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ABSTRACT (282 words)

Objectives: Mortality rates in Scotland are higher, and health inequalities greater,
than in the rest of Western and Central Europe. There was a marked divergence
during the 1980s and 1990s in the Scottish rates partly due to rises in alcohol- and
drug-related deaths, suicide and deaths by assault. This study examines whether age,
period or cohort effects account for the trends in death by assault in Scotland.

Design: We calculated crude and age-standardised mortality rates for deaths by
assault for Scottish men and women from 1974 to 2015 for the population overall
and for populations stratified by Carstairs area of deprivation. We examined age-sex
stratified trends to identify obvious age-period-cohort effects.

Setting: Scotland.

Participants: Men and women whose registered death by the International
Classification of Diseases was due to assault from 1974 to 2015 (n = 3936).

Results: Whereas age-standardised mortality rates from this cause fell gradually for
females since 1974, for males they increased in the early 1990s and remained high
until around 2006, before falling. Death by assault was substantially more common
amongst males aged around 15-50 years and in the most deprived areas. There was
little change in the age groups most impacted over time, which made cohort effects
unlikely. A period effect for the fifteen years until 2006, with a consistent age-sex-
area deprivation patterning, was evident.

Conclusions: Mortality due to assault in Scotland is unequally felt, with young men
living in the most deprived areas suffering the highest rates. There is a fifteen year
period effect up until 2006, impacting on young men as an age-period interaction, with
no obvious cohort effects. Exploration of the demographics of criminological data may
identify age, period or cohort effects amongst perpetrators of assault.
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Strengths and limitations of this study

This study uses a complete record of all deaths in Scotland
occurring over long time period (1974-2015)

Deaths are carefully coded using the International Classification of
Diseases and recorded as individual digital records which provides
a robust dataset to examine

There were insufficient deaths by assault to undertake more detailed
visual analysis or statistical modelling and the conclusions are based
on descriptive analyses of aggregated age-groups and periods

Aggregating across periods to reduce fluctuations in the data means
that such incidents that cause a noticeable increase in deaths by assault
in a specific year can appear of prominence across a time period

Our analysis focused on the victims rather than perpetrators of assaults
who could display APC effect, exploration of the demographics of
criminological data (such as conviction rates by sex, age, and year) may
be able to illuminate further.

INTRODUCTION

Around 1950 the rate of improvement in Scotland’s mortality started to lag behind
that of the rest of Britain and other Western European countries, and some areas
experienced an increase in mortality rates in the 1980s.[1, 2] Scotland now has
higher mortality rates and wider health inequalities than the rest of Western
Europe.[1, 3] Since 1981 less of the higher mortality compared to England and
Wales has been able to be explained by area deprivation.[4, 5] This excess mortality
(i.e. after accounting for deprivation), slower rate of improvement in mortality and
greater health inequalities has been attributed to higher mortality from alcohol- and
drug-related deaths, violence (assault) and suicide (particularly in young adults) and
higher mortality from heart disease, stroke and cancer throughout adulthood.[6, 7]

Using age, period, cohort (APC) analysis to seek to understand the reasons behind
the trends in these health outcomes, we have shown age-period interactions in the
rise and fall of alcohol-related deaths[8] and cohort effects and sex-area deprivation
interactions in the recent trends in suicide and drug-related deaths.[9][10] In this
paper we extend this exploration of APC patterns in external causes of death and the
existing epidemiological analysis of deaths from assault in Scotland to consider
whether age, period or cohort effects may be present in the trends in death due to
assault since 1974.

METHODS

Data sources

Data on the number of deaths due to assault by sex, single year of age at death,
year of registration of death and postcode of residence for Scotland from 1974-2015
were obtained from the National Records of Scotland (NRS) (n = 3936). Deaths were
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coded by International Classification of Diseases 8 (ICD 8) E960-E969 for 1974-
1978 and by ICD9 E960-E969 for 1979-1999 for deaths where the underlying cause
was homicide and injury purposely inflicted by other persons and by ICD10 X85-Y09
and Y87.1 for 2000 onward for deaths where the underlying cause was assault or
sequelae of assault, collectively referred to in this paper as deaths due to assault.
Deaths due to the Lockerbie bombing of December 1988, coded as assault by other
specific explosive E9658 (n = 267), were excluded. Data manipulation was
performed using IBM SPSS Statistics version 19 and Microsoft Excel 2013.

Mid-year population estimates for Scotland by sex and single year of age, from age 0
to 90+ years were obtained from NRS. Population data by Carstairs area
deprivation, from age 0 to 85+ years, were obtained from ISD with interpolation
between the censuses. The age structure of the population data determined the
upper age limit for analyses so analyses were restricted to those aged 0-89 years or
0-90+ years, or aged 0-84 years or 0-85+ years for the deprivation analysis.

Patient and Public Involvement statement
This study used de-identified secondary data. Patients were not involved in this
study.

Descriptive analysis

We calculated age-standardised mortality rates for all ages from 1974 to 2015 by sex
using the 2013 European Standard Population. For age effects analysis, data from
1974-1994 and data from 1995-2015 were separately combined for presentation of
crude death rates by five year age groups (from 0-4 years to 90+ years) for age at
death by sex. Further age effects investigation involved analysis by specified age
groups for three year periods from 1974-76 to 2013-15.

Carstairs

Analyses by deprivation were based on Carstairs area deprivation scores (calculated
using data from the nearest census on the prevalence of male unskilled social class,
housing overcrowding, unemployment and car ownership) for postcode sectors,
which were then ranked and divided into fifths.[11] Carstairs look-up files were
obtained from ISD and deaths assigned to a Carstairs deprivation category. Cases
with no associated Carstairs scores (6.2% of dataset) were removed from the
analyses by deprivation.

RESULTS

Trends over time

Age-standardised rates for assault deaths were higher amongst males than females
for the entire period from 1974 to 2015 (Figure 1). Rates amongst males fell from
1974 to the mid-1980s, rose slightly until 1991, after which they increased rapidly
and fluctuated at this higher level until 2006, and thereafter have steadily fallen.
Rates for females in contrast have gradually fallen over the period.
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[insert Figure 1 about here]

Age effects

Rates of deaths by assault are patterned by age for both males and females (Figure
2). Amongst males, rates were highest for those aged 20-24 years, falling steadily
with increasing age until rising again amongst those over eighty. Between 1974-1994
and 1995-2015, the age profile for males did not change markedly, although higher
rates extended across those aged 20 to 49 years in the later period and were lower
for those aged 60+ years. There was some fluctuation amongst the oldest age
groups over time. The age profile for females differed to that for males for both
periods with an absence of a peak in rates for those aged 20 to 24 years and all
rates except that for those aged 5-9 years were lower over the 1995-2015 period.

[insert Figure 2 about here]

The contribution of males aged 15-49 years to the increase in male mortality rate by
assault from 1992-94 to the end of 2004-06 is clear from the age-stratified trend data
(online supplementary Figure S1), with a greater contribution from those aged 15-29
years (Figure 3).

[insert Figure 3 about here]

Inequalities

Deaths by assault for males are very unequal, with the overall rise in mortality
during the late 1980s and the fall in the 2000s almost entirely due to a rise and fall in
the most deprived areas (Figure 4). There are also inequalities in deaths from
assault amongst females, but these are much less than for males.

[insert Figure 4 about here]

The deprivation gradient for deaths by assault amongst males is largely a result of
the distribution of deaths for those aged 15-49 years with contribution from deaths
among those aged 50-69 years (Figure 5).

[insert Figure 5 about here]

DISCUSSION

Main results

Rates of death by assault are greater among males than females over the period
1974-2015. Death rates increased dramatically for males from the start of the 1990s
and remained elevated until 2006, and have since fallen. Those for females
remained low and gradually fell over the period. Males of around 15 to 50 years of
age substantially contribute to the higher rates observed among males and young
adult males especially to the period of elevated death rate from the mid-1980s. The
age groups most impacted did not change markedly over time, making cohort effects
unlikely. Deaths by assault are very unequal and the rise in rate of death for males
between the start of the 1990s and the mid-2000s is clearly driven by deaths in the
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two most deprived quintiles. The results for males reflect a fifteen year age-period
interaction effect evident for a specific sex-area deprivation group.

Strengths and weaknesses of the analysis

All deaths within Scotland are carefully coded and this provides a robust and long
time series to examine the potential for APC effects. There were insufficient deaths
by assault to use Lexis surface plots of age-year specific rates by age in a single
year or to undertake formal statistical modelling of the data stratified by APC as we
have previously undertaken for suicide and alcohol- and drug-related deaths.[8-10]
These methods require a level of disaggregation which would likely be disclosive,
‘noisy’ and too underpowered to clearly identify APC patterns. As a result, the
conclusions in relation to APC effects are based on descriptive analyses of
aggregated age-groups and periods alone. A consequence of the small number of
deaths is that incidents that cause a noticeable increase in deaths by assault in a
specific year will be evident in the data and appear of prominence causing the trends
to fluctuate. Aggregating across periods to reduce the fluctuations in the data
however means that such incidents can appear of prominence across a time period
rather than just a single year. Although both these are evident in our analysis, we do
not feel that these consequences of dealing with small numbers affect our overall
APC conclusions and the trends observed. While coded as deaths due to assault,
we removed deaths resulting from the Lockerbie bombing of December 1988 (which
involved an aircraft crash in Scotland from a overflying aeroplane in which a bomb
exploded) as these were unrelated to the deaths due to assault in Scotland that
were the focus of this research and had a noticeable effect on the results.

Subsequent to our analysis, an error was identified by NRS in their Scottish mid-year
population estimates for 2002-2010, which affected the age distribution for those
aged 81 years and above (see
https://www.nrscotland.gov.uk/files//statistics/population -estimates/mid-year-
corrections/correction-to-age-distribution-mid-year%20pop-estimates-2002-
2010.pdf). Sensitivity analysis showed that this had no effect on our results.

Our analysis looks at mortality in deaths due to assault, and therefore the
victims rather than the perpetrators of assaults. It may be that an APC analysis
of perpetrators may be more likely to display cohort effects.

Comparison with other studies

Our results are consistent with and extend previous research demonstrating the most
pronounced increase in death by assault for males aged 15-44 years in Scotland from
1980-2005.[12] Social patterning of deaths due to assaults was evident for both
individual occupational socioeconomic status and area deprivation, with steeper
deprivation gradients amongst men aged 20-39 years. Male death rates by assault are
dominated by deaths due to a sharp object, most notably a knife and has accounted for
around fifty percent of all homicides in the last ten years.[13] Increases in deaths due to
sharp objects have been shown to have contributed to the increase in deaths by assault
observed over the period 1980-2005.[12, 14] The
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rate of homicides involving knives being especially high in Glasgow, a city with areas
of high deprivation. The rise in mortality due to assault occurred at a similar time to
the rise in alcohol- and drug-related mortality and suicide in Scotland, all of which
have been attributed to the changing political and social conditions of the 1980s.[7]
There has been some suggestion that the recent decline in deaths from assault as
we observed may be due to ‘a public health approach’ to violence, knife crime and
gang culture adopted by the violence reduction unit which was created by
Strathclyde police in 2005 and later rolled out across Scotland.[15-17] Laws around
the carrying of knives were also extended in 2006.[15] However, there is little
evaluative evidence available to ascertain what, if any, contribution these initiatives
had.

Implications and conclusions

Mortality due to assault is substantially more common amongst young men in
deprived areas than for women, at older ages or for people living in less deprived
areas. Mortality rates, and inequalities, increased markedly in the early 1990s and
remained high until the mid-2000s before subsequently falling, but the age profile of
victims changed little over time. There is therefore evidence of age and period
effects, but little evidence of cohort effects, in deaths due to assault in Scotland.
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FIGURE LEGENDS

Figure 1 European age-standardised rate of death by assault per 100,000 population per
year in Scotland, 1974-2015, by sex

Figure 2 Age distribution of crude rates of death by assault per 100,000 population per
year in Scotland over periods 1974-1994 and 1995-2015 combined data, by sex.*

* These age profiles show general trends with age across two time periods 1974-1994 and
1995-2015 and will have been affected by any age-period-cohort effects occurring during
those periods

Figure 3 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015 for males aged 15-29 years and 30-49 years

Figure 4 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015, by sex and Carstairs quintile

Figure 5 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015 for males, by age group and Carstairs quintile
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Figure S1 Age profiles of crude rates of death by assault per 100,000 population for three
year periods in Scotland from 1974-2015, by sex and age
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Figure 2 Age distribution of crude rates of death by assault per 100,000 population per year in Scotland over
periods 1974-1994 and 1995-2015 combined data, by sex.*
* These age profiles show general trends with age across two time periods 1974-1994 and 1995-2015 and
will have been affected by any age-period-cohort effects occurring during those periods

171x104mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdoo Aq paraalold 1senb Aq £20z ‘6 udy uo /wod"lwg uadolwg//:dny woij papeojumod "020Z Arenigad 6 U0 $900£0-6T0Z-Uadolwag/9eTT 0T st paysiignd 1suly :uado NG


http://bmjopen.bmj.com/

POO~NOOR~WNEPRE

O g o g oo ooabhDbDdDdSDDDSDDOAEDNDOWOWWWWWWWWWNNNDNDNDNNMNDNDNMNNNDNRPRPRREPRRERERELPRLPR
O ©W 0O NO U B WNEPOOWONOOAOMAWNPEPOOONOOAOMMWNPEPOOONOOOOMMWNEOOOO~NOOOGMWDNIEPELDO

Rate per 100,000 population

N WA 0 N @

A9 =

BMJ Open Page 12 of 17

—15-29 years
30-49 years

<L P ok I\ s
RO AR LA 7530”‘

3 year period

Figure 3 Crude rates of death by assault per 100,000 population per three year periods in Scotland from
1974-2015 for males aged 15-29 years and 30-49 years
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ABSTRACT (292 words)

Objectives: Mortality rates in Scotland are higher, and health inequalities greater,
than in the rest of Western and Central Europe. There was a marked divergence
during the 1980s and 1990s in the Scottish rates partly due to rises in alcohol- and
drug-related deaths, suicide and deaths by assault. This study examines whether
age, period or cohort effects account for the trends in death by assault in Scotland
and any sex or deprivation inequalities in these.

Design: We calculated crude and age-standardised mortality rates for deaths by
assault for Scottish men and women from 1974 to 2015 for the population overall
and for populations stratified by Carstairs area of deprivation. We examined age-sex
stratified trends to identify obvious age-period-cohort effects.

Setting: Scotland.

Participants: Men and women whose registered death by the International
Classification of Diseases was due to assault from 1974 to 2015 (n = 3936).

Results: Whereas age-standardised mortality rates from this cause fell gradually
for females since 1974, for males they increased in the early 1990s and remained
higher until around 2006, before falling. Death by assault was substantially more
common amongst males aged around 15-50 years and in the most deprived areas.
There was little change in the age groups most impacted over time, which made
cohort effects unlikely. A period effect for the fifteen years until 2006, with a
consistent age-sex-area deprivation patterning, was evident.

Conclusions: Mortality due to assault in Scotland is unequally felt, with young men
living in the most deprived areas suffering the highest rates. There is a fifteen year
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period effect up until 2006, impacting on young men as an age-period interaction,
with no obvious cohort effects. Exploration of the demographics of criminological
data may identify age, period or cohort effects amongst perpetrators of assault.

Strengths and limitations of this study

This study uses a complete record of all deaths in Scotland
occurring over a long time period (1974-2015)

Deaths are carefully coded using the International Classification of
Diseases and recorded as individual digital records which provides
a robust dataset to examine

There were insufficient deaths by assault to undertake more detailed
visual analysis or statistical modelling and the conclusions are based
on descriptive analyses of aggregated age-groups and periods

Aggregating across periods to reduce fluctuations in the data means
that such incidents that cause a noticeable increase in deaths by assault
in a specific year can appear of prominence across a time period

Our analysis focused on the victims rather than perpetrators of assaults
who could display age, period or cohort effect, exploration of the
demographics of criminological data (such as conviction rates by sex,
age, and year) may be able to illuminate further.
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INTRODUCTION

Around 1950 the rate of improvement in Scotland’s mortality started to lag behind
that of the rest of Britain and other Western European countries, and some areas
experienced an increase in mortality rates in the 1980s.[1, 2] Scotland now has
higher mortality rates and wider health inequalities than the rest of Western
Europe.[1, 3] Since 1981 less of the higher mortality compared to England and
Wales has been able to be explained by area deprivation.[4, 5] This excess mortality
(i.e. after accounting for deprivation), slower rate of improvement in mortality and
greater health inequalities has been attributed to higher mortality from alcohol- and
drug-related deaths, violence (assault) and suicide (particularly in young adults) and
higher mortality from heart disease, stroke and cancer throughout adulthood.[6, 7]

Using age, period, cohort (APC) analysis to seek to understand the reasons behind
the trends in these health outcomes, we have previously shown age-period
interactions in the rise and fall of alcohol-related deaths[8] and cohort effects and
sex-area deprivation interactions in the recent trends in suicide and drug-related
deaths.[9, 10] The latter cohort effects support an emerging hypothesis to explain the
excess mortality in Scotland, namely that there is a greater vulnerability in Scotland
to exposure to economic and social changes resulting from political changes of the
1980s.[7]

Although there are a number of existing epidemiological studies considering trends
in deaths due to assault, none look for age, period and cohort effects.[11] This is
important because cohort effects can remain hidden unless these are specifically
sought.[12, 13]

In this paper we extend this exploration of APC patterns in external causes of death
and the existing epidemiological analysis of deaths from assault in Scotland to
consider whether age, period or cohort effects may be present in the trends in death
due to assault since 1974 and whether there are inequalities by sex or deprivation.

METHODS

Data sources

Data on the number of deaths due to assault by sex, single year of age at death,
year of registration of death and postcode of residence for Scotland from 1974-2015
were obtained from the National Records of Scotland (NRS) (n = 3936). Deaths were
coded by International Classification of Diseases 8 (ICD 8) E960-E969 for 1974-
1978 and by ICD9 E960-E969 for 1979-1999 for deaths where the underlying cause
was homicide and injury purposely inflicted by other persons and by ICD10 X85-Y09
and Y87.1 for 2000 onward for deaths where the underlying cause was assault or
sequelae of assault, collectively referred to in this paper as deaths due to assault.
Deaths due to the Lockerbie bombing of December 1988, coded as assault by other
specific explosive E9658 (n = 267), were subsequently excluded. Data manipulation
was performed using IBM SPSS Statistics version 19 and Microsoft Excel 2013.
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Analyses by deprivation were based on Carstairs area deprivation scores (calculated
using data from the nearest census on the prevalence of male unskilled social class,
housing overcrowding, unemployment and car ownership) for postcode sectors,
which were then ranked and divided into fifths (quintiles, where quintile 1 = most
deprived and quintile 5 = least deprived).[14] Carstairs look-up files were obtained
from ISD and deaths assigned to a Carstairs deprivation category. Cases with no
associated Carstairs scores (n = 217) were removed from the analyses by
deprivation.

Mid-year population estimates for Scotland by sex and single year of age, from age 0
to 90+ years were obtained from NRS. These are produced as official statistics and
certified by the independent UK Statistics Authority as ‘National Statistics’ and clear
governance, robust methodological procedures and quality assurance processes
exist to ensure data quality.[15, 16] Population data by Carstairs area deprivation,
from age 0O to 85+ years, were obtained from Information Services Division Scotland
(ISD) with interpolation between the censuses following robust methodological
procedures. The age structure of the population data determined the upper age limit
for analyses so analyses were restricted to those aged 0-90+ years, or aged 0-85+
years for the deprivation analysis. Subsequent to our analysis, a revision was made
by NRS in their Scottish mid-year population estimates for 2002-2010, which
affected the age distribution for those aged 81 years and above (see
https://www.nrscotland.gov.uk/files//statistics/population-estimates/mid-year-
corrections/correction-to-age-distribution-mid-year%20pop-estimates-2002-
2010.pdf). Sensitivity analysis showed that this had no effect on our results.

Patient and Public Involvement statement
This study used de-identified secondary data. Patients were not involved in this
study.

Descriptive analysis

We calculated age-standardised mortality rates for all ages from 1974 to 2015 by sex
using the 2013 European Standard Population. For age effects analysis, data from
1974-1994 and data from 1995-2015 were separately combined for presentation of
crude death rates by five year age groups (from 0-4 years to 90+ years) for age at
death by sex. Further age effects investigation involved analysis of crude death rates
by specified age groups for three year periods from 1974-76 to 2013-15.

For analysis by area deprivation, age-standardised mortality rates for all ages from
1974 to 2015 by sex and Carstairs quintile were calculated using the 2013 European
Standard Population. Age effects investigation for males by area deprivation involved
analysis of crude death rates by specified age groups for three year periods from
1974-76 to 2013-15.

We visually inspected trends to identify obvious age-period-cohort effects.
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RESULTS

Trends over time

Age-standardised rates for assault deaths were higher amongst males than females
for the entire period from 1974 to 2015 (Figure 1). Rates amongst males fell from
1974 to the mid-1980s, rose slightly until 1991, after which they increased rapidly
and fluctuated at this higher level until 2006, and thereafter have steadily fallen.
Rates for females in contrast have gradually fallen over the period.

[insert Figure 1 about here]

Age effects

Rates of deaths by assault are patterned by age for both males and females (Figure
2). Amongst males, rates were highest for those aged 20-24 years, falling steadily
with increasing age until rising again amongst those over eighty. Between 1974-1994
and 1995-2015, the age profile for males did not change markedly, although higher
rates extended across those aged 20 to 49 years in the later period and were lower
for those aged 60+ years. There was some fluctuation amongst the oldest age
groups over time. The age profile for females differed to that for males for both
periods with an absence of a peak in rates for those aged 20 to 24 years and all
rates except that for those aged 5-9 years were lower over the 1995-2015 period.

[insert Figure 2 about here]

The contribution of males aged 15-49 years to the increase in male mortality rate by
assault from 1992-94 to the end of 2004-06 is clear from the age-stratified trend data
(online supplementary Figure S1), with a greater contribution from those aged 15-29
years (Figure 3).

[insert Figure 3 about here]

Inequalities by area deprivation

Deaths by assault for males are very unequal by area deprivation, with the overall
rise in mortality during the late 1980s and the fall in the late 2000s almost entirely
due to a rise and fall in the most deprived areas (Figure 4 and supplementary Figure
S2). There are also inequalities by area deprivation in deaths from assault amongst
females, but these are much less than for males.

[insert Figure 4 about here]

The deprivation gradient for deaths by assault amongst males is largely a result of
the distribution of deaths for those aged 15-49 years (Figure 5).

[insert Figure 5 about here]

DISCUSSION
Main results
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Rates of death by assault are greater among males than females over the period
1974-2015. Death rates increased dramatically for males from the start of the 1990s
and remained elevated until 2006, and have since fallen. Those for females
remained low and gradually fell over the period. Males of around 15 to 50 years of
age substantially contribute to the higher rates observed among males and young
adult males especially to the period of elevated death rate from the mid-1980s. The
age groups most impacted did not change markedly over time, making cohort effects
unlikely. Deaths by assault are very unequal and the rise in rate of death for males
between the start of the 1990s and the mid-2000s is clearly driven by deaths in the
two most deprived quintiles. The results for males reflect a fifteen year age-period
interaction effect evident for a specific sex-area deprivation group.

Strengths and weaknesses of the analysis

We used individual digital records that were introduced by NRS in 1974. These
include deaths for the whole population, for which causes have been determined by
medical practitioners and then carefully coded, following robust procedures,[17]
thus providing a complete record of all deaths in Scotland over the time period and
a robust and long time series to examine the potential for APC effects. Coding
changes over the time series would have had no impact on deaths identified as
being due to assault. Both ICD 8 and ICD 9 are comparably coded as E960-969
‘Homicide and injury purposely inflicted by other persons’ and analysis by NRS has
shown that the change from ICD 9 to ICD 10 did not impact numbers.[18] Our
deprivation analysis used Carstairs deprivation indices, which are widely used and
allow for analysis by deprivation pre-1996. Based on the census they are therefore
founded on robust underlying data but are limited by the availability of relevant
census data and the size of the postcode sectors upon which they are based.[19]

There were insufficient deaths by assault to use Lexis surface plots of age-year
specific rates by age in a single year or to undertake formal statistical modelling of
the data stratified by APC, using Intrinsic Estimator (IE) regression modelling, which
overcomes the mathematical co-dependence of APC effects that negates the use of
simple regression models, as we have previously undertaken for suicide and alcohol-
and drug-related deaths.[8-10] These methods require a level of disaggregation
which would likely be disclosive, ‘noisy’ and too underpowered to clearly identify
APC patterns and for IE modelling. As a result, the conclusions in relation to APC
effects are based on descriptive analyses of aggregated age-groups and periods
alone. A consequence of the small number of deaths is that incidents that cause a
noticeable increase in deaths by assault in a specific year will be evident in the data
and appear of prominence causing the trends to fluctuate. Aggregating across
periods to reduce the fluctuations in the data however means that such incidents can
appear of prominence across a time period rather than just a single year. Although
both these are evident in our analysis, we do not feel that these consequences of
dealing with small numbers affect our overall APC conclusions and the trends
observed. While coded as deaths due to assault, we removed deaths resulting from
the Lockerbie bombing of December 1988 (which involved an aircraft crash in
Scotland from a overflying aeroplane in which a bomb exploded) as these were
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unrelated to the deaths due to assault in Scotland that were the focus of this
research and had a noticeable effect on the results.

Our analysis looks at mortality in deaths due to assault, and therefore the
victims rather than the perpetrators of assaults. It may be that an APC analysis
of perpetrators may be more likely to display cohort effects.

Comparison with other studies

Our results are consistent with and extend previous research demonstrating the
most pronounced increase in death by assault for males aged 15-44 years in
Scotland from 1980-2005, and the persistently higher rates for men and in more
deprived areas.[11, 20] This is very similar to the socio-demographic patterning of
penetrating injuries found across the UK.[21]

Male death rates by assault are dominated by deaths due to a sharp object, most
notably a knife, and has accounted for around fifty percent of all homicides in the last
ten years.[22] Increases in deaths due to sharp objects have been shown to have
contributed to the increase in deaths by assault observed over the period 1980-2005
and will have largely contributed to the period effect we identified.[11, 23] The rate of
homicides involving knives being especially high in Glasgow, a city with areas of high
deprivation. Similar to our findings, the incident of assault-related sharp force injury
(SFI) is also higher amongst younger people, males and those living in areas of
social deprivation.[24] This incident rate has also been falling since 2009, most
marked among younger age groups.[24]

The rise in mortality due to assault occurred at a similar time to the rise in alcohol-
and drug-related mortality and suicide in Scotland, all of which have been attributed
to the changing political and social conditions of the 1980s.[7] There has been some
suggestion that the recent decline in deaths from assault as we observed may be
due to ‘a public health approach’ to violence, knife crime and gang culture adopted
by the violence reduction unit which was created by Strathclyde police in 2005 and
later rolled out across Scotland.[25-27] Laws around the carrying of knives were also
extended in 2006.[25] However, there is little evaluative evidence available to
ascertain what, if any, contribution these initiatives had. Understanding the context
of multiple deprivation, and the gendered environment in which violence occurs, and
addressing these through a ‘maximum diversionary approach’, is evidenced as being
effective at addressing (particularly youth) violence.[28, 29]

Implications and conclusions

Mortality due to assault is substantially more common amongst young men in
deprived areas than for women, at older ages or for people living in less deprived
areas. Mortality rates, and inequalities, increased markedly in the early 1990s and
remained high until the mid-2000s before subsequently falling, but the age profile of
victims changed little over time. There is therefore evidence of age and period
effects, but little evidence of cohort effects, in deaths due to assault in Scotland. The
15 year period effect is likely to be due to similar factors that were behind the rise

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

P POO~NOOOR~WNERE
= O

OO g oo o oo bhbDdDbDSDDDSDDODEDDOWOWWWWWWWWWNNNDNDNDNNMNDNDNNNNRPRPRRPRRERILERELPR
O © 00 NO OB WNEPOOWONOOAOMAWNPEPOOONOOAOMAMWNEPEPOOONOOOOMNMWDNEPEPEOOOO~NOOOOOMMOWNDN

BMJ Open Page 8 of 20

and fall of alcohol-related mortality,[8] the causes of which relate to a vulnerable
population encountering a changed political, economic and social situation from the
early 1980s which created a period of high unemployment, high income inequality
and disinvestment from deprived communities.[7]
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Figure 2 Age distribution of crude rates of death by assault per 100,000 population per
year in Scotland over periods 1974-1994 and 1995-2015 combined data, by sex.*

* These age profiles show general trends with age across two time periods 1974-1994 and
1995-2015 and will have been affected by any age-period-cohort effects occurring during
those periods.

Figure 3 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015 for males aged 15-29 years and 30-49 years

Figure 4 Age-standardised rate of death by assault per 100,000 population per year in
Scotland from 1974-2015, by sex and Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived

Figure 5 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015 for males aged 15-29 years and 30-49 years by Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived

ONLINE SUPPLEMENTARY FIGURE LEGENDS

Figure S1 Crude rates of death by assault per 100,000 population for three year periods
in Scotland from 1974-2015, by sex and age group

Figure S2 Crude rates of death by assault per 100,000 population per three year periods in ~
Scotland from 1974-2015, by sex and Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived
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ABSTRACT (298 words)

Objectives: Mortality rates in Scotland are higher, and health inequalities greater,
than in the rest of Western and Central Europe. There was a marked divergence
during the 1980s and 1990s in the Scottish rates partly due to rises in alcohol- and
drug-related deaths, suicide and deaths by assault. This study examines whether
age, period or cohort effects account for the trends in death by assault in Scotland
and any sex or deprivation inequalities in these.

Design: We calculated crude and age-standardised mortality rates for deaths by
assault for Scottish men and women from 1974 to 2015 for the population overall
and for populations stratified by Carstairs area of deprivation. We examined age-sex
stratified trends to identify obvious age-period-cohort effects and undertook intrinsic
estimator regression modelling.

Setting: Scotland.

Participants: Men and women whose registered death by the International
Classification of Diseases was due to assault from 1974 to 2015 (n = 3936).

Results: Whereas age-standardised mortality rates from this cause fell gradually
for females since 1974, for males they increased in the early 1990s and remained
higher until around 2006, before falling. Death by assault was substantially more
common amongst males aged around 15-50 years and in the most deprived areas.
There was little change in the age groups most impacted over time, which made
cohort effects unlikely. A period effect for the fifteen years until 2006, with a
consistent age-sex-area deprivation patterning, was evident.
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Conclusions: Mortality due to assault in Scotland is unequally felt, with young men
living in the most deprived areas suffering the highest rates. There is a fifteen year
period effect up until 2006, impacting on young men as an age-period interaction, with
no obvious cohort effects. Exploration of the demographics of criminological data may
identify age, period or cohort effects amongst perpetrators of assault.

Strengths and limitations of this study

This study uses a complete record of all deaths in Scotland
occurring over a long time period (1974-2015)

Deaths are carefully coded using the International Classification of
Diseases and recorded as individual digital records which provides
a robust dataset to examine

There were insufficient deaths by assault to present more detailed visual
analysis and the conclusions are based primarily on descriptive
analyses of aggregated age-groups and periods

Aggregating across periods to reduce fluctuations in the data means
that such incidents that cause a noticeable increase in deaths by assault
in a specific year can appear of prominence across a time period

Our analysis focused on the victims rather than perpetrators of assaults
who could display different age, period or cohort effects. Exploration of
the demographics of criminological data (such as conviction rates by
sex, age, and year) may be able to illuminate further.
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INTRODUCTION

Around 1950 the rate of improvement in Scotland’s mortality started to lag behind
that of the rest of Britain and other Western European countries, and some areas
experienced an increase in mortality rates in the 1980s.[1, 2] Scotland now has
higher mortality rates and wider health inequalities than the rest of Western
Europe.[1, 3] Since 1981 less of the higher mortality compared to England and
Wales has been able to be explained by area deprivation.[4, 5] This excess mortality
(i.e. after accounting for deprivation), slower rate of improvement in mortality and
greater health inequalities has been attributed to higher mortality from alcohol- and
drug-related deaths, violence (assault) and suicide (particularly in young adults) and
higher mortality from heart disease, stroke and cancer throughout adulthood.[6, 7]

Using age, period, cohort (APC) analysis to seek to understand the reasons behind
the trends in these health outcomes, we have previously shown age-period
interactions in the rise and fall of alcohol-related deaths[8] and cohort effects and
sex-area deprivation interactions in the recent trends in suicide and drug-related
deaths.[9, 10] The latter cohort effects support an emerging hypothesis to explain the
excess mortality in Scotland, namely that there is a greater vulnerability in Scotland
to exposure to economic and social changes resulting from political changes of the
1980s.[7]

Although there are a number of existing epidemiological studies considering trends
in deaths due to assault, none look for age, period and cohort effects.[11] This is
important because cohort effects can remain hidden unless these are specifically
sought.[12, 13]

In this paper we extend this exploration of APC patterns in external causes of death
and the existing epidemiological analysis of deaths from assault in Scotland to
consider whether age, period or cohort effects may be present in the trends in death
due to assault since 1974 and whether there are inequalities by sex or deprivation.

METHODS

Data sources

Data on the number of deaths due to assault by sex, single year of age at death,
year of registration of death and postcode of residence for Scotland from 1974-2015
were obtained from the National Records of Scotland (NRS) (n = 3936). Deaths were
coded by International Classification of Diseases 8 (ICD 8) E960-E969 for 1974-
1978 and by ICD9 E960-E969 for 1979-1999 for deaths where the underlying cause
was homicide and injury purposely inflicted by other persons and by ICD10 X85-Y09
and Y87.1 for 2000 onward for deaths where the underlying cause was assault or
sequelae of assault, collectively referred to in this paper as deaths due to assault.
Deaths due to the Lockerbie bombing of December 1988, coded as assault by other
specific explosive E9658 (n = 267), were subsequently excluded. Data manipulation
was performed using IBM SPSS Statistics version 19 and Microsoft Excel 2013.
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Analyses by deprivation were based on Carstairs area deprivation scores (calculated
using data from the nearest census on the prevalence of male unskilled social class,
housing overcrowding, unemployment and car ownership) for postcode sectors,
which were then ranked and divided into fifths (quintiles, where quintile 1 = most
deprived and quintile 5 = least deprived).[14] Carstairs look-up files were obtained
from ISD and deaths assigned to a Carstairs deprivation category. Cases with no
associated Carstairs scores (n = 217) were removed from the analyses by
deprivation.

Mid-year population estimates for Scotland by sex and single year of age, from age 0
to 90+ years were obtained from NRS. These are produced as official statistics and
certified by the independent UK Statistics Authority as ‘National Statistics’ and clear
governance, robust methodological procedures and quality assurance processes
exist to ensure data quality.[15, 16] Population data by Carstairs area deprivation,
from age 0O to 85+ years, were obtained from Information Services Division Scotland
(ISD) with interpolation between the censuses following robust methodological
procedures. The age structure of the population data determined the upper age limit
for analyses so analyses were restricted to those aged 0-90+ years, or aged 0-85+
years for the deprivation analysis. Subsequent to our analysis, a revision was made
by NRS in their Scottish mid-year population estimates for 2002-2010, which
affected the age distribution for those aged 81 years and above (see
https://www.nrscotland.gov.uk/files//statistics/population-estimates/mid-year-
corrections/correction-to-age-distribution-mid-year%20pop-estimates-2002-
2010.pdf). Analysis involving repeating the analysis for Figures 1 and 2 with the
revised population dataset showed that the revision in the population dataset had no
effect on our results and conclusions drawn.

Patient and Public Involvement statement
This study used de-identified secondary data. Patients were not involved in this
study.

Descriptive analysis

We calculated age-standardised mortality rates for all ages from 1974 to 2015 by sex
using the 2013 European Standard Population. For age effects analysis, data from
1974-1994 and data from 1995-2015 were separately combined for presentation of
crude death rates by five year age groups (from 0-4 years to 90+ years) for age at
death by sex. Further age effects investigation involved analysis of crude death rates
by specified age groups for three year periods from 1974-76 to 2013-15.

For analysis by area deprivation, age-standardised mortality rates for all ages from
1974 to 2015 by sex and Carstairs quintile were calculated using the 2013 European
Standard Population. Age effects investigation for males by area deprivation involved
analysis of crude death rates by specified age groups for three year periods from
1974-76 to 2013-15.

We visually inspected trends to identify obvious age-period-cohort effects.
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Inferential analysis - Intrinsic estimator models

To model the independent APC effects, the intrinsic estimator (IE) command
(apc_ie) in Stata version 13 (Stata Corp, College Station, Texas USA) was used for
APC regression modelling.[17] Data were grouped into five-year age groups and
five-year time periods (1974-2013) stratified by sex. The year for the synthetic cohort
was calculated as being equal to the mean of a five year period minus the mean of a
five year age group. Negative binomial models were used as the count data were
over-dispersed. Best fit models were fitted separately for males (maximum likelihood
model) and females (dispersion factor 0.065) to obtain a 1/degree of freedom
deviance close to one.

RESULTS

Trends over time

Age-standardised rates for assault deaths were higher amongst males than females
for the entire period from 1974 to 2015 (Figure 1). Rates amongst males fell from
1974 to the mid-1980s, rose slightly until 1991, after which they increased rapidly
and fluctuated at this higher level until 2006, and thereafter have steadily fallen.
Rates for females in contrast have gradually fallen over the period.

[insert Figure 1 about here]

Age effects

Rates of deaths by assault are patterned by age for both males and females (Figure
2). Amongst males, rates were highest for those aged 20-24 years, falling steadily
with increasing age until rising again amongst those over eighty. Between 1974-1994
and 1995-2015, the age profile for males did not change markedly, although higher
rates extended across those aged 20 to 49 years in the later period and were lower
for those aged 60+ years. There was some fluctuation amongst the oldest age
groups over time. The age profile for females differed to that for males for both
periods with an absence of a peak in rates for those aged 20 to 24 years and all
rates except that for those aged 5-9 years were lower over the 1995-2015 period.

[insert Figure 2 about here]

The contribution of males aged 15-49 years to the increase in male mortality rate by
assault from 1992-94 to the end of 2004-06 is clear from the age-stratified trend data
(online supplementary Figure S1), with a greater contribution from those aged 15-29
years (Figure 3).

[insert Figure 3 about here]

The IE regression analysis showed a clear age effect for both males and females,
whereby males aged around 15-64 years and females around 24-49 years are at
higher risk and those at younger and older ages are at lower risk (online
supplementary Figure S2 and Appendix 1). There is also some suggestion that the
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1990s to early 2000s was a period of relatively higher risk for males than other time
periods, but this is small. Cohort effects are absent for females but for males birth
cohorts born between around 1924 and 1954 are identified as being at relatively low
risk and those born between around 1974 and 1989 at relatively high risk, however
these cohort estimates need to be interpreted with caution, see discussion.

Inequalities by area deprivation

Deaths by assault for males are very unequal by area deprivation, with the overall
rise in mortality during the late 1980s and the fall in the late 2000s almost entirely
due to a rise and fall in the most deprived areas (Figure 4 and supplementary Figure
S3). There are also inequalities by area deprivation in deaths from assault amongst
females, but these are much less than for males.

[insert Figure 4 about here]

The deprivation gradient for deaths by assault amongst males is largely a result of
the distribution of deaths for those aged 15-49 years (Figure 5).

[insert Figure 5 about here]

DISCUSSION

Main results

Rates of death by assault are greater among males than females over the period
1974-2015. Death rates increased dramatically for males from the start of the 1990s
and remained elevated until 2006, and have since fallen. Those for females
remained low and gradually fell over the period. Males of around 15 to 50 years of
age substantially contribute to the higher rates observed among males and young
adult males especially to the period of elevated death rate from the mid-1980s. The
age groups most impacted did not change markedly over time, making cohort effects
unlikely (see also online supplementary Figure 4). Deaths by assault are very
unequal and the rise in rate of death for males between the start of the 1990s and
the mid-2000s is clearly driven by deaths in the two most deprived quintiles. The
results for males reflect a fifteen year age-period interaction effect evident for a
specific sex-area deprivation group.

Strengths and weaknesses of the analysis

We used individual digital records that were introduced by NRS in 1974. These
include deaths for the whole population, for which causes have been determined by
medical practitioners and then carefully coded, following robust procedures,[18]
thus providing a complete record of all deaths in Scotland over the time period and
a robust and long time series to examine the potential for APC effects. Coding
changes over the time series would have had no impact on deaths identified as
being due to assault. Both ICD 8 and ICD 9 are comparably coded as E960-969
‘Homicide and injury purposely inflicted by other persons’ and analysis by NRS has
shown that the change from ICD 9 to ICD 10 did not impact numbers.[19] Our
deprivation analysis used Carstairs deprivation indices, which are widely used and
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allow for analysis by deprivation pre-1996. Based on the census they are therefore
founded on robust underlying data but are limited by the availability of relevant
census data and the size of the postcode sectors upon which they are based.[20]

A consequence of the small number of deaths is that incidents that cause a
noticeable increase in deaths by assault in a specific year will be evident in the data
and appear of prominence causing the trends to fluctuate. Aggregating across
periods to reduce the fluctuations in the data however means that such incidents can
appear of prominence across a time period rather than just a single year. Although
both these are evident in our analysis, we do not feel that these consequences of
dealing with small numbers affect our overall APC conclusions and the trends
observed. While coded as deaths due to assault, we removed deaths resulting from
the Lockerbie bombing of December 1988 (which involved an aircraft crash in
Scotland from a overflying aeroplane in which a bomb exploded) as these were
unrelated to the deaths due to assault in Scotland that were the focus of this
research and had a noticeable effect on the results. The small number of deaths
also means that there were insufficient deaths by assault to present Lexis surface
plots of age-year specific rates by age in a single year as we have previously
undertaken for suicide and alcohol- and drug-related deaths.[8-10] These methods
require a level of disaggregation which would likely be disclosive, ‘noisy’ and too
underpowered to clearly identify APC patterns.

Disentangling APC effects is problematic and while the IE is a newer approach to
statistical estimation, which overcomes the mathematical co-dependence of APC
effects that negates the use of simple regression models, it still has limitations.[10, 17]
The cohort IE estimates especially need to be interpreted with caution because there
are limited observations for the first and last cohorts, but also we have limited
information for each birth cohort across their entire lifecourse. This can lead to age
effects being misattributed by the IE model to a cohort effect. Given that the birth
cohorts for males born between around 1924 and 1954 are identified as being at
relatively low risk and those born between 1974 and around 1989 at relatively high
risk, this could simply be because we observe those cohorts at the points in the
lifecourse when they are at low and high risk respectively due to their age. It is
therefore most likely that the age effects are most dominant, although there does
seem to be a higher overall risk during the 1990s to early 2000s for the most impacted
age groups. As a result, the conclusions in relation to APC effects are primarily based
on the descriptive analyses of aggregated age-groups and periods.

Our analysis looks at mortality in deaths due to assault, and therefore the
victims rather than the perpetrators of assaults. It may be that an APC analysis
of perpetrators may be more likely to display cohort effects.

Comparison with other studies

Our results are consistent with and extend previous research demonstrating the
most pronounced increase in death by assault for males aged 15-44 years in
Scotland from 1980-2005, and the persistently higher rates for men and in more
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deprived areas.[11, 21] This is very similar to the socio-demographic patterning of
penetrating injuries found across the UK.[22]

Male death rates by assault are dominated by deaths due to a sharp object, most
notably a knife, and has accounted for around fifty percent of all homicides in the last
ten years.[23] Increases in deaths due to sharp objects have been shown to have
contributed to the increase in deaths by assault observed over the period 1980-2005
and will have largely contributed to the period effect we identified.[11, 24] The rate of
homicides involving knives being especially high in Glasgow, a city with areas of high
deprivation. Similar to our findings, the incident of assault-related sharp force injury
(SFI) is also higher amongst younger people, males and those living in areas of
social deprivation.[25] This incident rate has also been falling since 2009, most
marked among younger age groups.[25]

The rise in mortality due to assault occurred at a similar time to the rise in alcohol-
and drug-related mortality and suicide in Scotland, all of which have been attributed
to the changing political and social conditions of the 1980s.[7] There has been some
suggestion that the recent decline in deaths from assault as we observed may be
due to ‘a public health approach’ to violence, knife crime and gang culture adopted
by the violence reduction unit which was created by Strathclyde police in 2005 and
later rolled out across Scotland.[26-28] Laws around the carrying of knives were also
extended in 2006.[26] However, there is little evaluative evidence available to
ascertain what, if any, contribution these initiatives had. Understanding the context
of multiple deprivation, and the gendered environment in which violence occurs, and
addressing these through a ‘maximum diversionary approach’, is evidenced as being
effective at addressing (particularly youth) violence.[29, 30]

Implications and conclusions

Mortality due to assault is substantially more common amongst young men in
deprived areas than for women, at older ages or for people living in less deprived
areas. Mortality rates, and inequalities, increased markedly in the early 1990s and
remained high until the mid-2000s before subsequently falling, but the age profile of
victims changed little over time. There is therefore evidence of age and period
effects, but little evidence of cohort effects, in deaths due to assault in Scotland. The
15 year period effect is likely to be due to similar factors that were behind the rise
and fall of alcohol-related mortality,[8] the causes of which relate to a vulnerable
population encountering a changed political, economic and social situation from the
early 1980s which created a period of high unemployment, high income inequality
and disinvestment from deprived communities.[7]
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Figure 1 Age-standardised rate of death by assault per 100,000 population per year in
Scotland, 1974-2015, by sex.

Figure 2 Age distribution of crude rates of death by assault per 100,000 population per
year in Scotland over periods 1974-1994 and 1995-2015 combined data, by sex.*

* These age profiles show general trends with age across two time periods 1974-1994 and
1995-2015 and will have been affected by any age-period-cohort effects occurring during
those periods.

Figure 3 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015 for males aged 15-29 years and 30-49 years

Figure 4 Age-standardised rate of death by assault per 100,000 population per year in
Scotland from 1974-2015, by sex and Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived

Figure 5 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015 for males aged 15-29 years and 30-49 years by Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived

ONLINE SUPPLEMENTARY FIGURE LEGENDS

Figure S1 Crude rates of death by assault per 100,000 population for three year periods
in Scotland from 1974-2015, by sex and age group

Figure S2 Intrinsic estimator coefficients and 95% confidence intervals for age, period and
cohort effects for deaths by assault in Scotland by sex

Figure S3 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015, by sex and Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived

Figure S4 Crude rates of death by assault per 100,000 population by ten year age group
and five year period in Scotland from 1974-2013, by sex
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2015, by sex
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Figure 2 Age distribution of crude rates of death by assault per 100,000 population per year in Scotland over
periods 1974-1994 and 1995-2015 combined data, by sex** These age profiles show general trends with
age across two time periods 1974-1994 and 1995-2015 and will have been affected by any age-period-
cohort effects occurring during those periods.
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Figure 3 Crude rates of death by assault per 100,000 population per three year periods in Scotland from

1974-2015 for males aged 15-29 years and 30-49 years
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Figure 4 Age-standardised rate of death by assault per 100,000 population per year in Scotland from 1974-
2015, by sex and Carstairs quintile** Quintile 1 = most deprived and Quintile 5 = least deprived
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Figure S2 Intrinsic estimator coefficients and 95% confidence intervals for age, period and cohort
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Appendix 1: Intrinsic estimator statistics

IE estimator coefficient statistics from the APC negative binomial models.

BMJ Open Page 22 of 25

Table 1 Intrinsic estimator coefficient statistics for age, period and birth cohorts for deaths by
assault in Scotland for females

numer

Age (years)
0-4
5-9
10-14
15-19
20-24
24-29
30-34
35-39

40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89
Period

1974-1978

1979-1983

1984-1988

1989-1993

1994-1998

1999-2003

2004-2008

2009-2013

Cohort
1889
1894
1899
1904
1909
1914
1919
1924
1929
1934
1939
1944
1949
1954
1959
1964
1969
1974
1979
1984
1989
1994
1999
2004
2009

_cons
In(denom)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

IE
coeff

0.211
-0.795
-1.264
0.048
0.288
0.476
0.451
0.579
0.360
0.633
0.152
-0.095
-0.039
-0.577
-0.263
-0.058
0.147
-0.255

0.223
0.346
0.209
0.032
0.014
-0.137
-0.246
-0.440

0.217
0.638
0.240
0.236
-0.135
0.157
0.202
-0.123
-0.162
-0.149
-0.061
-0.176
-0.090
-0.196
-0.159
0.097
0.172
-0.154
0.192
0.116
0.463
-0.339
0.265
0.163
-1.413

-11.838
1

Std. Err.

0.186
0.223
0.254
0.167
0.155
0.152
0.156
0.155
0.165
0.160
0.183
0.196
0.193
0.236
0.218
0.218
0.227
0.333

0.105
0.104
0.107
0.111
0.112
0.117
0.120
0.133

0.960
0.431
0.362
0.299
0.302
0.252
0.234
0.235
0.224
0.219
0.207
0.204
0.187
0.187
0.176
0.169
0.170
0.183
0.184
0.208
0.222
0.337
0.344
0.412
1.012

0.080
(exposure)

z

1.140
-3.560
-4.980
0.290
1.860
3.120
2.890
3.740
2.180
3.970
0.830
-0.480
-0.200
-2.440
-1.200
-0.270
0.650
-0.770

2.110
3.340
1.940
0.290
0.120
-1.170
-2.040
-3.300

0.230
1.480
0.660
0.790
-0.450
0.620
0.870
-0.530
-0.720
-0.680
-0.300
-0.870
-0.480
-1.050
-0.900
0.570
1.010
-0.840
1.050
0.550
2.080
-1.010
0.770
0.400
-1.400
-148.390

P>z

0.256
0.000
0.000
0.773
0.063
0.002
0.004
0.000
0.029
0.000
0.406
0.629
0.838
0.015
0.229
0.790
0.516
0.443

0.035
0.001
0.052
0.771
0.904
0.242
0.041
0.001

0.821
0.139
0.508
0.430
0.654
0.534
0.386
0.599
0.469
0.496
0.768
0.387
0.630
0.293
0.367
0.567
0.313
0.400
0.295
0.579
0.037
0.314
0.441
0.692
0.163
0.000

95% Ci
Lower Upper
-0.153 0.576
-1.232 -0.358
-1.762 -0.767
-0.279 0.375
-0.016 0.593
0.177 0.774
0.146 0.756
0.275 0.883
0.036 0.685
0.320 0.946
-0.207 0.511
-0.479 0.289
-0.417 0.338
-1.040 -0.114
-0.691 0.165
-0.486 0.370
-0.297 0.592
-0.908 0.397
0.016 0.429
0.143 0.549
-0.002 0.419
-0.185 0.250
-0.206 0.233
-0.366 0.092
-0.482 -0.010
-0.702 -0.179
-1.664 2.099
-0.207 1.484
-0.470 0.950
-0.350 0.822
-0.727 0.456
-0.337 0.651
-0.255 0.660
-0.584 0.337
-0.602 0.277
-0.578 0.280
-0.467 0.345
-0.576 0.223
-0.457 0.277
-0.562 0.170
-0.505 0.187
-0.234 0.427
-0.162 0.505
-0.512 0.204
-0.168 0.553
-0.293 0.524
0.028 0.899
-0.998 0.321
-0.409 0.939
-0.644 0.971
-3.397 0.571
-11.995 -11.682
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Table 2 Intrinsic estimator coefficient statistics for age, period and birth cohorts for deaths by
assault in Scotland for males

1
2
3 numer IE Std. Err. z P>z 95% ClI
4 coeff Lower Upper
Age (years)
2 0-4 0746 0128  -5.830 0.000 -0.997 -0.495
7 5.9  -1781 0177  -10.070 0.000 -2.128 -1.435
8 " 1014  -2.079 0199  -10.440 0.000 -2.470 -1.689
5 1519 0410  0.076 5390 0.000 0260 0.559
1 20-24 0787 0068  11.630 0.000 0.655  0.920
" 2429 0716 0071  10.140 0.000 0577 0.854
" 3034 0754 0074 10240 0.000 0.609  0.898
" 3539 0912 0076  12.010 0.000 0763  1.061
40-44 0875 0084 10470 0000 0711 1.039
14 4549 0946 0090  10.500 0.000 0.769  1.123
15 50-54 0784  0.102 7680 0.000 0584 0984
16 55-59 0749  0.111 6760 0.000 0532  0.965
17 60-64 0327  0.132 2480 0013 0069 0.585
18 65-60 -0061 0158  -0.380 0.701 -0.369 0.248
19 70-74 0373 0185  -2.010 0044 -0.736 -0.010
20 75-79 0712 0238  -2.990 0.003 -1.178 -0.246
21 80-84  -0.709  0.279 2540 0011 -1.255 -0.163
22 85-89 0798 0410  -1.950 0.052 -1.601 0.006
23 Period
24 1974-1978 0.126  0.063 2010 0.045 0003 0.248
25 1979-1983 -0.064 0.065  -0.990 0323 -0.191 0.063
26 1984-1988 -0.068 0.060  -1.130 0.260 -0.186 0.050
27 1989-1993 0.137  0.052 2650 0.008 0036 0238
28 1994-1998 0.214  0.048 4490 0000 0121 0.307
29 1999-2003 0.140  0.050 2820 0.005 0043 0237
30 2004-2008 -0.015 0.055  -0.280 0782 -0.124 0.093
31 2009-2013 -0.469 0070  -6.720 0.000 -0.606 -0.332
32 Cohort
33 1889 2017  0.645 3130 0002 0753  3.280
34 1894 1405  0.427 3290 0.001 0569 2.242
35 1899 0256  0.435 0.590 0557 -0.598 1.109
6 1904 0297  0.282 1.050 0293 -0.256 0.850
37 1909  -0212 0253  -0.840 0402 -0.708 0.283
38 1914  -0315 0212  -1.490 0137 -0730 0.100
1919  -0335 0179  -1.870 0.062 -0.686 0.017
39
40 1924  -0.613 0168  -3.640 0.000 -0.943 -0.283
a1 1929  -0.675 0156  -4310 0.000 -0.981 -0.368
42 1934  -0.640  0.144  -4440 0000 -0.923 -0.357
43 1939  -0.628 0133  -4710 0.000 -0.890 -0.367
a2 1944  -0538 0121  -4460 0.000 -0.774 -0.302
45 1949  -0.448 0109  -4110 0.000 -0.661 -0.234
46 1954  -0.266  0.099  -2.680 0.007 -0.460 -0.071
P 1959  -0.025  0.090  -0280 0777 -0.202  0.151
48 1964  -0.035  0.090  -0.390 0.693 -0.211 0.140
40 1969  0.144  0.088 1630 0.104 -0.029 0317
o 1974 0229  0.090 2530 0011 0052 0.406
oL 1979 0426  0.095 4480 0000 0240 0.612
o 1984 0467  0.104 4500 0.000 0263 0.670
o 1989 0320  0.126 2550 0011 0074 0.567
1994 0240  0.172 1.400 0.162 -0.097 0.577
2;‘ 1999 0241 0262 0920 0358 -0272 0.753
2004 0150 0317 0470 0635 -0471 0.772
56 2009 -1462 0968  -1.510 0.131 -3.358 0.435
57 _cons -10.846  0.062  -176.270 0.000 -10.967 -10.726
58 In(denom) 1 (exposure)
59
60
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Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title |1
or the abstract
(b) Provide in the abstract an informative and balanced summary of 1
what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation | 2
being reported
Obijectives 3 State specific objectives, including any prespecified hypotheses 2
Methods
Study design Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods
of recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of 2
selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential 2
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of 3
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control n/a
for confounding
(b) Describe any methods used to examine subgroups and n/a
interactions
(c) Explain how missing data were addressed 3
(d) If applicable, describe analytical methods taking account of n/a
sampling strategy
(e) Describe any sensitivity analyses 5
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg 2-3
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage n/a
(c) Consider use of a flow diagram n/a
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, n/a
clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each 3

variable of interest

1
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Outcome data 15* Report numbers of outcome events or summary measures 2
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted | n/a
estimates and their precision (eg, 95% confidence interval). Make
clear which confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous variables were 3-4 —see
categorized figures
also
(c) If relevant, consider translating estimates of relative risk into n/a
absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and 5
interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 4
Limitations 19 Discuss limitations of the study, taking into account sources of 4-5
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering 6
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 5
Other information \
Funding 22 Give the source of funding and the role of the funders for the present |6

study and, if applicable, for the original study on which the present
article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at www.strobe-statement.org.
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ABSTRACT (292 words)

Objectives: Mortality rates in Scotland are higher, and health inequalities greater,
than in the rest of Western and Central Europe. There was a marked divergence
during the 1980s and 1990s in the Scottish rates partly due to rises in alcohol- and
drug-related deaths, suicide and deaths by assault. This study examines whether
age, period or cohort effects account for the trends in death by assault in Scotland
and any sex or deprivation inequalities in these.

Design: We calculated crude and age-standardised mortality rates for deaths by
assault for Scottish men and women from 1974 to 2015 for the population overall
and for populations stratified by Carstairs area of deprivation. We examined age-sex
stratified trends to identify obvious age-period-cohort effects.

Setting: Scotland.

Participants: Men and women whose registered death by the International
Classification of Diseases was due to assault from 1974 to 2015 (n = 3936).

Results: Whereas age-standardised mortality rates from this cause fell gradually
for females since 1974, for males they increased in the early 1990s and remained
higher until around 2006, before falling. Death by assault was substantially more
common amongst males aged around 15-50 years and in the most deprived areas.
There was little change in the age groups most impacted over time, which made
cohort effects unlikely. A period effect for the fifteen years until 2006, with a
consistent age-sex-area deprivation patterning, was evident.

Conclusions: Mortality due to assault in Scotland is unequally felt, with young men
living in the most deprived areas suffering the highest rates. There is a fifteen year
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period effect up until 2006, impacting on young men as an age-period interaction,
with no obvious cohort effects. Exploration of the demographics of criminological
data may identify age, period or cohort effects amongst perpetrators of assault.
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Strengths and limitations of this study

This study uses a complete record of all deaths in Scotland
occurring over a long time period (1974-2015)

Deaths are carefully coded using the International Classification of
Diseases and recorded as individual digital records which provides
a robust dataset to examine

There were insufficient deaths by assault to present more detailed

visual analysis or to undertake detailed statistical modelling and the
conclusions are based primarily on descriptive analyses of aggregated
age-groups and periods

Aggregating across periods to reduce fluctuations in the data means
that such incidents that cause a noticeable increase in deaths by assault
in a specific year can appear of prominence across a time period

Our analysis focused on the victims rather than perpetrators of assaults
who could display different age, period or cohort effects. Exploration of
the demographics of criminological data (such as conviction rates by
sex, age, and year) may be able to illuminate further.
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INTRODUCTION

Around 1950 the rate of improvement in Scotland’s mortality started to lag behind
that of the rest of Britain and other Western European countries, and some areas
experienced an increase in mortality rates in the 1980s.[1, 2] Scotland now has
higher mortality rates and wider health inequalities than the rest of Western
Europe.[1, 3] Since 1981 less of the higher mortality compared to England and
Wales has been able to be explained by area deprivation.[4, 5] This excess mortality
(i.e. after accounting for deprivation), slower rate of improvement in mortality and
greater health inequalities has been attributed to higher mortality from alcohol- and
drug-related deaths, violence (assault) and suicide (particularly in young adults) and
higher mortality from heart disease, stroke and cancer throughout adulthood.[6, 7]

Using age, period, cohort (APC) analysis to seek to understand the reasons behind
the trends in these health outcomes, we have previously shown age-period
interactions in the rise and fall of alcohol-related deaths[8] and cohort effects and
sex-area deprivation interactions in the recent trends in suicide and drug-related
deaths.[9, 10] The latter cohort effects support an emerging hypothesis to explain the
excess mortality in Scotland, namely that there is a greater vulnerability in Scotland
to exposure to economic and social changes resulting from political changes of the
1980s.[7]

Although there are a number of existing epidemiological studies considering trends
in deaths due to assault, none look for age, period and cohort effects.[11] This is
important because cohort effects can remain hidden unless these are specifically
sought.[12, 13]

In this paper we extend this exploration of APC patterns in external causes of death
and the existing epidemiological analysis of deaths from assault in Scotland to
consider whether age, period or cohort effects may be present in the trends in death
due to assault since 1974 and whether there are inequalities by sex or deprivation.

METHODS

Data sources

Data on the number of deaths due to assault by sex, single year of age at death,
year of registration of death and postcode of residence for Scotland from 1974-2015
were obtained from the National Records of Scotland (NRS) (n = 3936). Deaths were
coded by International Classification of Diseases 8 (ICD 8) E960-E969 for 1974-
1978 and by ICD9 E960-E969 for 1979-1999 for deaths where the underlying cause
was homicide and injury purposely inflicted by other persons and by ICD10 X85-Y09
and Y87.1 for 2000 onward for deaths where the underlying cause was assault or
sequelae of assault, collectively referred to in this paper as deaths due to assault.
Deaths due to the Lockerbie bombing of December 1988, coded as assault by other
specific explosive E9658 (n = 267), were subsequently excluded. Data manipulation
was performed using IBM SPSS Statistics version 19 and Microsoft Excel 2013.
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Analyses by deprivation were based on Carstairs area deprivation scores (calculated
using data from the nearest census on the prevalence of male unskilled social class,
housing overcrowding, unemployment and car ownership) for postcode sectors,
which were then ranked and divided into fifths (quintiles, where quintile 1 = most
deprived and quintile 5 = least deprived).[14] Carstairs look-up files were obtained
from ISD and deaths assigned to a Carstairs deprivation category. Cases with no
associated Carstairs scores (n = 217) were removed from the analyses by
deprivation.

Mid-year population estimates for Scotland by sex and single year of age, from age 0
to 90+ years were obtained from NRS. These are produced as official statistics and
certified by the independent UK Statistics Authority as ‘National Statistics’ and clear
governance, robust methodological procedures and quality assurance processes
exist to ensure data quality.[15, 16] Population data by Carstairs area deprivation,
from age 0O to 85+ years, were obtained from Information Services Division Scotland
(ISD) with interpolation between the censuses following robust methodological
procedures. The age structure of the population data determined the upper age limit
for analyses so analyses were restricted to those aged 0-90+ years, or aged 0-85+
years for the deprivation analysis. Subsequent to our analysis, a revision was made
by NRS in their Scottish mid-year population estimates for 2002-2010, which
affected the age distribution for those aged 81 years and above (see
https://www.nrscotland.gov.uk/files//statistics/population-estimates/mid-year-
corrections/correction-to-age-distribution-mid-year%20pop-estimates-2002-
2010.pdf). Analysis involving repeating the analysis for Figures 1 and 2 with the
revised population dataset showed that the revision in the population dataset had no
effect on our results and conclusions drawn.

Patient and Public Involvement statement
This study used de-identified secondary data. Patients were not involved in this
study.

Descriptive analysis

We calculated age-standardised mortality rates for all ages from 1974 to 2015 by sex
using the 2013 European Standard Population. For age effects analysis, data from
1974-1994 and data from 1995-2015 were separately combined for presentation of
crude death rates by five year age groups (from 0-4 years to 90+ years) for age at
death by sex. Further age effects investigation involved analysis of crude death rates
by specified age groups for three year periods from 1974-76 to 2013-15.

For analysis by area deprivation, age-standardised mortality rates for all ages from
1974 to 2015 by sex and Carstairs quintile were calculated using the 2013 European
Standard Population. Age effects investigation for males by area deprivation involved
analysis of crude death rates by specified age groups for three year periods from
1974-76 to 2013-15.

We visually inspected trends to identify obvious age-period-cohort effects.
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RESULTS

Trends over time

Age-standardised rates for assault deaths were higher amongst males than females
for the entire period from 1974 to 2015 (Figure 1). Rates amongst males fell from
1974 to the mid-1980s, rose slightly until 1991, after which they increased rapidly
and fluctuated at this higher level until 2006, and thereafter have steadily fallen.
Rates for females in contrast have gradually fallen over the period.

[insert Figure 1 about here]

Age effects

Rates of deaths by assault are patterned by age for both males and females (Figure
2). Amongst males, rates were highest for those aged 20-24 years, falling steadily
with increasing age until rising again amongst those over eighty. Between 1974-1994
and 1995-2015, the age profile for males did not change markedly, although higher
rates extended across those aged 20 to 49 years in the later period and were lower
for those aged 60+ years. There was some fluctuation amongst the oldest age
groups over time. The age profile for females differed to that for males for both
periods with an absence of a peak in rates for those aged 20 to 24 years and all
rates except that for those aged 5-9 years were lower over the 1995-2015 period.

[insert Figure 2 about here]

The contribution of males aged 15-49 years to the increase in male mortality rate by
assault from 1992-94 to the end of 2004-06 is clear from the age-stratified trend data
(online supplementary Figure S1), with a greater contribution from those aged 15-29
years (Figure 3).

[insert Figure 3 about here]

Inequalities by area deprivation

Deaths by assault for males are very unequal by area deprivation, with the overall
rise in mortality during the late 1980s and the fall in the late 2000s almost entirely
due to a rise and fall in the most deprived areas (Figure 4 and supplementary Figure
S2). There are also inequalities by area deprivation in deaths from assault amongst
females, but these are much less than for males.

[insert Figure 4 about here]

The deprivation gradient for deaths by assault amongst males is largely a result of
the distribution of deaths for those aged 15-49 years (Figure 5).

[insert Figure 5 about here]
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DISCUSSION

Main results

Rates of death by assault are greater among males than females over the period
1974-2015. Death rates increased dramatically for males from the start of the 1990s
and remained elevated until 2006, and have since fallen. Those for females
remained low and gradually fell over the period. Males of around 15 to 50 years of
age substantially contribute to the higher rates observed among males and young
adult males especially to the period of elevated death rate from the mid-1980s. The
age groups most impacted did not change markedly over time, making cohort effects
unlikely (see also online supplementary Figure S3). Deaths by assault are very
unequal and the rise in rate of death for males between the start of the 1990s and
the mid-2000s is clearly driven by deaths in the two most deprived quintiles. The
results for males reflect a fifteen year age-period interaction effect evident for a
specific sex-area deprivation group.

Strengths and weaknesses of the analysis

We used individual digital records that were introduced by NRS in 1974. These
include deaths for the whole population, for which causes have been determined by
medical practitioners and then carefully coded, following robust procedures,[17]
thus providing a complete record of all deaths in Scotland over the time period and
a robust and long time series to examine the potential for APC effects. Coding
changes over the time series would have had no impact on deaths identified as
being due to assault. Both ICD 8 and ICD 9 are comparably coded as E960-969
‘Homicide and injury purposely inflicted by other persons’ and analysis by NRS has
shown that the change from ICD 9 to ICD 10 did not impact numbers.[18] Our
deprivation analysis used Carstairs deprivation indices, which are widely used and
allow for analysis by deprivation pre-1996. Based on the census they are therefore
founded on robust underlying data but are limited by the availability of relevant
census data and the size of the postcode sectors upon which they are based.[19]

A consequence of the small number of deaths is that incidents that cause a
noticeable increase in deaths by assault in a specific year will be evident in the data
and appear of prominence causing the trends to fluctuate. Aggregating across
periods to reduce the fluctuations in the data means that such incidents can appear
of prominence across a time period rather than just a single year. While both of
these are evident in our analysis, we do not feel that these consequences of dealing
with small numbers affect our overall APC conclusions and the trends observed,
although it does mean that there is a level of uncertainty around interpreting trends
for specific individual ages. While coded as deaths due to assault, we removed
deaths resulting from the Lockerbie bombing of December 1988 (which involved an
aircraft crash in Scotland from a overflying aeroplane in which a bomb exploded) as
these were unrelated to the deaths due to assault in Scotland that were the focus of
this research and had a noticeable effect on the results. The small number of deaths
also means that there were insufficient deaths by assault to present Lexis surface
plots of age-year specific rates by age in a single year or to undertake formal
statistical modelling of the data stratified by APC, using Intrinsic Estimator (IE)
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regression modelling, which overcomes the mathematical co-dependence of APC
effects that negates the use of simple regression models, as we have previously
undertaken for suicide and alcohol- and drug-related deaths.[8-10] These methods
require a level of disaggregation which would likely be disclosive, ‘noisy’ and too
underpowered to clearly identify APC patterns and for IE modelling.

Additionally disentangling APC effects is problematic and while the IE modelling is a
newer approach to statistical estimation, which overcomes the mathematical co-
dependence of APC effects that negates the use of simple regression models, it still
has limitations.[10, 20] For instance if used, cohort IE estimates especially would
need to be interpreted with caution because there are limited observations for the
first and last cohorts and also as we have limited information for each birth cohort
across their entire lifecourse. This can lead to the age effects observed being
misattributed by the IE model to a cohort effect. As a result, the conclusions in
relation to APC effects are primarily based on the descriptive analyses of
aggregated age-groups and periods.

Our analysis looks at mortality in deaths due to assault, and therefore the
victims rather than the perpetrators of assaults. It may be that an APC analysis
of perpetrators may be more likely to display cohort effects.

Comparison with other studies

Our results are consistent with and extend previous research demonstrating the
most pronounced increase in death by assault for males aged 15-44 years in
Scotland from 1980-2005, and the persistently higher rates for men and in more
deprived areas.[11, 21] This is very similar to the socio-demographic patterning of
penetrating injuries found across the UK.[22]

Male death rates by assault are dominated by deaths due to a sharp object, most
notably a knife, and has accounted for around fifty percent of all homicides in the last
ten years.[23] Increases in deaths due to sharp objects have been shown to have
contributed to the increase in deaths by assault observed over the period 1980-2005
and will have largely contributed to the period effect we identified.[11, 24] The rate of
homicides involving knives being especially high in Glasgow, a city with areas of high
deprivation. Similar to our findings, the incident of assault-related sharp force injury
(SFI) is also higher amongst younger people, males and those living in areas of
social deprivation.[25] This incident rate has also been falling since 2009, most
marked among younger age groups.[25]

The rise in mortality due to assault occurred at a similar time to the rise in alcohol-
and drug-related mortality and suicide in Scotland, all of which have been attributed
to the changing political and social conditions of the 1980s.[7] There has been some
suggestion that the recent decline in deaths from assault as we observed may be
due to ‘a public health approach’ to violence, knife crime and gang culture adopted
by the violence reduction unit which was created by Strathclyde police in 2005 and
later rolled out across Scotland.[26-28] Laws around the carrying of knives were also
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extended in 2006.[26] However, there is little evaluative evidence available to
ascertain what, if any, contribution these initiatives had. Understanding the context
of multiple deprivation, and the gendered environment in which violence occurs, and
addressing these through a ‘maximum diversionary approach’, is evidenced as being
effective at addressing (particularly youth) violence.[29, 30]

Implications and conclusions

Mortality due to assault is substantially more common amongst young men in
deprived areas than for women, at older ages or for people living in less deprived
areas. Mortality rates, and inequalities, increased markedly in the early 1990s and
remained high until the mid-2000s before subsequently falling, but the age profile of
victims changed little over time. There is therefore evidence of age and period
effects, but little evidence of cohort effects, in deaths due to assault in Scotland. The
15 year period effect is likely to be due to similar factors that were behind the rise
and fall of alcohol-related mortality,[8] the causes of which relate to a vulnerable
population encountering a changed political, economic and social situation from the
early 1980s which created a period of high unemployment, high income inequality
and disinvestment from deprived communities.[7]
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FIGURE LEGENDS

Figure 1 Age-standardised rate of death by assault per 100,000 population per year in
Scotland, 1974-2015, by sex.

Figure 2 Age distribution of crude rates of death by assault per 100,000 population per
year in Scotland over periods 1974-1994 and 1995-2015 combined data, by sex.*

* These age profiles show general trends with age across two time periods 1974-1994 and
1995-2015 and will have been affected by any age-period-cohort effects occurring during
those periods.

Figure 3 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015 for males aged 15-29 years and 30-49 years

Figure 4 Age-standardised rate of death by assault per 100,000 population per year in
Scotland from 1974-2015, by sex and Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived

Figure 5 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015 for males aged 15-29 years and 30-49 years by Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived

ONLINE SUPPLEMENTARY FIGURE LEGENDS

Figure S1 Crude rates of death by assault per 100,000 population for three year periods
in Scotland from 1974-2015, by sex and age group
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Figure S2 Crude rates of death by assault per 100,000 population per three year periods in
Scotland from 1974-2015, by sex and Carstairs quintile*
* Quintile 1 = most deprived and Quintile 5 = least deprived

Figure S3 Crude rates of death by assault per 100,000 population by ten year age group
and five year period in Scotland from 1974-2013, by sex
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Figure 1 Age-standardised rate of death by assault per 100,000 population per year in Scotland, 1974-
2015, by sex
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cohort effects occurring during those periods.
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Figure 3 Crude rates of death by assault per 100,000 population per three year periods in Scotland from

1974-2015 for males aged 15-29 years and 30-49 years
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2 STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Z Item Page

5 No Recommendation No

6 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title |1

4 or the abstract

g (b) Provide in the abstract an informative and balanced summary of 1

10 what was done and what was found

i; Introduction

13 Background/rationale 2 Explain the scientific background and rationale for the investigation |2

14 being reported

15 Objectives 3 State specific objectives, including any prespecified hypotheses 2

ig Methods

18 Study design 4 Present key elements of study design early in the paper

19 Setting 5 Describe the setting, locations, and relevant dates, including periods

2(1) of recruitment, exposure, follow-up, and data collection

22 Participants 6 (a) Give the eligibility criteria, and the sources and methods of 2

23 selection of participants

;g Variables 7 Clearly define all outcomes, exposures, predictors, potential 2

2 confounders, and effect modifiers. Give diagnostic criteria, if

27 applicable

28 Data sources/ 8* For each variable of interest, give sources of data and details of 3

gg measurement methods of assessment (measurement). Describe comparability of

31 assessment methods if there is more than one group

32 Bias 9 Describe any efforts to address potential sources of bias 5

gi Study size 10 Explain how the study size was arrived at

35 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If

:s applicable, describe which groupings were chosen and why

38 Statistical methods 12 (a) Describe all statistical methods, including those used to control n/a

39 for confounding

40 (b) Describe any methods used to examine subgroups and n/a

j; interactions

43 (c) Explain how missing data were addressed 3

44 (d) If applicable, describe analytical methods taking account of n/a

45 sampling strategy

23 (e) Describe any sensitivity analyses 5

48 Results

‘5"2 Participants 13*  (a) Report numbers of individuals at each stage of study—eg 2-3

51 numbers potentially eligible, examined for eligibility, confirmed

52 eligible, included in the study, completing follow-up, and analysed

53 (b) Give reasons for non-participation at each stage n/a

gg (c) Consider use of a flow diagram n/a

56 Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, n/a

57 clinical, social) and information on exposures and potential

58 confounders

Z?) (b) Indicate number of participants with missing data for each 3
variable of interest

1
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Outcome data 15* Report numbers of outcome events or summary measures 2

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted | n/a
estimates and their precision (eg, 95% confidence interval). Make
clear which confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous variables were 3-4 —see
categorized figures

also

(c) If relevant, consider translating estimates of relative risk into n/a
absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and 5
interactions, and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of 4-5
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering 6
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 5

Other information

Funding 22 Give the source of funding and the role of the funders for the present |6
study and, if applicable, for the original study on which the present
article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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