38%,

and 30%, respectively) (100).

According to the SHIR, AOFIs occurred more frequently than accidental indoor fall injuries
(73% vs 27%). This is line with findings from studies carried out in the United States (110),
Canada (111), the United Kingdom (112), Japan (113), the Netherlands (114), and Nordic
countries (115, 116), where the proportion of AOFIs among adults was between 55% and 75%.
In the Shenkursk District, most falls both in the working age group and elderly age group

occurred on homestead land or in the area near a dwelling (31% and 33%, respectively).

Our findings indicated that walking was the predominant fall-related preceding activity in
people of working age (56%) and the elderly (62%), which is consistent with studies from other
settings (113, 114, 117-119). For example, a study from Japan showed that falls occurred most
frequently while walking among middle-aged (33%) and elderly (42%) people (113). In a cross-
sectional study carried out in the Netherlands, walking was the most prevalent activity up to the
moment of a fall among elderly people aged 65+ years (21%) (114). The findings of a study
from Baltimore, Maryland (United States) reported that walking was the most frequent activity
that caused falls in the age groups 20 to 45 years (32%), 46 to 65 years (45%), and 65+ years
(57%) (119). A population-based survey conducted by the National Center for Health Statistics
in the United States showed that walking was the predominant preceding activity among adults
aged 18+ years and accounted for approximately 3 million, or 37%, of fall injuries annually

(117).
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4.1.3. Weather conditions and accidental outdoor fall injuries

We identified a seasonal variation in AOFIs, with a higher mean daily incidence observed
during the cold season than the warm season (8.4 vs 5.0 per 100,000 population, respectively).
In the cold season, slipping (83%) was the most common accident mechanism of AOFIs in the
Shenkursk District. “High-risk” days, i.e., days associated with higher risks of AOFIs, in the
cold season included a combination of medium air temperature (-7.0°C —-0.7°C), medium/high

precipitation (> 0.4 mm), and a ground surface covered with compact or wet snow.

Our results are in accordance with those from the Nordic countries and Canada, where numbers
of fall-related injuries and fractures were higher in the winter period (115, 120-124). For
example, according to the injury registration database at Umed University Hospital, Sweden,
most persons aged 65+ years (81%) had fallen in a public outdoor environment during winter
(November — April) (115). A study from Oulu, Finland, demonstrated that the number of distal
radius fractures in adults due to outdoor falling from standing height in the wintertime (16
October — 15 April) was higher than in non-wintertime (16 April — 15 October) (60% vs 40%,
respectively) (120). A prospective, population-based cohort study in three urban areas in
Norway (Stavanger, Trondheim, and Harstad) reported that incidence rates of fractures were
higher in the cold season (1 October — 31 March) than in the warm season (1 April — 30

September) among people aged 65 to 79 years and 80+ years (121).

The presence of a seasonal effect on the incidence of hip and arm fractures attributable to falls
due to slipping on ice and snow in the winter period was strongly suggested in a prospective
population-based cohort study in Norway (121). The results of our study also confirmed that,

in the cold season, the majority of AOFlIs in the Shenkursk District occurred due to slipping,
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and a ground surface covered with loose dry snow or compact/wet snow increased the daily
numbers of AOFIs by 41% and 63%, respectively, when compared with days without snow. A
positive correlation between a ground surface covered by ice or snow and falls/fractures has
been reported in several previous studies (122, 125). One study from Oulu, Finland looked at
the effect of slippery weather conditions, as assessed by the weather and pavement condition
model developed by the Finnish Meteorological Institute, and showed that the number of
fractures was greater on slippery winter days than on normal winter days, when compared with
non-winter days (2.5 and 1.4 times, respectively) (120). However, in another study from
Finland, six slippery condition scenarios in Sotkamo, one of the most popular Finnish tourist
resorts, were analyzed. The authors showed that about one-third of the injury accidents occurred

when the ground was not at all slippery (126).

Earlier studies have demonstrated that below-zero temperatures increase the incidence of
fractures due to falls (115, 122, 123, 127). An ice surface temperature between -6°C and -9°C
leads to the minimum value of coefficient of friction (128). This temperature interval is the best
for skating, but the worst for walking, because it can lead to slipping and fall accidents (129).
However, the range of outdoor temperatures that can lead to higher risks of fall injuries may
differ even in countries with a cold climate. In the Shenkursk District, the highest daily numbers
of AOFIs occurred on days with outdoor temperatures from -7.0°C to -0.7°C, but in Oulu,
Finland, the highest incidence of outdoor falls was on days with temperatures below -20°C
(123). In Umed, Sweden fall-related injuries occurred most frequently during the winter months
when an average air temperature were between -10°C and -6°C (115). This indicates the
importance of taking the local characteristics of outdoor environments into account in

prevention programs.
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4.2.  Methodological considerations

The present study was assessing the applicability of the SHIR data as an evidence basis for
primary injury prevention in the Shenkursk District, Northwestern Russia. The applicability and
usefulness of a registry are dependent on the quality, representativeness and generalizability of

the data collected.

The quality of the data in a medical registry can be defined as “the totality of features and
characteristics of a data set, that bear on its ability to satisfy the needs that result from the intended
use of the data” (130). In the context of a trauma registry, three key dimensions of data quality
are commonly cited in the literature: case completeness, data completeness, and accuracy (41,
131). There are several threats to the quality of registry data. In this section, we discuss the quality
of SHIR data in terms of case completeness, data completeness, and reliability as the measure of
the accuracy, but we also focus on coverage, representativeness, and the generalizability of SHIR

data in the context of validity and systematic errors.

The validity of a study is defined as “the degree to which the inferences drawn from a study are
warranted when account is taken of the study methods and the characteristics of the participants
in the study” (132). There are two key types of validity: internal and external (133). The internal
validity means “the degree to which a study is free from bias or systematic error” (132), whereas
external validity (or generalizability) demonstrates “the degree to which results of a study may
apply, be relevant, or be generalized to populations or groups that did not participate in the study”
(132). There are two general classes of systematic error: selection bias and information bias

(134).
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4.2.1. Selection bias

Selection bias can introduced by a number of factors associated with the manner in which
individuals are ascertained and selected for study (134). Differences between individuals who
accept and refuse to participate in a study with regard to demographic, socioeconomic, cultural,
medical, and lifestyle factors may introduce this kind of bias (135). To analyze selection bias

in the present study, we described the coverage and assessed the case completeness of the SHIR.

Coverage of the Shenkursk Injury Registry

The SHIR collects data on all injured patients who receive treatment at the Shenkursk CDH and
records injuries by ICD-10 code (SO0 — T78). Therefore, the SHIR includes some injuries that
occur outside the Shenkursk District but are treated at the Shenkursk CDH. To ensure the
representativeness of SHIR data in reflecting the mechanisms and circumstances of injuries
occurring in the Shenkursk District, injuries from outside the district could have been excluded,
but the small number of such cases (only a few injuries occurring outside the Shenkursk District
are treated at the CDH per year) should not bias SHIR data to a substantial degree, so they were

kept included.

Although the SHIR is a population-based registry, it can overestimate the severity of injuries,
especially because minor injuries that occur in rural areas can usually be treated at rural primary
care units, and thus are not included in the SHIR. During the study period, the proportion of
minor injuries that occurred in the rural areas of the Shenkursk District and were treated in the
Shenkursk CDH was 14% lower than the proportion of minor injuries that occurred in the town

of Shenkursk. This indicates that the information obtained from the Shenkursk CDH MIS
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regarding “rural” injuries represents moderate and severe injuries to a larger degree. Moreover,
people with minor injuries from both the town and the rural areas may not seek medical
treatment at all. A similar limitation was described for the Provincial Injury Surveillance
System in Thailand, where injured people with moderate and minor injuries could be treated in
a community hospital that is not included in the system, or might not have gone to a hospital at
all (136). The Fiji Injury Surveillance in Hospitals system is based on fatal injuries and hospital
admissions and does not identify less severe injuries (84). In Norway, the incidence rates for
injury in individuals aged 0 to 9 years and 35 to 64 years treated in primary care were higher
than those treated in secondary care, which shows that these groups tend to have minor injuries

that don’t require specialist treatment (137).

The use of electronic IRFs that could be completed in rural primary care units and then sent to
the Shenkursk CDH, or integrating the SHIR into the hospital MIS, could help to avoid the
described overestimation of severe injuries in the SHIR. As the use of electronic health
information systems is rising substantially in Russia, and as Internet access becomes widely

available even in remote areas, this problem is expected to be moot in the near future.

Another important limitation is that the SHIR does not include prehospital fatal injuries, thus it
cannot be used to describe the characteristics and circumstances of fatal injuries. Due to the
small number of fatal injuries in the Shenkursk District, their absence in the SHIR does not
substantially bias the registry-derived priorities for prevention activities. However, the data on
injury mortality from the Arkhangelsk Regional MIAC, which we analyzed separately, add
important insights to the registry-based injury panorama and show that alcohol poisoning and
suicide are the leading external causes of death. One way to ensure that the SHIR has complete

data on fatal injuries in the Shenkursk District is to request the regional MIAC or the forensic
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departments in the district to complete an IRF for each patient, and submit them to the
Shenkursk CDH for entry. This is possible; it is just a matter of organizing effective

communication between the healthcare institutions.

Case completeness of the Shenkursk Injury Registry

The case completeness, often referred as case capture, is defined as “the proportion of all cases
in the target population which appear in the registry database” (according to the inclusion
criteria) (41). For a local hospital registry, “all cases of the disease seen at the reporting source
should be included” (41). Another, similar definition of case capture is “the extent to which all
necessary cases that could have been registered have actually been registered (i.e., How
complete is the case ascertainment, given the registry inclusion criteria?)” (131). The case
completeness of the SHIR was assessed through linkage to the Shenkursk CDH MIS, assuming

that the latter included all injuries.

The present study showed that the case completeness of the SHIR was high, although not
perfect (86%). The registry covered the vast majority of the injuries treated in the hospital, and
therefore should correctly reflect the true distribution of characteristics of injured patients, as
long as there were no systematic biases in probability of getting registered. Similar case
completeness was reported in the Harstad Injury Registry (90%) (55), the Alaska Trauma
Registry (82%) (138), and the Regional Trauma Registry in Amsterdam, the Netherlands (85%)
(139). The completeness of the SHIR was lower than that of the Provincial Injury Surveillance
System in Thailand (98%) (136), the Hospital Regional Loreto Trauma Registry in Peru (99%)
(46), and the Helsinki Trauma Registry in Finland (97%) (140). However, the completeness we

observed was higher than that of the Major Trauma Registry of Navarre in Northern Spain,
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where 40% of all patients met the inclusion criteria, but were not included in the trauma registry

(81).

Different sources can be used to assess case completeness. For example, hip fractures recorded
in the Harstad Injury Registry were validated in terms of completeness and correctness in men
and women aged 65+ years using medical records, the patient administrative system, and the
Norwegian Patient Registry (55). Of the 310 cases of hip fracture recorded in the Harstad Injury
Registry from 2002 to 2008, 278 (90%) were confirmed through medical records and additional
15 were identified in the patient administrative system using the relevant ICD codes. The
authors concluded that the dataset based on these verified sources represents the “gold standard”
and the best available dataset on hip fractures in Harstad. Moreover, the total number of hip

fractures in this dataset was the same as the number recorded in the Norwegian Patient Registry.

The Helsinki Trauma Registry includes only patients with new injury severity score above 15.
So, to assess case completeness, a registry coder checks the basic information (cause of
accident, first diagnosis, and treatment plan) of each patient in the emergency department’s
resuscitation bay patient log and calculates the new injury severity score. The list of patients
obtained through this process is then compared with the list in the Helsinki Trauma Registry
(140). Comparison of the medical records of patients treated in the emergency room and cases
in the registry was used to assess the completeness of the Regional Trauma Registry in
Amsterdam (139), the Hospital Regional Loreto Trauma Registry (46), and the Major Trauma
Registry of Navarre (81). The Hospital Discharge Data Set was used to evaluate case
identification in the Alaska Trauma Registry (138). Digital medical records in the Sahlgrenska
University Hospital are used to assess the completeness of the Swedish Fracture Register: each

week, the medical records are scanned for ICD codes related to fractures, and any missed
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fracture cases identified are added to the registry. This approach helps to ensure that all patients

with a fracture are included in the register (51).

Although comparing registry records to hospital medical records is an established method for
evaluating of data quality, we agree with Datta et al. (43) that records in a hospital system may
not have 100% validity. The results of the present study confirm this, because we identified
injuries that were included in the SHIR, but missing in the Shenkursk CDH MIS. Regular
revision of the registry against the hospital system and retrospective completion of IRFs by the
registrars through the use of medical records can increase the completeness of the SHIR. The
registrars made substantial efforts to achieve the highest possible completeness, although the
results are still imperfect. Based on that, and in order to improve the completeness of the SHIR,
the administration of the Shenkursk CDH should motivate physicians’ to ask their patients to
complete IRFs. Another good way to increase completeness is to integrate the SHIR into the
hospital MIS, which would help to include injured patients automatically. Indeed, the
disadvantage of the SHIR is that it was created as an addition to the hospital MIS and was not
fully integrated into the routine hospital data system, which is the reason for its imperfect

completeness. This may be a lesson for others who would like to develop a similar registry.

4.2.2. Information bias

Information bias can occur when the data collection methods about the subject are inadequate,

and as a result, the information gathered is incorrect (134, 135). To analyze the information

bias in the present study, we described the data completeness and assessed the data accuracy of

the SHIR through the double entry of a subset of injury records.
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Data completeness of the Shenkursk Injury Registry

Data completeness is defined as “the extent to which all cases contain registered data” (130).
Shivasabesan et al. (141) divide missing data into non-valid and valid missing data, with non-
valid missing data defined as “variables which are left blank” and valid missing data defined as
mean variables coded as “missing or unknown (not recorded)”. According to the rating criteria
of the evaluation framework for injury surveillance systems (142), data completeness is
considered very high if there are no missing, unknown, or unspecified data; high if the
proportion of missing, unknown, or unspecified data is less than 25%; low if this proportion is

between 26% and 50% and very low if it is between 51% and 100%.

The use of a standardized IRF helped to minimize information bias in the description of the
circumstances and mechanisms of injuries that occurred in the Shenkursk District. However,
with regard to data completeness, the proportions of missing values in SHIR variables during
the study period ranged from 0% to 40%. The problem of missing data has been described in
many trauma registries as a potential source of bias. For example, the proportion of missing
data for most variables in the Limbe Regional Hospital Trauma Registry in Cameroon ranged
from 0.5% to 15%, except for the Revised Trauma Score, which was missing in 57% of cases
(85). In the Australia — India Trauma Systems Collaboration Trauma Registry, the extent of
missing observations ranged from 0% to 67%, and most variables (86%) had missing data in
less than 20% of observations. However, the proportion of missing values for the activity in
which the patient was engaged when injured was 49% (141). The percentages of missing data
in the Major Trauma Registry of Navarra ranged from 0% (29 variables) to 77%, and the overall

average completeness rate for all variables was 93% (143). Good (90% — 95.9%) and excellent
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(96% — 100%) data completeness was found in 27 out of 32 variables in the Helsinki Trauma

Registry (140).

Data completeness depends on the type of variable. In the SHIR, the most commonly used
variables (such as age, sex, ICD-10 code) had 100% of completeness. The higher proportions
of missing values observed in the variables characterizing injury mechanisms and involved
factors (2% — 40%) can, to a substantial degree, be explained by a lack of description on the
part of the patient or witnesses, by a factual absence of any such mechanism or factor, or by the
difficulty that registrars may have understanding the written free-text descriptions. Such
deficiencies were even more likely when IRFs were completed retrospectively by registrars
using medical documentation, instead of by the injured persons themselves. Retrospective
completion of the IRF can also lead to information bias caused by incomplete data, especially
when it comes to descriptions of injury circumstances, due to poor and often very brief notes
in the medical records that may not contain important details on what actually happened and
how. Moreover, information bias from surrogate interviews may occur when the IRF is
completed by accompanying relatives or others, as they may not have accurate information

about the injury circumstances.

Our literature search identified only one other injury registry that collects information about
injury circumstances and mechanisms using a free-text description: the Harstad Injury Registry
(37, 54, 56). Other trauma registries minimize free-text entries about injury details as much as
possible, instead using dropdown menus in computer software (39, 47, 140). However, in most
cases, this information is not documented in the original patient files, which can be an important
cause of missing values in a registry (50, 140, 144). The adequacy of paper medical records of

admitted trauma patients was investigated to assess data completeness for the development of
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future trauma registries in hospitals in Upper Egypt (145). Among the 539 medical records
investigated, 74% of demographic fields, 67% of administrative fields, and 55% of clinical
fields were complete. The least complete category was the causal injury, and the mechanism of
injury, the activity at the time of injury, and the injury site were documented in 12%, 22%, and
23% of the cases, respectively. This analysis demonstrated that using medical documentation

to retrospectively complete injury medical records can lead to bias caused by incomplete data.

The difference in data completeness between the electronic trauma health records used by
physicians and paper trauma medical records were investigated at the level | trauma center at
Groote Schuur Hospital in Cape Town, South Africa (146). The comparison showed higher
completion rates in the data fields of electronic trauma health records compared with their paper
predecessor 1 year following the introduction of the electronic system. For example, the fields
sex (99% vs 98%), injury date (99% vs 95%), injury setting (89% vs 75%), injury mechanism
(96% vs 91%), and injury intentionality (97% vs 76%) all had higher completion rates in the
electronic than in the paper records. This study showed the advantages of using a mobile digital
platform for trauma surveillance in real time, and then using standardized, complete data as the

basis for an electronic trauma registry.

Therefore, better efforts on the part of the Shenkursk CDH to increase the proportion of IRFs
completed by patients should improve the completeness of the data at the variable level. The
hospital administration can use incentives to motivate physicians to ask their patients to
complete the IRF, which may be a good way to increase data completeness in the IRF, and in
turn, SHIR completeness. In addition, implementation of an electronic IRF with mandatory

fields may reduce the proportion of missing data in the SHIR. The presence of missing values
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in several variables, and possible explanations, should be considered when using SHIR data to

plan prevention strategies.

Information on alcohol consumption before injury was self-reported in the IRF, which could
lead to misclassification. Indeed, the proportion of injured patients who consumed alcohol
before their injury may be underestimated. The missing data on alcohol consumption may also
mask underreporting. Some trauma registries excluded the alcohol consumption variable due
to the lack of an objective measure (46, 76). The Fiji Injury Surveillance in Hospitals system
documented alcohol use prior to injury in 12% of cases, but information on alcohol use was
missing in another 12% of cases. The authors noted that alcohol consumption might have been
underestimated, because blood alcohol testing is not routinely done unless requested by police
(84). The Injury Surveillance System in North India collects information about alcohol use as
part of the details of an injury, but this variable had a high proportion of missing values (52).
We believe that laboratory identification is the only reliable tool that could be used to provide

real data about alcohol consumption before injury.

The IRF collects little information about socioeconomic characteristics. It only asks about the
patient’s place of work or study. Therefore, although low socioeconomic status can increase
the risk of injuries in general and fall injuries in particular (107, 147-149), the present study
cannot estimate any variation in the circumstances of fall injuries by socioeconomic status
(Paper I1). Variables such as education were excluded from the IRF after the first pilot study in
2014, but we assume that education is an important modifiable factor. As 62% of the population
of the Shenkursk District live in rural areas, it would be beneficial if the IRF contained variables
like type of house, heating system, water supply system, etc. Another possibility would be to

add these variables to the hospital MIS.
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The injury data from the Shenkursk CDH MIS and fatal injury data from the regional MIAC
are the most complete sources of data on the incidence of and mortality from injuries in the
Shenkursk District, but they contain only general information on causality. Therefore, these
sources are most suitable for assessments of the overall and subclass-specific injury incidence
and mortality (e.g., relative frequencies of injuries and deaths due to road traffic accidents,
poisonings, suicides), but they provide little grounds for planning targeted prevention measures
in terms of what exactly must be done and where it must be done to prevent an injury from

occurring.

The use of SHIR data to assess incidence of and mortality from injuries in the Shenkursk
District is limited due to its imperfect coverage and completeness. Its value is in the upstream
injury characteristics the registry contains, which allows researchers to understand how, and in
what contexts injuries occur. This type of information is key to planning effective primary

prevention.

Data reliability in the Shenkursk Injury Registry

Data accuracy, also referred as reliability, is as defined as “the degree of concordance between
registered data and ‘true’ data in patients’ files” (130) or “How true is the value of an
observation or the content of a cell in a spreadsheet of data, compared to a gold standard?”
(131). There are different approaches to evaluating data accuracy; they include checks of
internal consistency or domain checks, linking with other data sources, and verification against
the source data (131). In the present study, the data reliability of the SHIR was assessed via
independent entry and coding of the original text data by the author of the thesis and comparing

the resulting variables to those originally produced by the injury registrars.
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Indeed, a potential threat to the quality of SHIR data is miscoding during the transformation of
the free-text descriptions of injury circumstances into categorical upstream injury variables.
Our analysis showed that agreement was almost perfect (91% — 95%) for the variables
describing the mechanisms of preceding activity, the accident mechanism, and the injury
mechanism; the agreement was lower for variables defining the factors involved in the three
mechanisms, but it was still substantial (79% — 88%). The identified reliability deficiencies can
be judged as unavoidable when humans’ ability to read, understand, and interpret is involved
in data processing and coding. The relatively small volume of inconsistencies between the
results of an independent data coding and entry procedure, and the standard coding and entries

of the registrars show that SHIR data are reasonably reliable.

Several studies have estimated the data accuracy of trauma registries using hospital records as
the "gold standard". The data accuracy of variables in the Helsinki Trauma Registry was 95%,
and 19 of the 32 evaluated variables had > 96% accuracy, nine variables had an accuracy of
90% to 96%, and four variables had < 90% accuracy (140). The average proportion of complete
concordance of parameters in the Major Trauma Registry of Navarra was 98%, and ranged from
to 93% (7 variables) to 100% (22 variables). Variables with major deviation proportions
included total AIS coded numbers (6%) and injury severity score (5%) (143). High data
accuracy (98%) was also documented in the Alberta Trauma Registry (43). These trauma
registries do not include free-text variables to collect information about the injured patient,

which contributed to the high data accuracy.

Although problems with the coding of free-texts have not been studied in trauma registries,
they have been presented for other fields (150, 151). For example, the accuracy of automated

coding of free-text medication data was compared with manual coding of handwritten free-text
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responses in a validation study (151). Manual coding was considered the gold standard and
used Anatomical Therapeutic Chemical codes. The sensitivity of the automated approach for
exact Anatomical Therapeutic Chemical codes and for blank responses was 79% and 100%,
respectively, compared with manual coding. Based on this, manual coding of texts in the SHIR

can be considered an advantage, although some mistakes of a human operator are unavoidable.

Given that full agreement is hardly possible, because the SHIR registrars are human beings and
may have different subjective understandings of the free-text descriptions in the IRF, the levels
of agreement between two independent entries of the SHIR data, particularly for the
mechanisms (91% — 95%), were considered sufficiently high. We believe this reflects the
usefulness of the series of calibration sessions that we carried out with registrars, in which we
asked them to code the same texts, and then jointly compared and discussed the results. With
further calibration of injury registrars and regular checks for data accuracy by independent
raters, the levels of miscoding can be reduced to even a lower level. Variables describing factors
involved in the mechanisms had a higher proportion of miscoding; therefore, they need

particular attention during training.

4.2.3. Confounding

Confounding can be defined as “a mixing of the effect of the exposure under study on the

disease with that of a third factor” (134). The third factor, or confounder, has to be associated

with both the exposure and the disease. The true association between exposure and disease can

be overestimated or underestimated due to confounding (133).
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Due to the design of our studies, confounding was not a matter of concern in this thesis. The
issue of confounding was only addressed when we investigated associations between weather
conditions and the frequency of AOFIs (Paper Ill) using an ecological study design. The
outcome was the daily number of AFOIls, and calendar day was the unit of observation.
Normally, it is impossible to control for the effects of potential confounding factors in this
design (134, 152). However, we were concerned that the associations between weather
conditions and daily numbers of AOFIs could be confounded by the varying volumes of alcohol
consumption in different weather conditions. We could not control for alcohol consumption as
an individual behavioral factor in the ecological study design, so a binary weekend variable
(Saturday and Sunday vs weekdays) was added in the regression models as a proxy measure
for alcohol consumption. This weekend variable was not found to be associated with the number
of AOFIs, nor with weather conditions. Although it is true that using such a crude proxy
measure for alcohol consumption may have left some residual confounding, it should not be

large, as alcohol consumption should not have a strong association with the weather.

4.2.4. Representativeness and generalizability

The SHIR only covers injuries that received medical treatment at the Shenkursk CDH. About
40% of injuries occurring on adjacent rural areas are treated at primary care units and thus are
not recorded in the SHIR. Comparisons of rural injuries treated at the Shenkursk CDH to those
treated at rural primary care units showed they did not differ by sex or by season of the year.
However, the proportions of child injuries and injuries of the upper extremity treated at rural
primary care units were higher, while the proportions of traffic injuries were lower. This
indicates that minor injuries are more likely to be treated at the rural primary care level, while

more substantial injuries are referred to the CDH. The described differences were significant
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but not decisively substantial, so SHIR data can be considered fairly representative of all
injuries in the Shenkursk District. However, this also means that the SHIR tends to overestimate
the severity of injuries that occur in rural areas, and this must be considered when using its data

to plan prevention programs.

As for the injuries treated at the CDH, registered and unregistered injuries did not differ by sex,
ICD-10 code (SO0 — T78), external cause (V01 — Y98), or weekday of admission. However,
the proportions of injured children and injuries occurring in the summer were higher among
missed injuries compared to registered ones. Also, the distribution of attending physicians was
different among missing and registered injuries, meaning that some physicians were less likely

to collect IRFs from their patients than others.

The imperfect completeness of the SHIR should not substantially affect its representativeness
for the total injuries treated at the Shenkursk CDH, as we saw no evidence of large bias in the
registered injuries compared to missed injuries, except for the higher injury severity among

those treated at the CDH compared to those treated in the rural primary care units.

Several studies have investigated differences between registered patients and missed patients
in a trauma registry. For example, a study of a trauma registry of 10 hospitals in the Netherlands
found that 15% of patients who met the inclusion criteria were missing (139). The missing
patients did not differ from the included patients by age, sex, vital parameters, probability of
survival, or the number of injuries, but hospital level and transfer to another hospital after initial
assessment were significant, independent predictors for being missing from the registry. In the
Major Trauma Registry of Navarre, 40% patients who met the inclusion criteria were missing

(81), and the included and missing patients had differed significantly by age, sex, vital
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parameters, highest level of hospital care, previous comorbidity, probability of survival, and
number of injuries and injured regions. The hospital Revised Trauma Score and the number of
injuries were independent predictors of being missing in the trauma registry. Only 30% of all
injuries treated by regular general practitioners in Trondheim in April 2008 were included in
the National Injury Registry in Norway, which led to an underestimation of the incidence of

injury and called into a question the representativeness of the registry (153).

With respect to the generalizability of SHIR data to larger territories, the Shenkursk District
can be described as a relatively typical rural setting in Northwestern Russia, with a combination
of cold climate and a poorly developed infrastructure. This makes it possible to generalize the
findings to other Northern Russian settings. However, generalizing and using the findings

beyond this area requires more careful considerations of specific local features.

4.2.5. Required and possible innovations in the Shenkursk Injury Registry

Today, 6 years after the SHIR was launched based on the example of the Harstad Injury
Registry, it may look archaic — not up to date with the current level of technological
development of other MIS. Although our study has shown that the SHIR may serve as an
evidence basis for local primary prevention activities and injury research, based on our practical
observations and analysis of the limitations, we can offer several suggestions on how the SHIR

can be modernized and improved.

First of all, it would be an advantage to integrate the SHIR within the Shenkursk CDH MIS.
That change could increase case completeness and broaden the range of variables available for

the description of an injured patient. It could also lead to the addition of variables such as
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concurrent diseases, treatment, its duration and cost, etc. In addition, integration of the SHIR
within the Shenkursk CDH MIS would reduce the injury registrars’ workload and the associated
costs by avoiding double registration of data already available in the MIS, such as age, sex,
residence, ICD-10 codes, and hospitalization. Further on, the free-text description of the injury
situation could be replaced by an easy-to-record audio file that can be converted into readable
text using modern dictating software, and later automatically categorized into several variables
using machine learning (ML) and artificial intelligence (Al) technologies. In addition, the
completion of electronic IRFs in the rural primary care units would help to increase the

coverage of injuries occurring rural areas.

Another advantage of the integration of the SHIR into the MIS would be the possibility to use
the Insurance Number of Individual Ledger Account (INILA) as an additional identifier in the
IRF. At present, the only way to identify a SHIR record is through the IRF number. At present,
injury registrars complete a new IRF for each injury, even if they occur in the same patient, and
each injury is assigned a new number; therefore it is difficult to identify how many injuries a
person has sustained within a certain period. The use of the INILA would allow clinicians and
researchers to find people with repeated injuries and offer them individual injury prevention
programs. The availability of the INILA in the injury data would also allow researchers to link
these data to other healthcare registries. To ensure complete data on fatal injuries in the
Shenkursk District, the regional MIAC or the regional forensic departments could be asked

complete IRFs.

When comparing official statistical reports to the SHIR, it should be mentioned that the goal of
official reports is to provide a complete overview of the incidence of and mortality from

injuries; they include sparse information about when, where, and how injuries occur. They
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reflect the size of problems and are not meant to provide guidance on solutions like prevention
measures. Conversely, although registries like the SHIR cannot match official reports in
completeness, they are still a valuable source of evidence regarding injury mechanisms and
circumstances that can be used for planning targeted primary prevention measures. Official
statistical reports and registries like the SHIR should complement each other, with one source
providing quantitative assessments of the injury burden and the other offering explanatory

variables for preventive purposes.

The potential miscoding of the free-text data may be a validity problem, and that was the key
concern at the onset of the registry. However, these concerns were addressed by using
understandable coding lists and calibration of registrars. With a more frequent and extensive
calibration of registrars and regular data accuracy checks by independent raters, the levels of
miscoding could be reduced to an even lower level. Variables describing factors involved in
the mechanisms had higher proportion of miscoding; therefore, they need particular attention
during training. Nevertheless, registrars are humans that are prone to mistakes and may need to
be replaced from to time. In addition, a broader implementation of the SHIR model and the
possibility to compare injury data from different sites would require proper calibration of a
large number of registrars, which may not be achievable on a large scale. An alternative, more
modern way to minimize miscoding is to replace the manual coding of free-text descriptions
with an automatized processing of the texts using ML and Al techniques. That would help to
ensure an efficient, standardized decision-making process with respect to coding texts (154-
156). For example, ML and Al are used to predict outcomes in trauma patients, to detect
fractures in X-rays and computed tomography scans, and to support treatment decisions (157,
158). In addition, a combination of high-resolution satellite imagery and ML were applied to

define an association between alcohol outlets and nearby firearm violence (159).
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The possibilities of including ML and Al technologies in the updated version of SHIR are
currently being explored. The feasibility of using audio recordings of patients’ verbal
descriptions of the injury circumstances is also being considered. If successful, these
descriptions would be automatically transcribed before they are processed with Al
technologies. We believe that asking an injured person to “tell the story”, instead of writing it
down in a few sentences, may allow for the collection of more detailed and precise information
on injury causation — predisposing, precipitating, and damaging factors, accident and injury

mechanisms, and environmental contexts.

To conclude, integrating the SHIR into the standard hospital information system, and

modernizing it by using state-of-the-art data collection and processing technologies can help

improve the quality of the collected data and optimize the functioning of the registry.
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Chapter 5. Recommendations for injury prevention

5.1. Using data from the Shenkursk Injury Registry for injury prevention

The SHIR allows collecting high-quality data and provide information about risk factors,
circumstances, and mechanisms of injuries in the Shenkursk District. Collection of injury data
through the SHIR is the first step in the planning of prevention activities. Good-quality local
data can help to identify specific problems associated with injuries. However, successful
prevention activities require the cooperation and efforts of many professionals from different
sectors. In the Shenkursk District, a Cross-sectoral Group for Injury Prevention and Safety
Promotion was established in 2014. The group’s members represent key stakeholders who are
responsible for safety issues in the Shenkursk District, including: the mayor of Shenkursk, the
deputy head of the Shenkursk District administration, the head of the department of civil
defense and emergency situations, the chief physician of the Shenkursk CDH, a representative
from the department for education of the Shenkursk District administration, the chief state fire
inspector, the head of the traffic police, the chairman of the business council, the chairman of
the public council, the chairman of the town's council of veterans, the chairman of the town's
council of youth, the chief editor of weekly local newspaper “Vazhski Krai”, and the SHIR
administrators. This is a good example of collaboration between the public, business, and

volunteer sector for the purposes of establishing a Safe Community.

The SHIR is the key source of local data that is used as evidence basis for injury prevention
and safety promotion in Shenkursk, as well the tool used to evaluate these activities. The
Shenkursk Cross-sectoral Group for Injury Prevention and Safety Promotion routinely reviews

SHIR data, identifies outstanding injury problems as well as common accident and injury
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mechanisms and involved factors, and monitors on-going prevention activities. Removable or
modifiable factors are identified based on these reviews. A multisectoral approach is also being
applied to develop and implement prevention activities in a way that targets removable and/or

modifiable factors.

The injury prevention interventions in the Shenkursk District have the following key directions:
child safety, elderly safety, traffic safety, home safety, leisure time safety, violence and suicide
prevention, disaster preparedness and response, safe public places, sports safety, water safety,
and school safety. Organizations representing different public and private sectors are involved
in the implementation of the local Safe Community program: the Shenkursk District
administration, kindergartens and secondary schools, the police department, the road police,
the fire department, the administration of the Department of Civil Defense and Emergency
Situations, the Arkhangelsk Regional Rescue Service, the Shenkursk CDH, the Culture and
Sports Center, and the Regional Department of Culture, Tourism, Sports and Youth. The

findings of the SHIR are published in the local weekly newspaper “Vazhski Krai”.

5.2. Fall injury prevention measures in the Shenkursk District

In the early stages of the present study, we described that falls were the most common injury
mechanism for accidental injuries in the Shenkursk District; that fall injuries most commonly
occur during leisure, domestic, and other routine activities inside or nearby dwellings; and that
ice-covered surfaces were the most common factor involved. Based on these findings, injury
prevention measures targeting fall injuries became a priority in the Shenkursk District, targeting
a safer outdoor and indoor environment, as well as behavioral factors. For example, anti-friction

pads for shoes were distributed among the elderly in the town of Shenkursk and were promoted

74



by the local newspaper. This has reduced the numbers of medically treated falls on ice-covered
surfaces in the Shenkursk District from 264 in the cold season that spanned 2015 and 2016, to
217 in the cold season spanning 2017 and 2018. These are small numbers that do not warrant
publication in scientific journals, but their publication in the local newspaper caused substantial

public interest and, hopefully, an understanding of the value of evidence-based prevention.

In preschool children, prevention of fall injuries was fused with home and kindergarten safety.
Almost all families with children received brochures describing common dangers and risky
circumstances. The distribution of these brochures was organized at parental meetings in
kindergartens and primary schools, as well as to all young couples at the local office of civil
registration. The local newspaper published a summary of findings from our Paper 1l, which
outlined the need to create safer home environments for children by installing soft materials on
floors near places where children can climb up on furniture or other objects, adding soft corners
on exposed furniture, and installing stair rails in the home, as well the need for parental
supervision at home and at playgrounds. In school, fall injury prevention in children was
primarily addressed through safe sports and play: using helmets, protective padding, and safety
nets during sports activities. Educating school teachers how to organize safe sports lessons

should also be included in fall injury prevention.

A registry-based program targeting the safety of elderly people led to the creation of an elderly
safety checklist, which is used by social workers and volunteers to examine home
environments. This list was simply based on the factors that were most commonly mentioned
as involved in the injury circumstances of the elderly in SHIR data. The examinations are
currently underway, but their effectiveness has not yet been evaluated. Other SHIR-based

recommendations on fall prevention among the elderly outline the need to make home and near-
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home environments safer through the installation of guardrails and soft floorings, and the
removal of slippery surfaces and items that may cause stumbling. Preventing weakness,
dizziness, and loss of balance through proper medication and balance exercises can also help to
prevent fall injuries. Particular emphasis should be placed on reduced alcohol consumption,

which is applicable to working-age adults as well.

In terms of practical recommendations, our last paper made it even clearer that efforts to prevent
AOFIs in the cold season can substantially reduce the overall burden of falls. Prevention
measures should include the removal of slippery ice and snow from ground surfaces (e.g.
removing ice from walkways, installing heated sidewalks and porches), and increasing friction

on icy surfaces using anti-slip materials (sand, salt, gravel) or slip-resistant footwear.

One preventive approach is to increase people’s awareness about when and how fall accidents
occur most often, and how to protect themselves. Based on the findings of the most risky days
in terms of AOFIs with respect to weather conditions, we recommended to add notifications of
“high-risk days” to local weather forecasts. Our expectation is that this will make people aware
of the increased risks of outdoor falls on days when the prognoses fit the described high-risk
combinations of weather conditions. Text messages from the regional agency for civil defense
and emergencies that inform people about the presence of weather conditions associated with
a high risk of outdoor falls has good potential to be an effective intervention. Such messages
may also support local decision-making with respect to the timely initiation of snow and ice
removal and the application of anti-friction materials on walkways. However, this activity has

not been implemented yet.
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The overall aim of the present study, “to provide an evidence basis for injury prevention”, was
partially achieved only in the field of falls, which was the most common injury problem in the
Shenkursk District according to the description of the local injury panorama. We described the
circumstances and involved factors of falls (Papers Il and 111). The study demonstrated (Paper
I) that the SHIR is a source of valid and useful data for the development of prevention measures,
which are not present in other existing sources of injury data. The effectiveness of the
prevention measures that were implemented or suggested based on our findings was not
assessed due to the time limitations. Nevertheless, in our opinion, the present work is a good

example of how local registry data can be an evidence basis for solving specific injury issues.
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Conclusion

The case completeness and representativeness of SHIR data were found to be reasonably high,
as the data covered the vast majority of injuries treated in the Shenkursk CDH. There were no
major differences between registered and missed injuries, except for the higher registration
probability among severe cases. SHIR data were also proven reliable by the high level of

agreement between independent data entries.

According to the injury panorama in the Shenkursk District, males and people of working age
constituted the largest shares of medically treated injury cases. The majority of all injuries were
minor, and extremities were the most frequently injured anatomical regions in patients.
Dwellings, homestead lands, and other nearby outdoor areas were identified as the most
common injury sites, and the majority of registered injuries in the SHIR were the result of

accidents.

Falls were the most frequent injury mechanism for accidental injuries in the Shenkursk District.
Fall injuries associated with climbing onto or down from home furnishings, play equipment, or
stairs were most common in the preschool age group. Among children of school age, the most
substantial part of fall injuries occurred during physical exercise involving sports or play
equipment. Slipping on an ice-covered surface was the most frequent accident mechanism in

the working and elderly age groups.

SHIR data were combined with the meteorological data archive from the Shenkursk weather
station, and the associations between the AOFIs and weather conditions were investigated.
AOFIs in the Shenkursk District occurred more often in the cold season than in warm season.

A combination of low air temperature, medium/high precipitation, and a ground surface
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covered with compact or wet snow comprised the days with higher risks of AOFIs in the cold
season. A combination of medium air temperature and medium atmospheric pressure were

attributes of days with higher risks of AOFIs in the warm season.

All in all, although the completeness, representativeness, and reliability of the SHIR are not
absolute, SHIR data have reasonable applicability for epidemiological research and
undoubtedly deserves to be used as an evidence basis for the development and evaluation of
primary prevention measures at the local level. The described injury panorama in the Shenkursk
District has a lot in common with other settings, but there are specific local features associated
with the characteristics of the study area. Therefore, local injury data are the key to solving

injury problems in a particular community.
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Abstract

Background: The Shenkursk Injury Registry (SHIR) was established in the Shenkursk District, Northwestern Russia in
2015 for the purposes of primary prevention. The SHIR covers all injuries (ICD-10 diagnoses from S00 to T78) for
which medical aid is given at the Shenkursk central district hospital and includes data about injury circumstances.
We used the SHIR data to assess the quality of the SHIR as an evidence basis and for the local preventive
applications.

Methods: Completeness, representativeness, and reliability of the SHIR data were assessed using a sample of 1696
injuries which have occurred in July 2015-June 2016. Chi-square tests were used to assess differences between the
registered and missed cases in the registry and Cohen’s kappa were applied to assess the agreement between
independent data entries.

Results: The completeness of the SHIR with respect to the coverage of cases treated at the Shenkursk central
district hospital was 86%. There were no differences between the registered and the missed injuries by sex, ICD-10
codes, weekday of admission, but there were differences in their distribution by attending physicians. Also, higher
proportions of child injuries and injuries in the summer time were among the missed cases. Signs of lower injury
severity (different distribution by ICD-10 codes and lower proportion of traffic injuries) were observed among
injuries in rural areas which were not covered by the registry because of treatment at rural primary health care
units without referrals to the central hospital. Two independent data entries from standard paper injury registration
forms showed a 79-99% agreement, depending on the variable considered.

Conclusion: With consideration of possible insubstantial overestimates of the average injury severity, the SHIR data
can be considered sufficiently complete, reliable, and representative of the injury situation in the Shenkursk District.

Therefore, SHIR is an adequate evidentiary basis for planning local injury prevention.

Keywords: Injury registry, Shenkursk, Completeness, Reliability

Background

Injuries are the third leading cause of death in the
European region, after diseases of the circulatory system
and neoplasms [1, 2]. The same applies to the Russian
Federation, but its injury-related mortality (126.8 per
100,000) is far higher than that in any other European
country [3]. Indeed, the age-standardized mortality rate
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from external causes in Russia is 1.4 times higher than
that in Kazakhstan (88.5 per 100,000), Russia’s neighbor
to the South, and more than three times higher than that
in Norway (37.3 per 100,000) to the North-West [3].
International evidence shows that good-quality injury
data are a prerequisite for effective prevention [4-6].
Therefore, collection of injury data through surveillance
systems or injury registries should be the first step in the
planning of preventive activities [7, 8]. Injury registries
are databases that document injuries in specified areas
according to defined inclusion criteria and variables. In
addition to their use in prevention, injury registries can
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be used for policy development, improvement of the
quality of injury care, clinical and epidemiological re-
search [5, 9].

In Russia, injuries, poisonings, and other consequences
of external causes are registered by the receiving hospi-
tals. For an injury, the hospital information systems rec-
ord the code according to the International Statistical
Classification of Diseases, 10th Revision (ICD-10) [10],
patient’s age, sex, time and place of treatment as well as
data on treatment provided. Each year, all hospitals pass
on their collected information to the Federal State Sta-
tistics Service, which creates summaries and reports of
the data [11-13]. This system allows a comprehensive
descriptive overview of medically-treated injuries, but it
has limited use for primary prevention because it lacks
information about when, where, and how injuries occur.

A number of countries have gone a step further and
created injury registration systems which aim to prevent
injuries. Such injury registries and databases have played
an important role in lowering injury incidence,
injury-related mortality and disabilities [4, 14, 15]. For
example, the Harstad Injury Registry in Norway has
been systematically collecting injury data for more than

(2019) 27:47 Page 2 of 9

30years, including detailed records of injury circum-
stances, mechanisms, and involved factors [6, 16, 17].
The registry data serves an evidence basis for the Har-
stad Safe Community Program and has been metaphor-
ically called “the locomotive that keeps the injury
prevention train on its track” [6, 15, 17]. Based on the
experience of the Harstad Injury Registry and with simi-
lar purposes, the population-based Shenkursk Injury
Registry (SHIR) was established in the Shenkursk Dis-
trict, Northwestern Russia in 2015.

The aims of this study were to assess the quality of the
SHIR data for use as an evidence basis and for local pre-
ventive applications.

Methods

Study site

The Shenkursk District of the Arkhangelsk Region,
Northwestern Russia (Fig. 1) had a population of 13,530
on 1 January 2015. The town of Shenkursk (n = 5073) is
the administrative center of the district and its only
urban settlement [18]. It is situated 380 km of Arkhan-
gelsk City, near the M8 Russian Federal highway that
links Arkhangelsk and Moscow.

g'{ArkhangeIsk

°Shenkursk

WW

)

Fig. 1 Location of the town of Shenkursk in the Arkhangelsk Region, Russia, 2018 (Source: https://en.wikipedia.org/wiki/Shenkursk)
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Health care in the district comes from two sources:
the central district hospital and rural primary care units.
The central district hospital is located in the town of
Shenkursk and has in-patient departments (62 beds) as
well as adult and pediatric outpatient units. The rural
primary care units include two out-patient departments
and 23 feldsher-midwife stations. Records of treatment
at all of these locations are held at the hospital informa-
tion system of the Shenkursk central district hospital, ac-
cording to Russian national healthcare standards.

The Shenkursk injury registry

The SHIR was created using the translated manual for
the Harstad Injury Registry [6, 15, 17]. The standard in-
jury registration form (IRF) of the SHIR is developed on
the basis of the form used in Harstad Injury Registry,
and the registration instructions and coding lists for
free-text variables are the translations of those used in
Harstad [19]. Before launching the SHIR, pilot tests were
done on the IRF, data collection logistics, the data man-
agement system; and two nurses were trained as injury
registrars and were tested on quality of data entry [19].

The SHIR is intended to cover all injuries (ICD-10
diagnoses from SO0 to T78) for which medical aid is
given at the Shenkursk central district hospital. The data
are initially collected using paper-based IRFs - two-page
sheets with sections for recording patients’ socio-demo-
graphic characteristics (sex, date of birth, address of resi-
dence, place of work or study), information about time
and place of the injury, alcohol consumption in the 24 h
before injury, use of protective equipment, and optional
sections for descriptions of road traffic and sport injur-
ies. The IRF also has a free-text field for recording a ver-
bal description of how the injury occurred. This field is
supplemented by three supportive questions to facilitate
such descriptions: “What were you doing?”, “What went
wrong?”, “How were you injured?”. This is consistent
with the concepts of pre-crash, crash, and post-crash de-
scribed by Haddon [20] as well as with the Nordic Sys-
tem [21], facilitating analysis of the injury panorama and
targeting local injury prevention. The concluding part of
the form has several fields to be completed by a phys-
ician: diagnosis, ICD-10 code, injury severity according
to the Abbreviated Injury Scale (AIS) [22], generalized
cause of injury (accident, violence, self-inflicted harm),
hospitalization (yes/no), and the name of attending
physician.

Physicians who provide treatment for injuries at the
Shenkursk central district hospital or in its ambulance
cars are instructed to offer the IRF to each treated pa-
tient at their first outpatient or ambulance visit, or
within few days after hospitalization. Patients complete
the IRFs, often with the assistance of accompanying rela-
tives, a nurse, or a physician. If a patient does not
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complete the IRF due to a severe condition or other rea-
sons, injury registrars (the two trained nurses) complete
the form retrospectively, using data from routine med-
ical records (ambulance journal, outpatient medical card,
case history) as well as information obtained from the
attending physician.

Once the IRF is completed, its data is manually en-
tered into the SHIR database (based on Epi Info 7) [23]
by the two injury registrars. Following the translated
Harstad manuals, at this stage of processing the IRFs a
series of coding lists are used to transform the free-text
descriptions of the injury situations into several categor-
ical variables: type of injury site (place of injury), mech-
anism of preceding activity, mechanism of accident,
mechanism of injury, and three variables to record fac-
tors involved at the three phases of an injury event, ac-
cordingly. The registrars have detailed instructions on
how to enter raw data from paper-based injury registra-
tion forms into Epi Info and are calibrated and on how
to transform free-text descriptions of injury situations
into the categorical variables.

Data analysis

One year of the SHIR data (1 July 2015-30 June 2016,
1696 registered injuries) was used for assessments of the
data quality, i.e. data completeness, representativeness,
and reliability. The completeness in terms of coverage of
injuries treated at the Shenkursk central district hospital
was assessed by linkage of the SHIR records to those of
the hospital information system, assuming that the latter
included all injuries. Record linkage of the SHIR and the
hospital system was performed using names (recorded in
the hospital system; available for the SHIR records on
corresponding paper IRFs), dates of birth, and dates of
injuries.

The representativeness of the SHIR data for the Shen-
kursk District was assessed by comparing registered in-
juries to those treated at the Shenkursk central district
hospital but not registered in the SHIR. As the second
step, registered injuries that occurred in rural areas (i.e.
rural injuries) and were treated at the Shenkursk central
district hospital were compared to rural injuries that
were treated at primary care units, and thus have fallen
outside the SHIR’s coverage. These comparisons were
performed based on variables that are present in the
hospital system: age, sex, ICD-10 code, and time vari-
ables for initial hospital visit (month of year, day of
week). Chi-square tests were used to assess differences
between the compared groups.

Data reliability in the SHIR was assessed as agreement
between the routine data entry from IRFs performed by
the two injury registrars; and a second entry that was in-
dependently performed by the first author. This second
entry included independent coding of original text
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descriptions of injury circumstances, following the same
coding lists and procedures. Variables used for reliability
assessments were sex, age, ICD-10 code, date of injury,
mechanism of preceding activity, accident mechanism,
injury mechanism, factors involved in each of the mech-
anisms, alcohol consumption in the 24 h before injury,
generalized injury cause, AIS [22], and hospitalization.
Cohen’s kappa was used to assess the agreement.

All statistical analyses were performed using SPSS, ver-
sion 24 (SPSS Inc., Chicago, IL, USA).

Results

According to the hospital information system, there
were 2305 injuries in the Shenkursk District between
July 2015 and June 2016 (Fig. 2). Among them, 1863 in-
juries were treated at the Shenkursk central district hos-
pital and 442 at rural primary care units (i.e. outside the
SHIR’s coverage). Of the 1863 injuries treated in the
central district hospital, the SHIR included 1607 (86.3%)
and missed 256 cases, reflecting the data completeness.
Moreover, there were 89 injuries included in the SHIR
and were missing in the hospital system. That gave a
total of 1696 injuries registered in the SHIR in July
2015-June 2016.

There were no differences between the 1607 registered
injuries and the 256 missed injuries by sex, ICD-10 diag-
nostic (S00-T78) and external cause (V01-Y98) codes, or
weekday of admission (Table 1). The proportions of in-
juries occurring in children and in the summer time
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were higher among the missed injuries compared to the
registered ones. Also, missing and registered injuries had
different distribution by attending physicians.

Of the 1696 injuries registered in the SHIR in July
2015—June 2016, 610 were rural injuries which received
treatment at the central district hospital. As indicated
above, the hospital system contained data for another
442 rural injuries treated at rural primary care units
which are not covered by the SHIR. Rural injuries
treated at rural primary care units did not differ from
those treated at the central district hospital and regis-
tered in the SHIR by sex and season of the year, but a
higher proportion of rural injuries were represented by
children and by injuries to the wrist and hand. A lower
proportion of rural injuries treated in primary care were
represented by injuries to the shoulder and upper arm
(Table 2). Besides, the rural injuries treated in primary
care were less commonly caused by transport accidents,
and more commonly resulted from exposure to animate
mechanical forces.

The agreement between two independent data entries
for date of birth, date of injury, date of IRF completion,
sex, ICD-10 code, alcohol consumption in the 24 h be-
fore injury, generalized cause of an injury, AIS, and
hospitalization was at the level of 98-99% (Table 3). The
agreement in variables that result from coding of the
free-text descriptions of injury situations and reflect
mechanisms of preceding activities, accidents, and injur-
ies ranged between 91 and 95%. The agreement in

Total number of injuries in
hospital system (N = 2305)

|

Injuries treated in
central district hospital
(N =1863)

}

Rural injuries treated at
rural primary care units
(N =442)

A 4

!

Injuries in SHIR and in hospital
system (N = 1607)

Injuries in hospital
system but missing in
SHIR (N =256)

}

Total number of injuries
in SHIR (N = 1696)

Injuries in SHIR but
missing in hospital system
(N=289)

A

Fig. 2 Distribution of injuries in the hospital system of the Shenkursk central district hospital and in the SHIR, July 2015-June 2016
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Table 1 Comparison of injuries registered and missed in the Shenkursk Injury Registry, July 2015-June 2016 (n = 18637
Variables Registered injuries (N = 1607) Missed injuries (N = 256) p
N % N %
Sex
Male 942 586 153 59.8 0.729
Female 665 414 103 40.2
Age
0-17 years 382 238 87 340 < 0.001
18+ years 1225 76.2 169 66.0
Injury localization, ICD-10
S00-09: Head 282 17.5 53 207 0.635
$20-29: Thorax 107 6.7 13 5.1
S40-49: Shoulder and upper arm 109 6.8 16 6.3
S50-59: Elbow and forearm 130 8.1 21 82
S60-69: Wrist and hand 248 154 34 133
S80-89: Knee and lower leg 152 9.5 30 11.7
S90-99: Ankle and foot 207 129 27 105
T15-19: Foreign body entering through natural orifice 153 9.5 19 74
Others codes® 435 270 72 28.1
External causes, ICD-10
WO00-W19: Slipping, tripping, stumbling and falls 592 368 87 340 0612
W20-W49: Exposure to inanimate mechanical forces 518 322 94 36.7
W50-W64: Exposure to animate mechanical forces 167 104 26 10.2
Others codes® 160 10.0 25 9.7
Missing data 170 10.6 24 94
Season of year
Winter 368 229 54 211 0.001
Spring 448 279 33 129
Summer 430 268 17 45.7
Autumn 357 225 52 203
Weekday
Monday 289 180 42 164 0.600
Tuesday 276 17.2 34 133
Wednesday 266 16.6 41 16.0
Thursday 237 14.7 34 133
Friday 281 17.5 53 20.7
Saturday 148 9.2 24 94
Sunday 106 6.6 18 7.0
Attending physicians
DrA 10 06 36 14.1 < 0.001
DrB 92 57 9 35
DrC 20 1.2 25 9.8
DrD 379 236 55 215
DrE 159 99 9 35
DrF 111 6.9 7 27
DrG 128 80 8 3.1
Others® 708 44.1 107 418

2All analyzed injuries were treated in the Shenkursk central district hospital, as shown in the hospital system for accounting of medical services;

PCombines categories accounting for < 5% of observations
ICD International Classification of Diseases
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Table 2 Comparison of rural injuries treated at the Shenkursk central district hospital and rural injuries treated at rural primary care

units of Shenkursk district, July 2015-June 2016 (N=1052)

Rural injuries treated at central
district hospital (N=610)

Rural injuries treated in p
primary care (N =442)

n % N %
Sex
Male 359 589 239 536 0.088
Female 251 411 207 464
Age
0-17 years 125 20.5 152 34.1 < 0.001
18+ years 485 79.5 294 659
Injury localization, ICD-10
S00-09: Head 77 126 66 148 < 0.001
$20-29: Thorax 54 89 28 63
S30-39: Abdomen, lower back, lumbar spine, pelvis and external genitals 30 49 29 6.5
S40-49: Shoulder and upper arm 64 10.5 13 29
S50-59: Elbow and forearm 56 9.2 21 4.7
S60-69: Wrist and hand 83 136 89 200
S80-89: Knee and lower leg 72 11.8 47 10.5
$90-99: Ankle and foot 77 126 68 15.2
T15-19: Foreign body entering through natural orifice 28 46 26 58
T20-32: Thermal and chemical burns 33 54 19 43
Others codes® 36 59 40 90
ICD-10 external cause codes
VO01-V99: Transport accidents 37 6.1 11 2.5 < 0.001
WOO0-W19: Slipping, tripping, stumbling and falls 237 389 173 388
W20-W49: Exposure to inanimate mechanical forces 171 280 141 316
W50-W64: Exposure to animate mechanical forces 46 75 58 13.0
Others codes® 36 6.0 44 100
Missing data 83 136 19 43
Season of year
Winter 140 230 110 249 0.812
Spring 163 26.7 114 258
Summer 193 316 131 296
Autumn 114 18.7 87 19.7

#Combines categories accounting for < 5% of observations
ICD International Classification of Diseases

variables resulting from coding of factors involved at
three phases of injury events ranged from 79 to 88%.

ICD International Classification of Diseases, AIS Ab-
breviated Injury Scale.

Discussion

Injury registries exist in the USA, Australia, Canada,
Norway, Germany, and the UK [17, 24], but to our
knowledge, the SHIR is the first injury registry in Russia.

Most national or regional injury registries are limited
to trauma center hospitals and include only severe injur-
ies (for example, “major trauma” or persons hospitalized
for more than 24 h, etc.) [25]. On the contrary, the SHIR
is population-based as it covers all injuries treated at the
only hospital in Shenkursk District. Moreover, the SHIR
collects detailed information on injury circumstances.
These two features target the SHIR’s representativeness
of the total number of injuries in the coverage area and
form an informative evidence basis for primary
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Table 3 Agreement between the two independent data entries
for the Shenkursk Injury Registry (N = 1696)

Variables Agreement Cohen’s
n % Kappa

Date of birth 1687 99.5 -
Date of injury 1682 99.2 -
Date of form filling 1673 98.6 -

Sex 1965 99.8 0.99
ICD-10 diagnostic code 1680 99.1 0.99
Alcohol consumption 1678 989 0.98
Generalized cause of injury 1668 98.3 0.94
Injury severity (AlS) 1685 994 0.99
Hospitalization 1690 99.6 0.98
Mechanism of preceding activity 1536 90.6 0.89
Accident mechanism 1605 94.6 0.94
Injury mechanism 1589 937 093
Factor 1 (preceding activity) 1343 79.2 0.77
Factor 2 (accident) 1487 87.7 0.87
Factor 3 (injury) 1415 834 0.83

prevention, according to recommendations for injury
monitoring and prevention [4, 26, 27].

Methodological considerations

This study has shown that the completeness of the SHIR
with respect to the coverage of cases treated at the cen-
tral district hospital was 86%, which is lower than that
reported from several other registries. For example,
Thailand has a provincial injury surveillance system that
covers injuries from five large hospitals and has a re-
ported completeness of 98.8% [28], and the trauma
registry in Peru includes a reported 99% injuries admit-
ted to the main referral hospital [29]. However, these
studies did not specify how completeness was calculated.
On the other hand, a similar completeness (90%) was re-
ported in a study of hip fractures in the Harstad Injury
Registry in Norway [16].

The approach we used to assess completeness of the
SHIR assumed that the hospital system covers all injur-
ies treated in the central district hospital. However, we
identified a number of injuries in the SHIR that were
treated in the hospital but were missing in the hospital
system for unknown reasons. That may indicate that our
estimates may be slightly underestimated.

The imperfect completeness of the SHIR may be pri-
marily explained by the difference between missed and
registered injuries in their distribution by attending phy-
sicians, which reflects unequal efficiency of physicians to
collect IRFs from their patients. Practically, injuries with
uncompleted IRFs are largely detected by injury regis-
trars through regular checks of the registry against the
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hospital system. In such cases, the registrars complete
the IRFs retrospectively, using available medical docu-
mentation and information obtained from physicians. In
order to assess the proportion of IRFs competed by reg-
istrars, in 2017 the SHIR was added by a variable speci-
tying who completed the IRF. In 2017, 59% of IRFs were
completed by patients or accompanying relatives, and
41% were filled in by registrars. This reflects the regis-
trars’ substantial efforts to achieve the highest possible
completeness, although the results are still imperfect.
Based on that and in order to improve the completeness
of the SHIR, the administration of the hospital was ad-
vised to enhance physicians’ motivation to ask their pa-
tients to complete IRFs.

According to the information in the hospital informa-
tion system, there were no substantial differences be-
tween registered and missed injuries in the SHIR by sex,
weekday of admission, diagnostic and external cause cat-
egories, but missed injuries showed a higher proportions
of children (34% vs. 24%) and higher proportion of injur-
ies occurring in summer time (46% vs. 27%). The in-
creased probability of failure to register injuries in
summer may be explained by the vacation period, when
a part of the staff is absent and those remaining must
deal with a higher volume of prioritized medical tasks.
The higher proportion of missed injuries among children
may also be due to higher underregistration in summer
time, when children have holidays and are more likely to
get injured.

As the proportion of missed injuries in the SHIR was
14% and the missed cases showed only minor differences
from those registered, the imperfect completeness of the
registry should not substantially affect its representativeness
for total injuries treated at the central district hospital.
However, there are some underestimates of injury risks
among children and in summer time, which should be
taken into account when using the data for preventive
purposes.

The population covered by the SHIR is rather small
(n =13,530). This implies that sampling of specific injur-
ies for research purposes may take a long time, or confi-
dence intervals may be broad. However, the primary aim
of the SHIR is to identify circumstances, mechanisms
and involved factors of the most frequent injuries in the
Shenkursk district for planning targeted district-level
prevention. Studies of these injuries are expected to have
good levels of statistical power. And, the longer the
registry is run, the more cases are generated.

A limitation of the SHIR is that it only covers injuries
that received medical aid at the Shenkursk central dis-
trict hospital while about 40% of injuries occurring on
adjacent rural areas are treated at primary care units and
thus are not recorded in the SHIR. Comparisons of rural
injuries treated at the central district hospital to those
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treated at rural primary care units reflect the real-life
situation: more severe cases (e.g. those resulting from
traffic accidents) are more commonly referred to the
central district hospital, while minor injuries are more
often treated at primary care units. The described differ-
ences between the two groups were significant but not
decisively substantial, so the SHIR data can be consid-
ered fairly representative of all injuries in the district. Al-
though, a notation of some overestimations in overall
injury severity has to be made.

The difference in coverage of urban and rural injuries
by the SHIR also creates difficulty in estimating the inci-
dence. On one hand, not all cases appear in a numerator
if we calculate the incidence for the whole district, thus
leading to an underestimate. An alternative way can be
to limit the numerator to cases in the town, and use the
town’s population in denominator. But this reduces stat-
istical power and does not represent the situation in the
entire district with large rural component. This data de-
ficiency can be compensated by calculating the incidence
using the information of hospital system, which covers
all rural and urban cases. This would lead to more pre-
cise incidence estimates by sex, age or ICD-10, while the
registry provides valuable information about typical in-
jury circumstances.

Another limitation is the non-inclusion of prehospital
fatal injuries. The reason for that is that such fatalities
are referred to a forensic department outside the hos-
pital. Thus, the SHIR cannot be used to estimate the
burden and describe the characteristics of fatal injuries.
This weakness has to be considered when using the
SHIR data for preventive applications, but its elimination
would unlikely affect the registry-derived priorities for
preventive interventions as fatal injuries constituted, for
example, only 2.1% of the total injuries in the Shenkursk
District in the study period from July 2015 to June 2016.

In the present study, we expressed data reliability as
percentage of agreement between two independent
raters. The data value was considered reliable if it was
the same for the two raters. According to the classifica-
tion by Landis and Koch, the agreement was “almost
perfect” for variables resulting from simple data entry
from IRFs into the SHIR (e.g. date of birth, sex, ICD-10
code) [30]. For variables resulting from free-text descrip-
tions through coding procedures (e.g. mechanism of ac-
cident, factor involved in mechanism of accident), the
agreement levels ranged from “substantial” to “almost
perfect” (lowest Cohen’s k=0.77). More frequent dis-
agreements in these variables may be explained by pos-
sible variations in the subjective understanding of
free-text descriptions and the corresponding codes
assigned. Such reliability deficiencies are unavoidable,
and their relatively small volumes show that the SHIR
data is reasonably reliable.
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The presented data reliability assessments referred to
the stage when the data is transferred manually from
paper-based IRFs into the electronic registry, but the re-
liability of IRF data can scarcely be assessed. Potential
deficiencies were addressed during staff training and in
the design of the form. For example, the correct indica-
tion of injury severity according to the AIS in the med-
ical part of the form requires a physician to be familiar
with this scale. To prevent possible errors due to lacking
knowledge of the AIS, the IRF itself contains a detailed
description of the AIS, in order to facilitate proper rank-
ing by physicians.

Conclusion

This study has demonstrated that the SHIR can be con-
sidered sufficiently complete, accurate, and representa-
tive of the injury situation in the district. With a
notation of a possible insubstantial overestimate of the
average injury severity in the district, it forms a suitable
evidence basis for local preventive activities and can be
used for injury research.
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Abstract

Background: Falls are the leading cause of injury-related morbidity and mortality worldwide, but fall injury
circumstances differ by age. We studied the circumstances of accidental fall injuries by age in Shenkursk District,
Northwest Russia, using the data from the population-based Shenkursk Injury Registry.

Methods: Data on accidental fall injuries (hereafter: fall injuries) occurring in January 2015-June 2018 were
extracted from the Shenkursk Injury Registry (N=1551) and categorized by age group (0-6, 7-17, 18-59, and 60+
years). The chi-square test and ANOVA were used to compare descriptive injury variables across age groups, and a
two-step cluster analysis was performed to identify homogeneous groups of fall injuries by preceding
circumstances.

Results: Half of recorded fall injuries in the 0-6 year age group occurred inside dwellings (49%). The largest cluster
of falls (64%) mainly included climbing up or down on home furnishings. In the 7-17 year age group, public

outdoor residential areas were the most common fall injury site (29%), and the largest cluster of falls (37%) involved
physical exercise and sport or play equipment. Homestead lands or areas near a dwelling were the most typical fall

injury sites in the age groups 18-59 and 60+ years (31 and 33%, respectively). Most frequently, fall injury
circumstances in these groups involved slipping on ice-covered surfaces (32% in 18-59 years, 37% in 60+ years).

Conclusion: The circumstances of fall injuries in the Shenkursk District varied across age groups. This knowledge
can be used to guide age-specific preventive strategies in the study area and similar settings.

Keywords: Fall injuries, Injury registry, Shenkursk, Cluster analysis

Background

Falls follow road traffic accidents as the second leading
cause of injury-related mortality worldwide (World
Health Organization 2014). Based on the latest Global
Health Estimates, 660,320 people died from falls in 2016
in the world (World Health Organization 2018). The
proportion of fall injury-related mortality in the World
Health Organization European Region increased from
12% in 2000 to 17% in 2016 (World Health Organization
2018; World Health Organization n.d.).
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Children and older people are highly prone to falls.
Among children, fall injury-related mortality is rare, but
rates of hospitalization and visits to the emergency de-
partment are high (Lee et al. 2017; Ali et al. 2019), with
falls accounting for 25-52% of hospitalizations among
children in developing countries (Kaida et al. 2006). For
the elderly, falls are the most common cause of injury-
related mortality, the rates of which increase exponen-
tially with age (Yoshida 2007).

Fall injuries occur because of endogenous and envir-
onmental factors. Previous studies have described demo-
graphic, social, medical, and temporal characteristics of
fall injuries (Lee et al. 2017; Kaida et al. 2006; Peel et al.
2002; Stevens and Sogolow 2005). Some studies have ex-
amined the environmental and behavioral circumstances
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of fall injuries by age group: in children (Ali et al. 2019;
Istre et al. 2003), young adults, middle-aged adults (Tim-
sina et al. 2017; Dandona et al. 2010), and elderly people
(Orces and Alamgir 2014). Fall injuries in preschool-
aged children most often occur at home, and the most
serious injuries are caused by falls on stairs, from furni-
ture, and from playground equipment (Pickett et al.
2003; Flavin et al. 2006; Chaudhary et al. 2018; Wadhwa-
niya et al. 2017). The incidence of home injuries among
children decreases with age. In school-aged children, fall
injuries are more common in school environments, pub-
lic parks, on highways or roads, and in sports/recre-
ational facilities (Unni et al. 2012). Young and middle-
aged adults typically fall outdoors, while and the elderly
most commonly fall at home (Talbot et al. 2005). Know-
ledge of the typical site-specific and group-specific up-
stream circumstances of fall injuries is required for
effective prevention. Therefore, local data on where,
when, and how typical fall circumstances occur are ne-
cessary to create preventive strategies at a country or
community level (Ytterstad 1996).

The Shenkursk Injury Registry (SHIR) is a population-
based registry that was established in the Shenkursk Dis-
trict, Northwestern Russia in 2015 for the purposes of
primary prevention (Unguryanu et al. 2019), and it
shows that falls are the most common injury mechanism
in the area. Using data from the SHIR, we studied the
circumstances of accidental fall injuries (hereafter re-
ferred to as fall injuries) by age to provide data-driven
evidence for development of preventive strategies.

Methods

Study site

The population of Shenkursk District was 12,610 on 1
January 2018. The area has a cold climate with a mean
annual air temperature of 1.4°C, and temperatures
below zero prevail from October to April (Climate:
Shenkursk n.d.). The economy of the district is based on
forestry, woodworking, and agriculture. The road net-
work is grossly underdeveloped, and most local roads
are unpaved. Health care in the district is largely pro-
vided by the central district hospital (CDH), which offers
in-patient facilities (62 beds) and out-patient polyclinics
for adults and children.

The Shenkursk injury registry and selection criteria

The SHIR records all injuries (ICD-10 diagnoses from
S00 to T78) treated at the Shenkursk CDH. Data are col-
lected using a universal injury registration form (IRF) - a
two-page sheet with sections for recording patients’
socio-demographic characteristics (sex, date of birth, ad-
dress of residence, place of work or study), information
about time and place of the injury, alcohol consumption
in the 24 h before injury, use of protective equipment,
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and optional sections for descriptions of road traffic and
sport injuries. The IRF also has a field for a free-text de-
scription of how the injury has occurred. This field is
supplemented by three supportive questions to facilitate
detailed descriptions of injury circumstances: “What
were you doing?”, “What went wrong?”, and “How were
you injured?”. These free-text descriptions are trans-
formed into several upstream categorical variables using
the corresponding coding lists (i.e., mechanism of pre-
ceding activity, accident mechanism, and injury mechan-
ism) and factors involved (i.e., factors involved in
mechanism of preceding activity, factors involved in ac-
cident mechanism, and factors involved in injury mech-
anism). The concluding part of the IRF has several fields
to be completed by a physician, including the diagnosis
with corresponding ICD-10 code, injury severity accord-
ing to the Abbreviated Injury Scale (AIS), and whether
the patient was hospitalized. Physicians who provide
treatment for injuries at the Shenkursk CDH or in its
ambulance cars are instructed to offer the IRF to each
treated patient at their first outpatient or ambulance
visit, or within few days after hospitalization. Patients
complete IRFs, often with the assistance of accompany-
ing relatives, a nurse, or a physician. If a patient does
not complete the IRF due to a severe condition or other
reasons (about 40% of cases), injury registrars (two
trained nurses) complete the form retrospectively, using
data from routine medical records (ambulance journal,
outpatient medical card, case history) as well as informa-
tion obtained from the attending physician. A more de-
tailed description of the SHIR, the IRF, and
methodological considerations are presented elsewhere
(Unguryanu et al. 2019; Unguryanu et al. 2017).

In the present analysis, we used data on nonfatal fall
injuries that occurred from January 2015 to June 2018
and were registered in the SHIR. A fall injury was de-
fined as “inadvertently coming to rest on the ground,
floor or other lower level” (ICD-10 code W00-19) (Istre
et al. 2003).

Data analysis

Fall injuries were categorized into four age groups: pre-
school age (0—6 years), school age (7-17 years), working
age (18-59 years), and elderly age (60+ years). Categorical
injury characteristics are presented as absolute numbers
and percentages. The AIS is presented as mean (standard
deviation). Chi-square test and one-way ANOVA were
used when comparing fall injury subgroups.

A two-step cluster analysis was performed to identify
homogeneous groups of fall injuries by injury circum-
stances for each of the four age groups. Five upstream
variables originating from free-text descriptions of injury
circumstances were included in cluster analyses: mech-
anism of preceding activity, accident mechanism, injury
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mechanism, factors involved in mechanism of preceding
activity, and factors involved in accident mechanism.
The number of clusters was determined automatically
using the Bayesian information criterion. The average
silhouette measure of cohesion and separation (range: —
1 to + 1) was used to indicate the overall goodness of fit
(Rousseeuw 1987). It is conventionally accepted that a
silhouette measure of <0.2 is considered poor, between
0.2 and 0.5 indicates a fair solution, and > 0.5 is a good
solution (Mooi and Sarstedt 2011). All statistical ana-
lyses were performed using SPSS, version 25 (SPSS Inc.,
Chicago, IL, USA).

Results

Altogether, the SHIR contained data on 1551 fall injuries
occurring during the study period (Table 1), which con-
stituted 38% of all registered injuries in the period.
There were 84 fall injuries (5.4%) in the preschool age
group, 294 (18.9%) in the school age group, 734 (47.3%)
in the working age group, and 437 (28.2%) in the elderly
age group. The distribution of fall injuries by injury site,
injury localization, injury severity, proportion of hospi-
talizations, and proportion of injuries that occurred in
the cold season (15 October-14 April) were significantly
different across age groups.

Mechanism of preceding activity, accident mechanism,
injury mechanism, and factors involved in the mechan-
ism of preceding activity, accident mechanism, and in-
jury mechanism also differed by age group (Table 2).

Among the preschool age group, the most common
fall injury site was inside of dwellings (49%). For the
school age group, the most common fall injury site was
public outdoor residential areas (29%), while the most
common fall injury site for individuals in the working
age group and elderly age group was homestead land or
area near a dwelling (31 and 33% respectively). Upper
and lower extremities were the most commonly injured
body parts in all age groups.

According to the AIS, minor injuries constituted about
two-thirds of fall injuries in the preschool age, school
age, and working age groups (57-70%); and they consti-
tuted almost half of fall injuries in the elderly age group
(44%). The proportion of hospitalizations was the high-
est in the elderly age group (20%). The proportion of fall
injuries in the cold season in the preschool age group
(29%) was a half of that in other age groups. About 19%
of fall injuries in the working age group had a report of
alcohol consumption in the preceding 24 h.

The most common mechanism of preceding activity in
the working and elderly age groups was walking (56 and
62%, respectively), in the preschool age group it was
climbing up/down (21%), and in the school age group it
was walking (38%) and physical exercise (27%) (Table 2).
Slipping was the most frequent accident mechanism in
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the working (58%) and elderly (49%) age groups. Injury
mechanisms showed that most falls were at the same
level in all age groups, but the preschool age group had
a relatively higher proportion (38%) of fall injuries from
a height of < 1.5 m. Most cases in all age groups reported
no factors involved in the mechanism of preceding activ-
ity. An internal human factor (e.g., loss of balance, dizzi-
ness, weakness) was the most commonly mentioned
factor involved in accident mechanism in the preschool
(55%) and school (39%) age groups. In working and eld-
erly age groups, the most common factor involved in ac-
cident mechanism was ice-covered surfaces (46 and 40%
of cases, respectively). Surfaces outside were the most
frequent category of factors involved in injury mechan-
ism in all age groups except preschool (ranging between
56 and 62%). For the preschool age group, the propor-
tions of surfaces inside and outside that acted as factors
involved in injury mechanism were similar (37%).

The fewest fall injuries were recorded in the preschool
age group, which formed two clusters (Fig. 1). Cluster 1
(64% of cases) mainly included fall injuries involving
climbing up or down (on furniture, play equipment,
stairs) and a loss of balance. Cluster 2 (36% of cases) in-
cluded falls on the same level, most commonly preceded
by walking and slipping.

Four clusters of fall injuries were identified in the
school age group (Fig. 2). Cluster 1 (36% of cases) largely
involved cases which occurred during physical exercise
and involved sport or play equipment, and a loss of bal-
ance. Cluster 2 (28%) largely constituted fall injuries that
resulted from slipping on ice-covered surfaces while
walking. Cluster 3 (24%) mainly consisted of cases who
walked and fell due to stepping wrong. Fall injuries in-
volving stairs in buildings - walking up or down and fall-
ing due to stepping wrong - comprised cluster 4 (12%).

Analyses of the fall injuries in the working age group
resulted in five clusters (Fig. 3). For cluster 1 (32% of
cases) and cluster 3 (18% of cases), the most common
accident mechanism was slipping, with an ice-covered
surface being the most common involved factor. The dif-
ference between them was in the mechanism of preced-
ing activity: simple walking preceded the fall in almost
all cases in cluster 1, while in cluster 3 the mechanism
was carrying something. Cluster 2 (19% of cases) mainly
constituted fall injuries while walking, which occurred
due to stepping wrong. Cluster 4 (16% of cases) was
largely constituted by fall injuries resulting from slipping
on a wet surface outside or inside. Cluster 5 (15%) was
entirely made up of falls on stairs.

Four clusters of fall injuries were identified in the eld-
erly age group (Fig. 4). For cluster 1 (37% of cases) and
cluster 3 (19% of cases), the situation was similar to that
in the working age group. Cluster 2 (25% of cases) con-
tained cases in which fall injuries mainly occurred due
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Table 1 Demographic, medical, and temporal characteristics of accidental fall injuries, Shenkursk District, January 2015-June 2018

Age groups**

Preschool School Working Elderly
0-6years 7-17 years 18-59 years 60+ years
(N=84) (N=294) (N=736) (N=437)
n (%) n (%) n (%) n (%)
Sex, male 44 (52.4) 168 (57.1) 377 (51.2) 140 (32.0)
Injury site
Homestead land, area near a dwelling 19 (22.6) 34 (11.6) 227 (30.8) 144 (33.0)
Dwelling, inside parts (living room, bedroom, kitchen) 41 (48.8) 27 (9.2) 119 (16.2) 121 (27.7)
Dwelling, outer parts (roof, porch) 224 12 (4.1) 86 (11.7) 36 (8.2)
Roadway 4 (48) 20 (6.8) 73 (99) 52 (11.9)
Public outdoor residential area 7 (83) 85 (28.9) 133 (18.1) 56 (12.8)
Educational institution (inside and outside, excl. Sports facilities) 224 37 (12.6) 3(04) 1(0.2)
Sports facilities and playgrounds 8 (9.5) 68 (23.1) 21 (2.9) —
Natural surroundings (forest, field, river side) 1(1.2) 3(1.0) 45 (6.1) 14 (3.2)
Other* — 8(2.8) 29 (3.9 13 (3.0)
Injury localization, ICD-10
S00-09: Head 27 (32.1) 36 (12.2) 83(11.3) 31(7.0)
S20-29: Thorax 5(6.0) 9 (3.1) 120 (16.3) 72 (16.5)
S30-39: Abdomen, lower back, lumbar spine and pelvis — 18 (6.1) 45 (6.1) 19 (4.3)
S40-69: Upper extremity 35 (41.7) 122 (41.4) 260 (35.3) 180 (41.2)
S70-99: Lower extremity 17 (20.2) 103 (35.0) 219 (29.8) 127 (29.1)
Other* — 6 (2.1) 9(13) 8(19
Injury severity according to the AlS
1 Minor 55 (65.5) 207 (704) 421 (57.2) 190 (43.5)
2 Moderate 20 (23.8) 80 (27.2) 234 (31.8) 162 (37.1)
3 Severe, but not life-threatening 9 (10.7) 6 (2.0 79 (10.7) 83 (19.0)
4 Severe, potentially life-threatening and critical, with uncertain survival — 1(0.3) 2(0.2) 2 (0.5
Hospitalization, yes 11(13.1) 19 (6.5) 89 (12.1) 88 (20.1)
Season
15 October - 14 April 24 (28.6) 177 (59.9) 483 (65.5) 266 (60.4)
15 April - 14 October 60 (71.4) 117 (40.1) 253 (34.5) 171 (39.6)
Alcohol consumption in preceding 24 h, yes - 3(1.0) 136 (18.5) 22 (5.0)
ICD International Classification of Diseases, AlS Abbreviated Injury Scale
*Combines categories accounting for < 5% of observations in all age groups
**p-values for group comparisons on all presented characteristics are < 0.001
to faintness while walking. Cluster 4 (18% of cases) con-  Discussion

sisted largely of fall injuries during walking, where stum-
bling over something was the key accident mechanism.

Mean AIS values were significantly different between
the clusters of fall injuries only in the school age
group (p =0.002) (Fig. 2). The highest mean AIS value
was observed in Cluster 1, which accumulated fall in-
juries during exercising. Correspondingly, fall injuries
in cluster 1 had the highest proportion of
hospitalization (10%), but the difference between the
clusters was not significant.

In the preschool age group, fall injuries were most com-
monly associated with climbing on to or down from
home furnishings. The most substantial part of fall injur-
ies among the school age group occurred during physical
exercise involving sport or play equipment. The most
frequent accident mechanism in the working and elderly
age groups was slipping on an ice-covered surface.

Our findings in preschool children are similar to ob-
servations from Bangladesh (Wadhwaniya et al. 2017)
and Canada (Flavin et al. 2006), which showed that the
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Table 2 Mechanisms of accidental fall injuries and involved factors, Shenkursk District, January 2015-June 2018

Age groups**

Preschool School Working Elderly
0-6years 7-17 years 18-59 years 60+ years
(N=284) (N=294) (N=736) (N=437)
n (%) n (%) n (%) n (%)
Mechanism of preceding activity
Walking 14 (16.7) 111 (37.8) 414 (56.3) 269 (61.6)
Physical exercise 16 (19.0) 79 (26.9) 31 (4.2) 4 (0.9)
Running 13 (15.5) 34 (11.6) 4(0.5) —
Climbing up/down 18 (214) 18 (6.1) 4(1.9) 5(1.1)
Going on stairs 6 (7.1) 29 (9.9) 70 (9.5) 34 (7.8)
Sitting and lying 13 (15.5) 6 (2.0) 14 (1.9) 23 (53)
Standing 4(4.8) 9(3.1) 59 (8.0) 25 (5.7)
Working at home or garden — 6 (2.0) 64 (8.7) 29 (6.6)
Carrying something — 2(0.7) 66 (9.0) 48 (11.0)
Factors involved in mechanism of preceding activity
No factor reported 26 (31.0) 150 (51.0) 382 (51.9) 267 (61.1)
Sport and play equipment 13 (15.5) 80 (27.2) 29 (3.9) 4 (0.9)
Stairs in a building 5(6.0) 24 (8.2) 34 (4.6) 8(1.8)
Furniture 17 (20.2) 3(1.0 3(04) 12 (2.7)
Wooden object 4 (4.8) 4 (14) 54 (7.3) 15 (34)
Porch 1(1.2) 6 (2.0) 59 (8.0) 30 (6.9
Loose household items — — 34 (4.6) 34 (7.8)
Other factors* 18 (21.5) 27 9.2) 141 (19.1) 67 (15.3)
Accident mechanism
Slipping 13 (15.5) 101 (344) 426 (57.9) 216 (49.4)
Stepping wrong 4(16.7) 68 (23.1) 122 (16.6) 51 (11.7)
Stumbling over something 13 (15.5) 41 (13.9) 74 (10.1) 76 (17.4)
Loss of balance 35 (41.7) 55 (18.7) 47 (6.4) 17 (3.9)
Faintness — — 14 (1.9) 62 (14.2)
Other* 9(10.8) 29 (99 53(7.2) 15 (3.5)
Factors involved in accident mechanism
Internal human factor 46 (54.8) 114 (38.8) 161 (21.9) 124 (284)
|ce-covered surface 6 (7.1) 85 (28.9) 337 (45.8) 173 (39.6)
Sport and play equipment 6 (7.1) 23 (7.8) 11 (1.5) 3(0.7)
Another human 6 (7.1) 14 (4.8) 9(1.2) —
Part of building inside 2(24) 12 (4.1) 22 (3.0 26 (5.9)
Wooden object 3 (3.6) 9 (3.1) 39 (5.3) 26 (5.9)
Wet surface outside / inside 1(1.2) 10 (3.4) 62 (84) 35 (8.0)
Furniture 6 (7.1) 2(0.7) 15 (2.0) 3(0.7)
Other factors* 8 (9.5) 25 (85) 80 (10.8) 47 (10.7)
Injury mechanism
Fall on the same level 37 (44.0) 220 (74.8) 520 (70.7) 360 (82.4)
Fall on stairs 10 (11.9) 37 (12.6) 138 (18.8) 56 (12.8)
Fall from a height of <1.5m 32 (38.1) 17 (5.8) 33 (45) 17 (3.9)

Fall from a height of > 1.5m 5 (6.0) 20 (6.8) 45 (6.1) 4 (0.9)



Unguryanu et al. Injury Epidemiology (2020) 7:8

Page 6 of 10

Table 2 Mechanisms of accidental fall injuries and involved factors, Shenkursk District, January 2015-June 2018 (Continued)

Age groups**

Preschool School Working Elderly
0-6years 7-17 years 18-59 years 60+ years
(N=284) (N=294) (N=736) (N=437)
n (%) n (%) n (%) n (%)
Factors involved in injury mechanism
Surface outside 31 (369 183 (62.2) 489 (66.4) 245 (56.1)
Surface inside 31 (36.9) 67 (22.8) 119 (16.2) 109 (24.9)
Wooden object 3 (3.6) 13 (44) 52 (7.1) 34 (7.8)
Sport and play equipment — 16 (5.4) 5(0.7) —
Furniture 11 (13.1) 1(0.3) 15 (2.0 23 (53)
Other factors* 8(9.5) 4 (4.8) 56 (7.6) 26 (5.9)

*Combines categories accounting for < 5% of observations in all age groups
** p-values for group comparisons on all presented characteristics are < 0.001

majority of injuries in the age group 0—6 years occurred
at home. In our study, the most common factor involved
in mechanism of preceding activity in the preschool age
group was furniture, which is in line with findings from
other studies (Ali et al. 2019; Pickett et al. 2003;
Chaudhary et al. 2018; Unni et al. 2012; Savitsky et al.
2007; Pitone and Attia 2006).

The proportion of head injuries in the preschool
age group (32%) was three times higher than that
among the school age group, and the proportions of
severe injuries (11%) and hospitalization (13%) were
five and two times higher, respectively (Park et al.
2004). These findings are supported by studies show-
ing that head injuries are common among the youn-
gest children (Ali et al. 2019; Pickett et al. 2003;
Flavin et al. 2006; Wadhwaniya et al. 2017; Pitone
and Attia 2006), which may be explained by a limited
child’s ability to shield the head during a fall (Park
et al. 2004). Based on our findings, prevention of fall
injuries in preschool children should primarily address
the safety of the home environment. It is vitally im-

high up without parental supervision and to cover
floors with soft materials near places where children
can climb up on furniture or other objects in the
home.

Our study showed that the school age group most
commonly sustained fall injuries outside during sport
and play activities, and this is comparable to findings in
other settings (Ali et al. 2019; Wadhwaniya et al. 2017;
Unni et al. 2012; Gupta et al. 2016; Schneuer et al.
2018). Therefore, fall injury prevention in school chil-
dren should focus on safe sports and play, by promoting
the use of helmets, protective padding, and safety nets.
Safety education efforts should also include school
teachers.

Slipping on ice-covered surfaces was the most fre-
quent fall injury in the working and elderly age
groups, which is in concordance with studies carried
out in Norway, Finland, the UK, the USA, and Iran
(Bulajic-Kopjar 2006; Flinkkila et al. 2011; Mardani-
Kivi et al. 2014; Gevitz et al. 2017; Ralis 1981). These
findings suggest that preventive measures in Shen-

portant to prevent preschool children from climbing kursk District and settings with similar climatic
Factor Factor
Mechanism involved involved AIS, Mean /
Cluster No, ¢ breceding in preceding Accident in accident Injury Hospitalization,

% of cases

activity, % activity, %

mechanism, %

mechanism, %  mechanism, %

o Furniture, Loss of Internal Fall from a
Cluster 1, Ch;gb;ng’ U balance, factor, height<1.5m, > 1.48/13.0
64.3 . 31.5 57.4 66.7 593
. .. Internal Fall on the
Cluster 2, Wilgl;lg, N08f6ac7tor, Slga%ng, factor, same level, 1.40/13.3
35.7 : : : 333 100.0

Fig. 1 Clusters of fall injuries, children 0-6 years, Shenkursk District, January 2015-June 2018 (N = 84). Average silhouette = 0.4. AIS: Abbreviated
Injury Scale
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Factor Factor
Mechanism involved . involved AIS*, Mean /
Cluster No, of preceding in preceding Accullent in accident Injury Hospitalization,
% of cases  activity, % activity, % mechanism, %  mechanism, % mechanism, %
Physical Sport Loss of Internal Fall on the
Cluster 1, exercise, equipment, balance, factor, same level, 1.42/10.4
36.1 72.6 74.5 49.1 51.9 69.7
Walking, No factor, Slipping, Ice-covered Fall on the L 18/4.9
Cluster 2, 89.0 98 8 100 surface, same level, . .
27.9 : ' 00.0 90.2 100.0
. Stepping Internal Fall on the
Cluster 3, Walking, No factor, wrong, factor, same level, 1.34/4.3
23.8 46.8 900 457 55.7 94.3
Going on Stairs in a Stepping Internal Fall on
Chisztezr 4, > stairs, >> building, >> wrong, factor, stairs, 1.31/2.8
’ 80.6 66.7 61.1 55.6 100.0
Fig. 2 Clusters of fall injuries, children 7-17 years, Shenkursk District, January 2015-June 2018 (N =294). Average silhouette =0.5. * F=3,32; df =
3, p=0.002 between clusters. AlS: Abbreviated Injury Scale

conditions should primarily target removing ice and
preventing slipping on icy surfaces, for example, by
spreading sand and wearing shoes with high-friction
outsoles or spikes.

It is also worth noting that alcohol consumption in the
preceding 24 h was reported in connection to one-fifth of
fall injuries in the working age group, and this may be

underreported. Due to our concern about the latter, alcohol
was not considered as a factor in cluster analyses. When al-
cohol consumption was reported, internal human factors
(dizziness, erroneous actions) were commonly mentioned
as a part of the factors involved in the accident mechanism,
so some cases that reported no alcohol consumption, but
similar “internal factors”, may have been attributable to

Factor Factor
Cluster No, Mechanism involved involved AIS, Mean /
o of cases  of preceding  in preceding Accident in accident Injury Hospitalization,
activity, % activity, %  mechanism, % mechanism, %  mechanism, % %
Walkin Slippin Ice-covered Fall on the
Cluster 1, Z; 0.6 & factor gg : & surface, same level, 1.49/21.3
31.9 : 99.6 ’ 100.0 99.1
) Stepping Internal Fall on the
Cluster 2, Wa;l;qln & Noégcltor, wrong, factor, same level, 1.53/20.2
19.0 ) ) 45.7 73.6 67.1
Carrying Wooden Slippin Ice-covered Fall on the
Cluster 3, something, object, gg 9 & surface, same level, 1.58/22.5
18.3 48.9 37.8 ’ 47.4 63.0
. . Wet surface Fall on the
Cluster 4, WZI}( 13ng, factor Shfglln & outside/in- same level, 1.57/20.2
15.6 ) 76.5 ) side, 31.1 93.3
cl s Going on Porch, Slipping, I?;ngfl lzgirzn
uster 5, : > 1.59/15.7
151 stairs, 60.4 49.5 423 373 100.0
Fig. 3 Clusters of fall injuries, adults 18-59 years, Shenkursk District, January 2015-June 2018 (N =736). Average silhouette = 0.4. AIS: Abbreviated
Injury Scale
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Factor Factor
Cluster No Mechanism involved involved AIS, Mean /
% of cases’ of preceding in preceding Accident in accident Injury Hospitalization,
activity, % activity, % mechanism, %  mechanism, % mechanism, % %

. .. Ice-covered Fall on the
Ch;s7te3r 1, ng;lgg, N09f2acotor, Sllgglgng, >> surface, >> same level, > 1.73/31.8
’ ) ) ) 82.2 98.8
Cluster 2, Walking, No factor, Weakness, Ilflternal Fall oln thf
573 618 56.4 actor, same leve 1.81/31.8
25.2 . 94.5 85.5
Carrying Loose o Ice-covered
Cluster 3, something, household Sllggl;g’ surface, sligilrl %%216 1.80/19.3
19.0 43.4 items, 33.7 : 47.0 Y
. Stumbling Part of buil- Fall on the
Cluster 4, W"él?:g’ No 6%‘?“’ over smth, ding inside, same level, 1.74/17.0
18.5 : : 93.8 30.9 90.1

Injury Scale

Fig. 4 Clusters of fall injuries, adults 60+ years, Shenkursk District, January 2015-June 2018

(N=437). Average silhouette = 0.5. AIS: Abbreviated

alcohol. Therefore, a reduction in alcohol consumption
could prevent a substantial number of fall injuries among
adults.

Walking was the most common mechanism of preced-
ing activity for fall injuries among the working and eld-
erly age groups in Shenkursk District, as has been
reported in the USA, the Netherlands, Japan, and India
(Timsina et al. 2017; Dandona et al. 2010; Bleijlevens
et al. 2010; Niino et al. 2000). Inside of a dwelling was
the most common fall injury site among the elderly age
group in our study, as well as in several studies from
Australia and the USA (Peel et al. 2002; Timsina et al.
2017; Talbot et al. 2005). However, for example, in the
Netherlands, the majority of falls among the elderly oc-
curred outdoors (Bleijlevens et al. 2010). Our findings
indicate that preventing falls among the elderly should
primarily be done by addressing the safety of home and
near-home environments (removal of slippery surfaces
and items which may cause stumbling, installing guard-
rails, soft floorings) and measures to prevent weakness,
dizziness, and loss of balance (proper medication, bal-
ance exercises, abstinence from alcohol).

Strengths
This is, to our knowledge, the first Russian registry-
based study investigating circumstances of fall injuries.
The findings are similar to other studies, but since we
failed to identify studies from Russia on this topic, our
study adds new information in a cross-national
perspective.

The present study was conducted using data from
the population-based SHIR, an injury registry covering
a defined geographical area. The data were collected

using a standard IRF with a free-text field for record-
ing a verbal description of how the injury occurred.
These design features should have minimized selec-
tion and information biases in the description of the
circumstances of fall injuries in the study area. This
study also identified clusters of fall injuries in terms
of preceding circumstances for each investigated age
group, which were described as the most common fall
injury circumstances (or “typical fall injury scenar-
ios”), which represents a sensible evidence basis for
planning age-specific preventive interventions.

Limitations

The SHIR includes injuries which are treated at the
Shenkursk CDH only. Based on our earlier study of
completeness, representativeness, and reliability of the
SHIR data (Unguryanu et al. 2019), 56% of all injuries
in the district occur in rural areas, and 42% of the
rural injuries are treated at primary care units. This
means that about 20% of total injuries in the district
are not treated in the CDH and, therefore, are not
covered by the SHIR. Comparisons of rural injuries
treated at the CDH to those treated at rural primary
care units have shown that more severe cases are
more commonly referred to the CDH than minor in-
juries. Thus, SHIR can be considered representative
of all injuries in the district but with a consideration
of the possible overrepresentation of severe injuries
that occurred in rural areas. The same applies to falls
addressed by this paper. However, as the proportion
of injuries treated in rural primary health care units
is limited to 20%, the bias is minor.
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Another methodological consideration is completeness
of the SHIR with respect to the coverage of cases treated
at the CDH. According to our estimates (Unguryanu
et al. 2019), this completeness was 86%. There were no
substantial differences between registered and missed in-
juries in the SHIR by sex, weekday of admission, diag-
nostic and external cause categories, but missed cases
had insubstantially higher proportions of child injuries
and injuries in summer time (Unguryanu et al. 2019).
However, as the proportion of missed injuries in the
SHIR was small and the missed cases were similar to the
registered ones, the imperfect completeness of the SHIR
should not considerably affect its representativeness for
total injuries as well as fall injuries treated at the CDH.

This study summarizes the fall injury panorama in the
study area without considering sex differences in cir-
cumstances of fall injuries. We observed differences in
selected characteristics of fall injuries between men and
women, but they were assessed as indecisive for the
planning of preventive measures and were therefore
omitted.

We did not examine how circumstances of fall in-
juries in children and adults varied by socioeconomic
status, as corresponding data were not available. Pre-
vious studies of falls have indicated that people with
low socioeconomic status are at an increased risk of
fall injuries and injuries in general (Wadhwaniya et al.
2017; Shenassa et al. 2004; Khambalia et al. 2006;
Stewart et al. 2015). Logically, the effects of socioeco-
nomic factors on the risk of falls are mediated by
higher probabilities of exposures to unsafe environ-
ments and risky behaviors, like alcohol abuse and
poor parental control. Such factors create fructuous
contexts for injury circumstances, and the latter be-
come the most proximate and modifiable factors in
the causal chain. For that reason, they make up part
of the focus of the data collection for the SHIR and
our study.

We did not specifically address seasonal aspects of fall
injuries. These require a separate investigation with a
focus on fall injuries occurring outdoors. Finally, the re-
sults of the study have limited generalizability due to the
fact that Shenkursk District is a relatively small area with
a cold climate, largely rural characteristics, and a poorly
developed infrastructure (low-rise buildings, largely un-
paved roads, stove heating, and no tap water in many
houses). On the other hand, our findings may be quite
applicable in similar rural settings in the North of
Russia, which may be considered deprived compared to
urban settings.

Conclusion
The circumstances of fall injuries in the study area var-
ied across age groups. Most fall injuries in the preschool
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age group were due to climbing up on or down from
home furnishings, while physical exercise with sport and
play equipment were predominant fall circumstances
among the school age group. Slipping on ice-covered
surfaces was the most frequent fall injury circumstance
in the working and elderly age groups. These findings
can guide age-specific preventive strategies in the study
area and similar settings.
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Abstract: This study aimed to investigate associations between the weather conditions and the
frequency of medically-treated, non-fatal accidental outdoor fall injuries (AOFIs) in a provincial
region of Northwestern Russia. Data on all non-fatal AOFIs that occurred from January 2015 through
June 2018 (N = 1125) were extracted from the population-based Shenkursk Injury Registry (SHIR).
Associations between the weather conditions and AOFIs were investigated separately for the cold
(15 October—-14 April) and the warm (15 April-14 October) seasons. Negative binomial regression
was used to investigate daily numbers of AOFIs in the cold season, while zero-inflated Poisson
regression was used for the warm season. The mean daily number of AOFIs was 1.7 times higher
in the cold season compared to the warm season (1.10 vs. 0.65, respectively). The most typical
accident mechanism in the cold season was slipping (83%), whereas stepping wrong or stumbling
over something was most common (49%) in the warm season. The highest mean daily incidence
of AOFIs in the cold season (20.2 per 100,000 population) was observed on days when the ground
surface was covered by compact or wet snow, air temperature ranged from —7.0 °C to —0.7 °C, and the
amount of precipitation was above 0.4 mm. In the warm season, the highest mean daily incidence
(7.0 per 100,000 population) was observed when the air temperature and atmospheric pressure were
between 9.0 °C and 15.1 °C and 1003.6 to 1010.9 hPa, respectively. Along with local weather forecasts,
broadcasting warnings about the increased risks of outdoor falls may serve as an effective AOFI
prevention tool.

Keywords: outdoor fall injuries; injury registry; weather conditions; Shenkursk

1. Background

Falls and fall-related injuries represent a serious health problem worldwide, especially in regions
with a cold climate [1-3]. In 2015, age-standardized mortality rates from accidental falls in the Nordic
countries and Russia were 1.3 times higher than those for the entire World Health Organization
European Region (5.2 per 100,000) [4,5]. Falls are accountable for the largest shares of injury-related
deaths and hospitalizations among older adults [6,7], and they are also associated with substantial
healthcare expenditures [2,8].

In Northern geographic regions, outdoor falls occur more frequently than indoor falls. Studies
carried out in Norway, Sweden, the UK, the USA, and Canada have demonstrated that between 55%
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and 62% of falls among middle-aged and older adults occur outdoors [2,9-12]. Streets, sidewalks,
and curbs are the most common locations of outdoor falls [7,11,13]. Compared to indoor falls, outdoor
falls are associated with a higher level of physical activity [11,14]. A review of prospective observational
studies has shown that outdoor falls are more common in elderly people with better health-related
parameters like lower body mass index, higher walking speed, and fewer diseases [15]. Moreover,
the number of outdoor falls is influenced by environmental hazards, surface irregularities, weather
and its seasonal variations [2,11,16,17].

The incidence of fall-related injuries is characterized by the seasonal variation in different
geographic regions, including countries with cold climate (Canada, Sweden, Finland, and Norway)
[3,13,17,18] and countries with warm and subtropical climate (Taiwan, Spain, Iran, and Hong Kong)
[19-22]. Winter-related environmental conditions (low air temperature, snowfalls, and darkness)
can cause slipperiness and increased dangerousness of sidewalks and streets [23,24]. Exposure to
slippery ground surfaces, such as those covered with ice, melting ice, snow-covered ice, melting snow,
and compressed snow is a common attribute of winter-time falls [16,23-25].

The weather conditions of the Russian North can be described as severe, with long, cold winters,
sometimes heavy snowfalls, and very strong winds. However, studies investigating the association
between weather conditions and outdoor fall injuries at the population level have not been carried
out in this region. Knowledge of this association could be used to develop more effective prevention
through the creation of risk-reducing environments, as well as through raising population awareness
about the risk factors for falls [2,11].

The aim of the study was to investigate associations of weather conditions and the frequency
of medically-treated, non-fatal accidental outdoor fall injuries (AOFIs) in a provincial region of
Northwestern Russia. An accidental fall injury was defined as “inadvertently coming to rest on the
ground, floor or other lower level” (International Classification of Diseases, Revision 10 [ICD-10] codes
WO00-19) [26]. An outdoor fall was defined as “one occurring outside a dwelling or building” [7,11,14].

2. Methods

2.1. Study Area

The present study was conducted in the Shenkursk District of the Arkhangelsk Region, which is
located in Northern European Russia. In 2015, the Shenkursk District had a population of 13,530,
which dropped to 12,610 in 2018 [27,28]. The district is largely rural, with 62% of the population living
in the countryside. Due to the Northern location of the district (62°06" N, 42°54" E), temperatures
below zero prevail from October to April [29].

The local economy is based mainly on forestry, woodworking, and agriculture. The street and
walkway infrastructure is poorly developed; walkways are largely made of wood or concrete, or have a
gravel surface, and street lights are placed only on major streets. Healthcare in the district is provided
by one central district hospital (CDH) that has in-patient facilities and out-patient polyclinics and
by rural healthcare facilities, including two out-patient clinics and 23 local units served by nurses.
Approximately 80% of injuries in the Shenkursk District are treated at the CDH [30].

2.2. Study Population and Injury Data

Data on non-fatal AOFIs were obtained from the Shenkursk Injury Registry (SHIR) for the period
from 1 January 2015 through 30 June 2018 [30,31]. The SHIR gathers information on all injuries
(ICD-10 codes from SO0 to T78) treated at the Shenkursk CDH. Data are collected through the use
of a universal injury registration form (IRF)—a two-page sheet with several sections for recording
information about injured patients, including socio-demographic characteristics (sex, date of birth,
address, place of work or study), information about time and place of injury, alcohol consumption
in the 24 h prior to injury, use of protective equipment, and special sections for descriptions of road
traffic and sports injuries. The IRF also has a mandatory section in which a free-text description of how
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the injury occurred is included. This section includes three supportive questions aimed to structure
the description of injury circumstances: “What were you doing?”, “What went wrong?”, and “How
were you injured?”. The free-text replies to these questions are transformed into categorical variables
in the SHIR by trained and calibrated registrars, who define the three corresponding mechanisms
(i.e., the mechanism of preceding activity, the accident mechanism, and the injury mechanism) using
the appropriate coding lists.

Injured patients who are treated in the Shenkursk CDH are asked to fill out the IRF at their
first outpatient or ambulance visit, or within a few days of hospitalization. If necessary, relatives,
a nurse, or a physician can help the injured patient complete the IRF. If the IRF is not filled out due
to a patient’s severe condition or other reasons, injury registrars complete the form retrospectively
(about 40% of cases). For that purpose, they use data from routine medical records (ambulance
journal, outpatient medical card, case history) and information obtained from the attending physician.
Attending physicians have to fill out the concluding part of the IRF, which includes the diagnosis with
the corresponding ICD-10 code, injury severity according to the Abbreviated Injury Scale (AIS), and a
record on whether the patient was hospitalized. A more detailed description of the SHIR and the IRF
can be found elsewhere [30,31].

The SHIR variables used in this study were sex, age, injury localization by ICD-10 code, injury
severity according to the AIS, hospitalization (yes, no), day (weekday or weekend) and time of the
injury, the mechanism of preceding activity, the accident mechanism, and the injury mechanism.

2.3. Weather Conditions

Data on weather conditions for the period from 1 January 2015 through 30 June 2018 in the
Shenkursk District were obtained from the website of the Raspisaniye Pogodi Ltd., St. Petersburg,
Russia [32], which includes daily archive records from the Shenkursk weather station. The weather
station measures air temperature (°C), atmospheric pressure (hPa), wind speed (m/s), and relative
humidity (%) eight times a day (every 3 h); amount of precipitation (mm) per 12 h is measured twice a
day (at 6:00 a.m. and 6:00 p.m.; only measurements taken at 6:00 p.m. were used); and ground surface
conditions are measured once a day at 6:00 a.m. (dry or moist for the warm season; no snow, covered
with loose dry snow, and covered with compact or wet snow for the cold season). All of these variables
were used in this study.

Assuming that associations between weather conditions and daily numbers of AOFIs can be
non-linear, mean daily air temperature (°C), mean daily atmospheric pressure (hPa), mean daily wind
speed (m/s), and mean daily relative humidity (%) were categorized as “low”, “medium”, or “high”
for each season, using the 1st and the 2nd tertiles as cut-off values. The same categorization for each
season was used for the amount of precipitation (mm); however, in the warm season, all values below
the first tertile were equal to zero. For this reason, the three categories of daily amount of precipitation

a7

were labeled as “none”, “low”, and “medium/high”.

2.4. Data Analysis

The associations between the weather conditions and the AOFIs were investigated separately for
the cold season (15 October to 14 April) and the warm season (15 April to 14 October). Categorical
characteristics of AOFlIs are presented as absolute numbers and percentages. Chi-squared tests were
used to compare the characteristics of AOFIs in the two seasons.

We applied negative binomial regression for the cold season and zero-inflated Poisson regression
for the warm season to model daily numbers of AOFIs, with categorized weather characteristics
entered as regressors [33]. The “countfit” function in Stata was used to select the most appropriate
models, based on the Akaike Information Criterion and Bayesian Information Criterion [33]. Robust
standard errors were calculated for all estimates to adjust for heterogeneity in the models. All two-way
interactions between weather condition variables were investigated by entering the corresponding
interaction terms into multivariable models. Average percent changes (APCs) with 95% confidence
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intervals (CIs) were estimated by regression models to assess changes in daily numbers of AOFIs per
one-unit change in each independent weather condition variable.

Heat-maps of the daily incidence of AOFIs per 100,000 of the total population of Shenkursk District
were built for each season and for combinations of the significant weather predictors. All statistical
analyses were performed using STATA v. 16.1 (StataCorp LLC, 2020, College Station, TX, USA ).

3. Results

The present study included 651 days of the cold season and 626 days of the warm season.
The median air temperature in the cold season was —3.1 °C, and in the warm season, it was 12.2 °C
(Table 1). In the warm season, 2.2% of days had a mean daily air temperature <0 °C, while this
was the case for 73.1% of days in the cold season. The median atmospheric pressure and amount of
precipitation were similar in the two seasons, whereas the median relative humidity was higher in the
cold season. Besides, in the cold season, the ground surface was covered with loose dry snow in 64.8%
of the total days; it was covered with compact or wet snow in 25.0% of the days (Table 1).

Table 1. Weather conditions in the Shenkursk District by season, 1 January 2015-30 June 2018.

Cold Season Warm Season
Weather Conditions 15 October-14 April 15 April-14 October
(651 Days) (626 Days)
Mean daily air temperature, °C
Minimum -39.9 -9.9
1st tertile -7.0 9.0
Median -3.1 12.2
2th tertile -0.6 15.2
Maximum 12.8 31.3
Mean daily atmospheric pressure, hPa
Minimum 964.2 971.0
1st tertile 1002.2 1003.6
Median 1007.5 1007.6
2th tertile 1013.4 1011.1
Maximum 1048.3 1038.5
Mean daily wind speed, m/s
Minimum 0.0 0.0
1st tertile 2.4 2.1
Median 2.9 2.5
2th tertile 35 2.8
Maximum 10.0 9.0
Mean daily relative humidity, %
Minimum 20.0 12.0
1st tertile 82.2 65.2
Median 86.0 72.0
2th tertile 88.4 79.1
Maximum 99.0 100.0
Amount of precipitation per 12 h measured at 6:00 p.m., mm
Minimum 0.0 0.0
1st tertile 0.1 0.0
Median 0.1 0.1
2th tertile 04 0.3
Maximum 10.0 14.0
Ground surface condition measured at 6:00 a.m., % of days
Dry soil 0.0 53.8
Moist soil 10.1 41.1
Loose dry snow 64.8 1.9

Compact or wet snow 25.0 3.2
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There were 1125 non-fatal AOFIs recorded in the SHIR in the study period (Table 2). This constituted
21% of all injuries registered in the SHIR for that period and 73% of all accidental fall injuries (indoor
and outdoor). The mean daily number of AOFIs in the study period was 0.88, and this number
was 1.7 times higher in the cold season compared to the warm season (1.10 vs. 0.65, respectively).
Correspondingly, the mean daily incidence of AOFlIs in the study period was 6.7 per 100,000 population,
8.4 in the cold season and 5.0 in the warm season. The median daily incidence of AOFlIs in the study
period was 7.7 per 100,000 population. The distribution of AOFIs by seXx, injury severity, proportion
of hospitalizations, proportion of AOFIs that occurred on weekends, and by time of day was not
significantly different between the two seasons (Table 2). The proportion of AOFIs among children
was higher in the warm season (p < 0.001), and the proportion of trunk injuries was higher in the cold
season (p = 0.023). Notably, 12.9% of adults with AOFIs in the cold period and 11.7% in the warm
period reported drinking alcohol in the preceding 24 h (p = 0.774).

Table 2. Socio-demographic, medical, and temporal characteristics of medically-treated, non-fatal
accidental outdoor fall injuries in the Shenkursk District by season, 1 January 2015-30 June 2018.

Cold Season Warm Season
Characteristics 15 October-14 April, % 15 April-14 October, % 4
(N =717) (N = 408)
Sex, male 48.1 51.7 0.246
Age group, years <0.001
0-6 1.3 74
7-17 17.6 22,5
18-59 54.4 45.3
60+ 26.8 24.8
Injury localization, ICD-10 0.023
S00-09: Head 9.6 10.3
510-39: Trunk 21.1 14.2
540-69: Upper extremity 40.7 43.1
570-99: Lower extremity 28.2 30.9
Other 04 15
Injury severity, AIS 0.816
1 Minor 58.0 56.1
2 Moderate 31.4 33.1
3 Severe, but not life-threatening 10.6 10.8
Hospitalization, yes 10.7 13.2 0.210
Injury occurred on weekend * 29.8 29.4 0.878
Time of injury, hours 0.200
00:00-05:59 4.2 3.7
06:00-11:59 20.8 18.5
12:00-17:59 41.8 38.2
18:00-23:59 26.4 29.6
Not indicated 6.9 10.1

* Saturday and Sunday. ICD-10: International Classification of Diseases, Revision 10; AIS: Abbreviated Injury Scale.

The distribution of AOFIs by the mechanism of the preceding activity, accident mechanism,
and injury mechanism was significantly different in the two seasons (p < 0.001) (Table 3). Walking was
a more frequent mechanism of preceding activity in the cold season compared to the warm season
(64.7% vs. 45.1%). Such mechanisms of preceding activity as standing and sitting, climbing up/down,
and running were more frequent in the warm season. AOFI cases in the warm season who had
climbing up/down and running recorded as the mechanism of preceding activity were largely children
(13.9% and 27.0% respectively). The most common accident mechanism in the cold season was slipping
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(82.7%), while stepping wrong or stumbling over something was the most typical (48.8%) accident
mechanism in the warm season. A fall on the same level was the dominating injury mechanism in both
seasons, but the proportion of injuries due to falls from a height was relatively higher in the warm
season (15.4% vs. 3.5%) (Table 3).

Table 3. Mechanisms of medically-treated, non-fatal accidental outdoor fall injuries in Shenkursk
District by season, 1 January 2015-30 June 2018.

Cold Season Warm Season
Mechanisms 15 October-14 April, % 15 April-14 October, % P
(N =717) (N = 408)

Mechanism of preceding activity <0.001
Walking 64.7 45.1
Carrying something 10.6 49
Physical exercising 8.1 8.8
Going on a stairs 74 5.6
Working in a garden 5.2 9.6
Standing and sitting 2.6 11.3
Climbing up/down 0.8 5.9
Running 0.6 8.8

Accident mechanism <0.001
Slipping 82.7 27
Stepping wrong or stumbling over something 7.9 48.8
Loss of balance and faintness 5.7 14.7
Other 3.6 9.6

Injury mechanism <0.001
Fall on the same level 83.7 71.8
Fall on a stairs 12.8 12.7
Fall from a height 3.5 15.4

The results of univariate regression analyses showed that, in the cold season, daily numbers of
AOFIs were associated with air temperature, atmospheric pressure, amount of precipitation, and a
ground surface covered by snow (Table 4). Additional regression that used a binary weekend variable
(Saturday and Sunday coded as “yes” and other weekdays as “no”; a proxy measure for alcohol
consumption) as a regressor was not significant (p = 0.471). Multivariable regression for the cold season
that included all weather condition variables showed that the highest daily numbers of AOFIs occurred
on days when the mean daily air temperature was medium (-7.0 °C to —0.7 °C). Daily numbers of AOFIs
were significantly lower on days with high mean daily air temperature (>—0.6 °C; APC = —29.0%;
p = 0.039). They were also lower on days with low mean daily air temperature (<-7.1 °C; APC = -20.7%;
p = 0.058), but the association did not reach the level of significance. Daily numbers of AOFIs were also
significantly higher on days with medium/high precipitation (>0.4 mm; APC = 24.3%; p = 0.015) relative
to days with low precipitation (0.1 to 0.3 mm), and on days when the ground surface was covered
by compact or wet snow compared to days when the ground surface had no snow (APC = 57.9%;
p = 0.003) (Table 4). No interactions between independent variables in the cold season were observed.
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Table 4. Associations of weather condition variables with daily numbers of medically-treated, non-fatal outdoor accidental fall injuries in the Shenkursk District in the
cold season (15 October—14 April).

Weather Conditions Dl;lys Cal\sles Simple Negative Binomial Regression Multivariable Negative Binomial Regression *
APC, % (95% CI) p APC, % (95% CI) 14
Mean daily air temperature, °C

Low (£-7.1) 217 212 —26.7 (—46.9, —6.6) 0.009 —20.7 (—42.0,0.7) 0.058

Med (-7.0 to —0.7) 217 277 Ref. Ref.
High (>-0.6) 217 228 —20.4 (—41.6,0.8) 0.072 —29.0 (-56.6, —1.4) 0.039

Mean daily atmospheric pressure, hPa

Low (<1002.1) 217 259 1.6 (-19.0, 22.1) 0.882 —1.4 (-21.4, 18.5) 0.888

Med (1002.2 to 1013.2) 217 255 Ref. Ref.
High (21013.3) 217 203 —22.8(-43.4, -2.2) 0.03 —15.8 (-36.6, 5.0) 0.137

Mean daily wind speed, m/s

Low (£2.3) 233 234 -13.0 (-34.5,84) 0.233 —5.1(-26.3,16.1) 0.638

Med (2.4 to 3.4) 208 238 Ref. Ref.
High (=3.5) 210 245 1.9 (-19.1, 23.0) 0.857 -1.2(-22.5,20.2) 0.913

Mean daily relative humidity, %

Low (<82.1) 219 233 -5.6 (-26.2,15.0) 0.596 —2.7(-24.7,19.2) 0.808

Med (82.2 to 88.3) 216 243 Ref. Ref.
High (>88.4) 216 241 —-0.8 (-21.6,19.9) 0.938 —11.0 (-31.6,9.6) 0.293

Amount of precipitation per 12 h measured at 6:00 p.m., mm

No (0.0) 176 186 10.0 (-11.3, 31.3) 0.359 6.2 (=15.5, 28.0) 0.574

Low (0.1 to 0.3) 252 241 Ref. Ref.
Med/High (>0.4) 223 290 30.7 (10.9, 50.6) 0.002 24.3 (4.7, 43.8) 0.015

Ground surface condition measured at 6.00 a.m.

No snow 66 47 Ref. Ref.
Loose dry snow 422 453 41.0 (6.2, 75.8) 0.021 26.7 (—14.4, 67.8) 0.203
Compact/wet snow 163 217 62.6 (25.2,100.0) 0.001 57.9 (20.1, 95.6) 0.003

* Constant = —6.1 (95% CI: —49.9, 37.6), p = 0.783 N: number; APC: average percent change; CI: confidence interval.
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In the warm season, the results of univariate regression analyses showed that daily numbers
of AOFIs were associated with air temperature and atmospheric pressure (Table 5). The model that
included the binary weekend variable rendered insignificant results (p = 0.848), as was the case in
the cold season. Multivariable regression for the warm season that included all weather condition
variables showed that daily numbers of AOFIs were significantly lower on days with high mean daily
air temperature (>15.2 °C; APC = -15.3%; p = 0.034) compared to days with medium air mean daily
temperature (9.0 °C to 15.1 °C). Additionally, the daily numbers of AOFIs were lower on days with low
mean daily atmospheric pressure (<1003.5 hPa; APC = —15.7%; p = 0.015) relative to days with medium
mean daily atmospheric pressure (1003.6 to 1010.9 hPa). The testing of two-way interactions between
weather condition variables in the warm season detected modifications of the association between
mean daily relative humidity and AOFIs by the daily amount of precipitation (p = 0.048) and by the
ground surface condition (p = 0.045). The two corresponding interaction terms were entered into the
final multivariable regression model and both sustained statistical significance. Additional stratified
analysis of the associations between the mean daily relative humidity and daily AOFI numbers by
the daily amount of precipitation and ground surface conditions (not presented) showed that low
relative humidity had associations with smaller AOFI numbers (analysis of 56 observations; p < 0.001)
only when the precipitation was low and soil was dry, while high relative humidity had associations
with larger AOFI numbers when there was no precipitation but the soil was moist (114 observations;
p = 0.018).

According to the heat-map of AOFI incidence, which included only the weather condition variables
that reached statistical significance in multivariable regression models (Figure 1), the highest incidence
of AOFlIs (20.2 per 100,000 population) was observed during the cold season on days when the ground
surface was covered by compact or wet snow, there was a medium mean daily air temperature (=7.0 °C
to —0.7 °C), and there was medium/high precipitation (>0.4 mm). The heat-map shows that the AOFI
incidence in the warm season was substantially lower than that in the cold season. The relatively high
AOFI incidence (7.0 per 100,000 population) in the warm season occurred on days with medium mean
daily air temperature (9.0 °C to 15.1 °C) and medium atmospheric pressure (1003.6 to 1010.9 hPa).
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Table 5. Associations of weather condition variables with daily numbers of medically-treated, non-fatal accidental outdoor fall injuries in the Shenkursk District in the
warm season (15 April-14 October).

N N Simple Zero-Inflated Poisson Regression Multivariable Zero-Inflated Poisson Regression *

Weather Conditions
Days  Cases — spc 9 (95% CI) p APC,% (95% CI) P
Mean daily air temperature, °C

Low (<8.9) 210 123 -3.9(-16.5,8.7) 0.544 —0.8 (-14.4,12.8) 0.906

Med (9.0 to 15.1) 208 161 Ref. Ref.
High (>15.2) 208 124 -14.2 (=271, -1.3) 0.030 -15.3 (-29.5, -1.1) 0.034

Mean daily atmospheric pressure, hPa

Low (<1003.5) 209 136 -13.8 (-26.6,0.1) 0.035 -15.7 (-28.4, -3.1) 0.015

Med (1003.6 to 1010.9) 210 144 Ref. Ref.
High (>1011) 207 128 -5.3(-18.3,7.8) 0.429 —-6.0 (-19.6,7.5) 0.382

Mean daily wind speed, m/s

Low (<2.0) 218 141 1.9 (-11.0,14.7) 0.779 0.6 (-=13.3,14.5) 0.935

Med (2.1 t0 2.7) 202 137 Ref. Ref.
High (>2.8) 206 130 0.0 (-12.9,13.0) 0.994 -1.4(-14.5,11.7) 0.834

Mean daily relative humidity, %

Low (<65.1) 211 136 2.9 (-10.5,16.3) 0.676 —4.6 (=35.3, 26.0) 0.766

Med (65.2 to 79.0) 208 128 Ref. Ref.
High (>79.1) 207 144 3.4(-9.6,16.4) 0.604 —-12.6 (-68.9, 43.7) 0.661

Amount of precipitation per 12 h measured at 6:00 p.m., mm

No (0.0) 294 195 4.6 (-10.0,19.1) 0.535 —6.8 (-24.9,11.4) 0.464

Low (0.1 to 0.2) 129 80 Ref. Ref.
Med/High (>0.3) 203 133 2.5(-12.9,18.0) 0.747 -17.2 (-45.0,10.7) 0.227

Ground surface condition measured at 6.00 a.m.

Dry 337 233 Ref. Ref.
Moist 257 153 -4.9 (-16.0,6.2) 0.389 4.7 (-11.1,20.5) 0.561
Loose dry snow 12 8 10.0 (-17.8, 37.9) 0.480 29.8 (-3.3,62.9) 0.077
Compact/wet snow 20 14 —-3.3(-26.2,19.6) 0.777 24.5(-3.6,52.7) 0.088
Mean daily relative humidity * Amount of precipitation per 12 h 9.1(-0.2,18.1) 0.045
Mean relative humidity * Ground surface condition -10.2 (-19.9, -0.5) 0.039

* constant = 54.0 (95% CI: 28.7, 79.2), p < 0.001. N: number; APC: average percent change; CI: confidence interval.
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Figure 1. Heat-map of the mean daily incidence (per 100,000 population) of medically-treated, non-fatal
accidental outdoor fall injuries in the cold season (15 October-14 April) according to ground-surface
conditions, mean daily air temperature, and amount of precipitation per 12 h measured at 6.00 p.m.
and in the warm season (15 April-14 October) according to mean daily air temperature and mean daily
atmospheric pressure; Shenkursk District, 1 January 2015-30 June 2018. * Mean is not calculated due to
lacking observations. N.a.: not applicable.

4. Discussion

To the best of our knowledge, this is the first Russian registry-based study investigating the
associations between weather conditions and medically-treated, non-fatal AOFIs in Northwestern
Russia. The results demonstrate that the mean daily number of AOFIs in the cold season was 70%
higher than that in the warm season. In the cold season, daily numbers of AOFIs were independently
associated with air temperature, amount of precipitation, and ground surface conditions. Days that
had a combination of air temperature between —7.0 °C and —-0.7 °C, 2, an amount of precipitation
above 0.4 mm, and a ground surface covered with compact or wet snow were described as the most
“risky days” with respect to AOFIs. In the warm season, daily numbers of AOFIs were independently
associated with air temperature and atmospheric pressure. The highest AOFI incidence was observed
on days with an air temperature between 9.0 °C and 15.1 °C, and an atmospheric pressure between
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1003.6 to 1010.9 hPa. However, the highest incidence of AOFIs observed in the warm season was
substantially lower than that observed in the cold season.

Adults of working age made up the largest proportion of cases of medically-treated non-fatal
AOFIs in the Shenkursk District. However, the proportion of AOFIs in children was greater in the
warm season compared to the cold season. Similarly, a study from the UK found that the number
of pediatric admissions with injuries and fractures increased in the summer period [34]. This can be
explained by the fact that, in the warm season, children have more spare time. They are more often
outside, and thus are more likely to fall outdoors.

The seasonal variation in AOFIs that we observed in the Shenkursk District is in accordance with
studies carried out both in the Nordic countries and in countries with a warm climate. In Norway,
Finland, Sweden, and Canada, the distribution of fall-related injuries and fractures varied by season and
had a higher occurrence during the winter months [2,3,17,18,35,36]. For example, in three urban areas
in Norway (Stavanger, Trondheim, and Harstad) the incidence rate of arm fractures among older adults
was 69% higher during the colder season compared with the warmer season [17]. A study conducted
in northern Sweden showed that most of the fall injuries (81%) in public outdoor environments among
pedestrians 65 years and older occurred during the winter period (November to April) [2]. Even studies
in Hong Kong and Taiwan demonstrated an increasing likelihood of outdoor falls in the winter months,
even though the winter temperatures in these countries are well above 0 °C [19,22]. In the Nordic
countries, falls occur more often in the cold season because of hazardous winter-related environmental
conditions and biological factors, such as a general weakening of the body due to non-optimal vitamin
D status [17,36-39]. However, the evidence about the association between vitamin D and falls or
fractures is inconclusive [40]. A meta-analysis by Bolland et al. [41] has not shown a preventive effect
of vitamin D on fractures or falls while Bischoff-Ferrari et al. [42] has demonstrated a reduction in the
total number of fractures and falls by 14% and 12%, respectively, due to consumption of 800-1000 IU
vitamin D daily.

Air temperature is a well-known meteorological risk factor for outdoor falls. Many studies
have shown an association between below-zero temperatures and a higher incidence of fall-related
fractures [2,18,25,35]. In our study, the highest risks of AOFIs were observed on days with an air
temperature between —7.0 °C and —0.7 °C. These may be considered relatively comfortable winter
temperatures in which people are more likely to participate in outdoor activities compared to colder
days, as well as compared to days when temperatures rise above zero and it becomes wet. In addition,
De Koning et al. [43] described that the minimum friction coefficient occurs when the ice surface
temperature is between —6 °C and -9 °C, which is that the worst outdoor temperature interval for
walking outside, as that is when slip and fall accidents are most likely [44]. Contrary to that, a study
from Finland described that the incidence of outdoor falls among elderly people was 3.4 times higher
when the temperature was below —20 °C than when it was between —10 °C and 0 °C [35]. That means
that associations between AOFIs and weather conditions can vary in different settings, even if they
have a similar climate. This may be due to different outdoor environments, or varying traditions of
outdoor activities in the winter time. This also outlines the importance of using local injury data when
planning preventive activities [45].

Ice and snow are well-known causes of fall-related injuries. In the present study, a ground surface
covered by loose dry snow or compact/wet snow increased daily numbers of AOFIs in the cold season
by 41% and 63%, respectively, compared with days when the ground surface had no snow. A study
performed in Canada found a significant, positive correlation (r = 0.33-0.60; p < 0.001) between snow
depth and the number of snowy days and hip fractures for all age groups and sexes [18]. The city of
Philadelphia, Pennsylvania in the USA also recorded increases in fall-related patient visits after snow
and ice storms [46].

In the cold season, walking was the most common mechanism of activity preceding an AOFI
(65%) in the Shenkursk District, while slipping was the most common accident mechanism (83%).
Similar results were obtained in Umed, Sweden, where 85% of persons injured due to slipping on ice or
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snow and falling outdoors were walking before the accident [13]. The results from a Finnish study
showed that the number of fractures on slippery winter days and on the days immediately following
was 2.5 times higher compared to non-wintertime (April 16 to October 15) [3]. During a snow crisis in
Iran, slipping was the most common injury mechanism, and the frequency of injuries on icy days was
32.4% higher than that on snowy days [21].

We found that “the riskiest days” in terms of AOFIs in the cold season were the days with a
combination of medium air temperature, medium/high precipitation, and a ground surface covered
with compact or wet snow. The importance of describing these “high-risk combinations” of weather
characteristics has been outlined in other studies. For example, Lépy et al. [24] described six winter
scenarios with respect to slippery conditions and identified the most common scenario of slipperiness
to be a combination of relative humidity above 95%, surface temperature below 0 °C, and a surface
temperature lower than the dewpoint. This type of slipperiness accounted for 50% of injuries. Morency
et al. also showed that a combination of below-zero temperatures, snowfalls, and freezing rain leads to
excess cases of outdoor falls [25].

Our study demonstrated that, in the warm season, a higher frequency of AOFIs was observed
on days with medium air temperature and medium atmospheric pressure. Previous studies of falls
have scarcely addressed the role of atmospheric pressure, and only a few reported that atmospheric
pressure has an effect on the incidence of hip fractures and trauma admissions [19,20]. However,
it is known that low atmospheric pressure can cause headaches, a feeling of dizziness and decreases
in blood pressure among weather-sensitive people [47-49]. The association between dizziness and
falls among middle-aged adults was found by Peeters et al. [50] during the analysis of data from
population-based cohort studies in Australia and the UK. One possible explanation for the phenomenon
observed in our study is that days with average air temperatures and atmospheric pressures may
be the most comfortable for outdoor activities, and thus the higher incidence could be due to higher
outdoor exposure.

As the incidence of AOFIs in the Shenkursk District is the highest in the cold season and slipping
is the most common accident mechanism, our study suggests that efforts to prevent AOFIs should
primarily target the problem of icy ground surfaces. The common approaches are spreading anti-slip
materials (sand, salt, gravel) on walkways and using slip-resistant footwear. The latter may be a feasible
solution for a rural setting. Protective effects of gait-stabilizing and anti-slip devices in the winter
season were demonstrated in earlier studies [51,52]. In addition to these standard approaches, it may
be helpful to inform people about the increased risks when such risks are expected. For that purpose,
our descriptions of “high-risk days” can supplement regular weather forecasts, thus increasing people’s
awareness of the increased risks of outdoor falls on days when the prognoses fit the described high-risk
combinations of weather conditions. For example, regional agencies for civil defense and emergencies
in Russia inform people by short message service (SMS) about inclement weather, like strong winds
and snowstorms. Based on the results of this study and local weather forecasts, SMS warnings about
the higher risks of outdoor falls may also become an effective AOFI prevention tool. Such messages
may also support local decision making with respect to the timely initiation of snow and ice removal
and the application of anti-friction materials on walkways.

The strengths of this study are its population-based design and the geographically defined area.
Given the weather and other environmental and socioeconomic contexts in the Shenkursk District are
similar to those of other rural settings in Northern Russia and in other northern countries, our findings
may be applicable beyond the study area. Another strength is the use of data from a registry with
high coverage and representativeness of the total injuries in the district [30]. Finally, we analyzed only
AOFIs, while many other studies of seasonal variation in falls did not separate outdoor and indoor fall
injuries, even though they have different characteristics [3,17,18,53].

A possible limitation of our study is that the SHIR included only AOFIs that were medically
treated at the CDH. Therefore, our results may be less applicable to people with mild AOFI who did
not seek medical care.
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In this study, we analyzed AOFIs without stratification by sex and age, although some variation
in the effect of weather conditions on the incidence of AOFlIs is possible by age and sex. This study
should be replicated either in a larger population or over a longer period in order to obtain a more
detailed age- and sex-specific analysis.

As the study has an ecological design, the outcome variable in our analyses was the daily number
of AFOIs, and a calendar day was the unit of observation. This design did not allow us to control for
possible behavioral factors on an individual level, e.g., alcohol consumption [54,55]. We tried testing
and saw no association between the weekend variable (Saturday and Sunday vs. weekdays) as a
proxy for alcohol consumption and the number of AOFIs. Moreover, factors like alcohol consumption
are unlikely to be associated with the weather conditions that we identified as being associated with
AOFIs. Therefore, confounding from alcohol consumption is unlikely.

5. Conclusions

The AOFIs in the Shenkursk District occurred more often in the cold season than in the warm
season. A combination of low air temperature, medium/high precipitation, and a ground surface
covered with compact or wet snow were the attributes of days with higher risks of AOFIs in the cold
season. In the warm season, the numbers of AOFIs were higher on days with medium air temperature
and atmospheric pressure. Larger-scale future research is required to study the impacts of weather
conditions on the frequency of AOFIs by age and sex.

Author Contributions: Conceptualization, TN.U., AM.G., TA.T, B.Y. and A.VK.,; Formal analysis, T.N.U.
and A.VK.,; Investigation, TN.U., AM.G. and A.VK,; Methodology, TN.U., AM.G,, TA.T, B.Y. and A.VK,;
Visualization, T.N.U.; Writing—Original Draft Preparation, T.N.U. and A.V.K.; Writing—Review & Editing, A M.G.,
T.A.T., B.Y,; Supervision, A.V.K. All authors have read and agreed to the published version of the manuscript.

Funding: Establishment of the SHIR and data collection in 2015-2017 was supported by a grant of Norwegian
Ministry of Health and Care Services. PhD scholarship and operational funds of the first author are provided by
the Arctic Health Research group at the Department of Community Medicine, UiT. The publication charges for
this article have been funded by a grant from the publication fund of UiT The Arctic University of Norway.

Acknowledgments: Our thanks to Chief physician of Shenkursk central district hospital Vassili Anfimov and the
Mayor of Shenkursk Irina Pitolina for their support in implementing the Shenkursk Injury Registry, the injury
registrars, the hospital staff, and all patients who participated in the study.

Conflicts of Interest: The authors declare no conflict of interest.

Ethics Approval and Consent to Participate: The establishment of the SHIR and the corresponding data collection
were approved by the Ethics Committee of the Northern State Medical University, Arkhangelsk (protocol 07/10-13
from 09.10.2013). Both medical and nonmedical information were collected by the Shenkursk central district
hospital, which holds the rights to do so through local regulations and informed consent. The protocol for the
present study was approved by the Ethics Committee of the Northern State Medical University, Arkhangelsk
(protocol 03/04-17 from 27.04.2017). The study has been evaluated by the Norwegian Regional Committees for
Medical and Health Research Ethics (49) (Remit Assessment 2017/1995/REK nord).

References

1. Chow, K.P; Fong, D.Y.T.; Wang, M.P.; Wong, ].Y.H.; Chau, P.H. Meteorological factors to fall: A systematic
review. Int. J. Biometeorol. 2018, 62, 2073-2088. [CrossRef] [PubMed]

2. Gyllencreutz, L,; Bjornstig, J.; Rolfsman, E.; Saveman, B.-I. Outdoor pedestrian fall-related injuries among
Swedish senior citizens—injuries and preventive strategies. Scand. . Caring Sci. 2015, 29, 225-233. [CrossRef]
[PubMed]

3. Flinkkild, T.; Sirnio, K.; Hippi, M.; Hartonen, S.; Ruuhela, R.; Ohtonen, P.; Hyvonen, P; Leppilahti, J.
Epidemiology and seasonal variation of distal radius fractures in Oulu, Finland. Osteoporos. Int. 2011, 22,
2307-2312. [CrossRef] [PubMed]

4. Health for All (HFA) Family of Databases. Available online: https://gateway.euro.who.int/en/hfa-explorer/
(accessed on 10 January 2020).


http://dx.doi.org/10.1007/s00484-018-1627-y
http://www.ncbi.nlm.nih.gov/pubmed/30368675
http://dx.doi.org/10.1111/scs.12153
http://www.ncbi.nlm.nih.gov/pubmed/24913321
http://dx.doi.org/10.1007/s00198-010-1463-3
http://www.ncbi.nlm.nih.gov/pubmed/20972668
https://gateway.euro.who.int/en/hfa-explorer/

Int. |. Environ. Res. Public Health 2020, 17, 6096 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

World Health Organization. Global Health Estimates 2016: Deaths by Cause, Age, Sex, by Country and by
Region, 2000-2016. Available online: https://www.who.int/healthinfo/global_burden_disease/estimates/en
(accessed on 10 January 2020).

Stevens, ].A.; Thomas, K.E.; Sogolow, E.D. Seasonal patterns of fatal and nonfatal falls among older adults in
the U.S. Accid. Anal. Prev. 2007, 39, 1239-1244. [CrossRef] [PubMed]

James, M.K.; Victor, M.C.; Saghir, S.M.; Gentile, P.A. Characterization of fall patients: Does age matter? J. Saf.
Res. 2018, 64, 83-92. [CrossRef] [PubMed]

Burns, E.R,; Stevens, J.A.; Lee, R. The direct costs of fatal and non-fatal falls among older adults—United
States. |. Saf. Res. 2016, 58, 99-103. [CrossRef]

Bergland, A.; Jarnlo, G.-B.; Laake, K. Predictors of falls in the elderly by location. Aging Clin. Exp. Res. 2003,
15, 43-50. [CrossRef]

Bath, P.A.; Morgan, K. Differential risk factor profiles for indoor and outdoor falls in older people living at
home in Nottingham, UK. Eur. ]. Epidemiol. 1999, 15, 65-73. [CrossRef]

Li, W.; Keegan, TH.M.; Sternfeld, B.; Sidney, S.; Quesenberry, C.P,, Jr.; Kelsey, ].L. Outdoor falls among
middle-aged and older adults: A neglected public health problem. Am. J. Public Health 2006, 96, 1192-1200.
[CrossRef]

Weinberg, L.E.; Strain, L.A. Community-dwelling older adults’ attributions about falls. Arch. Phys.
Med. Rehabil. 1995, 76, 955-960. [CrossRef]

Bjornstig, U.; Bjornstig, J.; Dahlgren, A. Slipping on ice and snow—Elderly women and young men are
typical victims. Accid. Anal. Prev. 1997, 29, 211-215. [CrossRef]

Kelsey, J.L.; Berry, S.D.; Procter-Gray, E.; Quach, L.; Nguyen, U.-S.D.T.; Li, W.; Kiel, D.P; Lipsitz, L.A;
Hannan, M.T. Indoor and outdoor falls in older adults are different: The maintenance of balance, independent
living, intellect, and Zest in the Elderly of Boston Study. . Am. Geriatr. Soc. 2010, 58, 2135-2141. [CrossRef]
Schepers, P; den Brinker, B.; Methorst, R.; Helbich, M. Pedestrian falls: A review of the literature and future
research directions. J. Saf. Res. 2017, 62, 227-234. [CrossRef] [PubMed]

Gao, C.; Holmér, I.; Abeysekera, J. Slips and falls in a cold climate: Underfoot surface, footwear design and
worker preferences for preventive measures. Appl. Ergon. 2008, 39, 385-391. [CrossRef] [PubMed]
Bulajic-Kopjar, M. Seasonal variations in incidence of fractures among elderly people. Inj. Prev. 2000, 6,
16-19. [CrossRef] [PubMed]

Modarres, R.; Ouarda, T.B.M.].; Vanasse, A.; Orzanco, M.G.; Gosselin, P. Modeling seasonal variation of hip
fracture in Montreal, Canada. Bone 2012, 50, 909-916. [CrossRef]

Lin, L.-W,; Lin, H.-Y.; Hsu, C.-Y.; Rau, H.-H.; Chen, P.-L. Effect of weather and time on trauma events
determined using emergency medical service registry data. Injury 2015, 46, 1814-1820. [CrossRef]
Mazzucchelli, R.; Crespi-Villarias, N.; Pérez-Fernandez, E.; Durban Reguera, M.L.; Guzoén Illescas, O.;
Quirds, J.; Garcia-Vadillo, A.; Carmona, L.; Rodriguez-Caravaca, G.; Gil de Miguel, A. Weather conditions
and their effect on seasonality of incident osteoporotic hip fracture. Arch. Osteoporos. 2018, 13, 28. [CrossRef]
Mardani-Kivi, M.; Karimi-Mobarakeh, M.; Kazemnejad, E.; Saheb-Ekhtiari, K.; Hashemi-Motlagh, K. Snow
Catastrophe Conditions: What is its Impact on Orthopedic Injuries? Arch. Bone Jt. Surg. 2014, 2, 111-113.
Yeung, P-Y.; Chau, P-H.; Woo, J.; Yim, V.W.-T.; Rainer, T.H. Higher incidence of falls in winter among older
people in Hong Kong. J. Clin. Gerontol. Geriatr. 2011, 2, 13-16. [CrossRef]

Gao, C.; Abeysekera, J. Slips and falls on ice and snow in relation to experience in winter climate and winter
sport. Saf. Sci. 2004, 42, 537-545. [CrossRef]

Lépy, E.; Rantala, S.; Huusko, A.; Nieminen, P; Hippi, M.; Rautio, A. Role of Winter Weather Conditions and
Slipperiness on Tourists” Accidents in Finland. Int. |. Environ. Res. Public Health 2016, 13, 822. [CrossRef]
[PubMed]

Morency, P; Voyer, C.; Burrows, S.; Goudreau, S. Outdoor falls in an urban context: Winter weather impacts
and geographical variations. Can. J. Public Health 2012, 103, 218-222. [CrossRef] [PubMed]

WHO. Global Report on Falls Prevention in Older Age; World Health Organization: Geneva, Switzerland, 2007.
Population distribution of the Arkhangelsk region by sex and age on 1 January 2015. In Statistical Handbook;
Arkhangelskstat: Arkhangelsk, Russia, 2015.

Population distribution of the Arkhangelsk region by sex and age on 1 January 2018. In Statistical Handbook;
Arkhangelskstat: Arkhangelsk, Russia, 2018.

Shenkursk. Climate. Available online: https://en.wikipedia.org/wiki/Shenkursk (accessed on 30 July 2020).


https://www.who.int/healthinfo/global_burden_disease/estimates/en
http://dx.doi.org/10.1016/j.aap.2007.03.011
http://www.ncbi.nlm.nih.gov/pubmed/17920848
http://dx.doi.org/10.1016/j.jsr.2017.12.010
http://www.ncbi.nlm.nih.gov/pubmed/29636172
http://dx.doi.org/10.1016/j.jsr.2016.05.001
http://dx.doi.org/10.1007/BF03324479
http://dx.doi.org/10.1023/A:1007531101765
http://dx.doi.org/10.2105/AJPH.2005.083055
http://dx.doi.org/10.1016/S0003-9993(95)80074-3
http://dx.doi.org/10.1016/S0001-4575(96)00074-7
http://dx.doi.org/10.1111/j.1532-5415.2010.03062.x
http://dx.doi.org/10.1016/j.jsr.2017.06.020
http://www.ncbi.nlm.nih.gov/pubmed/28882270
http://dx.doi.org/10.1016/j.apergo.2007.08.001
http://www.ncbi.nlm.nih.gov/pubmed/17880907
http://dx.doi.org/10.1136/ip.6.1.16
http://www.ncbi.nlm.nih.gov/pubmed/10728535
http://dx.doi.org/10.1016/j.bone.2012.01.004
http://dx.doi.org/10.1016/j.injury.2015.02.026
http://dx.doi.org/10.1007/s11657-018-0438-4
http://dx.doi.org/10.1016/j.jcgg.2011.02.002
http://dx.doi.org/10.1016/j.ssci.2003.08.005
http://dx.doi.org/10.3390/ijerph13080822
http://www.ncbi.nlm.nih.gov/pubmed/27537899
http://dx.doi.org/10.1007/BF03403816
http://www.ncbi.nlm.nih.gov/pubmed/22905642
https://en.wikipedia.org/wiki/Shenkursk

Int. |. Environ. Res. Public Health 2020, 17, 6096 15 of 16

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Unguryanu, T.N.; Grjibovski, A.M.; Trovik, T.A.; Ytterstad, B.; Kudryavtsev, A.V. Injury registration for
primary prevention in a provincial Russian region: Setting up a new trauma registry. Scand. . Trauma Resusc.
Emerg. Med. 2019, 27, 47. [CrossRef]

Unguryanu, T.N.; Kudryavtsev, A.V.; Anfimov, V.G.; Ytterstad, B.; Grjibovski, A.M. The first population-based
registry in Russia: Establishment, logistics and role in the municipal injury prevention programme.
Ekol. Cheloveka (Hum. Ecol.) 2017, 56—64. [CrossRef]

Weather Archive in Shenkursk. Available online: https://rp5.ru/Weather_archive_in_Shenkursk (accessed on
15 June 2019).

Long, S.; Freese, . Regression Models for Categorical Dependent Variables Using Stata; Stata Press: College Station,
TX, USA, 2014.

Atherton, W.G.; Harper, W.M.; Abrams, K.R. A year’s trauma admissions and the effect of the weather. Injury
2005, 36, 40—-46. [CrossRef]

Luukinen, H.; Koski, K.; Kiveld, S.L. The relationship between outdoor temperature and the frequency of
falls among the elderly in Finland. ]. Epidemiol. Community Health 1996, 50, 107. [CrossRef]

Grenskag, A.B.; Forsmo, S.; Romundstad, P.; Langhammer, A.; Schei, B. Incidence and seasonal variation
in hip fracture incidence among elderly women in Norway. The HUNT Study. Bone 2010, 46, 1294-1298.
[CrossRef]

Bischoff-Ferrari, H.A.; Dawson-Hughes, B.; Willett, W.C.; Staehelin, H.B.; Bazemore, M.G.; Zee, R.Y.; Wong, ].B.
Effect of Vitamin D on falls: A meta-analysis. JAMA 2004, 291, 1999-2006. [CrossRef]

Pasco, J.A.; Henry, M.J.; Kotowicz, M.A.; Sanders, KM.; Seeman, E.; Pasco, J.R; Schneider, H.G.;
Nicholson, G.C. Seasonal periodicity of serum vitamin D and parathyroid hormone, bone resorption,
and fractures: The Geelong Osteoporosis Study. J. Bone Miner. Res. 2004, 19, 752-758. [CrossRef]
Malyavskaya, S.I.; Kostrova, G.N.; Lebedev, A.V.; Golysheva, E.V.; Karamyan, V.G. 25(OH)D levels in the
population of Arkhangelsk city in different age groups. Ekol. Cheloveka (Hum. Ecol.) 2018, 60-64. [CrossRef]
Bischoff-Ferrari, H.A. Should vitamin D administration for fracture prevention be continued? A discussion
of recent meta-analysis findings. Z. Gerontol. Geriatr. 2019, 52, 428-432. [CrossRef] [PubMed]

Bolland, M.].; Grey, A.; Avenell, A. Effects of vitamin D supplementation on musculoskeletal health:
A systematic review, meta-analysis, and trial sequential analysis. Lancet Diabetes Endocrinol. 2018, 6, 847-858.
[CrossRef]

Bischoff-Ferrari, H.A.; Orav, E]J.; Abderhalden, L.; Dawson-Hughes, B.; Willett, W.C. Vitamin D
supplementation and musculoskeletal health. Lancet Diabetes Endocrinol. 2019, 7, 85. [CrossRef]

De Koning, ].J.; de Groot, G.; van Ingen Schenau, G.J. Ice friction during speed skating. J. Biomech. 1992, 25,
565-571. [CrossRef]

Gao, C.; Abeysekera, . A systems perspective of slip and fall accidents on icy and snowy surfaces. Ergonomics
2004, 47,573-598. [CrossRef]

Ytterstad, B. The Harstad injury prevention study: Community based prevention of fall-fractures in the
elderly evaluated by means of a hospital based injury recording system in Norway. J. Epidemiol. Community
Health 1996, 50, 551-558. [CrossRef] [PubMed]

Gevitz, K.; Madera, R.; Newbern, C.; Lojo, J.; Johnson, C.C. Risk of Fall-Related Injury due to Adverse
Weather Events, Philadelphia, Pennsylvania, 2006-2011. Public Health Rep. 2017, 132, 53s-58s. [CrossRef]
[PubMed]

Von Mackensen, S.; Hoeppe, P.; Maarouf, A.; Tourigny, P.; Nowak, D. Prevalence of weather sensitivity in
Germany and Canada. Int. |. Biometeorol. 2005, 49, 156-166. [CrossRef]

Kimoto, K.; Aiba, S.; Takashima, R.; Suzuki, K.; Takekawa, H.; Watanabe, Y.; Tatsumoto, M.; Hirata, K.
Influence of Barometric Pressure in Patients with Migraine Headache. Intern. Med. 2011, 50, 1923-1928.
[CrossRef]

Kaminski, M.; Cieslik-Guerra, U.IL.; Kotas, R.; Mazur, P.; Maraida, W.; Piotrowicz, M.; Sakowicz, B.;
Napieralski, A.; Trzos, E.; Uznanska-Loch, B.; et al. Evaluation of the impact of atmospheric pressure in
different seasons on blood pressure in patients with arterial hypertension. Int. J. Occup. Med. Environ. Health
2016, 29, 783-792. [CrossRef] [PubMed]

Peeters, G.; Cooper, R.; Tooth, L.; van Schoor, N.M.; Kenny, R.A. A comprehensive assessment of risk factors
for falls in middle-aged adults: Co-ordinated analyses of cohort studies in four countries. Osteoporos. Int.
2019, 30, 2099-2117. [CrossRef] [PubMed]


http://dx.doi.org/10.1186/s13049-019-0627-1
http://dx.doi.org/10.33396/1728-0869-2017-3-56-64
https://rp5.ru/Weather_archive_in_Shenkursk
http://dx.doi.org/10.1016/j.injury.2003.10.027
http://dx.doi.org/10.1136/jech.50.1.107
http://dx.doi.org/10.1016/j.bone.2009.11.024
http://dx.doi.org/10.1001/jama.291.16.1999
http://dx.doi.org/10.1359/jbmr.040125
http://dx.doi.org/10.33396/1728-0869-2018-1-60-64
http://dx.doi.org/10.1007/s00391-019-01573-9
http://www.ncbi.nlm.nih.gov/pubmed/31263959
http://dx.doi.org/10.1016/S2213-8587(18)30265-1
http://dx.doi.org/10.1016/S2213-8587(18)30347-4
http://dx.doi.org/10.1016/0021-9290(92)90099-M
http://dx.doi.org/10.1080/00140130410081658718
http://dx.doi.org/10.1136/jech.50.5.551
http://www.ncbi.nlm.nih.gov/pubmed/8944864
http://dx.doi.org/10.1177/0033354917706968
http://www.ncbi.nlm.nih.gov/pubmed/28692393
http://dx.doi.org/10.1007/s00484-004-0226-2
http://dx.doi.org/10.2169/internalmedicine.50.5640
http://dx.doi.org/10.13075/ijomeh.1896.00546
http://www.ncbi.nlm.nih.gov/pubmed/27518887
http://dx.doi.org/10.1007/s00198-019-05034-2
http://www.ncbi.nlm.nih.gov/pubmed/31201482

Int. |. Environ. Res. Public Health 2020, 17, 6096 16 of 16

51.

52.

53.

54.

55.

McKiernan, EE. A simple gait-stabilizing device reduces outdoor falls and nonserious injurious falls in
fall-prone older people during the winter. J. Am. Geriatr. Soc. 2005, 53, 943-947. [CrossRef] [PubMed]
Berggard, G.; Johansson, C. Pedestrians in wintertime-effects of using anti-slip devices. Accid. Anal. Prev.
2010, 42, 1199-1204. [CrossRef]

Turner, RM.; Hayen, A.; Dunsmuir, W.T.M.; Finch, C.F. Air temperature and the incidence of fall-related hip
fracture hospitalisations in older people. Osteoporos. Int. 2011, 22, 1183-1189. [CrossRef]

Kholmatova, K.K.; Grjibovski, A.M. Ecological studies in medicine and public health. Ekol. Cheloveka
(Hum. Ecol.) 2016, 57-64. [CrossRef]

Morgenstern, H. Ecologic studies in epidemiology: Concepts, principles, and methods. Annu. Rev.
Public Health 1995, 16, 61-81. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/j.1532-5415.2005.53302.x
http://www.ncbi.nlm.nih.gov/pubmed/15935015
http://dx.doi.org/10.1016/j.aap.2010.01.011
http://dx.doi.org/10.1007/s00198-010-1306-2
http://dx.doi.org/10.33396/1728-0869-2016-9-57-64
http://dx.doi.org/10.1146/annurev.pu.16.050195.000425
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

ICD-10: Chapter XIX “Injury, poisoning and certain other consequences of external causes

(S00 — T98)”

Codes Types of injuries
S00 — S09 Injuries to the head
S10—S19 Injuries to the neck
S20 — S29 Injuries to the thorax
S30 —S39 Injuries to the abdomen, lower back, lumbar spine and pelvis
S40 —S49  Injuries to the shoulder and upper arm
S50 — S59 Injuries to the elbow and forearm
S60 —S69  Injuries to the wrist and hand
S70 —S79 Injuries to the hip and thigh
S80 — S89 Injuries to the knee and lower leg
S90 — S99 Injuries to the ankle and foot
TOO —TO7 Injuries involving multiple body regions
TO8 — T14 Injuries to unspecified part of trunk, limb or body region
T15-T19 Effects of foreign body entering through natural orifice
T20 —T32 Burns and corrosions
T33 - T35 Frostbite
T36 — T50 Poisoning by drugs, medicaments and biological substances
T51 —T65 Toxic effects of substances chiefly nonmedicinal as to source
T66 — T78 Other and unspecified effects of external causes
T79 —T79 Certain early complications of trauma
T80 — T88 Complications of surgical and medical care, not elsewhere classified
T90 — T98 Sequelae of injuries, of poisoning and of other consequences of external

causes




ICD-10: Chapter XX “External causes of morbidity and mortality (V01 — Y98)”

Codes Types of injuries
V01 -V99 Transport accidents
W00 -W19 Falls
W20 — W49 Exposure to inanimate mechanical forces
W50 - W64 Exposure to animate mechanical forces
W65 — W74  Accidental drowning and submersion
W75 - W84 Other accidental threats to breathing
W85 - W99 Exposure to electric current, radiation and extreme ambient air temperature
and pressure
X00—X09 Exposure to smoke, fire and flames
X10-X19 Contact with heat and hot substances
X20—X29 Contact with venomous animals and plants
X30—-X39 Exposure to forces of nature
X40 —X49  Accidental poisoning by and exposure to noxious substances
X50—X57 Overexertion, travel and privation
X58 — X59  Accidental exposure to other and unspecified factors
X60 — X84 Intentional self-harm
X85-Y09 Assault
Y10—-Y34 Event of undetermined intent
Y35-Y36 Legal intervention and operations of war
Y40 - Y84 Complications of medical and surgical care
Y85 -Y89 Sequelae of external causes of morbidity and mortality
Y90 -Y98 Supplementary factors related to causes of morbidity and mortality classified

elsewhere




INJURY REGISTRATION FORM |N\o

S igi Shenkursk central district hospital . . . o
(including burns, frostbites, poisonings and

named after N.N. Priorov other exposures of external causes)

It is completed by a patient (injured), his close relative or a health worker accepting a patient. The data relating only
to an injured person are specified.

Surname, name, patronymic: Sex: F m | Date of Day | Month | Year
O J | birth:

Address of permanent residence place:

Place of work / study: Contact telephone number:
(underline as appropriate)
Date of form Day | Month | Year | pate of first seeking for Day | Month | Year
completing: medical care:
Where you have sought for [T in policlinic, O In emergency O other, specify:
medical care? appointment to medical care
surgeon T ——

Where you were
injured?

(address, room, place,

as far as possible in more detail)

When you were Day Month Year Time, hours : minutes Were you injured during
injured? (format - 24 hours) agricultural works?
. O ves Ono
Was the injury [ on the way to work [ on the way to study O other, specify:
) ’ or from work or from study
sustained during: T T s
O paid job CIStUGY e
Was the injury connected with sport activities [ Yes - >>> answer the second question in this block
. . . 2
or phyS|ca| trainings! O No - >>> come to the following block of questions
SpeCify a type O Sport trainings in the school O Organized sport activities, trainings (sport groups and the like)
of sport (or in other educational institution)
trainingS: [ sport trainings in at the enterprise [ Unorganized sports activities, physical culture, trainings
Was the injury as a result of RTA? [ Yes - >>> answer the other questions in this block
[ No - >>> come to the following block of questions
Specify your category of the What transport vehicle did you Was a collision with other
traffic participant: use at the time of RTA? transport vehicle or a person?
[ pedestrian O Passengerina O went on foot O Lorry O no 0 with lorry
[ briver bus O Bicycle O van [ with pedestrian 0 with van
e O Other, specify: O Moped O Bus O with bicycle 01 with bus
assenger, O scooter O Tractor [ with moped [ with tractor
front seat O Motoreycle [ other, specify: [ with scooter [ other, specify:
O Passenger, s O car O with motoreycle oo,
backseat s | 1 with car

Did you apply the personal protective equipment, any safety control or protective measures at the time
of sustained injury?

[ No, didn’t apply [ Other, specify, what was applied:
O Safety belt (in car)

O Airbag (in car)

Has been a first medical aid provided to you [ no O Yes, by the staff of ambulance
before your arrival in the hospital? Whom? [ ves, by relatives LI Other, SPECITY: oo




Describe as it is possible in more detail a situation and circumstances of sustained injury

What Were YouU dOINE? oottt e e ettt e s b e e s bt e e s bt e e e sabe e e saree s sabee e e beeeneeeesabeeeanreeseareeeans

(your activities, participating ObJECLS,  ceiitiiiiiiiiiiiiiii it ittt it et et e e e et e et et e e ra et et eeateeraeaaeanatannes
things, external factors, circumstances)

What has gone not so?

(occurrence of a dangerous situation:
participating objects, things, external
factors, circumstances)

How did the injury L1 2= 1 0 T T LRt

(mechanism of injury: participating .........................................................................................................................
objects, things, external factors,
circumstances)

Were you drinking alcohol during 24 hours [ Yes - >>> answer the second question in this block
before injury? O No - >>> filling of the form is completed
jury

If you have answered "yes" the previous question, specify, for how many hours

.. . . . FOr .. h h
before injury did you drink alcohol last time? our / hours

Thanks for the help! Further the form is filled by a doctor.

Diagnosis: Code ICD-10:
Reason of treatment: [ Accident [ Fight, applying of [ intentional [ There are no data
physical strength self-injury
Assessment of injury 1 12 3 4 s Oe
severity accordlng to Minor Moderate Severe, Severe, Critical, with Unsurvivable
the AIS: but not life- potentially life-  uncertain survival
threatening threatening
(see description below)
Hospitalization: O ves Date of filling: « » 20
O no Signature of a doctor: / /

Classification injuries by severity according to the scale AIS

Short injury scale (Abbreviated Injury Scale, AlS) is classification of injuries by level of the threat to patient’s life associated with the injury. This scale
has got international recognition and is especially widely used in automotive medicine. Poisonings do not include in AlS scale, but in the description
provided below are given in the corresponding categories.

1. Minor: 1st and 2nd degree burns involving before 10% of body surface area. Cerebral injury, but no loss of consciousness. Poisoning
which isn't demanding treatment. Injuries of teeth. Minor abrasions and contusions. Dislocations and fractures of digits.

2. Moderate: 3rd degree burns involving 1-5% of body surface area. Cerebral injury with less than 15 minutes unconsciousness. Poisoning
which is treated by gastric lavage and demands observation without hospitalization. Abrasions and tissue ruptures before 10
cm. Undisplaced long bone, pelvic or skull fractures. Multiple fractures of digits.

3. Severe, 3rd degree burns involving 5-30% of body surface area. Cerebral injury and poisoning with more than 15 minutes
but not life- unconsciousness and brief post-traumatic amnesia (less than 3 hours) with hospitalization. Abrasions and laceration more 10
threatening: c¢cm. Multiple rib fractures. Pneumothorax. Dislocation of major joints. Displaced simple long bone fractures. Laceration of the

major nerves or vessels of extremities.

4. Severe, 3rd degree burns involving 30-40% of body surface area. Cerebral injury and poisoning with more than 15 minutes
potentially life- unconsciousness and post-traumatic amnesia more than 3-12 hours. Large and multiple abrasions and laceration. Flail chest.
threatening: Multiple and open fractures. Amputation of limbs.

5. Critical, with 3rd degree burns involving 40-80% of body surface area. Cerebral injury and poisoning with unconsciousness of more than
uncertain 24 hours. Intracranial hemorrhage. Spine injuries with tetraplegia. Chest injuries with major respiratory embarrassment.
survival: Multiple open limb fractures.

6. Unsurvivable: Maximal possible injury, which has brought or will probably lead to death.




pailioHHas 6oabHUYa
um. H.H. lNMpuopoea

LLleHKypcKasa yeHmpanoHas

JIUCT YYETA TPABM

No

(BKIIIO"IaH OXKoru, 06M0po»(e|-|m1, OoTpaB/ieHuA
U UHbIE BOSAeﬁCTBMﬂ BHELHUX anHMH)

3anonHAeTcA NauMeHTom (TPaBMUPOBAHHbIM), €ro 6,1M3KMM POACTBEHHUKOM MM NPUHUMAIOLLMM NaLMeHTa
MeANLMHCKMM paboTHMKOM. YKa3blBalOTCA CBeAEHMUA, OTHOCALLMECA TONbKO K ULy, NOJlyYnBLUEMY TPaBMY.

®.1.0.: Non: K M | fOaTa fenb | Mecay | Toa
O L | poxkpeHus:
Appec mecTa NOCTOAAHHOIO KUTENIbCTBA:
Mecto paboTbl / yuébbi: KOHTaKTHbI Tene¢oH:
(noaxoaswee nogYepKHyTb)
[ara 3anonHeHun AeHb | Mecsay | Toa | [Nlata nepsoro obpawieHus 3a feHb | Mecal, fop,

dopmbi:

MeAULMHCKOWN NOMOLLbIO:

Kypa Bbl o6paTnauch 3a
MeAULMHCKON NOMOLLbIO?

Os NONVK/VHUKY,
Ha NPUEM K Xnpypry

Os cnyx6y ckopoi
nomotuu

O MHoe, yKaxkuTe:

rpe nonyyeHa TpaBma?

(agpec, nomeleHne, mecTo,
KaK MOKHO noapobHee)

Korpa nonyueHa HeHb

TpaBma?

Mecsy, loa Bpems, yacbl : MUHYTbI

(bopmar - 24 yaca)

TpaBma nony4yeHa Bo Bpems
CeNIbCKOX03AMCTBEHHbIX paboT?

Dﬂa [ Her

TpaBma nonyyeHa

paboTbl
BO Bpemsa:

[ onnaumnsaemoii pa6orei

O Myt Ha paboTy uam c

O MyTn Ha y4éby nam
WUW C Y4EBbI

O vué6b

O WHoe, ykaxkuTe:

TpaBma cBfi3aHa C 3aHATUAMMU CNOPTOM,
TPEHMPOBKAMM U 3aHATUAMMU PU3KYALTYPOIN?

O [a - >>> oTBeTbTe Ha 2 BONPOC B 3TOM 6/10Ke

O Her - >>> nepexoauTe K crepytowemy 610Ky BONpocos

YKaxure BuAa [ 3anstua CrOPTOM B LWIKO/E
(vnm B UHOM y4ebHOM 3aBeseHUM)

CMNOPTUBHbIX
3aHATUMN:

D CI'IOpTVIBHbIe 3aHATUA Ha NpeanpuAaTUN

(cnopTuBHbIE ceKuun 1 T.Nn.)

[ OpranuzoBaHHbie 3aHATUA CNOPTOM, TPEHMPOBKM

[ HeopraHu3oBaHHbIe 3aHATUA CNOPTOM, GU3KYLTYPOIA, TPEHUPOBKM

TpaBma nonyyeHa B pesynbtate ATMN?

[ fa - >>> oTBeTbTe Ha OCTanbHbIE BOMPOCHI B 3TOM 610Ke

O Her - >>> nepexoauTe K crepytowemy 610Ky BONpocos

YKa)xute BaLly KaTeropuio
YYACTHUKA A,0POXKHOr0
OBUXKeHuA:

O Maccaxup
asTobyca

O Mewexopn,
O Bogutenb
O Maccaxup,

nepeaHee
cuaeHbe

O Maccaxup,

3agHee cnaeHbe

O WHoe, yKaxuTe:

Kakoe TpaHcnopTHoe
CpeAcTBO Bbl UICNONb30BANAU B
momeHT ATN?

Oc newexoaom
Oc BesiocMnesom

MUmeno mecto CTONKHOBEHMUE C
APYrMM TPaAHCNOPTHbIM
CpPeACTBOM WU YeNIOBEKOM?

Oc rpy3oB8bim
asTomobunem

Oc dyproHom

O MNepepguranca O lpy3oBoit O Her
neLKkom asTomobunb

O Benocunep, O dyproH

O Moneg, O ABTObYC

O ckyrep [ Tpakrop

O MoToumkn O NHoe, yKaxkuTe:

D nerKOBOVI .................................
aBTOMObUNb

Oc monegom
O co CKyTEpOM
Oc MOTOLIMKIOM

[ ¢ nerkosbim
asTomobunem

Oc asTobycom
Oc TpaKTOpoM
O MHoe, yKaxkuTe:

B MmoOMeHT nonyyeHnA Tpasmbl BaMn NPUMEHANINUCb MHAUBUAYAbHbIE CPeACTBa 3aLUThI, KaKkoe-nmb6o
3aumTHOEe 050pyAOBaHMe WU Kakne-nmbo mepbl 6esonacHocTn?

D HeT, He npumeHAanncb

[ pemenb 6esonacrocty (8 aBTOMO6MUNE)

O MNoaywku 6esonacHocTv (B aBToMob6UE)

D NHoe, yKaxunTe, 4TO UMEHHO NPUMEHANOCH:

[o npubbiTma B 601bHULY Bam 6blna okazaHa [l Her

nepsaA megUUUHCKaA nomoub? Kem?

[ Aa, poacreerHmnkamm

O MHoe, yKaxuTe: .....

L Aa, cotpyarmrkamu ckopoit nomoLum




OnuwwnTe Kak MOXKHO NoapobHee cMTyauuio U 06CToATENbCTBA NONYYEHUA TPABMbI

UM BbI BAHMMAJIMCD?  etiieiieiiiiieeettieerttieeeetteesataneresaeeestateerssnsesssnsessrnesssssnsesssnnesssnesesstsesssnnsersssneesenns

(BAWM LEMCTBUA, YUACTBYIOLLUE ~ eeeeessessessssenssnssnsensensansonsnssneenssnsensonsansssesssnesnsenssssensensensensensensossnsensensenssnsansnssnssnsns
06bEeKTbI, NPeAMETbI, BHEWHNe
BAKTOPbI, OBCTORTEABCTBA) fFs s e s s

Y10 nowno He Tak?

(BO3HMKHOBEHME OMACHOK CUTYaLUK:
YUACTBYIOLLME OOBEKTBI, MPEIAMETDI,  aeueueuesssnsnenssnsusnesssassssssssassssssssssssssssssssssssssssssssssssssssssassssssasssssssssesssssssssssssssssssssnes
BHewWHKWe pakTopbl, 06CTOATENLCTBA)

Kak 6bina nonyyeHa TpaBma?

(MexaHM3M NosyYeHMs TPaBMbl:
yJyacTByloLLME O6BEKTDI, MPeAMETbI,
BHeLWHWe GpaKkTopbl U 06CTOATENLCTBA)

Bbl ynoTpe6aanu ankoronb B TeueHue 24 yacos, L fla->>> orserbre Ha 2/ Bonpoc 8 3Tom 6/10Ke
npeAawwecTtsyrownx nonayyvyeHuio TpaBMbI? [ Her - >>> 3anonHerme Gpopmbl 3aBepLIEHO

Ecnuv Bbl OTBETUAM «Aa» Ha NpeabIAYLLNIA BONPOC, YKaXKUTe, 3a CKOJIbKO 4acos

- 33 yaca / yacos
A0 NOJyYeHUA TPaBMbl Bbl MPUHMMANW aNKOTO/b B NOCAeAHUIA pa3?

Cnacub60 3a nomouwb! flanee popma 3anonHAETCA BPAUOM.

AvarHos: Kog MKB-10:
MpuuunHa obpawieHus: [ Hecuacthbiii cnyvan O [paka, npumeHeHne O HamepeHHoe O Her cBefeHn
dusmnyeckoit cunbl camonoBpexaeHuve
OueHKa TAXecTH O1 02 Os 04 Os Oe
TpaBmbl no wkKane AlS:
P JNérkana 3HauuTeNbHanA Taxkénas, Taxkénas, KpuTtunueckas, JleTanbHan
(CM. onucaHue HM)KE) 6e3 yrposbl gna C yrpoaoﬁ ana C COMHUTENbHbIM
KU3HU KU3HU BbIXXMBaHNEM
Focnutanusaums: O pa Jlata 3anonHeHua: « » 20
[ Her Moanuck Bpaya: / /

Knaccudpukauma creneHun TAXKecTy Tpasm no wkane AlS

CoKpaliéHHasn wkana Tpasm (Abbreviated Injury Scale, AlS) agnaeTca KnaccupuKaLmen TpaBm No CTENEHU UX YrPO3bl ANA XKMU3HM NaumeHTa. [JaHHan
LWKana noay4nna MeayHapoaHoe NMpU3HaHue U 0COBEHHO LUMPOKO UCMO/b3YETCA B aBTOA0POXKHON MeauumHe. OTpaBieHus He BXOAAT B WwKasy AlS,
HO B NPMBEAEHHOM HU3KE OMUCaHUM NPUBEAEHbI B COOTBETCTBYIOLLMX KaTeropusXx.

1. Nérkan: Oskor 1 cteneHn n oxor 2 ctenexmn ao 10 % Tena. YepenHo-mo3roBble TpaBMbl 6e3 noTepu co3HaHuA. OTpaBieHue, He
TpebytoLee neueHns. TpaBmbl 3y60B. HesHauMTeNbHbIE MOPe3bl U yLWMObI. [UCNOKaLMKU U NEPeNOMbl NaNbLEB PYK U HOT.

2. 3HauMTeIbHaA: Oxor 3 cteneHu oT 1 go 5% noBepxHOCTM Tena. YepenHo-Mo3rosble TPaBMbl C NOTEPEN CO3HAHUA MeHee 15 MUHYT.
OTpaBnieHre, KOTOPOEe NeYUTCA ONYCTOLIEHMEM XKenyaKa, U TpebyeT HabaoaeHua 6e3 rocnutanmsaummn. Mopesbl U PaspbiBbI
TKaHen meHee 10 cm. Mepenombl ANMHHBIX KOCTEW, Ta3a U Yepena 6e3 cmelleHnn. PasgpobneHve nanbLes pyK U HOT.

3. Taxkénasn, 6e3 Oskor 3 cteneHu ot 5 go 30% NnoBepxHOCTM Tena. YepenHo-Mo3rosble TPaBMbl, BK/tOYaA OTPAB/IEHUA C NOTepei CO3HAHWA
yrpo3bl gns 6onee 15 MUHYT M amHe3na meHee 3 YacoB C rocnuTanmsaumeit. Mopesbl U pas3pbiBbl TKaHel 6oee 10 cm. MHOMKeCTBEHHble
YKU3HU: nepenombl pébep. MHeBMOTOPAKC. BbiBUXM KPYMNHbIX KOCTEN. Mepenombl A/IMHHBIX KOCTEN CO cMeLLeHneM. MoBpexXaeHns

HEepPBOB W/IN COCY0B B KOHEYHOCTAX.

4. Taxénasn, c Osxor 3 cteneHu o1 30 Ao 40% NoBepxHOCTU Tena. YepenHO-MO3roBble TPAaBMbl BK/ItOYas OTPABAEHWUA C NOTepen CO3HAHMA
yrposow gns 6o0see 15 MUHYT M amHe3uelt 6onee 3 YacoB. Bo/bLLIME U MHOMKECTBEHHbIE MOpe3bl U Pa3pbiBbl TKAHEW. DaoTauma rpyaHon
YKU3HU: KNeTKU. MHOeCTBEHHbIE WU OTKPbITble Nepenombl. TpaBMaTUYECKan aMnyTaLmMsa KOHEYHOCTEN.

5. Kputnueckas c Oskor 3 cteneHu ot 40 ao 80% NoBepxHOCTU Tena. YepenHOo-MO3roBble TPaBMbl, BK/IOYAs OTPaBAEHUA C NOTepel CO3HaHMUSA
COMHUTENbHbIM 6osee 24 yacos. BHyTpuuepenHoe KpoBoTeyeHue. TpaBMbl NO3BOHOUYHMKA C KBagpunaernei. 3HaumTeibHble TPaBMbl
BbI)KMBaHMEM: rPYAHOM KNeTKU. MHOMeCTBEHHbIE OTKPbITbIE NMepesioMbl KOHEYHOCTEN.

6. leTanbHas: MakcumanbHoe noppexaeHune, KotTopoe NpmMeeao nan, BEPOATHO, NpUBELET K CMepTeNbHOMY UCXOAY.




ETHICS COMMITTEE
NORTHERN STATE MEDICAL UNIVERSITY

163061, Arkhangelsk, Troitsky avenue, 51 Phone: 28-57-84

Partial record of the Ethics Committee meeting at the NSMU

Ne 03/04 -17 27.04. 2017

Present:

1.Chairman of the Ethics Committee at the NSMU - Gudkov AB, DSc., Professor, Head
of the Department of Hygiene and Medical Ecology, FGBOU VO NSMU (Arkhangelsk)
of the Health Ministry of Russia.

2. Responsible secretary of the Ethics Committee at the NSMU - Malkova O.V., Senior
lecturer of the Department of Public Health, Healthcare and Social Work, FGBOU VO
NSMU (Arkhangelsk) of the Health Ministry of Russia.

Members of the Ethics Committee (with decisive vote):

3. Bebyakova N.A. - DSc., Professor, Head of the Department of Medical Biology and
Genetics, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of Russia;
4.levleva S.S. - Clinical pharmacologist, GBUZ AO “Severodvinsk City Children's
Clinical Hospital™;

5. Klykov A. K. - Deputy head of the Department of Legal and Personnel Work, Health
Ministry of the Arkhangelsk region;

6. Kolodkina OF - CSc., Associate professor of the Department of Therapy,
Endocrinology and Emergency Medical Care, FGBOU VO NSMU (Arkhangelsk) of the
Health Ministry of Russia;

7. Makarova V.l. - DSc., Professor, Head of the Department of Propaedeutics of
Children's Diseases and Polyclinic Pediatrics, FGBOU VO NSMU (Arkhangelsk) of the
Health Ministry of Russia;

8.Nazarenko N.A. - DSc., Professor of the Department of Pharmacology, FGBOU VO
NSMU (Arkhangelsk) of the Health Ministry of Russia;

9.Popov V.A. - DSc., Professor of the Department of General and Hospital Surgery,
FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of Russia;

10. Svetlichnaya T.G. - DSc., Professor of the Department of Public Health, Healthcare
and Social Work, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of Russia;
11. Soloviev A.G. - DSc., Professor, Head of the Department of Psychiatry and Clinical
Psychology, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of Russia;
12.Trescheva N.D. - CSc., Associate professor of the Department of Obstetrics and
Gynecology, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of Russia;

13. Kharkov O.A. - CSc., Associate professor of the Department of Psychiatry and
Clinical Psychology, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of Russia



List of invitees:

1. Bondarenko Elena Georgievna - Associate professor of the Department of Physical
Training and Medical Rehabilitation, FGBOU VO NSMU (Arkhangelsk) of the
Health Ministry of Russia;

2. Gerasimova Marta Andreevna - Clinical intern of the Department of Neurology
and Neurosurgery, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of
Russia;

3. Unguryanu Tatiana Nikolaevna - Associate professor of the Department of Hygiene
and Medical Ecology, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of
Russia.

The meeting was at the Northern State Medical University on April 27, 2017,
at 13.30 pm, address: Arkhangelsk, 51, Troitskiy avenue

Agenda: Consideration of the approval of a package of scientific research documents
within the PhD project framework on the topic "Evidence-basis for injury prevention
in Northwestern Russia: the Shenkursk population-based injury registry study"

Researcher: Associate professor of the Department of Hygiene and Medical
Ecology, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of Russia -
Unguryanu Tatiana Nikolaevna

Main supervisor: Kudryavtsev Alexander Valerevich — PhD, Head of Department of
Innovative Programs Central Scientific Research Laboratory, FGBOU VO NSMU
(Arkhangelsk) of the Health Ministry of Russia

Co-supervisors:

1. Grjibovski Andrej Mechislavovich — PhD, Head of the Central Scientific Research
Laboratory, FGBOU VO NSMU (Arkhangelsk) of the Health Ministry of Russia;
Professor, Norwegian Institute of Public Health, Oslo, Norway

2. Trovik Tordis — PhD, Professor, Department of Community Medicine, the Arctic
University of Norway

Submitted documents:

1. Application for conducting an ethical review

2. Protocol of study (extended).

3. Patient's informed consent for medical intervention (hospital)

4. Patient's informed consent for medical intervention (polyclinic).
5. Injury Registration Form

6. Brief information about the researcher



Voting results:
Voted: "for" -13, "against" - no, "abstained" — no

Resolved: To adopt a positive ethical conclusion on the approval of a package of
scientific research documents within the PhD project framework on the topic

"Evidence-basis for injury prevention in Northwestern Russia: the Shenkursk
population-based injury registry study".

Chairman of the Ethics Committee at the NSMU, DSc., Professor A.B. Gudkov

Responsible secretary of the Ethics Committee at the NSMU  O.V. Malkova
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Vi viser til innsendt fremleggingsvurderingsskjema datert 06.10.2017. Sgknaden ble behandlet av Regional
komité for medisinsk og helsefaglig forskningsetikk i metet 12.10.2017.

Pros ektleder: Tordis A Trovik

Bakgrunn og formal (original):

Det farste russiske befolkningsbaserte skaderegisteret startet i 2015 og registrerer rutinemessig alle traumer
som krever medisinsk hjelp i kommunen Shenkursk, i Arkhangel sk-regionen (Shenkursk Injury Registry
data; SIRD). Skaderegisteret bygger pa skaderegistreringsmodellen som ble brukt i Harstad, Norge. Malet
med skaderegistret er & overvake skadefrekvenser og utvikle evidens-baserte forebyggende tiltak pa
kommunalt niva. Kilden til informasjon om skaden er et registreringsskjema (=papir-journalen) som
inneholder person-informasjon (for-, mellom- og etternavn, fadsel sdato, hjemmeadresse og tel efonnummer),
informasjon om type skade, skadested, tid, forutgdende omstendigheter, mekanismene for ulykken,
mekanismene for skade, involverte faktorer, alkoholforbruk, sosio-demografiske bakgrunn til den skadde og
kliniske karakteristika av skadene (lokalisering, alvorlighetsgrad). Inkluderings-kriterier for a bli registrert i
SIRD er |CD-10-kodene S00-78. Dataregistrering utfares ved bruk av Epilnfo 7. SIRD inneholder, foruten
all informasjon om skaden, koblingsngkkel til papir-journalen og fadsel sdato. Innfering av SIRD gjar det
mulig & observere skadeomfanget, utfare prognoser for fremtidig skade og muligheter for a forebygge
skadehendelser pa befolkningsniva, samt & gke kunnskapen om faktorer som bidrar til belastning etter skade.

Vére studier gjares med bakgrunn i dette registeret; avidentifiserte personopplysninger blir stillet til
radighet, med koblingsngkkel til papir-journalen (r&-data). Malet med prosjektet er & skaffe et bevisgrunnlag
for skadeforebygging i Shenkursk-omradet og i lignende omrader i Nordvest-Russland gjennom &
beskrivende og analysere datagrunnlaget i SIRD. Spesifikke mal i studiet er: i) A beskrive metoden for &
registrere skader i Shenkursk, ii) A evaluere og presentere kvaliteten av dataenei SIRD, iii) A studere det
lokal panorama av skader og fastsla de starste skadeproblemene blant Shenkursks befolkning (fallskader,
alkoholrelaterte skader, barneskader etc.), samt & diskutere grunnlaget for & kunne utvikle lokale tiltak, og
iv) & evaluere effekten av det samfunnshasert skadeforebyggende programmet i Shenkursk, med spesielt
fokus pa barns skader.

Studier for mal i)-iii)-iv) kan utfgres med anonyme data, uten koblingsngkkel til papir-journalen. Studier for
mdl ii): evaluere skadebeskrivelsen i SIRD opp imot det originale registreringsskjemagt i papir-journalen,
ma utfares pa avidentifiserte data, der en koblingsngkkel til papir-journalen er kjent.

Bespgksadresse: Telefon: 77646140 All post og e-post som inngar i Kindly address all mail and e-mails to
MH-bygget UiT Norges arktiske ~ E-post: rek-nord@asp.uit.no saksbehandlingen, bes adressert til REK  the Regional Ethics Committee, REK
universitet 9037 Tromsg Web: http://helseforskning.etikkom.no/ nord og ikke til enkelte personer nord, not to individual staff
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PURPOSE

The purpose of the project is to provide evidence-basis for injury prevention in Shenkursk, Northwestern Russia
through descriptive and analytic studies of Shenkursk injury registration data. Specific objectives of the project
are to validate the record injury incidents in the Shenkursk Injury Registry datain terms of completeness and
correctness, to present local panorama of injuries and investigate major injury problems in Shenkursk
population using the injury registry data and provide an evidence basis for development of local interventions,
and to estimate the economic burden of injuries in Shenkursk.

SENSITIVE PERSONAL DATA
It isindicated that you intend to process sensitive personal data about health.

ASSESSMENT BY REC
The project has been assessed by the Regional Committee for Medical and Health Research Ethics (REC). REC
considers the project not to be mandatory to submit according to the Health Research Act.

PROJECT MANAGER

Theresponsibleinstitution is UiT Norges arktiske universitet. It is arequirement that the project manager must
be employed by the responsible institution. In e-mail dated 20. December 2017, co-supervisor Tordis A. Trovik
has confirmed that she can be projectmanager for this project.

LEGAL BASIS

The Data Protection Official considers that the research data can be processed in accordance with the Personal

Data Act section 8 d and 9 h. The project is of major public interest and the social benefit exceeds the personal
benefit of the data subjects. We emphasize that the information is almost not identifiable for the researcher and
that the project period has a short duration.

The Data Protection Official has considered that the project can be exempted from the obligation of concession,
cf. personopplysningsforskriften section 7-27, because the research data are limited and the project period has a
short duration.

INFORMATION AND CONSENT

Itisstated in e-mail dated 14.12.2017 that informed consent has been given when the injury was registered in
the Shenkursk Injury Registry. Participants shall not provide new informed consent to the research project. The
Data Protection Official presupposes that the student has the necessary approvals from Russia and the research
project is conducted in accordance with Russian legislation.

INFORMATION SECURITY



The Data Protection Official presupposes that you will process all data according to the UiT Norges arktiske
universitet internal guidelines/routines for information security.

According to your notification form you intend to use of an external transcribing assistant/translator/online
survey service provider. Two trained nurses (injury registrators) entered data into the Shenkursk Injury Registry
from the original Shenkursk district Hospital paper-journals. The student will access the original paper forms
for aone-year period for validation purposes, assessing completeness of the registry and accuracy of the data
entry.

PROJECT END DATE AND ANONYMIZATION

The estimated end date of the project is 31.10.2020. According to your notification form/information letter you
intend to anonymise the collected data by this date. Making the data anonymous entails processing it in such a
way that no individuals can be identified. Thisis done by:

- deleting all direct personal data (such as names/lists of reference numbers)

- deleting/rewriting indirectly identifiable personal data (i.e. an identifying combination of background
variables, such as residence/work place, age and gender)

We draw your attention to the fact that the data processor must also delete personal data linked to the project in
its systems. Thisincludes transcriptions, files, logs, links between | P/lemail addresses and answers.
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