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Explaining the excess mortality in Scotland
compared with England: pooling of 18 cohort

studies

Gerry McCartney,’ Tom C Russ,%** David Walsh,” Jim Lewsey,® Michael Smith,”
George Davey Smith,® Emmanuel Stamatakis,®'® G David Batty*®

ABSTRACT

Background Mortality in Scotland is higher than in the
rest of west and central Europe and is improving more
slowly. Relative to England and Wales, the excess is only
partially explained by area deprivation. We tested the
extent to which sociodemographic, behavioural,
anthropometric and biological factors explain the higher
mortality in Scotland compared with England.

Methods Pooled data from 18 nationally representative
cohort studies comprising the Health Surveys for England
(HSE) and the Scottish Health Survey (SHS). Cox
regression analysis was used to quantify the excess
mortality risk in Scotland relative to England with
adjustment for baseline characteristics.

Results A total of 193 873 participants with a mean
of 9.6 years follow-up gave rise to 21 345 deaths. The
age-adjusted and sex-adjusted all-cause mortality HR for
Scottish respondents compared with English respondents
was 1.40 (95% Cl 1.34 to 1.47), which attenuated to
1.29 (95% Cl 1.23 to 1.36) with the addition of the
baseline socioeconomic and behavioural characteristics.
Cause-specific mortality HRs attenuated only marginally
to 1.43 (95% 1.28 to 1.60) for ischaemic heart disease,
1.37 (95% ClI 1.15 to 1.63) for stroke, 1.41 (95% Cl
1.30 to 1.53) for all cancers, 3.43 (95% Cl 1.85 to
6.36) for illicit drug-related poisoning and 4.64 (95% Cl
3.55 to 6.05) for alcohol-related mortality. The excess
was greatest among young adults (16—44 years) and
was observed across all occupational social classes with
the greatest excess in the unskilled group.

Conclusions Only a quarter of the excess mortality
among Scottish respondents could be explained by the
available baseline risk factors. Greater understanding is
required on the lived experience of poverty, the role of
social support, and the historical, environmental, cultural
and political influences on health in Scotland.

INTRODUCTION

The population of Scotland has experienced higher
mortality rates than the rest of the UK since the
1920s, and improved more slowly than the rest of
continental Europe since the 1950s.' Initially, this
was largely ascribed to higher mortality from car-
diovascular disease (CVD), stroke and cancer.
However, this pattern of cause-specific deaths
changed around 1980 with a rise in rates of
violent,* drug-related and suicide deaths.” With an
accompanying increase in rates of alcohol-related
deaths over subsequent decades, the mortality
pattern now has parallels to that observed in
eastern Europe.” 3 ©

Relative to England and Wales, mortality rates in
Scotland were 12% higher in 1981, increasing to
15% higher in 2001. The proportion of this excess,
which could be explained by area-based socio-
economic deprivation, declined from 62% to 47%
during the same period. Individual measures of
socioeconomic status revealed similar findings for
coronary heart disease.” This apparently inexplic-
able excess mortality, over and above that explained
by area deprivation, has been dubbed the ‘Scottish
Effect’.®

There is therefore a need to explain why
Scotland experiences higher rates of mortality than
the rest of west and central Europe, why area
deprivation is increasingly less able to explain the
excess in comparison to England and Wales and
why inequalities in mortality within Scotland are
relatively higher.””"' To date, there have been at
least 17 hypotheses suggested to explain these phe-
nomena,'? '® but the investigation of many of these
has been limited by a lack of comparable individual
data linked to health outcomes, and where these
data have been available, they may not be generalis-
able.'® Although it is clear that some health beha-
viours are implicated in the higher mortality
(particularly alcohol® *° and illicit drugs'®), the
prevalence of many others are relatively similar in
Scotland to other areas.'” '® This has raised the
possibility that other factors may be an important
explanation.’® Furthermore, simple explanations
that include only health behaviours without some
understanding of the ‘causes of the causes’ are
insufficient, and so hypotheses relating to deindus-
trialisation, unemployment, economic and social
policy?® *! (not least the neoliberal approach seen
in the UK) have been proposed.' '* ' 2272° Further
research is therefore required in order to design
policy and practice with the aim of alleviating the
human suffering associated with the higher mortal-
ity rates.

Major population health surveys conducted from
the mid-1990s in Scotland and England, whose
respondents have been linked to subsequent cause-
specific mortality, have created powerful, well-
characterised cohort studies which draw on
random population samples.”® *” Much of the data
collected in the health surveys are directly compar-
able and there have now been a sufficient number
of deaths to facilitate comparative pooled analyses
of mortality in England and Scotland. Thus, this
study aims to ascertain the extent to which any of
the baseline risk factors explain the higher mortal-
ity in Scotland, beginning with social position,
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given the earlier finding from ecological and individual studies
of an excess after adjustment for deprivation.” ®

METHODS

Data sources

We used the data collected in a series of 18 independent studies
conducted between 1995 and 2003 (the Scottish Health
Surveys, SHS) and 1994-2008 (the Health Surveys for England,
HSE). Consenting survey respondents have been linked to the
National Health Service registries up until the first quarter of
2011 for data on cause-specific mortality (the proportion con-
senting in each cohort study is given in table 1 (mean 86%,
range 72-96%)). These cohort studies have been described in
detail elsewhere.”® %7 Briefly, random, stratified, population-
based samples of the Scottish population aged 16-64, 16-74
and >16 years were taken in 1995, 1998 and 2003, respectively.
In England, random population samples were drawn from the
population aged >16 years in each year from 1994 to 2008. At
the interview, data were collected on occupational social class,
educational attainment, health behaviours (such as diet, smoking
and alcohol consumption), pre-existing morbidity, self-assessed
health and the 12-item General Health Questionnaire.?® During
a subsequent nurse visit, weight, height, spirometry and blood
pressure were objectively measured; blood samples were taken
from a subsample.

The end points of interest were all-cause mortality and mor-
tality from: CVD (International Classification of Diseases
(ICD)-9 codes 390-459 and ICD-10 chapter I); ischaemic heart
disease (ICD-9 codes 410-414 and ICD-10 codes 120-I125);
stroke (ICD-9 codes 430-438 and ICD-10 codes 160-169); all
cancers (ICD-9 codes 140-239 and ICD-10 codes C00-D48);
individual cancers; smoking-related cancers (ICD-9 codes
141-151, 155.0, 157, 160.0, 160.2-160.9, 161, 162.2-162.9,
180, 188, 189 and 205 and ICD-10 codes C01-16, C22, C25,
C30.0, C31, C32, C34, C53, Cé64, C65, C67 and C92, in line
with WHO definitions®® 3°); alcohol-related causes (ICD-9
codes 291, 303, 305.0, 425.5, 571.0, 571.1, 571.2, 571.3,
571.4, 571.5, 571.8, 571.9 and E860 and ICD-10 codes F10,
G31.2, G62.1, 142.6, K29.2, K70, K73, K74.0, K74.1, K74.2,
K74.6, K86.0, X45, X65 and Y15); illicit drug-related causes
(ICD-9 codes 304-305 (not 305.1), 965-71, E935-41,
E950.0-E950.5, E962 and E980.0-E980.5 and ICD-10 codes
F11-F16, F18, F19, X40-X44, X60-X64, X85 and Y10-Y14); and
external causes (ICD-9 codes 800-999 and ICD-10 codes
V00Y98; for both intentional external deaths (identified by any
mention of ICD-9 codes E950-E959 and E980-E989 or ICD-10
codes X60-X84 and Y10-Y34 associated with an underlying exter-
nal cause of death) and unintentional external deaths (all deaths
where the underlying cause of death was external and had no
mention of the ICD codes indicating an intentional motivation)).

Analyses
We examined log (—log(survival)) plots for total mortality to
confirm that the proportional hazards assumption was valid.
Cox proportional regression’! was then used—with calendar
time in months elapsed from survey date as the time scale—to
compute HRs with accompanying 95% ClIs for the relation of
country of residence (based on survey) with mortality experi-
ence. We also performed a sensitivity analysis using age as the
timescale for the analysis rather than age-adjusted calendar time.
Having tested that gender did not modify the residence-mor-
tality relation, these HRs were initially adjusted for age and sex.
This was followed by the individual addition of occupational
social class, educational attainment, smoking status, frequency

of alcohol consumption, self-assessed health and long-standing
illness. Finally, we adjusted for all factors simultaneously. In
planned sensitivity analyses, these analyses were repeated for all-
cause mortality for restricted age strata (16-45 and >45 years)
and by occupational social class strata to investigate the sugges-
tion of higher mortality among young adults!* * 32 33 and in
more deprived neighbourhoods.!' '* 32 33 For selected out-
comes, we also examined the impact of controlling for height in
addition to a much wider range of individual baseline survey
and clinical measurement data for which there were more than
20% of data missing. These were: doctor-diagnosed CVD and
hypertension; and doctor-diagnosed diabetes; portions of fruit
and vegetables eaten on a day prior to the survey; antidepressant
use; anxiolytic use; physical activity>*; psychological distress
measured by the 12-item General Health Questionnaire
(GHQ-12); objectively measured body mass index; systolic
blood pressure; diastolic blood pressure; forced vital capacity
(FVC); forced expiratory volume in 1s (FEV;); and peak flow
rate. Where individuals had missing data, we excluded them
from the relevant analyses.

Finally, to empirically assess the degree to which the linked
HSE and SHS cohort studies were representative of the English
and Scottish populations, we also tabulated the denominator
populations and number of deaths for each S-year age-sex
stratum for each year of follow-up and created an equivalent
table for the English and Scottish populations overall using
routine administrative data. We then performed a negative bino-
mial regression using R V2.15.2 to compare the relative all-cause
mortality rates between the pooled surveys and their correspond-
ing overall populations. All other analyses used PASW Statistics
V.18.0.

RESULTS

There were 222 829 individuals in the 18 cohort studies, of
whom 193 873 had sufficiently complete data to facilitate ana-
lysis (172 139 in HSE and 21 734 in SHS, web figure 1). Fifteen
English cohort studies for each year between 1994 and 2008
were available, as were three Scottish cohort studies from 19935,
1998 and 2003. Over a period of time, the proportion of
people consenting to participate in the survey and to mortality
linkage declined, as did smoking prevalence. There were also
secular rises in the socioeconomic status of study members as
evidenced by the proportion in non-manual occupational social
classes and those leaving school aged >16 years (table 1).
Relative to study members who declined to consent to being
linked to mortality records, participants who did were some-
what more likely to be healthy, be from a non-manual social
class, have higher educational attainment and be less likely to
smoke or have a long-term limiting illness; web table 1).

The baseline characteristics of the pooled English and pooled
Scottish cohort studies are given in web table 2. The proportion
of the sample in the English studies of the non-manual social
class and with greater educational attainment was slightly higher
than that in the Scottish studies, while the prevalence of
smoking was substantially higher in Scotland compared with
England (32.8% vs 25.3%). The prevalence of psychological
distress at baseline in the Scottish and English studies was
broadly similar (with 59%, 26%, 8% and 7% in the HSE
studies and 59%, 24%, 8% and 8% in the SHS studies with
GHQ-12 scores of 0, 1-3, 4-6 and 7-12, respectively).

The age-adjusted and sex-adjusted HR for mortality in the
pooled Scottish studies compared with the English studies for
all-cause mortality was 1.40 (95% CI 1.34 to 1.47). Additional
adjustment for occupational social class, educational attainment,

2 McCartney G, et al. J Epidemiol Community Health 2014;0:1-8. doi:10.1136/jech-2014-204185



G8LY0T-7L0Z-UBN/9ELL'0L:I0p "8=L1:0'Y 10T YieaH Aunwuio) joiwapidd [ fe 19 'D feupedd|y

Table 1 Characteristics of study participants according to individual cohort studies: follow-up of 18 cohort studies from the Health Survey for England and Scottish Health Survey (N=193 873)

Health Survey for England

Scottish Health Survey

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 N 1995 1998 2003 N

Adults irrespective of consent status N 15804 16055 16443 8582 15908 13947 11025 15647 10331 14836 12758 10303 14142 6882 15102 197 765 7932 9040 8092 25 064
Household response % 77 78 79 76 74 76 75 74 74 73 72 74 68 64 64 81* 77 67
Estimated adult interview response % Al 73 75 VAl 69 70 68 67 67 66 66 64 61 58 58 93 92 91
Consented to mortality linkage % 956 937 93.7 93.9 946  90.1 719 884 89 873 757 80.6 826 80.5 782 - 853 86.9 87.9 -

N 15113 15036 15411 8060 15046 12571 7931 13835 9181 12954 9661 8308 11683 5542 11807 172139 6763 7857 7114 21734
Follow-up (years) Mean 15.0 14.2 134 12.6 1.7 112 93 9.2 8.3 73 6.4 5.4 4.5 3.5 2.5 172139 13.8 10.6 5.7 21734

SD 3.9 3.6 3.2 2.8 2.6 1.8 2.8 1.6 1.2 1.2 0.8 0.9 0.6 0.4 03 2.2 2.0 0.9
Deaths from all causes 2924 2821 2640 1229 2177 963 1639 1393 593 970 367 699 477 173 172 172139 638 934 536 21734
Age Mean 46.0 463 46.4 46.2 468 438 518 473 394 478 454 546 492 485 488 172139 40.2 45.2 49.6 21734

SD 186 185 18.5 18.1 185 179 21.0 182 196 18.1 17.8 196 182 18.1 18.4 13.3 15.9 17.8

Range 16-97 16— 16-102 16-95 16-97 16-96 16-102 16-99 16-97 16-99 16-102 16-99 16-97 16-97 16-97 1664 16-74 16-95

100

Female % 544 541 541 54.0 547 540 56.0 547 558 552  56.2 547 55.0 552 554 172139 55.1 55.9 55.8 21734
Non-manual occupational social class (I- % 54.1 55.7 55.1 55.2 547 539 57.1 576 576 593 594 588 61.0 613 61.1 161702 51.4 51.9 56.0 20 492
1INM)
Left school >16 (approximates to % 618 613 629 63.2 640 684 622 679 771 700 749 63.1 723 740 734 172017 66.6 62.8 64.8 21716
compulsory education)
Current smoker % 274 275 28.6 28.1 27.8 251 24.6 254 278 246 212 211 220 215 21.5 171477 37.0 34.8 26.3 21591
Drinks alcohol at least weekly % 622 642 652 65.2 653 498 60.6 65.1 645 648 49.0 623 612 607 60.3 170166 63.1 61.4 60.3 21 365
Self-assessed general health good or very % 764 763 764 74.5 741 719 719 745 775 751 731 711 746 742 748 172101 75.7 74.6 7.8 21734
good
Long-standing illness % 395 418 42.7 44.5 442 46 474 46.0 402 474 437 527 462 459 456 172095 37.0 433 442 21734

*The sample design in 1995 selected only one adult randomly per household at random.
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frequency of alcohol consumption, self-reported health or long-
standing illness did little to attenuate the relationship, whereas
only adding smoking to the model had an appreciable effect
(HR=1.31, 95% CI 1.25 to 1.37). Adjustment for all these
factors combined resulted in a raised risk of total mortality of
29% (HR 1.29, 95% CI 1.23 to 1.36) in the Scottish studies
relative to the English studies (table 2).

For all cancers combined, the age-adjusted and sex-adjusted HR
for the Scottish studies was 1.54 (95% CI 1.42 to 1.66), which
was only partially explained by smoking (HR 1.42, 95% CI 1.31
to 1.53) and not substantially by occupational social class, educa-
tional attainment, frequency of alcohol consumption, self-assessed
general health or long-standing illness (multiply adjusted HR 1.41,
95% CI 1.30 to 1.53; table 2). Web table 3 shows the HRs for
smoking-related cancers and a range of site-specific cancers. The
multiply adjusted HR for smoking-related cancers was 1.62 (95%
CI 1.45 to 1.81) and for non-smoking-related cancers 1.22 (1.09
to 1.37). Particularly high multiply adjusted HRs were observed
for lung cancer (1.67, 95% CI 1.43 to 1.94), oesophageal cancer
(2.23, 1.60 to 3.09), bladder cancer (1.62, 1.04 to 2.54), cancer of
the central nervous system (1.74, 1.12 to 2.72), leukaemia (2.32,
1.1.45 to 3.71), multiple myeloma (1.60, 0.81 to 3.13), liver
cancer (2.54, 1.37 to 4.73) and mesothelioma (2.04, 1.06 to
3.93). The multiply adjusted models explained a very small add-
itional proportion of the excess mortality compared with the
age-adjusted and sex-adjusted models for each of these specific
cancers. There was no evidence of an excess mortality for prostate
or pancreatic cancer, or for non-Hodgkin’s lymphoma.

A similar pattern to all-cause mortality was observed for
CVD, ischaemic heart disease and stroke, where the multiply
adjusted HRs were 1.27 (95% CI 1.16 to 1.38), 1.43 (1.28 to
1.60) and 1.37 (1.15 to 1.63), respectively (table 3). For inten-
tional external causes (ie, intentional self-harm, violence or
events of undetermined intent), the multiply adjusted HR was
1.68 (95% CI 1.07 to 2.64), and for unintentional external
causes (ie, all other accidents, assaults, medical/surgical compli-
cations, or other external causes of death) it was similar in the
Scottish studies compared with the English studies (HR 0.88,
95% CI 0.62 to 1.24; table 4).

The age-adjusted and sex-adjusted alcohol-related mortality in
the Scottish studies was more than five times higher than that in
the English studies (HR 5.43, 95% CI 4.20 to 7.02). This was
only marginally explained by the baseline risk factors (in

particular smoking), giving a multiply adjusted HR of 4.64
(95% CI 3.55 to 6.05). Similarly, the age-adjusted and sex-
adjusted drug-related poisoning mortality in the Scottish studies
was almost four times higher than that in the English studies
(HR 3.86, 95% CI 2.15 to 6.94), which again was only margin-
ally explained by the baseline risk factors (multiply adjusted HR
3.43, 95% CI 1.85 to 6.36; figure 1 and table 5).

Web table 4 shows the all-cause HRs stratified into broad age cat-
egories to investigate whether the excess mortality in the Scottish
studies was greater among young adults, as has been shown in pre-
vious studies,”* and whether this is explained by the baseline risk
factors. For those aged 16-44 and 45-64 years, the age-adjusted
and sex-adjusted HRs were higher than those for all ages (HR
1.68, 95% CI 1.44 to 1.97 and 1.71, 95% CI 1.59 to 1.83), which
adjusted to (HR 1.54, 95% CI 1.30 to 1.81 and 1.47, 95% CI
1.37 to 1.58) with the addition of the baseline risk factors.

Web table 5 shows the HRs for residency in relation to all-
cause mortality stratified by occupational social class. This
shows that the excess age-standardised and sex-standardised
mortality is present across all occupational social class categories
except for social class I where the multiply adjusted HR was in
fact imprecisely lower in the Scottish studies (0.85; 0.59 to
1.23). The multiply adjusted HRs for the Scottish studies were
1.20 (95% CI 1.08 to 1.34) in social class II, 1.32 (1.18 to
1.47) in social class IIINM, 1.31 (1.20 to 1.43) in social class
M, 1.27 (1.14 to 1.41) in social class IV and 1.40 (1.22 to
1.61) in social class V. The HR for the interaction between
country and social class was 1.05 (p=0.12).

Web table 6 gives the subgroup analyses of the models
adjusted using a wider range of baseline characteristics that were
available for a smaller proportion of linked survey respondents.
This shows that few of the additional baseline factors offer
much additional explanatory power, with the exception of FVC,
FEV, and peak flow. Notably, neither pre-existing morbidity,
blood pressure, physical activity, portions of fruit and vegetables
eaten, body mass index, antidepressant use nor anxiolytic use
explained any substantial proportion of the standardised excess.

DISCUSSION
Main results
Mortality rates in the Scottish studies were 40% higher than in
the English studies for all causes. The mortality rates for almost
all specific causes of death were higher, although with some

Table 2 HRs (95% Cl) for all-cause mortality, and deaths from cancer: Scotland relative to England (N=193 873)

All-cause mortality Cancert
HSE  SHS HSE  SHS

Model* Deaths N HR HR p Value Deaths N HR HR p Value
Age-adjusted and sex-adjusted 21345 193873 1 1.40 (1.34 t0 1.47)  <0.001 6009 193 873 1 1.54 (1.42 t0 1.66)  <0.001
(basic model)§

+Occupational social class 20410 183 043 1 1.39 (1.33 to 1.46) <0.001 5839 183 043 1 1.52 (1.41 to 1.65) <0.001
+Educational attainment 21318 193 733 1 1.39 (1.32 to 1.45) <0.001 6006 193 733 1 1.52 (1.41 to 1.65) <0.001
+Smoking status 21309 193 068 1 131 (1.25t01.37)  <0.001 5997 193 068 1 1.42 (1.31t0 1.53)  <0.001
+Frequency of alcohol consumption 21 311 191 531 1 1.39 (1.33 to 1.45) <0.001 6000 191 531 1 1.54 (1.42 to 1.66) <0.001
+Self-assessed general health 21339 193835 1 1.39 (1.33 t0 1.46)  <0.001 6007 193 835 1 1.53 (1.41 to 1.65) <0.001
+Long-standing illness 21341 193 829 1 1.41 (1.35 to 1.48) <0.001 6008 193 829 1 1.54 (1.43 to 1.67) <0.001
Multiply adjustedt 20 330 181 560 1 1.29 (1.23 to 1.36) <0.001 5818 181 560 1 1.41 (1.30 to 1.53) <0.001

*Covariates selected from potentially relevant variables because data for these variables were missing in less than 20% of participants.

t1CD-9 codes 140-239 and ICD-10 codes C00-D48.

+Model adjusted for age, sex, occupational social class, educational attainment, smoking status, frequency of alcohol consumption, self-assessed general health and long-standing

illness.

§The unadjusted HR suggests that death rates are lower in Scotland but the age distributions of the two samples are different—the HSE cohorts are older.
HSE, Health Surveys for England; ICD, International Classification of Diseases; SHS, Scottish Health Survey.

McCartney G, et al. J Epidemiol Community Health 2014;0:1-8. doi:10.1136/jech-2014-204185



Research report

193 873)

Table 3 HRs (95% CI) for all-cause mortality, and deaths from cardiovascular disease, ischaemic heart disease and stroke: Scotland relative to England (N

Stroke#

Ischaemic heart diseaset

Cardiovascular disease*

SHS
HR

HSE
HR

SHS
HR

HSE
HR

SHS
HR

HSE
HR

p Value

N

Deaths

p Value

N

Deaths

p Value

N

Deaths

Model

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1.42 (1.20 to 1.68)
1.43 (1.20 to 1.70)
1.42 (1.19 to 1.68)
1.36 (1.14 to 1.61)
1.39 (1.17 to 1.65)
1.42 (1.20 to 1.69)
1.43 (1.21 to 1.70)
1.37 (1.15 to 1.63)

1
1
1
1
1
1
1
1

193 873
183 043
193733
193 068
191 531
193 835
193 829
181 560

1793
1683
1792
1791
1791
1792
1793
1678

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1.60 (1.43 to 1.77)
1.54 (1.38 t0 1.72)
1.57 (1.41 to 1.75)
1.50 (1.35 to 1.67)
1.57 (1.41 to 1.75)
1.58 (1.42 to 1.76)
1.61 (1.45 to 1.80)
1.43 (1.28 to 1.60)

1
1
1
1
1
1
1
1

193 873
183 043
193733
193 068
191 531
193 835
193 829
181 560

3555

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

1.37 (1.26 to 1.48)
1.35 (1.25 to 1.47)
1.36 (1.25 to 1.47)
1.29 (1.19 to 1.40)
1.35 (1.24 to 1.46)
1.36 (1.26 to 1.48)
1.38 (1.28 to 1.50)
1.27 (1.16 to 1.38)

1
1
1
1
1
1
1
1

193 873
183 043
193733
193 068
191 531
193 835
193 829
181 560

7372
7025

Age-adjusted and sex-adjusted (basic model)

+0ccupational social class

3406
3550

3551

7363
7365
7362
7370
7372

7000
§Model adjusted for age, sex, occupational social class, educational attainment, smoking status, frequency of alcohol consumption, self-assessed general health and long-standing illness.

*ICD-9 codes 390-459 and ICD-10 chapter .

+Educational attainment

+Smoking status

3554
3554
3555

+Frequency of alcohol consumption
+Self-assessed general health
+Long-standing illness

Fully-adjusted§

3395

11CD-9 codes 410-414 and ICD-10 codes 120-125.

$1CD-9 codes 430-438 and ICD-10 codes 160-169.

HSE, Health Surveys for England; ICD, International Classification of Diseases; SHS, Scottish Health Survey.

heterogeneity: for instance, mortality for ischaemic heart disease
was 60% and stroke mortality was 42% higher in the Scottish
studies. The relative differences in mortality rates were particu-
larly high for: all cancers (54% higher); intentional external
causes (85% higher); lung and oesophageal cancer (more than
twice as high); for drug-related poisonings (almost four times
higher) and for alcohol-related deaths (more than five times
higher). Taking into account the most obvious explanatory
factor, socioeconomic characteristics, explained only a small
proportion of the overall observed excess, with the multiply
adjusted all-cause mortality rate remaining 29% higher in the
Scottish studies relative to the English studies. This reflects the
relatively minor differences in risk factors between countries,
the main difference being a greater proportion who smoked in
the Scottish studies. Lung function did explain a larger propor-
tion of the excess in the subgroup for whom these data were
available, but this measure is by definition functional and the
exposures which diminish it are unclear. In the age-stratified
analysis, the relative mortality rates were observed to be highest
in those aged 16-44 years (65% higher) and in those aged 45—
64 years (70% higher), compared with 40% higher for all ages.
Excess mortality was also observed across most occupational
social class groups (with the exception of professionals). This
suggests that the factors which are contributing to the excess
mortality in Scotland are only partially modified by social class
and there are likely to either be exposures that impact across all
social groups (with a greater impact among the working class
population) or that there are two layers of contributing expo-
sures to the excess, but only one of which impacts across the
whole population.

Study strengths and weaknesses

The cohort studies formed from the linked health surveys (HSE
and SHS) are designed to be representative of the adult popula-
tion in England and Scotland and utilise stratified random sam-
pling methods to achieve this goal. Other examinations of
explanations for the Scottish-English mortality differentials have
often utilised data from cohort studies of working populations,
thus affecting the generalisability of any findings.'* It is most
likely that almost all deaths will have been captured in the death
registries, making the estimated mortality rates internally
valid.?® 27 The cohort studies also provide premorbid, individ-
ual risk factor data not available for routine data, which allows
a wider range of potential explanatory factors to be tested with
adjustment for confounding.

Despite the survey sample frame being representative of the
adult non-institutionalised population, the declining response
rates to the baseline surveys and subsequent linkage, the
non-coverage of some institutional populations in the sample
frame and the consequent potential for non-representativeness
are real.”” Both HSE and SHS normally present their results
after inverse probability weighting to adjust for non-response
bias. We have not weighted our data because: such weighting
factors are available for the most recent years only; there are
inherent difficulties of using different weights for different
years; and because responders are intrinsically different from
non-responders and simply up-weighting the responders’ data
does not adequately adjust for non-response.®® *” Previous com-
parisons of HSE and SHS data found that weighting did not
change the overall results (Rich Mitchell, personal communica-
tion). We did not have comparable measures of area deprivation
in the data set and using only individual measures of socio-
economic status may have left some residual confounding.>® We
assumed no loss to follow-up in the analyses, which could have
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Table 4 HRs (95% CI) for deaths from external causes, intentional and unintentional: Scotland relative to England (N=193 873)

External (intentional)*

External (unintentional)

HSE  SHS HSE  SHS
Model Deathst N HR  HR p Value Deaths N HR  HR p Value
Age-adjusted and sex-adjusted (basic model) 122 193 873 1 1.85(1.18 t0 2.89)  0.007 418 193 873 1 0.95 (0.69 to 1.32)  0.777
+0Occupational social class 119 183 634 1 1.86 (1.19 to 2.91) 0.007 398 183 043 1 0.93 (0.67 to 1.31) 0.693
+Educational attainment 122 193733 1 1.85 (1.18 to 2.89) 0.007 418 193 733 1 0.95 (0.68 to 1.31) 0.745
+Smoking status 122 193068 1 1.65 (1.05 to 2.58)  0.030 415 193068 1 0.87 (0.62 to 1.22)  0.408
+Frequency of alcohol consumption 122 191 531 1 1.86 (1.19 to 2.91) 0.007 417 191 531 1 0.96 (0.69 to 1.33) 0.793
+Self-assessed general health 122 193 835 1 1.82 (1.16 to 2.84) 0.009 418 193 835 1 0.95 (0.68 to 1.31) 0.741
+Long-standing illness 122 19389 1 1.85(1.18 10 2.89)  0.007 418 193829 1 0.95 (0.69 to 1.32)  0.778
Fully-adjusted 119 181 151 1 1.68 (1.07 to 2.64) 0.025 39% 181 560 1 0.88 (0.62 to 1.24) 0.453

*Intentional deaths were identified by any mention of ICD-9 codes E950-E959 (intentional) and E980-E989 (undetermined intent) or ICD-10 codes X60-X84 (intentional) and Y10-Y34

(undetermined intent) associated with an underlying external cause of death (ICD-9 codes 800-999 or ICD-10 codes V00-Y98).

tHSE deaths 98; SHS deaths 24.

+Model adjusted for age, sex, occupational social class, educational attainment, smoking status, frequency of alcohol consumption, self-assessed general health and long-standing

illness.

HSE, Health Surveys for England; ICD, International Classification of Diseases; SHS, Scottish Health Survey.

biased the results if experienced differentially between HSE and
SHS. Although unlikely, it is possible that differential measure-
ment bias (eg, in previous smoking) might have underestimated
the impact of some of the explanatory variables in the model. A
mediation analysis approach may have facilitated a more
detailed consideration of the role of confounding, direct and
indirect causes, but was beyond the scope of this paper.

We used the standard approach to Cox modelling of using
time since baseline and treating age as a confounder (which is
important given the differences in the baseline ages of the
cohorts). Web table 7 provides a sensitivity analysis using age as
the timescale in the models rather than age-adjusted calendar
time. This inflates the HRs in the Scottish population across all
causes of death, but the patterning is similar. The age ranges in
the cohorts differ slightly and we have chosen to adjust for age
rather than restrict those included in the analysis to preserve the
sample size. However, to expose the differences across the age
range, we have stratified the samples in web table 4, which
shows larger HRs for younger adults (which fits with the known
higher excess in this age group).?

Preliminary analyses of the age-standardised all-cause mortal-
ity rates in the linked SHS compared with the rates derived
from routine deaths data suggest that the rates may be underesti-
mated by 33% for men and 20% for women.?” The all-cause
mortality rates in the linked HSE and SHS studies here were
31% and 21% lower than in the English and Scottish popula-
tions, respectively. Routine data suggest that alcohol-related
deaths are approximately twice as high in the Scottish popula-
tion as in England and Wales,>® yet the age-adjusted and sex-

adjusted HR in the Scottish studies compared with the English
studies was over five. These all suggest that the healthy respond-
ent effect may be more acute for the English studies.
Furthermore, the Scottish data are for a slightly earlier period.
Both of these factors will have inflated the HRs comparing the
Scottish with the English studies.

Comparison with the existing literature and implications
The excess age-standardised and sex-standardised mortality in
the Scottish studies in this study is 40%, more than double that
seen using routine data for all ages around 2001 when the dif-
ference was 15%.% Just under half of the excess in 2001 could
be explained by area deprivation, but very little of the excess in
this study could be explained by individual occupational social
class or educational attainment. A recent review of the potential
explanations for the excess mortality in Scotland suggested that
behavioural factors were unlikely by themselves to explain the
differences, and this is confirmed by these analyses—with only
smoking explaining a substantial proportion (about a quarter) of
the excess. This analysis also concurs with the finding of a
greater excess mortality among young adults, and that the
excess is seen across most of the socioeconomic spectrum, but is
skewed towards the more deprived groups.?® 2! 32 40 41
Self-rated health in Scotland has been shown to be worse than
in England and Wales and worse in Greater Glasgow as compared
with a range of other European metropolitan areas. Unlike in this
study, in those analyses, the excess in Scotland could entirely be
accounted for by differences in economic activity, but the excess
in Glasgow could not be explained by social class and educational

Model Deaths Total N HR (95% CI)

Overall mortality 20330 181560 1.29(1.23-1.36) L

Cancer 5818 181560 1.41(1.30-1.53) =

Cardiovascular disease 7000 181560 1.27 (1.16 - 1.38) =

Ischaemic heart disease 3411 181560 1.44 (1.29-1.61) =

Stroke 1678 181560 1.37 (1.15-1.63) —

External (intentional) 119 181151 1.68 (1.07 -2.64)

External (unintentional) 396 181560 0.88 (0.62-1.24)

Alcohol-related 241 181521 4.64 (3.55-6.05)

Drug-related 45 181310 3.43 (1.85-6.36)
T T T T T T |
05 10 20 30 40 50 6.0

Figure 1 Multiply adjusted HRs for Scotland relative to England.

Hazard ratio
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Table 5 HRs (95% Cl) for deaths related to alcohol* or drugst: Scotland relative to England (N=193 873)
Alcohol-related deaths*

Drug-related poisoningst

HSE  SHS HSE  SHS
Model# Deaths N HR  HR p Value Deaths N HR  HR p Value
Age-adjusted and sex-adjusted (basic model) 252 193 831 1 5.43 (4.20 t0 7.02)  <0.001 50 193 606 1 3.86 (2.151t0 6.94)  <0.001
+Occupational social class 246 183 004 1 5.26 (4.06 t0 6.82)  <0.001 46 182793 1 3.84 (2.09 to 7.06)  <0.001
+Educational attainment 251 193 691 1 5.34 (413 t0 6.91)  <0.001 50 193 466 1 3.87 (2.151t0 6.95)  <0.001
+Smoking status 249 193 026 1 4.47 (3.44 10 5.80)  <0.001 50 192 801 1 3.32 (1.84 10 5.98)  <0.001
+Frequency of alcohol consumption 251 191 489 1 5.73 (4.44 t0 7.42)  <0.001 48 191 264 1 3.77 (2.06 t0 6.87)  <0.001
+Self-assessed general health 252 193 793 1 5.26 (4.07 to 6.80)  <0.001 50 193 568 1 3.65 (2.03 t0 6.56)  <0.001
+Long-standing illness 252 193 787 1 5.45 (4.22 to 7.04)  <0.001 50 193 562 1 3.88 (2.16 t0 6.98)  <0.001
Fully-adjusted§ 241 181 521 1 4.64 (3.55 t0 6.05)  <0.001 45 181 310 1 3.43 (1.85 t0 6.36)  <0.001

*Coded according to the General Register Office for Scotland convention using ICD-9 codes 291, 303, 305.0, 425.5, 571.0, 571.1, 571.2, 571.3, 571.4, 571.5, 571.8, 571.9 and E860

and ICD-10 codes F10, G31.2, G62.1, 142.6, K29.2, K70, K73, K74.0, K74.1, K74.2, K74.6, K86.0, X45, X65 and Y15.

t1CD-9 codes 304-305 (not 305.1), 965-71, E935-41, E950.0-E950.5, E962 and E980.0-E980.5 and ICD-10 codes F11-F16, F18, F19, X40-X44, X60-X64, X85 and Y10-Y14.
$Covariates selected from potentially relevant variables because data for these variables were missing in less than 20% of participants.

§Model adjusted for age, sex, occupational social class, educational attainment, smoking status, frequency of alcohol consumption, self-assessed general health and long-standing

illness.

HSE, Health Surveys for England; ICD, International Classification of Diseases; SHS, Scottish Health Survey.

attainment.** ** The value of self-rated health as an outcome
measure in investigating the mortality phenomena in Scotland is
therefore unclear, particularly since there are socioeconomic,
demographic and cultural factors which may lead to artefactual
differences between population groups.** **

Further work is therefore required to explore factors which
are not routinely collected in health surveys or administrative
data, which might explain the excess mortality in Scotland. This
includes more sensitive measures of the lived experience of
poverty, the role of social support within communities, greater
understanding of the impact of historical*® *” and cultural influ-
ences and the differential impact of local and national politics
on health outcomes.'?> * Further work is also required to
examine why psychological distress appears to be more toxic to
health in Scotland than in England.*®

What is already known on this subject

Mortality in Scotland is higher than in the rest of west and
central Europe and is improving more slowly. Relative to
England and Wales, the excess is only partially explained by
area deprivation.

What this study adds

Mortality was 40% higher in Scottish cohort members than in
English cohort members, and only around a quarter was
explicable by socioeconomic, behavioural, anthropological or
biological factors.

Author affiliations

'NHS Health Scotland, Glasgow, UK

2Alzheimer Scotland Dementia Research Centre, University of Edinburgh,

Edinburgh, UK

3Scottish Dementia Clinical Research Network, NHS Scotland, Murray Royal Hospital,
Perth, UK

“Centre for Cognitive Ageing and Cognitive Epidemiology, University of Edinburgh,
Edinburgh, UK

>Glasgow Centre for Population Health, Glasgow, UK

®lnstitute of Health and Wellbeing, University of Glasgow, Glasgow, UK

NHS Greater Glasgow and Clyde, Glasgow, UK

8MRC Centre for Causal Analyses in Translational Epidemiology, School of Social and
Community Medicine, University of Bristol, Bristol, UK

°Department of Epidemiology and Public Health, University College London,

London, UK

"%Charles Perkins Centre, University of Sydney, Sydney, Australia

Contributors GDB originally conceived the study. The research questions and
analysis plan were devised by TCR, DW, GM and GDB. ES acquired, cleaned and
prepared the data set. TCR performed the analysis with support from JL. GM drafted
the manuscript. All authors provided substantial critical input to improve the
manuscript and all authors approved the final draft.

Funding The Health Survey for England is part of a programme of surveys
commissioned by The UK National Health Service Information Centre for Health and
Social Care. It has been carried out since 1994 by the Joint Health Surveys Unit of
the National Centre for Social Research (NatCen) and the Department of
Epidemiology and Public Health at the University College London Medical School.
The Scottish Health Survey is funded by the Scottish Government. Funding from the
BBSRC, EPSRC, ESRC and MRC is gratefully acknowledged.

Competing interests TCR is supported by Alzheimer Scotland and he is employed
in the NHS by the Scottish Dementia Clinical Research Network, which is funded by
the Chief Scientist Office (part of the Scottish Government Health Directorates). He
is a member of the Alzheimer Scotland Dementia Research Centre funded by
Alzheimer Scotland. TCR and GDB are members of the University of Edinburgh
Centre for Cognitive Ageing and Cognitive Epidemiology, part of the cross council
Lifelong Health and Wellbeing Initiative (G0700704/84698).

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement We do not own the data used in this study. They are
available from the relevant Scottish Health Survey and Health Survey for England teams.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http:/creativecommons.org/
licenses/by-nc/4.0/

REFERENCES

1 McCartney G, Walsh D, Whyte B, et al. Has Scotland always been the ‘sick man" of
Europe? An observational study from 1855 to 2006. £ur J Public Health
2012;22:756-60.

2 Whyte B. Scottish mortality in a European context 1950-2000: an analysis of
comparative mortality trends. Edinburgh Scottish Public Health Observatory, 2007
http:/www.scotpho.org.uk/nmsruntime/saveasdialog.asp?llD=3591&sID=3079 on
20th April 2010.

3 Leon D, Morton S, Cannegieter S, et al. Understanding the health of Scotland's
population in an international context: a review of current approaches, knowledge
and recommendations for new research directions. London: London School of

McCartney G, et al. J Epidemiol Community Health 2014;0:1-8. doi:10.1136/jech-2014-204185 7


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.scotpho.org.uk/nmsruntime/saveasdialog.asp?lID=3591&amp;sID=3079
http://www.scotpho.org.uk/nmsruntime/saveasdialog.asp?lID=3591&amp;sID=3079

Research report

Hygiene and Tropical Medicine & Public Health Institute for Scotland, 2003. http:/ 26 Gray L, Batty GD, Craig P, et al. Cohort profile: the Scottish Health Surveys Cohort:
www.scotpho.org.uk/home/Comparativehealth/InternationalComparisons/int_ linkage of study participants to routinely collected records for mortality, hospital
mortality_comparisons.asp (accessed 20 Apr 2010). discharge, cancer and offspring birth characteristics in three nationwide studies. Int
4 Leyland A, Dundas R. The social patterning of deaths due to assault in Scotland, J Epidemiol 2010;39:345-50.
1980—-2005: population-based study. J Epidemiol Community Health 27 Mindell J, Biddulph J, Hirani V, et al. Cohort profile: the Health Survey for England.
2010;64:432-9. Int J Epidemiol 2012;41:1585-93.
5 Mok PLH, Kapur N, Windfuhr K, et al. Trends in national suicide rates for Scotland 28  Goldberg DP. Manual of the General Health Questionnaire: NFER, 1978.
and for England & Wales, 1960-2008. Br J Psychiatry 2012;245:245-51. 29  WHO International Agency for Research on Cancer. Tobacco smoke and involuntary
6 Leyland A, Dundas R, McLoone P, et al. Cause-specific inequalities in mortality in smoking: summary of data reported and evaluation. Geneva: WHO, 2002.
Scotland: two decades of change. A population-based study. BMC Public Health 30 Batty G, Kivimaki M, Gray L, et al. Cigarette smoking and site-specific cancer
2007;7:172. mortality: testing uncertain associations using extended follow-up of the original
7 Mitchell R, Fowkes G, Blane D, et al. High rates of ischaemic heart disease in Whitehall study. Ann Oncol 2008;19:996—1002.
Scotland are not explained by conventional risk factors. J Epidemiol Community 31 Cox DR. Regression models and life-tables. J R Stat Soc B (Methodol)
Health 2005;59:565-7. 1972;34:187-220.
8 Hanlon P, Lawder RS, Buchanan D, et al. Why is mortality higher in Scotland than 32 Walsh D, Bendel N, Jones R, et al. Investigating a ‘Glasgow Effect’: why do equally
in England and Wales? Decreasing influence of socioeconomic deprivation between deprived UK cities experience different health outcomes. Glasgow: Glasgow Centre
1981 and 2001 supports the existence of a ‘Scottish Effect’. J Public Health for Population Health, 2010.
2005;27:199-204. 33 Popham F, Boyle PJ, Norman P. The Scottish excess in mortality compared to the
9  Popham F, Boyle P. Assessing socio-economic inequalities in mortality and other English and Welsh. Is it a country of residence or country of birth excess? Health
health outcomes at the Scottish national level. Edinburgh: Scottish Collaboration for Place 2010;16:759-62.
Public Health Research and Policy, 2010. 34 Stamatakis E, Hillsdon M, Primatesta P. Domestic physical activity in relationship to
10  Eikemo T, Mackenbach JP. EURO GBD SE. The potential for reduction of health multiple CVD risk factors. Am J Prev Med 2007;32:320-7.
inequalities in Europe. Final report part 1. Rotterdam: Erasmus MC, 2012. 35 Hotchkiss J, Davies C, Gray L, et al. Trends in adult cardiovascular disease risk
11 Norman P, Boyle P, Exeter D, et al. Rising premature mortality in the UK’s persistently factors and their socio-economic patterning in the Scottish population 1995-2008:
deprived areas: only a Scottish phenomenon? Soc Sci Med 2011;73:1575-84. cross-sectional surveys. BMJ Open 2011;1:e000176.
12 McCartney G, Collins C, Walsh D, et al. Accounting for Scotland’s excess mortality: 36 Leyland A, Finlayson A, Clark D, et al. Assessing the representativeness of health
towards a synthesis. Glasgow: Glasgow Centre for Population Health, 2011. surveys. Eur J Public Health 2004;14:545.
13 McCartney G, Collins C, Walsh D, et al. Why the Scots die younger: synthesizing 37  Gray L, McCartney G, White I, et al. Exploring impacts of survey non-response using
the evidence. Public Health 2012;(126):459-70. record-linkage of Scottish Health Survey Data (2003 to 2008). J Epidemiol
14 McCartney G, Shipley M, Hart C, et al. Why do males in Scotland die younger than Community Health 2012;66:A28-9.
those in England? Evidence from three prospective cohort studies. PLoS ONE 38  Davey Smith G, Hart C, Watt G, et al. Individual social class, area-based
2012;7:638860. deprivation, cardiovascular disease risk factors, and mortality: the Renfrew and
15 Leon D, McCambridge J. Liver cirrhosis mortality rates in Britain from 1950 to Paisley study. J Epidemiol Community Health 1998;52:399-405.
2002: an analysis of routine data. Lancet 2006;367:52-6. 39  Beeston C, Robinson M, Craig N, et al. Monitoring and evaluating Scotland’s
16 Bloor M, Gannon M, Hay G, et al. Contribution of problem drug users’ deaths to alcohol strategy. Setting the scene: theory of change and baseline picture.
excess mortality in Scotland: secondary analysis of cohort study. BMJ 2008;337: Edinburgh: NHS Health Scotland, 2011.
a478. 40  Walsh D, Bendel N, Jones R, et al. It's not 'just deprivation: why do equally
17 Gray L. Comparisons of health-related behaviours and health measures in Greater deprived UK cities experience different health outcomes? Public Health
Glasgow with other regional areas in Europe. Glasgow: Glasgow Centre for 2010;124:487-95.
Population Health, 2008. 41 Walsh D, Taulbut M, Hanlon P. The aftershock of deindustrialisation—trends in
18  Gray L, Leyland A. A multilevel analysis of diet and socio-economic status in mortality in Scotland and other parts of post-industrial Europe. Glasgow: Glasgow
Scotland: investigating the ‘Glasgow effect’. Public Health Nutr 2008;12:1351-8. Centre for Population Health, 2008.
19 Hanlon P, Carlisle S. Is ‘modern culture’ bad for our health and well-being? Glob 42 Popham F. Is there a “Scottish effect” for self reports of health? Individual level
Health Promot 2009;16:27-34. analysis of the 2001 UK census. BMC Public Health 2006;6:191.
20 Walsh D, Taulbut M, Hanlon P. The aftershock of deindustrialisation: trends in 43 Gray L, Merlo J, Mindell J, et al. International differences in self-reported health
mortality in Scotland and other parts of post-industrial Europe. Glasgow: Glasgow measures in 33 major metropolitan areas in Europe. Eur J Public Health
Centre for Population Health, 2008. 2012;22:40-7.
21 Walsh D, Taulbut M, Hanlon P. The aftershock of deindustrialization—trends in 44 Self-reported health and disability. OECD Soc Issues/Migration/Health
mortality in Scotland and other parts of post-industrial Europe. Eur J Public Health 2010;21:34-5.
2010;20:58-64. 45 Mitchell R. Commentary: the decline of death—how do we measure and interpret
22 Birch K, Mykhnenko V. Varieties of neoliberalism? Restructuring in large industrially changes in self-reported health across cultures and time? int J Epidemiol
dependent regions across Western and Eastern Europe. J Econ Geography 2005;34:306-8.
2009;9:355-80. 46 Dorling D, Mitchell R, Shaw M, et al. The ghost of Christmas past: health effects of
23 Taulbut M, Walsh D, Parcell S, et al. Health and its determinants in Scotland and poverty in London in 1896 and 1991. BMJ 2000;321:1547-51.
other parts of post-industrial Europe: the Aftershock of Deindustrialisation Study 47 Vescio M, Brookes S, Sterne J, et al. Mortality at ages 50-59 and deprivation at
phase two. Glasgow: Glasgow Centre for Population Health, 2011. early and late stages of the life course in Wales. J Epidemiol Community Health
24 Boyle M, McWilliams C, Rice G. The spatialities of actually existing neoliberalism in 2009;63:56-63.
Glasgow, 1977 to present. Geografiska Annaler 2008;90:313-25. 48  Russ TC, Stamatakis E, Hamer M, et al. Association between psychological distress
25  Collins C, McCartney G. Is a 'political attack’ an explanation for the ‘Scottish Effect’ and mortality: individual participant pooled analysis of 10 prospective cohort
in health outcomes? Int J Health Serv 2011;41:501-23. studies. BMJ 2012;345:e4933.
8 McCartney G, et al. J Epidemiol Community Health 2014;0:1-8. doi:10.1136/jech-2014-204185


http://www.scotpho.org.uk/home/Comparativehealth/InternationalComparisons/int_mortality_comparisons.asp
http://www.scotpho.org.uk/home/Comparativehealth/InternationalComparisons/int_mortality_comparisons.asp
http://www.scotpho.org.uk/home/Comparativehealth/InternationalComparisons/int_mortality_comparisons.asp
http://www.scotpho.org.uk/home/Comparativehealth/InternationalComparisons/int_mortality_comparisons.asp

Webfigure 1 - Flow chart of participants from initial pooled sample to analytic
sample: follow-up of eighteen cohort studies from the Health Survey for England and
Scottish Health Survey

r

15 Health Survey for
England (HSE) and 3
Scottish Health Survey
(SHS) cohort studies (total

(
sample = 222,829) 1,840 missing consent data
\. - )> 1,365 missing survival time
\ 2 2 cause of death coded

Sample = 219,622 \_ U309 )
4 N

> 25,749 did not consent to

linkage

\ J

Analytical sample = 193,873

HSE sample = SHS sample =
172,139 21,734

Females = 94,337 Females =12,132
Males = 77,802 Males = 9,602

Note: The ICD 10 code U50.9 denotes an ‘event awaiting determination of event’ (i.e. there
hasn’t been a complete assessment concluding an undetermined cause of death). These
deaths have therefore been excluded from the analyses.



Webtable 1 - Characteristics of survey participants who consented and did not

consent to record linkage(/N = 193,873)

Consented Did not consent P-value

N 193,873 25,749 -
Age (mean [SD]) 46.9 (18.5) 49.0 (20.4) <0.001
Female (%) 54.9 57.5 <0.001
Non-manual occupational social class (I-
TTINM) (%) 56.6 53.4 <0.001

S .
Left school 216 (approxlmates to 66.8 644 <0.001
compulsory education) (%0)
Current smoker (%) 26.2 234 <0.001
Drinks alcohol at least weekly (%) 61.6 48.7 <0.001
Self—assessed general health good or very 745 20.0 <0.001
good (%)
Longstanding illness (%0) 44.0 41.8 <0.001




Webtable 2 - Baseline characteristics of study members pooled according to survey:
follow-up of eighteen cohort studies from the Health Survey for England and
Scottish Health Survey (V= 193,873)

Health Survey Scottish P-

for England Health Survey  value
N 172,139 21,734 -
Age (mean [SD]) 47.0 (18.8) 45.7 (16.2) <0.001
Female (%) 54.8 55.8 0.004
Non-manual occupational social class (I-
TTINM) (%) 57.1 52.5 <0.001
Left school 216 (approxlrnates to 672 63.6 <0.001
compulsory education) (%0)
Current smoker (%) 25.3 32.8 <0.001
Drinks alcohol at least weekly (%) 61.6 61.2 <0.001
Self-assessed general health good or very TAG 736 <0.001
good (%)
Longstanding illness (%) 44.3 42.3 <0.001
Prescribed antidepressant' 9.2 9.5 0.308
Prescribed anxiolytic’ 1.2 2.0 <0.001

! British National Formulary (BNF) chapter 4.3. There are substantial missing data and the
reported percentages are of the total participants with medication recorded, rather than the
entire sample.

? British National Formulary (BNF) chapter 4.1.2. There are substantial missing data and the
reported percentages are of the total participants with medication recorded, rather than the
entire sample.



Webtable 3 - Hazard ratios (95% confidence interval) for Scotland relative to England
for all-cause mortality, and deaths from all cancers, smoking-related cancers and

site-specific cancers: Scotland relative to England (/V = 193,873)

Age & sex-adjusted! Fully adjusted?
Model Deaths N I-lefl S]_IE{S P-value Deaths N I_Lsf SS{S P-value
All-cause mortality 21345 193873 (relﬁ) “ 7):4? gy <0001 20330 181560 (rel o o 22;2? s <000
Cancer 6009 193731 412"51 6 <0001 581818560 1 " 31)"411_ 5 <001
Smoking-related’ 2677 193873 1 n 711',921. 1y 0001 2605 181560 1 " 415;65 gy <0001
Non-smoking-related 332 19887 1 112',23 ) <0001 3213 181560 1 (1'019"212'37) 0.001
Lung 12871383 1 1‘9%',22 s <0001 1260181560 1 " 413"(’17‘9 gy <0001
Bowel 530 193873 1 (12%',625'13) <0001 526 181,560 1 (1.21(2. 1y <0001
Breast (all) 459 193873 1 (1‘015',3382) 0.020 24 181,560 1 (O‘919.’312‘ b 0002
Breast (female) ST 100460 1 015"33 g 0018 42 98,187 1 (0.919;312. 0056
Prostate (men) T 528:’ s 041 361 83,283 1 o 53"81("35) 0.500
Pancreas 71876 1 6%,93 s 0705 306 181,461 1 o 5(;818 sy 0500
Oesophagus 65 193835 1 .7%)',3;25) <0001 258 181,524 1 " 6%"2;09) <0.001
Stomach 205 193873 1 (1‘013',527‘ w0038 202 181,560 1 (0.92;4;.25) 0.079
Bladder 183 193,650 1 (1‘01)',7;" 6 0020 177 181,360 1 (1‘01"622‘ sy 003
Ovaty (women) 164106176 1 912',4; 2wy 011 15 97,926 1 o 817"4;' by 0159
Ef;;ﬁ;’iikm’s 160 193,696 1 (0‘3(;',7?‘3 5 0282 153 181,396 1 (0‘3%)7;‘. w 03
CNS cancer 138130 1, 112"7; by 0014 137 181,390 1 " 112')7; oy 0014
Kidney 17 1 6;',1397) 0.741 133 181,513 1 o 612"1 11'99) 0.718
Leukaemia 1 1, 422',2;5 g 0001 128 181479 1 " 425;332‘7 y <000
Multiple myeloma 84 193686 1 (0‘9})',732‘ by 001 81 181,387 1 (0'811"62 53 0173
Liver 6 1938 1 529',8; 09y <0001 72 181,029 1 (1'327"5:73) 0.003
Mesothelioma © 30 1 026',03 gy 0033 69 180,864 1 " 02();0; g 0034

! Unless sex-specific analyses, where noted

* Model adjusted for age, sex, occupational social class, educational attainment, smoking
status, frequency of alcohol consumption, self-assessed general health, and longstanding
illness

’ICD-9 codes 141-151, 155.0, 157, 160.0, 160.2-160.9, 161, 162.2-162.9, 180, 188, 189, and
205 and ICD-10 codes C01-16, C22, C25, C30.0, C31, C32, C34, C53, C64, C65, C67, and
C92, in line with WHO definitions. HR smoker vs non-smoker for smoking related cancer
1.74 (95% CI 1.61, 1.88); non-smoking-related cancer HR 0.65 (0.60, 0.71); all cancers HR
1.06 (1.00, 1.12).



Webtable 4 - Hazard ratios (95% confidence interval) for all-cause mortality stratified by age-groups: Scotland relative to
England (N = 193,873)

Age group 16-44 45-64 65+

Model* Deaths N I—;[SRE SIEI_IRS P-value  Deaths N I_II{SRE S:[—IRS P-value Deaths N I_LSRE SIEIRS P-valne
éi:c‘i‘ns(f;;djumd 1023 9452 1 42',61897) <0001 4733 59873 1 519"7;83) <0001 15589 39468 1 111‘)119'2& <0.001
+ Occupational social class 955 86418 1 (1.315',519.88) <0001 4655 58729 1 513"615'77) <0001 14800 37896 1 112‘)211'2% <0.001
+ Educational attainment 1021 04457 1 412"616.9 gy <0001 4730 sopas 1 516"617.79) <0001 15567 39428 1 111‘)119'27) <0.001
+ Smoking status 1,018 93853 1 (1.3;"516.83) <0001 4720 59783 1 4;"5;‘. 65 <OWL 15571 39432 1 (1'017')115'2& <0.001
+ Frequency of alcohol consumption 1,007 92,239 1 (1.42"619.98) <0.001 4,725 59,844 1 (].518.,619.82) <0.001 15,579 39,448 1 (1.1}).,1526) <0.001
+ Self-assessed general health 1022 94516 1 412"617.95) <0001 4733 59859 1 515"616.79) <0001 15584 39460 1 113')211'30) <0.001
+ Longstanding illness 1023 94510 1 415"7?.99) <0001 4732 59857 1 6})"711.8 gy <0001 15586 30462 1 113')211'30) <0.001
Mutiply-adjusted! 950 85182 1 (1.3})"5;‘.8 p <001 463 550 1 317417 sy <0001 14747 37798 1 019')117' 25 <0001

|

" Covariates selected from potentially relevant variables because data for these variables were missing in less than 20% of participants
#The unadjusted HR suggests in some models that death rates are lower in Scotland but the age distributions of the two samples are
different — the HSE cohorts are older

' Model adjusted for age, sex, occupational social class, educational attainment, smoking status, frequency of alcohol consumption, self-
assessed general health, and longstanding illness



Webtable 5 - Hazard ratios (95% confidence interval) for all-cause mortality stratified by occupational social class: Scotland
relative to England (N = 193,873)

I - Professional II — Managerial/Technical ITIINM - Skilled non-manual
Death
Model* Deaths N HSE SHS Pvalie  Deaths N HSE SHS P-value s N HSE SHS D-oalue
HR HR HR HR HR HR
Age- & sex-adjusted . 0.79 1.30 . 1.37
(tasic mode) 592 8,402 1 054114 0204 4304 50,036 1 (117 144 <O001 4209 44717 1 1on1sy <0001
o ) 0.80 1.30 1.36
+ Educational attainment 502 8,399 1 05116 029 4299 50,020 1 (17 144 <0001 4245 44,701 1 12215y <0001
) 0.78 1.23 1.31
(o {9 9 () 0 0 590
+ Smoking status 502 8,398 1 054114 0198 4297 49,980 1 Qit1sy <0001 4248 44,559 1 (18,147 <0001
+ Frequency of alcohol . q 0.79 00 1.29 1.36
consumption 502 8,397 1 055114 021 4301 49,980 1 (16 143 <0001 4245 44,374 1 (o1 15y <0001
0.83 1.28 1.41
+ Self-assessed general health 592 8,400 1 058121 0338 4303 50,029 1 (16147 <0001 4248 44,710 1 (126158 <001
. 0.81 1.32 1.39
> > 9 {9 Q
+ Longstanding illness 502 8,402 1 056,118 029 4303 50,026 1 (11014 <0001 4248 44,709 1 (12515 <0001
Multiplyy-adjusted! 502 8,389 1 085 0.392 4287 49,903 1 1.21 <0.001 4238 44,278 1 133 <0.001
) ’ (0.59, 1.23) : ” > (1.09, 1.35) : ” ’ (1.19, 1.49) :
IIIM - Skilled manual IV — Semi-skilled manual V - Unskilled manual
Death N
Model* Deaths N HSE SHS P Deaths N HSE SHS P s N HSE SHS !
HR HR HR HR HR HR
Age- & sex-adjusted 1.45 1.39 1.49
(bsic mode) 5156 35,070 1 (132155 <0001 3951 32645 1 (125155 <001 204 11,324 1 w07y <000
+ Educational attainment 5150 35040 1 143 <0001 3947 32624 1 138 <0001 2042 11317 1 1.49 <0.001
wducational attainme > i (1.31, 1.56) : » » (1.24,1.53) : » ’ (1.30, 1.70) :
+ Smoking status 5147 34959 1 1.37 <0001 3944 32503 1 128 <0001 2038 11,281 1 140 <0.001
moking status > , (1.25, 1.50) : » » (1.15, 1.43) : A , (1.22, 1.61) :
+ Frequency of alcohol 1.44 1.39 1.49
consamption 5154 34,854 1 (132155 <0001 3947 32357 1 (125154 <0001 2057 11,216 1 as0170 <0001
_ 1.41 _ 1.38 1.49
+ Self-assessed general health 5,155 35,062 1 (120154 <0001 3950 32,637 1 (125 154 <O001 2042 11,321 1 (a0 7y <000
. 145 1.40 1.48
.
Longstanding illness 5156 35,063 1 (133159 <0001 3950 32638 1 (126156 001 204 11,322 1 12169 <0001
Multiplyy-adjusted! 5138 34,750 1 131 <0.001 3934 32236 1 1.27 <0.001 2,029 11,174 1 140 <0.001
waplyy-adjuste g g (1.20, 1.44) - ’ g (1.14, 1.41) - g ’ (1.22, 1.61) :

* Covariates selected from potentially relevant variables because data for these variables were missing in less than 20% of participants
! Model adjusted for age, sex, educational attainment, smoking status, frequency of alcohol consumption, self-assessed general health, and longstanding illness



Webtable 6 — Subgroup adjusted analyses*—Hazard ratios (95% confidence interval) for all-cause mortality, cardiovascular disease and all cancers: Scotland relative to England (V= 193,873)

All-cause Mortality Cardiovascular disease Cancer
Model Deaths N I—II{S;J SI?RS P-value Deaths N I}I{SRE SHH; P-value Deaths N I}I{S}f SI?RS P-value
Age- & sex-adjusted (basic model) 21,345 193,873 1 1.40 <0.001 7,572 193,873 1 1.37 <0.001 6000 193875 | 1.54 <0.001
(ref) (134, 1.47) (ref) (126, 1.48) (ref) (142, 1.66)
+ Doctor-diagnosed CVD (any) 11,274 106,375 1 w 31‘)411' w  <ooon 3,896 106,375 - zg‘?f w5 <000 3126 106375 1 ( 15;')616' 1 <0.001
;']Irl);;“"r’di“g“(’“d CVD (stroke or 11,357 106,741 1 (1'32‘)4;" ) <0.001 3,928 106,741 1 (1'211"312' sy <0001 3,145 106,741 1 (1 5;')61(’8 5 <0.001
+ Doctor-diagnosed hypertension 8,996 89,358 1 (1_317"415' s <0000 3,164 89,358 1 (1_313"416_ o <000t 2405 89,358 1 (1'514"7387) <0.001
+ Diabetes’ 18,159 146,144 1 (1'21)"315' ay  <boot 6,351 146,144 1 (1'22"313" w  <hoot 4950 146144 1 (1'3;',419' o <0.001
;zz‘;;‘;;‘;xm“ and vegetables 5,380 90,084 1 (1_21)"311_ B i R 3017 g O 1518 00084 1 " L o <o
+ Height (cm) 17,551 181,798 1 (1_32,45.50) <0.001 5913 181,798 1 (1_219"411_5 5 <0001 5380 181,798 1 " 413"515' o) <0.001
+ Body mass index (kg/m? 17,018 174,427 1 " 317"4;" o <000 5,736 174,427 - 311"413' sy <0001 5213 174427 1 " 412',51?" o) <0.001
+ Systolic blood pressure? (mmHg) 13,298 122,901 1 n 316"4;‘_ o <01 4,584 122,901 - 21({,3? o <0001 3842 122901 1 " 4;’611'7 o <0.001
+ Diastolic blood pressure? (mmg) 13298 122,901 1 (1.32,? o <000 4,584 122,901 1 (1'217"4?' sy <0001 3842 122901 1 " 418',611'7 o <0.001
+ Antidepressant use 11,639 68,880 1 (1'31)"317' w5  <hoor 4,194 68,880 1 (1'23"317' s <000 3002 68,880 1 (1'31)',515'7 ) <0.001
+ Anxiolytic use 11,639 57,244 1 (1_21)"317_ w5 <o 4,194 68,877 1 (1_21"317_ o <0001 3002 68877 1 a '31)"515'7 ) <0.001
+ Fixed Vital Capacity (FVC) 7,333 56,978 1 w 11’212'30) <0.001 2,500 56,978 1 (0'917',0323) 0.151 2302 56974 1 a '213',318'5 N <0.001
+ FIV/C and smoking status 7,319 56,725 1 " 72,75 2 <00 2,506 56,725 " 92’()? o 037 2297 56721 7 " 7;;377. ) <0.001
:CCPO‘:SCd Hipiratory Volume in 1 7,333 56,978 1 n 12"152 5 <000t 2,509 56,978 1 (0.91,05. oy 0352 2,302 56,974 1 " 211"315'5 ) <0.001
+FET; and smoking status 7,319 56,725 1 " 077;7;‘_ by <0001 2,506 56,725 o 972"0i 5 05 2297 56721 1 " 7;3 2 ) <0.001
+ Peak flow 7,333 56,978 1 " 018"116_2 g <0o0l 2,509 56,978 1 (()1913"0?_ iy 0492 2,302 56,974 1 " 1})"33 ) <0.001
+ Peak flow and smoking status 7,319 56,725 1 " 02;772_ w0001 2,506 56,725 " 977"077‘ 081 2207 56721 1 " 72’2 f 5 <0.001
+ Physical activity* 11,367 118,563 1 1.50 <0.001 3,923 118,563 1 1.45 <0.001 333 118563 1 165 <0.001
(142, 1.57) (1.33, 1.58) (152, 1.80)
+ Psychological distress! 17,368 166,631 1 (]'315‘,4]2' w  <hoor 5,022 166,631 1 <1.2§,3f. sy <0001 4994 166631 1 " 41',516' o) <0.001

* These models are adjusted for age and sex plus individual covariates. These were not included in the preceding tables and the fully adjusted models because data are missing for these variables in more than 20% of

patticipants. Since the patterns of missing data do not exactly coincide, a model adjusting for all these covariates at the same time would result in none or very few deaths). However the pattern of missingness is

different — in Scotland data are present in the most recent survey only (2003), in England just in the eatlier surveys (1994-2002).
! Measured by the 12-item General Health Questionnaire

2 Mean of 2r and 3t readings

3 Diabetes indicator incorporating doctor-diagnosed diabetes, longstanding illness (diabetes) and HbAlc
* Number of weekly episodes of physical activity including domestic



Webtable 7 - Comparison of using calendar time from survey date (adjusting for age)

with using age as the timescale in Cox proportional hazards models: follow-up of

eighteen cohort studies from the Health Survey for England and Scottish Health Survey

(N=193,873)

Deaths

Total N

Calendar time
(age-adjusted)
HR (95% CI)

Age as timescale
(unadjusted)
HR (95% CI)

Total mortality

Cancer

Cardiovascular disease
Ischaemic heart disease
Stroke

External (intentional)
External (unintentional)
Alcohol-related deaths
Drug-related poisonings

21,345
6,009
7372
3,571
1,793

122

418

252
50

193,873
193,873
193,873
193,873
193,873
193,873
193,873
193,873
193,873

1.39 (1.33, 1.45)
1.53 (1.41, 1.65)
1.36 (1.25, 1.47)
1.59 (1.42, 1.76)
1.42 (1.20, 1.68)
1.82 (1.17, 2.85)
0.95 (0.68, 1.32)
5.39 (4.17, 6.96)
3.83 (2.13, 6.88)

1.68 (1.60, 1.76)
1.88 (1.74, 2.03)
1.64 (1.51, 1.78)
1.97 (1.78, 2.19)
1.67 (1.42, 1.98)
2.16 (1.38, 3.39)
1.31 (0.94, 1.82)
6.49 (5.02, 8.38)
434 (2.41,7.80)




