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ARTICLE INFO ABSTRACT

Keywords: Background: Scotland has the shortest life expectancy in Western Europe, driven by high rates of cancer, suicides,
Excess mortality alcohol-related causes and drug-related poisonings. These disparities cannot be explained solely by socioeco-
Syndemic

nomic deprivation. Our aim was to investigate whether a syndemic in a socioeconomically deprived area of
Glasgow might account for premature mortality among men.

Methods: We analysed data from two cross-sectional population surveys: a national sample of 1916 British men
and another of 765 men in Glasgow East. The survey included men aged 18-34, and was undertaken in 2011 to
study correlates of violence. Questionnaires covered current physical health, psychiatric symptoms, substance
misuse, and crime and violence. Syndemic components were identified using confirmatory factor analysis. As-
sociations and synergistic interactions between these variables and health status were estimated using logistic
regression.

Results: An aggregation of multiple health conditions and health-related behaviours was found in Glasgow East. A
syndemic model of joint effects, adducing a four-component latent variable (violence, substance dependence,
psychiatric morbidity and a diathesis of biological/behavioural risk) showed synergy between components and
explained persistent disparities in poor physical health/chronic health conditions. Effect modification was found
between the general syndemic factor and contextual variables at individual and social environmental level ac-
cording to location.

Conclusions: Syndemic effects from synergistic interactions were confirmed between psychiatric morbidity,
substance misuse, violence, and biological/behavioural risk for physical health. A hypothetical model was
developed to explain how the syndemic leads to potentially life-threatening risks to young men, both currently
and as precursors of physical health conditions which may shorten their lives in the future.

Psychiatric morbidity
Substance misuse
Violence

Physical health risks

1. Introduction

Psychiatric morbidity, substance use and self-harm in early adult-
hood set in motion a range of socioeconomically patterned physical
illnesses in later life, including liver and renal diseases, ischaemic heart
disease, cerebral infarction, chronic obstructive bronchitis, lung cancer
and dementia as a cascade of life-shortening health conditions (Kivimaki

et al., 2020). The mechanisms involved remain unknown. Scotland has
persistently endured the shortest life expectancy in Western Europe
(Walsh et al., 2020). This is mainly due to premature mortality rates in
the largest urban area, Glasgow, driven not only by higher rates of all
cancers, but also suicide, alcohol-related causes, and drug-related poi-
sonings referred to as “deaths of despair” (Schofield et al., 2016).
Socio-economic deprivation is exceptionally high in certain parts of
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Glasgow and some other Scottish cities. Men living in the poorest parts
of Glasgow have a life expectancy fifteen years lower than those living a
few miles apart, in the most wealthy areas, with men in the poorest areas
having only a 53% chance of reaching their 65 birthday (Cowley et al.,
2016). However, the excess mortality cannot all be explained by
deprivation. In particular, Scottish mortality rates worsened between
1981 and 2011 compared with other UK countries, and despite a later
relative improvement in levels of deprivation. Moreover, the “Scottish
effect” persists after accounting for socioeconomic deprivation and
health behaviours such as smoking, physical activity, and diet (Schofield
et al., 2016).

Drug-related deaths in Scotland are currently more frequent than in
the European Union and similar to those in the USA, particularly in
Glasgow (National Records of Scotland, 2019). Lower life expectancy
among young men in Scotland may reflect high levels of drug and
alcohol misuse and their impact on both physical and mental health. At
the end of the 20" century, Scotland had the highest homicide rates in
western Europe (Leyland & Dundas, 2010) although rates of violence
have more recently fallen among younger people (Scottish Government,
2019). Violence in some areas of Glasgow remains prevalent, being
strongly associated with criminality and the distribution and sale of
illicit drugs (Densley et al., 2018; McLean et al., 2018). People living in
the most deprived areas of Scotland are also three times more likely to
receive inpatient psychiatric care than those in the least deprived areas,
particularly in Glasgow and Dundee (Scotland, 2019). Overall numbers
for adults under 65 years are somewhat higher for men. The most
common diagnoses are mental health and behavioural disorders due to
psychoactive substance use (National Records of Scotland, 2019). Taken
together, these findings indicate excess mental and physical health risks
in parts of Scotland, particularly Glasgow.

1.1. Large-scale social forces in the Glasgow conurbation

Large-scale political, economic, and cultural forces such as changing
political and economic conditions, shifting ecological and environ-
mental conditions, and altering demographics and social behaviours
may provide the context for clustered epidemics of various diseases
(Singer et al., 2017). Glasgow became wealthy during the 19" century
as a hub of industrial and economic development, particularly in textiles
and shipbuilding, in tandem with large scale, inward migration for work
from other parts of Scotland, Ireland and Europe. Along with other UK
cities, Glasgow later experienced the economic and social consequences
associated with the decline of empire and increasing international in-
dustrial competition. However, the social forces associated with poor
health and the stalling of improvements in life expectancy relative to
other parts of the UK and Europe began later, with progressive
post-industrial decline in the latter half of the 20" century. By the
1950s, tenement slums were increasingly replaced by a new generation
of post-war high-rise housing and large suburban housing estates. These
were associated with the fracturing of long-established community re-
lationships and social structures, resulting in concentrations of depri-
vation and criminality associated with loss of social capital. The 1970s
and 1980s were a period of serious and accelerated decline in industry
leading to mass unemployment and urban decay. Political policies and
social changes outside the control of the local population in deprived
areas of Glasgow included relocation of younger, skilled workers to
“New Towns” away from the “declining city”, continuing urban change,
and slum clearance. People were displaced to poor quality peripheral
housing estates, often surrounded by an equally impoverished physical
environment, with vacant and derelict land. High-risk subgroups of
people with histories of mental illness, substance use disorders, and
homelessness were relocated to hostels and cheaper accommodation in
these areas, encouraging a ‘democratic deficit’ with experiences of
despondency, disempowerment, and lack of sense of control (Walsh
et al., 2017).

Overall, social capital is thought to be lower in Glasgow than in other
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British cities such as Manchester, Liverpool and Belfast that ostensibly
share the experience of socioeconomic deprivation following post-
industrialisation (Walsh et al., 2017). However, no single contributing
factor appears to explain why Scotland, and Glasgow in particular,
should have different mortality patterns compared with other UK cities
experiencing comparable deprivation (Walsh et al., 2017). Thus, when
comparing pooled cohort studies, only a quarter of the excess mortality
among Scottish respondents could be explained by available baseline
risk factors (McCartney et al., 2015). Many have attempted to explain
the Scottish and Glasgow effects, with one report identifying forty
possible hypotheses ranging from socioeconomic, cultural, political,
genetic and environmental factors: however, none were linked to suf-
ficiently robust evidence to support causal claims (Walsh et al., 2017).
Most studies do conclude, however, that the excess of poor health out-
comes is partially attributable to the cumulative effects of risk factors.
An alternative, but previously untested explanation for these observed
disparities in poor health is that the disparities of diseases and health
conditions exhibit synergistic interactions, resulting in shortened life
expectancy. If proven, this has significant implications for preventive
policy and interventions in other cities facing marked deprivation and
persistent health inequalities including premature mortality amongst
men and those with psychiatric conditions.

1.2. Syndemic theory

A syndemic was proposed by Singer (1996) as an aggregation of two
or more epidemics of diseases or other health conditions in a population
whereby there is some level of deleterious biological or behavioural
interface that exacerbates negative health effects of any or all of the
diseases involved. Syndemics involve adverse interaction between epi-
demics of all types and are most likely to emerge under conditions of
health inequality caused by poverty, stigmatisation, stress or structural
violence, and where cultural and historical factors may have an effect
(Coid et al., 2020). The synergistic interactions between epidemics can
be on the additive or multiplicative scale. Only a minority of studies that
purport to describe a syndemic have actually done so because most have
not demonstrated synergistic interaction between the proposed com-
ponents of the syndemic. (Tsai & Burns, 2015; Tsai et al., 2017).
Through synergy, the disease burden attributable to health risks in
combination exceeds the sum of the disease burden of the health risks
when considered separately (Tsai et al., 2017).

To test the hypothesis that disparities in health conditions which
potentially increase risk of premature mortality cluster in parts of
Glasgow and constitute a syndemic, we conducted surveys of young
adult men from a representative sample of the British population
(including Scotland) and a Scottish sample in an urban area of Glasgow
characterised by exceptionally high socioeconomic deprivation,
economically inactive persons and shorter life expectancy. Our specific
aims were to (a) compare the prevalence of mental health and behav-
ioural problems, substance use disorders, and poor physical health,
including long-term risks for shortened life expectancy, crime and
violence in the British general population with those from a deprived
area of Glasgow and investigate whether they clustered in the latter
location; (b) when focusing on overall poor physical health as the
outcome, investigate whether other domains of health conditions had
synergistic interactions with each other in their associations with poor
physical health; and (c) investigate contextual associations with the
syndemic, according to location.

2. Method

We firstly compared the prevalence of health conditions and health
risks in different domains in a representative National survey of men in
England, Scotland and Wales with men in Glasgow East (GE). We
adjusted for confounding to test whether differences were explained by
higher levels of socioeconomic deprivation in GE. We then assessed the
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extent to which disease clustering was present. We applied the same
method to identify a syndemic which has previously explained excess
psychotic illness among young Black men in inner London, UK (Coid
et al., 2019). We validated the structure of different health domains
using factor analysis. We carried out tests of interaction between do-
mains (violence, physical health, mental health, substance use) speci-
fying poor physical health/long-standing physical health condition as
the outcome. We additionally wanted to investigate whether the burden
of physical health outcome was partly explained by high-risk health
behaviours and biological risk. We therefore carried out an analysis on
the components of the syndemic to test our hypothesis that poor physical
health/chronic conditions as our outcomes were potential precursors of
conditions that would later shorten life. We used proxy measures of
biological and behavioural risk for physical diseases as the fourth
component of the syndemic to test for interactions with the other three
components (violence, substance misuse, psychiatric morbidity). We
used two items of physical health as the outcome: self-reported poor
physical health and long-standing heath conditions. We finally tested
whether the effects of contextual factors on the syndemic (at the indi-
vidual level and capturing the social environment) were modified by
residence in GE.

2.1. Study participants

We used data from the Second Men’s Modern Lifestyles Survey car-
ried out in 2011 using random location sampling, an advanced form of
quota sampling shown to reduce biases introduced when interviewers
are able to choose locations to sample from (see supplementary file). The
statistical reliability of this approach depended both on strictly defining
the selection of the sampling points and on setting representative quotas
at each point, then meeting these quotas. Compliance with this pro-
cedure produced a fully representative data set for both the national
survey and for GE. Informed consent was obtained from respondents.
Pencil and paper self-report questionnaires were administered at home,
with the respondent left to complete the questionnaire in their own time.
The researcher either returned later that day or the next. Each ques-
tionnaire took approximately 45 min to complete. Participants were
given £5 on completion of the questionnaire. The National survey
derived a representative sample of young men aged 18-34 years from
England, Scotland and Wales. We compared a boost survey of men of the
same age range from GE for comparison purposes because of excep-
tionally high levels of recorded health, social problems, and reduced life
expectancy in that location and to test the hypothesis that a syndemic
may be operating in this location. Identical sampling principles were
used for both surveys. This age range and a male sample were originally
chosen to investigate risk factors for violence, substance misuse, and
psychopathology at the population level as one component within a
programme of research studies to improve risk management of violence
(Coid et al., 2016). Additional boost samples included hard-to-reach
participants, including those from areas with exceptional characteris-
tics and known to have high levels of violence, which included GE.

2.2. Health-related and other measures

We evaluated 25 health-related measures from 4 different domains.
These were treated as categorical variables. Where these were derived
from standardised scales, we used cut-off scores: substance use,
including alcohol, drug dependence, problem gambling; mental health,
including psychosis, anxiety disorder, depressive disorder, antisocial
personality disorder, suicide attempts; physical health risks, including,
short statue, high fat/low fibre diet, lack of exercise, and serious life-
threatening injury; violence and criminality, including repeated fights,
intimate partner violence (IPV), fear of violent victimisation, weapon
carrying, gang fights, instrumental violence, friends encouraging crim-
inal activity, convictions for >3 different types of crime, and impris-
onment on >2 occasions.
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For our outcome, we selected physical health fair or poor and long-
standing physical health condition as our proxy measure of burden of
disease and hypothetical precursors of life-shortening physical condi-
tions in the future. One or both of these variables had to be present.

Positive screening for psychosis was recorded if > 3 criteria were met
using the Psychosis Screening Questionnaire (PSQ) (Bebbington &
Nayani, 1995). The Hospital Anxiety and Depression Scale (Zigmond &
Snaith, 1983) defined anxiety and depression based on scores >11 in the
past week. Scores >20 on the Alcohol Use Disorders Identification Test
(Babor et al., 2001) and scores >25 on the Drug Use Identification Test
(Berman et al., 2005) identified alcohol or drug dependence, respec-
tively. The Structured Clinical Interview for DSM-IV Personality Disor-
ders Screening Questionnaire (Ullrich et al., 2008) identified antisocial
personality disorder.

High fat/low fibre diet was defined as 2 or more criteria met of eating
vegetables and/or fresh fruit less than once a week, eating fatty or
sugary foods, and food cooked in fat more than once a week.

The Standard Occupational Classification for the UK was used to
measure social class (Office for Population Censuses and Surveys, 1991).
Socioeconomic deprivation was measured using a ranking on the Index
of Multiple Deprivation Ranking (IMDR) which measures the proportion
of the population in an area experiencing deprivation according to do-
mains of income, employment, health and disability, education skills
and training, barriers to housing and services, crime, and living envi-
ronment (Communities and Local Government., 2010).

The social environment refers to relationships, groups and social
processes that exist between individuals and groups who live and work
in a neighbourhood context to interact positively but where such in-
teractions may also interact negatively (Carroll-Scott et al., 2013). To
investigate the social environment and its impact, we included two
additional variables measuring social interactions: peers encouraging
drug use and crime). Because unemployment is associated with mor-
tality (Roelfs et al., 2011) and high in GE, we used a robust measure of
economic inactivity: not in unemployment, education or training
(NEET) (OECD, 2020; UCL Institute of Health Equity, 2014).

2.3. Statistical analysis

We estimated the associations between socio-demographic charac-
teristics among men in the National and GE surveys by fitting multi-
variable logistic regression models to the data. We next explored
associations with psychiatric morbidity, violence, physical health, sub-
stance misuse and health service utilization between young men in the
national survey and GE. To test whether associations between young
men in GE (versus the national survey) and health-related risk factors
are explained by the socioeconomic deprivation levels that were higher
in GE (McLennan et al., 2019), we fitted two logistic regression models
for each variable, with one adjusted for age, and the other adjusted for
age and IMDR.

We conducted a confirmatory factor analysis (CFA) to validate the
structure of health-related domains among young men in both the Na-
tional survey and GE to provide a more parsimonious understanding of
the covariation in a set of indicators in factor scores. We constructed the
CFA model consisting of violence, psychiatric morbidity, substance
misuse and physical health risks (excluding our 2 physical health out-
comes) as four latent factors within a total of 23 health-related variables
(Fig. 1). To achieve an appropriate structure of these health-related
risks, we sought to obtain a good model fit in the CFA model with
reasonable structure domains. To accommodate the binary indicators, a
weighted least squares mean- and variance-adjusted estimator was used
to account for bias in estimates. The model was standardised by fixing
factor variances at 1. For identification of the CFA model, item variances
were allowed to be estimated freely. Model fit was assessed using the
root-mean-square error of approximation (RMSEA), the comparative fit
index (CFI) and the Tucker-Lewis index (TLI). Values < 0.05 for RMSEA,
and >0.95 for CFI and TLI, were interpreted as suggesting very good
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Fig. 1. Comparing clustering of mental health, substance misuse, violence, and physical health items among men in the National (n = 1916) and Glasgow East (n =

765) surveys.

model fit (Hu & Bentler, 1999).

Factor scores for violence, psychiatric morbidity and substance
misuse were derived from CFA to estimate associations with indicators
of physical health, setting a clinically robust cut-off of >2 of 4 physical
health-related variables to indicate a cluster, including high fat/low
fibre diet, lack of exercise, short stature, serious life-threatening injury.
In order to test for syndemic effects between violence, psychiatric
morbidity and substance misuse, and physical health risks on poor
physical health/long-standing conditions (outcome), we estimated
interaction terms using logistic regression. Because of high correlations
between violence, mental health and substance misuse (pearson coeffi-
cient between violence and mental health, 0.78; between violence and
substance misuse, 0.95; between substance misuse and mental health,
0.93), we estimated interactions using two factors at a time.

To investigate potential overall syndemic effects, the model was
extended to a second-order factor model to establish a high-order latent
variable representing a general syndemic construct. The general syn-
demic factor derived from the second-order factor model can represent

the clustering effect of risk factors within a sub-population so that we
can compare the clustered health-related risks between different sub-
populations by demographic factors (i.e., age, single, non-UK born, no
educational qualifications, social class and ethnicity) and different social
environments (i.e. peers encouraged crime, peers encourage drug use).
The general syndemic factor was measured as a continuous score based
on the second order factor analysis in Fig. 2. Associations between the
contextual factor variables and general syndemic factor were estimated
by comparing each subgroup (men with characteristics in national sur-
vey, other men in GE, and men with characteristics in GE) with the
reference group (other men in national survey) using linear regression.
We also contrasted the differences between men with characteristic
factors in GE and men with characteristic factors in national survey for
each variable.

Appropriate non-response weights were used throughout. We used
cluster-correlated robust standard errors to account for correlations
within survey areas due to clustering within postcodes. A significance
level of 0.05 was adopted throughout.
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Fig. 2. Confirmatory factor model for psychiatric morbidity, substance misuse, violence, and physical health/risks (a), and a second-order general syndemic factor

model(b).

Statistical analyses were conducted using Stata version 15 for Win-
dows and Mplus version 8.3 for Windows (Muthén & Muthén, 2017).

3. Results

The unweighted sample included 2681 men, aged 18-34 years; 1916
(71.5%) were from the representative survey, and 765 (28.5%) were
from GE. Table 1 shows differences in demographic characteristics be-
tween young men in GE and the National survey. GE men were more
likely to be single, few were non-UK born, had educational qualifica-
tions, or were of black and minority ethnic background (BME), Table 1

Table 1
Sample characteristics of national and Glasgow East young men (n = 2681).

Demographics National survey Glasgow East survey
N (%) N (%)
Sample size 1916 (71.5) 765 (28.5)
Age, years
18-24 710 (37.1) 292 (38.2)
25-34 1206 (62.9) 473 (61.8)
Single 1122 (58.6) 546 (71.4)***
Non-UK born 173 (9.0) 12 (1.6)***
No educational qualifications 201 (10.5) 171 (22.4)***
Social Class
TandI1? 267 (13.9) 40 (5.2)
111 597 (31.2) 170 (22.2)*
IV and V 335 (17.5) 161 (21.0)**
Unemployed 609 (31.8) 392 (51.2)***
Ethnicity
White 1694 (88.4) 752 (98.3)
BME 222 (11.6) 13 (1.
NEET 206 (10.8) 172 (22.5)***
Mean (SD) Mean (SD)
IMDR 12,454 (9883) 1296 (1443)***

All data are weighted frequencies and percentages (row %).

a. Association test based on multinomial logistic regression with social classes I
and II as base level.

*P < 0.05, **P < 0.01, ***P < 0.001.

BME: black and minority ethnic background, NEET: not in employment, edu-
cation, or training, IMDR:the Index of Multiple deprivation ranking.

shows a social class gradient whereby significantly more were of lower
social class, below level III. More than twice as many men in GE were not
in employment, education, or training (NEET). The mean level of so-
cioeconomic deprivation measured by ranking on the IMDR was
considerably higher for GE men than for men in the national survey.
There were no differences in age.

Table 2 Compares health outcomes among men in the national sur-
vey with those in GE. Men in GE showed higher prevalence of psychi-
atric conditions of psychosis and anxiety; substance use disorders,
including drug and alcohol dependence, and problem gambling; all
measured items of violence except IPV; all measured conditions indi-
cating poor physical health and physical health risks except lack of ex-
ercise and obesity. The table also compares the two surveys following
adjustment for socioeconomic deprivation measured at the small-area
level. Following adjustment, the odds of association for psychiatric
morbidity were attenuated and no longer statistically significant.
Increased odds of association were still observed between men in GE and
drug and alcohol dependence. All measured items of violence previously
observed before adjustment for IMDR were statistically significant
except repeated violence. All measured items of physical health/risks
except high fat/low fibre diet remained statistically significant.

The co-occurrence of items from four domains of psychiatric
morbidity, substance misuse, violence, and poor physical health and
physical health risks are compared between men in the national survey
and GE in Fig. 1. The Venn diagram shows that 36.3% men in the na-
tional survey had one or more of any items compared with 45.8% in GE.
For GE men, 19.1% showed co-occurrence of an item from one domain
with an item of another domain, compared with 14.1% in the national
survey. When two or more items were examined, 23.1% in the national
survey had two or more items from any domain compared to 37.9% in
GE. For GE men, 10.5% showed co-occurrence of two or more items with
one domain with two or more from another domain, compared with
4.4% in the national survey. There were 33.8% men in the national
survey and 42.3% in GE with three or more items from any domain.

CFA was used to develop a syndemic model including four factors of
violence, physical health risks (excluding poor physical health and
longstanding conditions), mental health and substance misuse (Fig. 2).
The first step identified first order syndemic variables by domain,
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Table 2
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Effects on health outcomes comparing National Survey and Glasgow East young men (n = 2681).

National Glasgow east National cf Glasgow east

Mental Health n % n % Model 1 Model 2
OR 95%CI OR 95%CI

Psychosis (PSQ3+) 38 2.0 26 3.5 1.77* 1.07-2.94 1.11 0.95-1.29
Anxiety disorder 202 10.7 106 14.0 1.34* 1.04-1.73 1.07 0.99-1.15
Depressive disorder 134 7.5 65 8.9 1.22 0.89-1.66 0.99 0.90-1.08
Antisocial personality disorder 367 20.3 173 23.2 1.18 0.96-1.45 0.99 0.93-1.05
Suicide attempt 114 6.1 48 6.2 1.02 0.72-1.44 0.94 0.85-1.04
Substance Use
Alcohol dependence 132 7.0 84 11.4 1.28-2.27 1.10* 1.01-1.19
Drug dependence 41 2.2 47 6.3 1.92-4.52 1.20%* 1.06-1.37
Problem gambling 112 6.5 69 9.9 1.17-2.20 1.07 0.98-1.17
Violence and criminality
Repeated violence >4 252 13.6 132 18.1 1.43** 1.13-1.80 0.99-1.13
1PV 63 3.3 28 3.7 1.10 0.70-1.74 0.84-1.08
Fear violent victimisation 280 15.3 175 24.2 1.79%** 1.44-2.21 1.08-1.22
Carried knife 106 5.5 84 11.0 1.58-2.88 1.02-1.22
Gang fights 56 2.9 67 8.8 2.29-4.80 1.14-1.43
Peers encourage crime 161 9.0 102 14.0 1.28-2.18 1.03-1.20
In prison >2 times 38 2.0 61 8.0 4.06%** 2.68-6.17 1.35%** 1.18-1.54
Instrumental violence 143 7.6 120 15.8 2.27%%* 1.75-2.94 1.17%%* 1.08-1.26
Criminal versatility >3 63 3.3 57 7.5 2.32%%* 1.60-3.36 1.12* 1.01-1.25
Physical health/risks
Physical health poor/fair 212 11.2 165 21.7 2.15%** 1.71-2.69 1.15%** 1.08-1.24
Longstanding physical condition 161 8.4 109 14.3 1.72%%* 1.32-2.24 1.09* 1.01-1.18
Serious/life threatening injury 52 2.7 36 4.7 1.70* 1.10-2.64 1.18* 1.03-1.35
High fat/low fibre diet 121 6.3 75 9.8 1.63** 1.20-2.20 0.96 0.87-1.05
Lack of exercise 186 9.7 94 12.2 1.28 0.98-1.66 1.03 0.95-1.11
Smoking > 15/day 271 14.1 146 19.1 1.43%** 1.15-1.79 1.13%** 1.06-1.22
Short stature <160.5 cm 40 2.4 35 5.0 2.12%** 1.34-3.36 1.21%* 1.05-1.41
Obesity (BMI>30) 208 12.7 84 12.4 0.92 0.70-1.21 0.95 0.88-1.03

Model 1: adjusted for age. Model 2: adjusted for age and IMDR.
*P < 0.05, **P < 0.01, ***P < 0.001.
PSQ: Psychosis Screening Questionnaire. IPV: intimate partner violence.

excluding items which did not load highly. Short stature showed mod-
erate loading but would have worsened the model fit if excluded and
was therefore included in the final model. Three variables of criminal
behaviour were excluded due to poor convergence. Model fit indices
were excellent: RMSEA = 0.029 [95% CI: 0.024-0.033], CFI = 0.967,
TLI = 0.958.

Due to high correlations between the first order syndemic constructs,
a second order CFA was then developed following standard SEM
modelling practice to generate a general syndemic construct that linked
first order health factor domains. Fig. 2 confirms that a second order
syndemic construct should be included in the model (fit indices: RMSEA

Table 3
Associations and synergy between violence (V), mental health (MH), physical
health risk factors (PHR)" and substance misuse (SM) with outcome ".

Direct associations
with outcome ”

Synergy between factors in
associations with outcome "

Factor

Violence

Physical health risk
factors

Mental health

Substance misuse

OR (95% CI)

OR (95% CI)

1.28***(1.24, 1.33)
1.30%**(1.26-1.34)

Interactions

V by MH 1.05 (0.99-1.11)

V by PHR 1.22 (0.92-1.62)

V by SM 1.06%(1.00-1.12)
PHR by MH 1.56%*(1.11-2.17)
PHR by SM 2.03%**(1.44-2.86)
MH by SM 1.12%*%(1.05-1.20)

OR, odds ratio.

*P < 0.05, **P < 0.01, ***P < 0.001.
@ High fat/low fibre diet, lack of exercise, short stature, serious injury.
b Poor/fair physical health and/or chronic physical condition.

= 0.034 [95% CI: 0.030-0.038], CFI = 0.953, TLI = 0.941).

Table 3 shows evidence of multiplicative interaction between
violence and substance misuse, physical health risks and mental health
problems, physical health risks and substance misuse, and mental health
problems and substance misuse. All interactions had poor physical
health/longstanding conditions as their outcome.

The second order syndemic factor in the factor analysis was finally
used to obtain a score for each participant in both surveys. Table 4 shows
the effect modification of disease context associations on the general
syndemic factor according to survey location. Disease context associa-
tions at the individual level in the national survey, including single
marital status, no educational qualifications, unemployment and NEET
status, were significantly higher on the general syndemic factor. How-
ever, in addition to these same context associations showing signifi-
cantly higher scores on the general syndemic factor among the men who
resided in GE, we found non-UK born men showed significantly lower
scores. When comparing location differences, all men with contextual
associations shown in Table 4 showed significantly higher scores on the
general syndemic factor except non-UK born and BME men, where there
was no significant difference. In addition, we included two measures
aimed to capture the social environment of the men. In the National
survey 162 (9.1%) compared to 101 (14%) in GE reported they were
encouraged by friends to engage in crime (OR 1.67, 95% CI 1.28-2.18);
410 (21.6%) in the national compared to 228 (30.0%) were encouraged
by friends to use drugs (OR 1.59, 95% CI 1.31-1.92). GE men showed
significantly higher scores than men reporting these two social envi-
ronmental associations.

4. Discussion

Previous research has been unable to explain excess premature
deaths among men in Glasgow on the basis of either cumulative risk
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Table 4
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Test of effect modification of contextual factor associations by survey location on the general syndemic factor.

Contextual association. National survey

Glasgow East Location differences”

Other Men Contextual factor Other Men Contextual factor

Ref. B p p Contrast. ()
Age >24 years old (vs < 24 years old) Ref 0.261***
Single Ref. 134+ 0.178%**
Non-UK born Ref. —0.05 —0.250 —0.191
No educational qualifications Ref. 0.330%** 0.602%** 0.272%*
Unemployed Ref. 0.196%** 0.484%** 0.288***
Ethnicity, BME (vsWhite) Ref. —0.075 —-0.371 —0.296
NEET Ref. 0.399%** 0.599%*** 0.201**
Peers encourage crime Ref. 0.582%** 0.944*** 0.262*
Peers encourage drugs Ref. —0.027 0.163*** 0.190%**

Reference: national survey other men. *P < 0.05, **P < 0.01, ***P < 0.001.

BME: black and minority ethnic background, NEET: not in employment, education, or training, IMDR:the Index of Multiple deprivation.

2 Location contrasts for contextual associations differences in coefficient.

factors or socioeconomic deprivation. To summarise, we firstly observed
clustering of health conditions among young adult men in GE which
were not entirely explained by higher levels of socioeconomic depriva-
tion in this location. Secondly, we demonstrated a syndemic of psychi-
atric morbidity, substance misuse, violence, and a diathesis of
behavioural/biological physical health risks, with synergistic in-
teractions that increased the prevalence of generalised physical ill-
health and chronic conditions among our participants. Among contex-
tual factors, the syndemic factor was associated with being single, no
educational qualifications, low social class, NEET, older age (25-34
years) (suggesting persistence of effects over time), and friends in their
social environment who encouraged them to take drugs or become
involved in crime.

4.1. Social inequality, social environment and contagion

Social inequality is crucial in the clustering of syndemic factors
(Oldenburg et al., 2014). However, neighbourhood deprivation did not
attenuate most disparities in the cluster of health conditions and
health-related behaviours. This questioned whether low social status,
indicated by unemployment, and particularly NEET, was an explanation
(Roelfs et al., 2011). However, despite prevalence of NEET in GE twice
that in the national sample, the syndemic cannot simply be explained by
a high prevalence of NEET in GE. Other men in the same location
showed area-level syndemic effects.

Future investigations of syndemics should measure a wider range of
factors in the social environment. Neighbourhoods in which residents
interact positively by forming social ties and engage in collective
behaviour to establish norms, reciprocity, trust, and collective action
can provide a safe, healthy environment (Sampson et al., 1997, 1999) in
which neighbourhood social order is established and children’s behav-
iour supported and corrected. Measures should include social cohesion,
trust of neighbours, and social capital, as well as the built environment,
which may all impact on the syndemic we have described. Social and
neighbourhood determinants have been found associated with our four
components of physical health: including healthier diet and more ex-
ercise among children (Carroll-Scott et al., 2013), injuries (Zhang et al.,
2020), and a range of positive health outcomes (Xue et al., 2020);
Violence and gangs (Kim, 2019; Sampson et al., 1999; Scorgie et al.,
2017); Mental Health (Almedom, 2005; Lofors & Sundquist, 2007); and
Alcohol and Drug misuse (Bryden et al., 2013; Ford et al., 2017; Jesmin
& Amin, 2020). Our measures of encouragement by friends to become
involved in crime and to take drugs were therefore limited. However,
they indicate another important area for future syndemic study in terms
of social contagion of health-related behaviours and non-communicable
disease outcomes determined by social environment (Sauzet & Leyland,
2017; Susser, 1994).

4.2. Syndemic interactions

Studies typically find increased morbidity and disability in in-
dividuals who are socially disadvantaged (Dalstra et al., 2005; Hughes
et al., 2017) and disease burden in this group increases with increasing
age (Hughes et al., 2017; Kivimaki et al., 2020; Mackenbach et al.,
2008). Our study contributes to evidence that psychiatric morbidity,
substance misuse and behavioural disorders cannot be considered as a
dimension of morbidity that can be separated from physical health
conditions and that there are bi-directional relationships (Kivimaki
et al., 2020). Mental disorders are shown to increase risk of physical
diseases, both communicable and non-communicable, through higher
prevalence of high-risk behaviours, reduced self-care, and reduced
likelihood of help-seeking, together with increasing risk of substance
misuse (Firth et al.,, 2019; Prince et al., 2007). This corresponds to
synergistic effects between violence and substance misuse, and between
substance misuse, poor mental health and a diathesis of bio-
logical/behavioural risk on our physical health outcomes. The diathesis,
consisting of poor diet, lack of exercise, short stature, and previous
trauma, assumes constitutional predisposition to physical disease, or
group of diseases, through possible genetic predisposition, develop-
mental factors, but also health behaviours learned during childhood and
adolescence. A diathesis-stress model implies a pathway of disease
progression where a stable, healthy state of an underlying regulatory
physiological network undergoes pathophysiological changes to an un-
stable but initially reversible disease state, most often associated with
stress. However, the network can then undergo transition to disease
state when reaching a “tipping point” (Arnau-Soler et al., 2019; Sta-
pelberg et al., 2019). Our mental health component of anxiety and
psychotic symptoms constitutes severe psychological stress. Substance
misuse which interacts with violence is likely to have further exacer-
bated the negative effects of poor diet, lack of exercise, and biological
vulnerability to future poor health. Short stature within this component
lends further support to an underlying biological component. Height
variation is thought under genetic control (McEvoy & Visscher, 2009).
However, developmental effects of stunted growth due to poor nutrition
could be even more important with short stature as a marker of bio-
logical vulnerability to physical disease due to exposures in utero and
infancy (World Health Organization, 2015).

4.3. A hypothetical model of shortened life expectancy

Fig. 3 shows a hypothetical model to explain how the syndemic
drives risks of premature death through two theoretical pathways:
Firstly, through immediate, increased risks of suicide, drugs-related and
alcohol-related poisonings, trauma/accidents, and violence. Poor access
to healthcare increase mortality risk in geographically isolated com-
munities such as GE, with distance from emergency rooms, coupled with
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Syndemic interactions

Violence

-

Substance dependence < Psychiatric morbidity

1

Biological/behavioral health risks

Early Adulthood Precursors

Generalized poor physical health/
Pre-existing health conditions

=)
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Immediate Mortality Risks

Alcohol toxicity

Drug toxicity

Suicide

Physical trauma
Homicide

Poor healthcare access

Raised Incidence of Mid- and
Later-life Diseases

Liver diseases, Renal diseases
Ischaemic heart disease, Cancers
Cerebral infarction, Chronic bronchitis
Dementia

Fig. 3. Hypothetical model of pathways from the syndemic to premature mortality in Glasgow, Scotland.

poor transport links. Secondly, through an intermediary stage of “pre-
diseases,” or early adult precursors of the more severe physical condi-
tions which will result in mortality later (Atukorala et al., 2014; Viera,
2011; Wilson et al., 2005). In this second pathway, syndemic in-
teractions between multiple morbidities of poor mental health, sub-
stance misuse, violence, and a diathesis of biological/behavioural risk
lead to this intermediary stage along the pathway consisting of early
adult precursors of what will become a range of diseases in mid- and
later-life. This second pathway increases mid-/later-life mortality
through two hypothetical mechanisms: firstly, an overall increased
incidence of a range of diseases which shorten life. Secondly, by bringing
forward in time presentations of diseases which usually occur later
among more advantaged populations (Seaman et al., 2019).

4.4. Limitations

Our study has several limitations. First, our hypothesis that a multi-
component syndemic explains reduced life expectancy is based on re-
sults from a single geographical location (Glasgow East). However, there
are other Scottish inner-urban areas with similar levels of socioeconomic
deprivation in which our findings may be replicated. Second, shortened
life expectancy is expected in multiple morbidity, and is based on as-
sumptions from previous research and national statistics for Scotland.
This outcome cannot be demonstrated in a cross-sectional study. How-
ever, there is no indication that subsequent improvements in socioeco-
nomic deprivation have had an impact on life expectancy (Schofield
et al., 2016). Third, our survey was originally designed to measure as-
sociations at the population level with violence and with a primary focus
on mental health measures. This means we had few measures of physical
health and our risk factors for physical health were limited. We did not
have data on specific diseases in our study. The measures we have
described as a biological and behavioural risk diathesis do not conform
to a known syndrome or established biological measures and must
therefore be considered as putative and preliminary measures for future
research: Fourth, our survey was restricted to young adult men and our
findings question whether there was an equivalent or corresponding
syndemic among women in GE. Previous US studies of syndemics have

emphasised importance of substance misuse, HIV risk behaviour and
violence, but where violence involved victimisation (Singer et al., 2006).
IPV was no more prevalent among men in GE but it was noticeable that
many lived alone without intimate partners, questioning whether other
factors within the syndemic, resulting in heavy substance misuse, failure
to find any occupation, criminality and imprisonment had impacted on
their ability to sustain relationships. Fifth, we did not have a stand-
ardised measure of the social environment to study the impact of
neighbourhood contextual factors on the syndemic. Only two variables
measuring encouragement by peers to use drugs and commit crimes
specifically measured negative behaviours of others in the same social
environment. Sixth, random location sampling does not provide detailed
information on numbers who declined to participate. However, the
method is based on the National Census, participants were identified
and included according to representative strata and their actual fre-
quency in the population (see Supplementary file). Because young adult
men of lower social class are more likely to decline participation in adult
household surveys, this method has considerable advantages for inves-
tigating health-related behaviours such as violence and substance
misuse.

5. Conclusion

This syndemic is likely to have arisen in the context of large-scale
social forces that progressed in Scotland, particularly Glasgow, from
the mid-20™ century (McCartney et al., 2012) and were underway when
our sample were children. Public health researchers in Glasgow have
described multiple social determinants over a prolonged period that may
have led to the clusters of health conditions we have observed. These
impact most powerfully on persons living in areas of highest socioeco-
nomic deprivation in Glasgow and in other Scottish cities which have
experienced post-industrialisation, unemployment, and the adverse ef-
fects of certain economic and social policies (McCartney et al., 2012;
Walsh et al., 2020). However, why Glasgow has shown little improve-
ment over time and has been affected worse than other UK cities which
faced similar hardships has remained unclear. We have put forward a
potential new hypothesis and explanatory model to explain this among
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young men.

Unlike common medical approaches based on comorbidity and
multimorbidity, a syndemic framework explores the health effects of
identifiable disease interactions and the social, environmental, or eco-
nomic factors that promote such interaction and worsen disease (Singer,
1996; Tsai et al., 2017). The syndemic of violence, substance misuse,
psychiatric morbidity and biological/behavioural diathesis observed in
Glasgow East showed co-dynamics of synergistic interaction (Tsai et al.,
2017). Each component presented potentially life-threatening risks,
either currently or as precursors of conditions which would shorten life
in the future, although confirmation would require longitudinal study.
Public Health interventions to improve diet, reduce alcohol consump-
tion and smoking, increase physical activity, and police interventions to
reduce gang activity and violence have had varying degrees of success
but no impact on overall life expectancy or drug misuse. Changes in
health policy are needed which take into account the impact of social
forces on the complex and contextually situated emergence of disease
among impoverished populations such as Glasgow East. Dynamic in-
teractions between components of the syndemic suggest need for
multi-component and multi-agency interventions which are compli-
mentary, although evidence that this approach would be effective is
currently lacking. However, the syndemic framework suggests it is
important not to target single disease or health-related behaviours or to
prioritise one over others in future interventions.
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