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over the age of 35 [4]. During the last decennia, global and 

local health issues have occurred one after the other. The 

occurrence of illnesses and natural disasters shifting into 

various epidemics will increase within the next ten years, 

which is estimated to increase mental ill-health, and sui-

cidal behaviours [5–7]. In turn, it is expected a decrease 

on individual health experience and increase hospitalisa-

tion numbers and associated cost increases. Research aims 

have therefore shifted from finding contributors to SMI 
development to finding preventive measures to reduce the 
prevalence and recurrence of SMI [i.e., by strengthening 
coping mechanisms in people with SMI [8]]. Currently in 

mental health care, preventive strategies target risk factors 

and treat (sub-)clinical manifestations of mental illness to 

prevent deterioration, multimorbidity, and disability, and 

promote psychological well-being [8]. However, self-man-

agement of mental and physical illnesses for people with 

SMI through behaviours is important in decreasing hospi-
talisation rates and improving clinical outcomes [9]. Happi-

ness is positively associated with mental and somatic health 

[10]. Hence, investigating the relationship between health 

happiness and health satisfaction, affective states evidenced 

Health experience is generally a combination of physical 

and mental health experience, influencing quality of life 
[1]. Suffering from a serious illness impacts the happiness 
an individual experiences [2]. Major depressive disorder 
(MDD), bipolar disorder, or psychotic disorder/schizophre-

nia are commonly combined under the banner of severe 

mental illness (SMI), and has been shown to impact health 
and health experience negatively to the point of premature 

and above average mortality rates [3]. SMI in the UK is 
evidenced to disproportionately affect people in deprived 
areas compared to least deprived areas, as well as in people 
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Abstract

A Syndemic model of health experience in severe mental illness (SMI) involving modifiable health behaviour contribu-

tors has been theorised but has not yet been investigated. Over the next 10 years mental ill-health and suicidal behaviours 

have been predicted to increase which will decrease health experience and increase hospitalisation and associated costs. 

This paper investigated a Syndemic model of health experience in people with SMI informed by physical activity levels, 
exposure to nature, personal resilience levels, drugs related (tobacco smoking and alcohol consumption), and sleep behav-

iours using UK Biobank data. Results implementing SEM indicate partial evidence for a Syndemic model, with personal 
resilience being at its centre. Contrary to previous findings, drugs related behaviours did not play an important role in the 
model. Implementing a Syndemic framework approach to current health care strategies could be beneficial in the develop-

ment of self-management strategies for people with SMI. This is the first paper using SEM analyses to investigate SMI 
under the Syndemic theory paradigm.
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to affect psychological well-being [11], and engagement in 

health behaviours in a population of people with SMI could 
be beneficial in identifying modifiable contributors to indi-
viduals’ health experience [2].

Modifiable health behaviours are intentional or uninten-

tional actions that affect health and mortality in individuals, 
and are a contributor to mental wellbeing [12]. Modifiable 
health behaviours describe encouraged or supported behav-

iours that improve health experience with the potential of 

synergistically improving both quality of life and wellbe-

ing [8]. Engaging in one health behaviour is usually accom-

panied by engaging in other health behaviours [13], and a 

synergistic effect of health risk factors on negative (mental) 
health experience has been connected to engaging in mul-

tiple modifiable health risk behaviours concurrently [14]. 

Several health behaviours representative of current epidem-

ics in Western cultures have also been correlated to SMI and 
overall health experience; low levels of physical activity 

[15], drugs related behaviour [16, 17], personal resilience 

levels [18], exposure/access to green and blue spaces [19], 

and sleep behaviour [20, 21]. Personal resilience, a set of 

processes that facilitate recovering from adversity [22], is 

influenced by individual levels of physical activity [23], felt 

social support [24] and experiences loneliness [25], and per-

sonal strength engagement [22]. Links between these health 

behaviours and SMI have already been explored individu-

ally, but the co-occurrence of them and therefore potential 

synergistic effect on health and health experience has yet to 
be investigated.

The Syndemic theory [26] provides an important theo-

retical background for studying these factors concurrently, 

as it suggests that a synergistic effect of co-occurring epi-
demics can exacerbate an individual’s health outcome and/
or experience due to Syndemic vulnerability. A Syndemic 
describes the effect of multiple co-occurring and simultane-

ously interacting epidemics to exacerbate each epidemic’s 

effect on individuals [26]. The stress of experiencing these 

co-occurring contributors can lead to excess burden of dis-

ease experience [27], meaning increased stress to treat ill-

ness and maintain quality of life, and a decline in health 
experience due to Syndemic vulnerability. Syndemic vulner-
ability describes the extent to which individual experiences 

affect co-occurring social and health problems, morbidity, 
and mortality because of the eco-psychosocial context of an 

individual, which again can intensify these problems [28]. 

Stress, poverty, discrimination, and other forms of social 
adversity are the primary route through which social factors 

have been found to contribute to negative health [29–31]. A 
Syndemic model of these contributors to health experience 
has been previously theorised [32], but has yet to be tested.

The main aim of this paper is to explore a possible Syn-

demic model of health experience in people with SMI under 

the Syndemic theory paradigm, informed by physical activ-

ity, drugs related behaviours, personal resilience, exposure 

to nature, sleep behaviour, and deprivation.

Methods

Participants and procedure

This is a secondary data analysis using the UK Biobank’s 
(UKBB) baseline assessment data collected between 2006 
and 2010. The UK Biobank ethical approval research com-

mittee approved the use of this data for this study (Ref.11/
NW/0382). The UKBB dataset is a community-based 
cohort study comprising of over 500,000 volunteers aged 

between 40 and 69 years from across the United King-

dom. Participants have undergone routine, standardised 

measures, provided blood, urine and saliva samples, given 

detailed information about themselves and agreed to have 

their physical health followed. Full details of the study 
design and data collection processes have been previously 

published [33, 34].

We used a sample of the UK Biobank based on SMI diag-

nosis. The population group was created by including data 

from participants diagnosed with nonaffective psychotic 
disorder including schizophrenia and schizophrenia-like 
conditions (ICD-10 disease classes F20-F29; N = 155), and/
or any bipolar disorder (ICD-10 disease classes F30-31; 
N = 200), and/or any MDD (ICD-10 disease classes F32-39; 
N = 8007).

Measures

The UK Biobank questions and questionnaires are an accu-

mulation of previously used questionnaires from obser-
vational studies, population surveys, and clinical trials to 

identify appropriate measures of exposure in the different 
areas [35]. These stem from validated questionnaires, short 
scales, and clinical interviews. Validity of inclusion was dis-

cussed with a wide panel of international experts for each 

area of interest [35]. Full details on the individual variables 
(i.e., questions asked to obtain data and response scales) are 
given in Online Resource 1. To provide a general overview 

presently, only essential information is listed. The hypoth-

esised model is shown in Fig. 1.

Outcome

Health Experience. To assess health experience, data from 

two questions determining general health happiness and 
general health satisfaction using an 8-point Likert scale 

(ranging from “prefer not to answer” to “extremely happy”.

1 3



Social Psychiatry and Psychiatric Epidemiology

Modifiable health behaviours

Physical Activity. Four questions assessing the level of 
physical activity the participants on average engage in a typ-

ical week were asked, requesting information on time spent 
doing moderate and vigorous physical activity, and days 

spent walking 10 or more minutes at a time as well as time 

spent walking for fun on an average day in the past 4 weeks. 

Response options were either numerical input between 0 

and 7, or on a 9-point Likert scale categorising the time 

spent doing specific types of physical activity (ranging from 
“prefer not to answer” to “less than 15 minutes”).

Drugs Related Behaviours. Tobacco smoking frequency 
and number of smokers in household were recorded on a 

Fig. 1 SEM of the presented model
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Data analysis

Structural equation modelling (SEM) was used to inves-

tigate the relationships between the modifiable health 
behaviours outlined above and how they relate to health 

experience. Relevant summary statistics were initially 

assessed using mean and standard deviations for continu-

ous data and counts and percentages for categorical data. 

Spearman correlation coefficients were calculated to iden-

tify any multicollinearity that might reduce model validity 

and strength if kept [40]. The analysis used standard indices 

to evaluate model fit; the comparative fit index (CFI), the 
Tucker-Lewis index (TLI), and the root mean square error 
(RMSEA). Threshold scores of 0.90 or higher for the CFI 
and TLI, as well as a RMSEA value of 0.08 or lower were 
used as indication of a good model fit (Finch, 2020). All rel-
evant statistics and model parameters of interest including 

confidence intervals are reported. Analyses were conducted 
in R (version 4.0.5) using RStudio and lavaan package [41, 

42].

We report the relevant summary statistics for each analy-

sis (i.e., the averages and error surrounding measurements 

of interest and the composition and size of the sample) 
along with the model parameters of interest and the associ-

ated 95% confidence intervals of these estimates.

Results

Descriptive statistics and correlations

Out of the 500,000 participants in the UKBB database, a 
total of 8,014 participants had an SMI diagnosis and pro-

vided data on the variables of interest. Only data from par-

ticipants who responded to all questions were included. On 
average, the participants were 55.61 years old (SD = 7.71 

years), 70% were female and the majority were white 
(96.72%; Table 1). Table 1 gives an overview of all averages 

and standard deviations of the variables used in this model.

Syndemic model

Spearman correlation coefficients indicated a high correla-

tion between the two Syndemic contributors, ethnicity and 
TDI. As TDI is a continuous variable based on externally 
verified census methods, and ethnicity is a categorical self-
input variable, we elected to eliminate ethnicity from the 

model to improve model stability. Primary analyses indi-

cated high correlations between several variables (days 

engaging in vigorous physical activity and practising a sport 

during leisure activities; engaging in religious activities in 

leisure time and engaging in group activities in leisure time; 

4-point Likert scale (ranging from “prefer not to answer” 

to “smokes on most or all days”, and “prefer not to answer” 

to “yes, more than one household member smokes” respec-

tively). Alcohol intake frequency was recorded on a 6-point 
Likert scale (ranging from “prefer not answer” to “daily or 

almost daily”).

Personal Resilience. We considered 9 questions address-

ing social support, friendship relations satisfaction, family 

relations satisfaction, financial security, and ability to con-

fide [36], experienced loneliness [25], and leisure activities 

[22]. Responses were recorded on an 8-point Likert scale 

(ranging from “prefer not to answer” to “extremely happy”) 

for part of the questions, a 3-point Likert scale (loneliness 
satisfaction), or as Yes/No (experienced loneliness).

Exposure to Nature. Four variables assessed the partici-
pants’ proximity levels to nature. We accessed data on green 

spaces (land coverage estimates for domestic gardens and 

natural vs. built environments within 1000 m of the partici-

pant’s home location) and blue spaces (coastal proximity, 

access to bodies of water within 1000 m of the participant’s 

home location). The data linkage for this category was done 

by the European Centre for Environment and Human Health 
(University of Exeter Medical School) and for this project’s 
purposes includes greenspace estimates at 1000 m home 

location buffers, land coverage estimates for domestic gar-
dens and water at 1000 m home location buffers, land cov-

erage estimates for the ‘natural environment’ compared to 

the ‘built environment’ (greenspace percentage) at 1000 m 

home location buffer, and distance (Euclidean) from home 
location to the coast measured in Kilometres.

Sleep Behaviour. Average hours spent sleeping, requir-
ing a numerical input between 1 and 23, and insomnia 

behaviour/sleeplessness on a 4-point Likert scale ranging 
from “prefer not to answer” to “usually” were included.

Syndemic contributors

Townsend Deprivation Index. Additionally, the Townsend 
Deprivation Index (TDI) was included in the model as a 

Syndemic contributor to health experience. This is based on 
the preceding national census output areas and corresponds 

to the participant’s postcode as baseline measurement. This 

variable acts as a proxy for the measure of SES and poverty 
[37].

Ethnicity. Ethnic background determined by a self-
report touchscreen questionnaire was included as a possible 
Syndemic contributor to health experience. This acts as a 
proxy for a measure of possible discrimination and other 

forms of social adversity [38, 39].
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Depression (N = 8007; 

99.99%)

Bipolar Disorder 
(N = 200; 2.5%)

Schizophrenia 
or Psycho-

sis Disorder 

(N = 155; 1.9%)

Age

− Mean (SD) 55.6 (7.7) 55.0 (8.1) 54.6 (8.2)

Sex

− Male 2404 (30%) 85 (42.5%) 57 (36.8%)

− Female 5603 (70%) 115 (57.5%) 98 (63.2%)

Ethnicity

− White

− Asian or Asian British
− Black or Black British
− Mixed
− Other

7744 (96.7%)

71 (0.9%)

57 (0.7%)

55 (0.7%)

80 (1.0%)

185 (92.5%)

4 (2.0%)

2 (1.0%)

3 (1.5%)

6 (3.0%)

142 (91.6%)

1 (0.7%)

2 (1.3%)

3 (1.9%)

7 (4.5%)

Townsend Deprivation Index

− Mean (SD)
-1.35 (2.8) -0.5 (3.2) -0.17 (3.5)

Amount of days/week doing moderate physical activity (> 10 min)

− Mean (SD) 3.7 (2.3) 3.6 (2.4) 3.4 (2.5)

Amount of days/week doing vigorous physical activity (> 10 min)

− Mean (SD) 1.8 (1.8) 1.9 (2.0) 1.6 (2.0)

Amount of days/week going for a walk (> 10 min)

− Mean (SD) 5.6 (1.7) 5.9 (1.6) 5.8 (1.7)

Time spent walking for pleasure

− Less than 15 min

− Between 15 and 30 min
− Between 30 min and 1 h
− Between 1 and 1.5 h
− Between 1.5 and 2 h
− Between 2 and 3 h
− Over 3 h

136 (2.0%)

1525 (19.0%)

2970 (37.1%)

1483 (18.4%)

791 (9.9%)

545 (6.7%)

557 (6.9%)

2 (1.0%)

52 (26.0%)

75 (37.5%)

29 (14.5%)

23 (11.5%)

7 (3.5%)

12 (6.0%)

7 (4.5%)

41 (26.5%)

53 (34.2%)

18 (11.6%)

19 (12.3%)

11 (7.1%)

6 (3.9)

Sleep duration

− Mean (SD) 7.2 (1.1) 7.6 (1.5) 7.5 (1.4)

Sleeplessness/Insomnia

− Never/Rarely 1471 (18.4%) 40 (20%) 41 (26.4%)

− Sometimes 3765 (47%) 98 (49%) 65 (42%)

− Usually 2771 (34.6%) 62 (31%) 49 (31.6%)

Current Tobacco Smoking

− No 7773 (97.1%) 186(93%) 149(96.1%)

− Only occasionally 234 (2.9%) 14 (7%) 6 (3.9%)

− Yes, on most or all days 0 (0.0%) 0 (0.0%) 0 (0.0%)

Smokers in Household

− No Household Member Smokes 7229 (90.3%) 178 (89%) 135 (87.1%)

− 1 Household Member Smokes 673 (8.4%) 18 (9%) 16 (10.3%)

− More than 1 Household Member Smokes 105 (1.3%) 4 (2%) 4 (2.6%)

Frequency of drinking alcohol

− Never 513 (6.4%) 24 (12%) 22 (14.2%)

− Special Occasions Only 907 (11.3%) 31 (15.5%) 29 (18.7%)

− 1 to 3 Times a Month 1045 (13.1%) 24 (12%) 22 (14.2%)

− Once or Twice a Week 1923 (24.0%) 31 (15.5%) 26 (16.8%)

− 3 or 4 Times a Week

− Daily or Almost Daily
1915 (23.9%)

1704 (21.3%)

46 (23%)

44 (22%)

22 (14.2%)

34 (21.9%)

Greenspace Percentage (1000 m)

− Mean (SD) 42.6 (22.2) 37.9 (21.4) 36.8 (19.5)

Water Percentage (1000 m)

− Mean (SD) 1.3 (2.6) 1.3 (2.9) 1.3 (2.9)

Euclidean Distance to Coast

Table 1 Means and standard deviations for all variables included in the model, grouped by SMI diagnosis
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Depression (N = 8007; 

99.99%)

Bipolar Disorder 
(N = 200; 2.5%)

Schizophrenia 
or Psycho-

sis Disorder 

(N = 155; 1.9%)

− Mean (SD) 45.7(26.3) 46.6 (25.0) 46.2 (24.5)

Domestic Garden Percentage (1000 m)

− Mean (SD) 26.5 (11.7) 28.3 (11.3) 28.3 (10.8)

Family-relationship Satisfaction

− Prefer not to say 1196 (14.9%) 19 (9.5%) 12 (7.7%)

− Extremely Unhappy 68 (0.9%) 6 (3.0%) 7 (4.5%)

− Very Unhappy 73 (0.9%) 4 (2.0%) 5 (3.2%)

− Moderately Unhappy 158 (2.0%) 6 (3.0%) 6 (3.8%)

− Moderately Happy 621 (7.8%) 14 (7.0%) 13 (8.5%)

− Very Happy 2718 (33.9%) 87 (43.5%) 57 (36.8%)

− Extremely Happy 3173 (39.6%) 64 (32.0%) 55 (35.5%)

Financial Situation Satisfaction

− Prefer not to say 575 (7.2%) 13 (6.5%) 8 (5.1%)

− Extremely Unhappy 23 (0.3%) 2 (1%) 4 (2.6%)

− Very Unhappy 161 (2.0%) 12 (6%) 11 (7.1%)

− Moderately Unhappy 266 (3.3%) 7 (3.5%) 6 (3.9%)

− Moderately Happy 793 (9.9%) 18 (9.0%) 20 (12.9%)

− Very Happy 6357 (45.7%) 94 (47.0%) 71 (45.8%)

− Extremely Happy 2532 (31.6%) 54 (27.0%) 35 (22.6%)

Friendships Satisfaction

− Prefer not to say 915 (11.4%) 18 (9.0%) 10 (6.5%)

− Extremely Unhappy 81 (1.0%) 6 (3.0%) 11 (7.1%)

− Very Unhappy 21 (0.3%) 2 (1.0%) 3 (1.8%)

− Moderately Unhappy 51 (0.6%) 4 (2.0%) 2 (1.3%)

− Moderately Happy 415 (5.2%) 18 (9.0%) 10 (6.5%)

− Very Happy 2805 (35.0%) 79 (39.5%) 59 (38.1%)

− Extremely Happy 3719 (46.5%) 73 (36.5%) 60 (38.7%)

Ability to Confide in Others
− Never or Almost Never 945 (11.8%) 29 (14.5%) 27 (17.4%)

− Once Every Few Months 491 (6.1%) 15 (7.5%) 10 (6.5%)

− About Once a Month 584 (7.3%) 14 (7.0%) 12 (7.7%)

− About Once a Week 1080 (13.4%) 32 (16.0%) 23 (14.8%)

− 2–4 Times a Week 1049 (13.1%) 25 (12.5%) 21 (13.6%)

− Almost Daily 3858 (48.2%) 85 (42.5%) 62 (40%)

Loneliness/Isolation

− No 5743(71.7%) 125 (62.5%) 95 (61.3%)

− Yes 2264 (28.3%) 75 (37.5%) 60 (38.7%)

Leisure Activity - Sports

− No 5465(68.3%) 143 (71.5%) 124 (80.0%)

− Yes 2542 (31.7%) 57 (28.5%) 31 (20.0%)

Leisure Activity - Pub

− No 6350 (79.3%) 158 (79.0%) 126 (81.3%)

− Yes 1657 (20.7%) 42 (21%) 29 (18.7%)

Leisure Activity - Education

− No 7090 (88.5%) 171 (85.5%) 127 (81.9%)

− Yes 917 (11.5%) 29 (14.5%) 28 (18.1%)

Leisure Activity - Religion

− No 6655 (83.1%) 154 (77.0%) 117 (75.5%)

− Yes 1352 (16.9%) 46 (23.0%) 38 (24.5%)

Leisure Activity - Group Activity

Table 1 (continued) 
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to the pub in leisure time (p = 0.205) were not found to be 

significantly related to the other representatives. Similarly, 
for the latent factor drugs related behaviour, the frequency 
of smoking was not significantly related to alcohol intake 
(p = 0.590), whereas the amount of smokers in the house-

hold was (p = 0.004).

Table 3 gives an overview of all main effects. All latent 
constructs predicted health experience, apart from drugs 

related behaviours (p = 0.742). This implies that the latent 

variables for physical activity, exposure to nature, personal 

resilience, and sleep behaviour, as well as the measure for 

TDI all predict health experience. The higher the level of 

physical activity, personal resilience, and good sleep behav-

iours, the higher the health experience. Equally, the lower 
TDI, the higher health experience. Contrary to theoreti-

cal evidence, a lower exposure to nature tends to predict a 

higher health experience. Drugs related behaviours seem to 

not be directly related to health experience in the context of 

this data and model.

Figure 2 shows relationships between the variables of the 

model with effects and standardised path coefficients. The 
standardised path coefficients between the latent variables 
have been excluded to improve readability.

Table 4 shows the correlations between the latent fac-

tors of health behaviours. The latent factors of exposure to 

nature, physical activity, and sleep behaviour were signifi-

cantly related to personal resilience (p ≤ 0.001). This implies 

that individual levels of personal resilience affect individual 

and alcohol intake frequency and pub visits in leisure time), 
which were allowed to be estimated in the model. The mea-

surement model analysis confirmed that the selected vari-
ables show appropriate fits (Leisure time – pub and Leisure 
time – education for the Personal Resilience construct, and 

smoke frequency for the Drugs Related Behaviours con-

struct). Sensitivity analyses on the effect of removing these 
contributors from the model resulted in comparable model 

indices, so to provide a broader insight into the model, we 

elected to keep the contributors in the final SEM.
The results of the SEM indicated a reasonably good 

fit of the tested model. Although χ² was significant (χ²= 

6035.766, p < 0.001, df = 281), the TLI and CFI indica-

tors demonstrate a reasonably good model fit (TLI = 0.786, 

CFI = 0.815). The RMSEA indicated a very good fit of the 
model (RMSEA = 0.051). This implies that the model pro-

vides a reasonably good fit to the data, however, the model 
could probably be improved. A closer investigation of the 
individual relationships within the model for future itera-

tions is therefore necessary.

The regression results depicting direct effects for all 
latent factors are outlined in Table 2. Within the latent fac-

tors of personal resilience, exposure to nature, physical 

activity level, and sleep behaviour the selected contributors 

were found to be significantly related to each other with 
few exceptions. In the latent factor of personal resilience, 

education pursued in leisure time (p = 0.212), engaging in 

religious activities in leisure time (p = 0.093), and going 

Depression (N = 8007; 

99.99%)

Bipolar Disorder 
(N = 200; 2.5%)

Schizophrenia 
or Psycho-

sis Disorder 

(N = 155; 1.9%)

− No 4832 (60.3%) 110 (55.0%) 80 (51.6%)

− Yes 3175 (39.7%) 90 (45.0%) 75 (48.4%)

General Happiness with own health

− Do Not Know/Prefer Not to Answer 33 (0.1%) 11 (0.3%) 22 (0.3%)

− Extremely Unhappy 91 (0.4%) 30 (0.8%) 130 (1.7%)

− Very Unhappy 282 (1.1%) 86 (2.3%) 285 (3.8%)

− Moderately Unhappy 1555 (6.0%) 377 (10.1%) 989 (13.3%)

− Moderately Happy 10,286 (39.6%) 1723 (46.2%) 3333 (44.7%)

− Very Happy 11,057 (42.5%) 1246 (33.4%) 2232 (30.0%)

− Extremely Happy 2692 (10.4%) 260 (7.0%) 458 (6.1%)

Health Satisfaction

− Do Not Know/Prefer Not to Answer 42 (0.2%) 10 (0.3%) 18 (0.2%)

− Extremely Unhappy 42 (0.2%) 13 (0.3%) 66 (0.9%)

− Very Unhappy 172 (0.7%) 67 (1.8%) 209 (2.8%)

− Moderately Unhappy 1421 (5.5%) 313 (8.4%) 852 (11.4%)

− Moderately Happy 11,657 (44.8%) 1860 (49.8%) 3759 (50.5%)

− Very Happy 10,897 (41.9%) 1308 (35.0%) 2247 (30.2%)

− Extremely Happy 1765 (6.8%) 162 (4.3%) 298 (4.0%)

Health Score

− Mean (SD)
-0.21 (0.8) − 0.015 (0.8) -0.09 (0.8)

Table 1 (continued) 
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Table 2 Measurement model specifying how the indicators (measured variables) correspond to the latent constructs1

Variables Unstandardized Coefficient Standardized Coefficient (β)* R²** p Value
Physical Activity
  Time spent walking for Fun 1.000 0.1 0.012

  Amount of days/week going for a walk 4.659 0.39 0.151 < .001

  Amount of days/week doing moderate physical activity 12.340 0.78 0.607 < .001

  Amount of days/week doing vigorous physical activity 7.563 0.61 0.374 < .001

Drugs Related Behaviours
  Alcohol intake frequency 1.000 0.07 0.021

  Frequency of Smoking 1.170 0.77 < 0.001 0.590

  Amount of Smokers in household 0.422 0.13 0.002 0.004

Personal Resilience

  Leisure – Sports 1.00 0.09 0.109

  Leisure – Education 0.124 0.02 < 0.001 0.212

  Leisure – Group Activities 1.150 0.1 0.009 < .001

  Leisure – Pub 0.150 0.3 0.052 0.208

  Leisure – Religion 0.159 0.02 0.309 0.093

  Friendship Satisfaction 13.664 0.64 0.401 < .001

  Ability to Confide in Others 18.769 0.46 0.204 < .001

  Financial Situation Satisfaction
  Loneliness/Isolation
  Family Relationships Satisfaction

9.451

-4.777

15.466

0.4

-0.46

0.63

0.166

0.210

0.399

< .001

< .001

< .001

Exposure to Nature
  Euclidean Distance to the Coast 1.000 0.09 0.187

  Water Percentage -0.157 -0.13 0.015 < .001

  Greenspace Percentage -5.001 -0.51 0.544 < .001

  Domestic Garden Percentage 8.287 1.59 0.566 < .001

Sleep Behaviour
  Number of Hours spent Sleeping 1.000 0.35 0.123

  Sleeplessness/Insomnia Behaviour -1.375 -0.76 0.581 < .001

Health Experience
  General Happiness about own Health 1.000 0.65 0.370

  Personal Health Satisfaction 1.126 0.76 0.629 < .001
1The exogenous latent constructs are physical activity, personal resilience, exposure to Nature, Sleep Behaviour, and drug related Behaviour. 
The endogenous construct is Health experience

Table 3 SEM regression analysis
Variables Unstandardized 

Coefficient
Standardized Coef-
ficient (β)*

p Value 95% CI

Health Experience
 Physical Activity 0.784 0.18 < 0.001 -0.901, 1.112

 Drugs Related Behaviours 0.068 0.01 0.742 2.074, 6.656

 Personal Resilience 6.069 0.41 < 0.001 -14.543, 

-0.117

 Exposure to Nature -0.004 -0.02 0.023 -0.006, 0.032

 Sleep behaviour 0.282 0.18 < 0.001 0.241, 1.288

 Townsend Deprivation Index -0.013 -0.06 < 0.001 -0.014, 

-0.002

Personal Resilience – Religion

 Personal Resilience – Group Activities 0.425 0.55 < 0.001 0.407, 0.442

Personal Resilience – Sports
 Physical Activity – Amount of days/week doing vigorous physi-
cal activity

0.076 0.3 < 0.001 0.070, 0.081

Personal Resilience – Pub

 Drugs Related Behaviours – Alcohol Intake frequency 0.061 0.23 < 0.001 0.056, 0.66
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Fig. 2 Final SEM of the investigated Syndemic Model showing standardised coefficients. Standard path coefficients between the latent variables 
have been omitted for readability
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intercorrelated to physical activity, sleep behaviour and 

exposure to nature, as well as being related to health experi-

ence in people with SMI; which is in support of a Syndemic 
model of health experience and resilience-related health 

behaviours in an SMI population.
Additionally, this is the first study investigating the exis-

tence of a Syndemic model using SEM as an analysis tool. 
Though previously suggested as the way forward in inves-

tigating Syndemic models [49], recent research into Syn-

demic models has not yet implemented SEM to analyse the 
Syndemic relationships between contributors in one ana-

lytical model rather than using individual regression paths 

between outcome and possible contributors.

Though ample evidence supports drugs related behav-

iours to contribute to health experience [50, 51], they did 

not come forward as a significant predictor in our model. 
Despite suggesting that drugs related behaviours may play a 

different role other than the other modifiable health behav-

iours tested (i.e., physical activity, sleep behaviour, and 

personal resilience), further studies are still necessary. For 
example, drugs related behaviour may operate on as media-

tor or moderator of the effects of other behaviours on the 
health experience. In addition, the variables available to 

construct the drugs related behaviours latent variable did 

not include any dependence-related measure. Therefore, 

we were not able to test whether adding substance-related 

problems or addiction diagnosis would change the observed 

results. There is therefore scope for investigating which 

model of Syndemic contributors to health experience drugs 
related behaviours fit into; the current Syndemic model is 
focused on modifiable health behaviours, but drugs related 
behaviours measured this way may be more closely corre-

lated to a different Syndemic layer health experience.

levels of exposure to nature, physical activity, and sleep 

behaviour. Beyond these significant relationships, no other 
latent factors showed significant interrelatedness.

Discussion

The present study aimed to explore a potential Syndemic 
model of health experience in people with SMI informed by 
physical activity levels, drugs related behaviours, personal 

resilience, exposure to nature, sleep behaviour, and TDI. 

SEM analyses partially supported the hypothesised Syn-

demic relationship between known contributors (exposure 

to nature, physical activity levels, psychological resilience, 

and sleep behaviour) and health experience [43–46]. Con-

trary to theoretical evidence, the relationship between drugs 

related behaviours and health experience did not fit into this 
novel Syndemic model [47].

Theoretical implications

In support of previous publications, most investigated con-

tributors significantly affect health experience. Evidence 
for the existence of a Syndemic model of intercorrelated 

contributors that affect health experience has not been pub-

lished yet; this is the first study about a Syndemic model 
of health experience fed by modifiable health behaviours as 
contributors. Though some model fit indices did not reach 
the desired threshold of 0.9 [48], the model aids in devel-

oping the theory of Syndemics in health experience in an 
SMI population. Ample theoretical evidence from both 
the theory of Syndemics [26] as well as health behaviour 

contributors in mental health-focused research (references 

15–25) has thoroughly informed the development of both 

this model and theory. This study provides evidence in sup-

port of behaviours contributing to personal resilience being 

Table 4 Correlation between the latent factors

Covariances Unstandardized Coefficient Standardized Coefficient (β)* p Value 95% CI

Personal Resilience

 Exposure to Nature 0.003 -0.029 0.001 -0.060, 0.001

 Physical Activity 0.001 0.110 < 0.001 0.076, 0.143

 Sleep Behaviour 0.004 0.223 < 0.001 0.174, 0.271

 Drugs Related Behaviours 0.000 0.723 0.576 0.581, 0.864

Exposure to Nature
 Physical Activity -0.003 -0.014 0.142 -0.045, 0.017

 Sleep Behaviour -0.008 0.021 0.162 -0.013, 0.055

 Drugs Related Behaviour -0.007 -0.157 0.598 -0.319, 0.006

Physical Activity
 Sleep Behaviour 0.001 0.014 0.484 -0.024, 0.052

 Drugs Related Behaviour -0.000 0.184 0.964 0.013, 0.354

Sleep Behaviour
 Drugs Related Behaviours 0.001 -0.032 0.538 -0.221, 0.156
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SMI, including evidence-based self-management strategies. 
Future research into the Syndemic network of contributors 
to health experience and how health care strategies could 

improve it would be beneficial for populations nationally 
and ultimately, globally.

Supplementary Information The online version contains 

supplementary material available at https://doi.org/10.1007/s00127-
024-02726-x.

Acknowledgements This paper was written as part of the PhD 

research supported by NIHR grant (grant number: NIHR 200166). 

Funding and/or the researchers’ salary is supported from UKRI grant 
ES/S004459/1 and links with the Closing the Gap cohort, which was 
part funded by the Wellcome Trust (reference 204829) through the 

Centre for Future Health at the University of York, UK Research and 
Innovation (reference ES/S004459/1), and the NIHR Yorkshire and 
Humberside Applied Research Collaboration.

Author contributions S.V. wrote the main manuscript text, and pre-

pared the figures and tables. All authors reviewed the manuscript. The 
UK Biobank Resource has checked and approved the manuscript to be 
published without any feedback.

Funding This research has been conducted using the UKRI grant ES/
S004459/1 and associated links partially funded by the Wellcome 
Trust (reference 204829).

Data availability This research has been conducted using the UK Bio-

bank Resource under Application Number 91042.

Declaration

Competing interests The authors declare no competing interests.

Conflict of interest The authors declare that they have no conflict of 
interest.

Open Access  This article is licensed under a Creative Commons 

Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 

as long as you give appropriate credit to the original author(s) and the 

source, provide a link to the Creative Commons licence, and indicate 

if changes were made. The images or other third party material in this 

article are included in the article’s Creative Commons licence, unless 

indicated otherwise in a credit line to the material. If material is not 

included in the article’s Creative Commons licence and your intended 

use is not permitted by statutory regulation or exceeds the permitted 

use, you will need to obtain permission directly from the copyright 

holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Glew S, Chapman B (2016) Closing the gap between physical 
and mental health training. Br J Gen Pract 66:506–507. https://
doi.org/10.3399/bjgp16X687157

2. Steptoe A (2019) Happiness and health. Annu Rev 
Public Health 40:339–359. https://doi.org/10.1146/
annurev-publhealth-040218-044150

Limitations and future research

UK Biobank have stated that the sample collected for the 
dataset shows evidence of a “healthy volunteer” bias and 

is therefore not representative of the general population 

on information collected for lifestyle, sociodemographic, 

health-related, nor physical [34]. Additionally, the sample 
is predominantly female (70%) and the mean age of 55 

years suggests an older age group than the population mean 

[52]. Due to the distribution of SMI within the sample, and 
99.99% of the sample reporting an MDD diagnosis, the 
findings can be mainly attributed to a population suffering 
from depression symptoms. Furthermore, the distribution of 
SMI diagnoses of bipolar disorder and schizophrenic spec-

trum disorder is below the estimated average in Britain [53]. 

Therefore, these results are not generalisable to the wider 

population, and only to a population with SMI diagnoses.
Furthermore, a limit of the otherwise very thorough 

and vast UKBB dataset means that exposure to nature can 
only accurately be determined by measuring the proximity 

of participants to green or blue spaces. Arguably, proxim-

ity to green and blue spaces does not mean that someone is 

exposed to natural settings more often as well; participants 

living in areas that are deprived of green and blue spaces 

might still make the effort of seeking exposure to natural 
environments which is however not recorded in the data-

set. Including questions that specifically measure seeking 
exposure to natural environments like blue and green spaces 

could be a useful addition to the already substantial UKBB 
dataset. Comparably, drugs related behaviour measurements 

were limited in their depth and breadth in the UKBB; prob-

ably due to the UK’s successful anti-smoking campaigns 
[54], there is only a small percentage of smokers in the data-

set, which makes measuring the extent of the effect of these 
behaviours less informative.

Conclusion

The results of these analyses provide evidence for the 

existence of a Syndemic network of health behaviours as 
contributors to health experience in an SMI population. 
Previously established contributors to detrimental health 

experience in people with SMI not just singularly affect 
health experience, but also interact and syndemically exac-

erbate health experience. Health care policies and practices 

should therefore move from a strategy of challenging singu-

lar contributors one at a time to tackling multiple contribu-

tors simultaneously. Implementing policies and strategies 

using the Syndemic framework approach could therefore 
improve the effectiveness of current health care strategies 
and provide better health care options for a population with 

1 3

https://doi.org/10.1007/s00127-024-02726-x
https://doi.org/10.1007/s00127-024-02726-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3399/bjgp16X687157
https://doi.org/10.3399/bjgp16X687157
https://doi.org/10.1146/annurev-publhealth-040218-044150
https://doi.org/10.1146/annurev-publhealth-040218-044150


Social Psychiatry and Psychiatric Epidemiology

20. Lederman O, Ward PB, Firth J et al (2019) Does exercise improve 
sleep quality in individuals with mental illness? A systematic 
review and meta-analysis. J Psychiatr Res 109:96–106. https://
doi.org/10.1016/j.jpsychires.2018.11.004

21. Sivertsen B, Pallesen S, Friborg O et al (2021) Sleep patterns 
and insomnia in a large population-based study of middle-aged 

and older adults: the Tromsø study 2015–2016. J Sleep Res 
30:e13095. https://doi.org/10.1111/jsr.13095

22. Reivich KJ, Seligman MEP, McBride S (2011) Master resilience 
training in the U.S. Army. Am Psychol 66:25–34. https://doi.
org/10.1037/a0021897

23. Moljord IEO, Moksnes UK, Espnes GA et al (2014) Physi-
cal activity, resilience, and depressive symptoms in adoles-

cence. Ment Health Phys Act 7:79–85. https://doi.org/10.1016/j.
mhpa.2014.04.001

24. Sippel L, Pietrzak R, Charney D et al (2015) How does social 
support enhance resilience in the trauma-exposed individual? 
Ecol Soc 20. https://doi.org/10.5751/ES-07832-200410

25. Gerino E, Rollè L, Sechi C, Brustia P (2017) Loneliness, resil-
ience, mental health, and quality of life in old age: a structural 
equation model. Front Psychol 8:2003. https://doi.org/10.3389/
fpsyg.2017.02003

26. Singer M (2009) Introduction to syndemics: a critical systems 
approach to public and community health. Wiley

27. Singer M, Clair S (2003) Syndemics and public health: reconcep-

tualizing disease in bio-social context. Med Anthropol Q 17:423–
441. https://doi.org/10.1525/maq.2003.17.4.423

28. Singer M (2000) A dose of drugs, a touch of violence, a case of 
AIDS: conceptualizing the Sava syndemic. FICS 28:13–24

29. Dressler WW (2003) Culture, stress, and cardiovascular disease. 

Encyclopedia Med Anthropol 328–334
30. McDade TW (2002) Status incongruity in Samoan youth: a bio-

cultural analysis of culture change, stress, and immune func-

tion. Med Anthropol Q 16:123–150. https://doi.org/10.1525/
maq.2002.16.2.123

31. Williams DR, Lawrence JA, Davis BA (2019) Racism and health: 
evidence and needed research. Annu Rev Public Health 40:105–
125. https://doi.org/10.1146/annurev-publhealth-040218-043750

32. Vereeken S, Peckham E, Gilbody S (2022) Can we better 
understand severe mental illness through the lens of Syndem-

ics? Front Psychiatry 13:1092964. https://doi.org/10.3389/
fpsyt.2022.1092964

33. Sudlow C, Gallacher J, Allen N et al (2015) UK biobank: an open 
access resource for identifying the causes of a wide range of com-

plex diseases of middle and old age. PLoS Med 12:e1001779. 
https://doi.org/10.1371/journal.pmed.1001779

34. UK Biobank (2023) UK Biobank. In: UK Biobank Homepage. 
https://www.ukbiobank.ac.uk/. Accessed 7 Aug 2023

35. UK Biobank Coordinating Centre (2007) UK Biobank: Protocol 
for a large-scale prospective epidemiological resource. In: UKBB 
Dataset Protocol. https://www.ukbiobank.ac.uk/media/gnkeyh2q/
study-rationale.pdf. Accessed 8 Spring 2023

36. Jones JM, Jetten J (2011) Recovering from strain and endur-
ing pain. Soc Psychol Personal Sci 2:239–244. https://doi.
org/10.1177/1948550610386806

37. Aveyard P, Manaseki S, Chambers J (2002) The relationship 
between mean birth weight and poverty using the townsend 

deprivation score and the super profile classification system. Pub-

lic Health 116:308–314. https://doi.org/10.1038/sj.ph.1900872
38. Slopen N, Williams DR (2014) Discrimination, other psychoso-

cial stressors, and self-reported sleep duration and difficulties. 
Sleep 37:147–156. https://doi.org/10.5665/sleep.3326

39. Vines AI, Ward JB, Cordoba E, Black KZ (2017) Perceived 
racial/ethnic discrimination and mental health: a review and 
future directions for social epidemiology. Curr Epidemiol Rep 
4:156–165. https://doi.org/10.1007/s40471-017-0106-z

3. de Mooij LD, Kikkert M, Theunissen J et al (2019) Dying too 
soon: excess mortality in severe mental illness. Front Psychiatry 
10:855. https://doi.org/10.3389/fpsyt.2019.00855

4. Public Health England (2018) Severe mental illness (SMI) and 
physical health inequalities: briefing. In: Gov.uk: Research 
and analysis. Accessed 8 Winter 2023. https://www.gov.uk/
government/publications/severe-mental-illness-smi-physical-
health-inequalities/severe-mental-illness-and-physical-health-
inequalities-briefing#:~:text=Of%25;20the%26%25;201%26%2

5;2C051.

5. Zhang S, Wang S, Yuan L et al (2020) The impact of epidem-

ics on agricultural production and forecast of COVID-19. China 
Agricultural Economic Rev 12:409–425. https://doi.org/10.1108/
CAER-04-2020-0055

6. Thomas MB (2020) Epidemics on the move: climate change 
and infectious disease. PLoS Biol 18:e3001013. https://doi.
org/10.1371/journal.pbio.3001013

7. Marani M, Katul GG, Pan WK, Parolari AJ (2021) Intensity and 
frequency of extreme novel epidemics. Proc Natl Acad Sci USA 
118. https://doi.org/10.1073/pnas.2105482118

8. Arango C, Díaz-Caneja CM, McGorry PD et al (2018) Preventive 
strategies for mental health. Lancet Psychiatry 5:591–604. https://
doi.org/10.1016/S2215-0366(18)30057-9

9. Carswell C, Brown JVE, Lister J et al (2022) The lived experi-
ence of severe mental illness and long-term conditions: a qualita-

tive exploration of service user, carer, and healthcare professional 

perspectives on self-managing co-existing mental and physical 

conditions. BMC Psychiatry 22:479. https://doi.org/10.1186/
s12888-022-04117-5

10. Bieda A, Hirschfeld G, Schönfeld P et al (2019) Happiness, life 
satisfaction and positive mental health: investigating reciprocal 

effects over four years in a Chinese student sample. J Res Pers 
78:198–209. https://doi.org/10.1016/j.jrp.2018.11.012

11. Gross JJ, Uusberg H, Uusberg A (2019) Mental illness and well-
being: an affect regulation perspective. World Psychiatry 18:130–
139. https://doi.org/10.1002/wps.20618

12. Short SE, Mollborn S (2015) Social determinants and health 
behaviors: conceptual frames and empirical advances. Curr Opin 

Psychol 5:78–84. https://doi.org/10.1016/j.copsyc.2015.05.002
13. Héroux M, Janssen I, Lee D-C et al (2012) Clustering of 

unhealthy behaviors in the aerobics center longitudinal study. 

Prev Sci 13:183–195. https://doi.org/10.1007/s11121-011-0255-0
14. Noble N, Paul C, Turon H, Oldmeadow C (2015) Which modifi-

able health risk behaviours are related? A systematic review of 
the clustering of Smoking, Nutrition, Alcohol and physical activ-

ity (‘SNAP’) health risk factors. Prev Med 81:16–41. https://doi.
org/10.1016/j.ypmed.2015.07.003

15. Hallal PC, Andersen LB, Bull FC et al (2012) Global physical activ-

ity levels: surveillance progress, pitfalls, and prospects. Lancet 

380:247–257. https://doi.org/10.1016/S0140-6736(12)60646-1
16. Kotyuk E, Magi A, Eisinger A et al (2020) Co-occurrences of 

substance use and other potentially addictive behaviors: epide-

miological results from the psychological and genetic factors of 

the addictive behaviors (PGA) Study. J Behav Addict 9:272–288. 
https://doi.org/10.1556/2006.2020.00033

17. Yang H, Ma J (2021) How the COVID-19 pandemic impacts 
tobacco addiction: changes in smoking behavior and associa-

tions with well-being. Addict Behav 119:106917. https://doi.
org/10.1016/j.addbeh.2021.106917

18. Bolson N, Yutkin M, Rees W, Patzek T (2022) Resilience rank-

ings and trajectories of world’s countries. Ecol Econ 195:107383. 
https://doi.org/10.1016/j.ecolecon.2022.107383

19. Vlahov D, Galea S (2002) Urbanization, urbanicity, and health. 
J Urban Health 79:S1–S12. https://doi.org/10.1093/jurban/79.
suppl_1.s1

1 3

https://doi.org/10.1016/j.jpsychires.2018.11.004
https://doi.org/10.1016/j.jpsychires.2018.11.004
https://doi.org/10.1111/jsr.13095
https://doi.org/10.1037/a0021897
https://doi.org/10.1037/a0021897
https://doi.org/10.1016/j.mhpa.2014.04.001
https://doi.org/10.1016/j.mhpa.2014.04.001
https://doi.org/10.5751/ES-07832-200410
https://doi.org/10.3389/fpsyg.2017.02003
https://doi.org/10.3389/fpsyg.2017.02003
https://doi.org/10.1525/maq.2003.17.4.423
https://doi.org/10.1525/maq.2002.16.2.123
https://doi.org/10.1525/maq.2002.16.2.123
https://doi.org/10.1146/annurev-publhealth-040218-043750
https://doi.org/10.3389/fpsyt.2022.1092964
https://doi.org/10.3389/fpsyt.2022.1092964
https://doi.org/10.1371/journal.pmed.1001779
https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf
https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf
https://doi.org/10.1177/1948550610386806
https://doi.org/10.1177/1948550610386806
https://doi.org/10.1038/sj.ph.1900872
https://doi.org/10.5665/sleep.3326
https://doi.org/10.1007/s40471-017-0106-z
https://doi.org/10.3389/fpsyt.2019.00855
https://www.gov.uk/government/publications/severe-mental-illness-smi-physical-health-inequalities
https://www.gov.uk/government/publications/severe-mental-illness-smi-physical-health-inequalities
https://www.gov.uk/government/publications/severe-mental-illness-smi-physical-health-inequalities
https://www.gov.uk/government/publications/severe-mental-illness-smi-physical-health-inequalities
https://www.gov.uk/government/publications/severe-mental-illness-smi-physical-health-inequalities
https://doi.org/10.1108/CAER-04-2020-0055
https://doi.org/10.1108/CAER-04-2020-0055
https://doi.org/10.1371/journal.pbio.3001013
https://doi.org/10.1371/journal.pbio.3001013
https://doi.org/10.1073/pnas.2105482118
https://doi.org/10.1016/S2215-0366(18)30057-9
https://doi.org/10.1016/S2215-0366(18)30057-9
https://doi.org/10.1186/s12888-022-04117-5
https://doi.org/10.1186/s12888-022-04117-5
https://doi.org/10.1016/j.jrp.2018.11.012
https://doi.org/10.1002/wps.20618
https://doi.org/10.1016/j.copsyc.2015.05.002
https://doi.org/10.1007/s11121-011-0255-0
https://doi.org/10.1016/j.ypmed.2015.07.003
https://doi.org/10.1016/j.ypmed.2015.07.003
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1556/2006.2020.00033
https://doi.org/10.1016/j.addbeh.2021.106917
https://doi.org/10.1016/j.addbeh.2021.106917
https://doi.org/10.1016/j.ecolecon.2022.107383
https://doi.org/10.1093/jurban/79.suppl_1.s1
https://doi.org/10.1093/jurban/79.suppl_1.s1


Social Psychiatry and Psychiatric Epidemiology

49. Tsai AC, Venkataramani AS (2016) Syndemics and Health dis-

parities: a methodological note. AIDS Behav 20:423–430. https://
doi.org/10.1007/s10461-015-1260-2

50. Baranyi G, Scholl C, Fazel S et al (2019) Severe mental illness 
and substance use disorders in prisoners in low-income and mid-

dle-income countries: a systematic review and meta-analysis of 

prevalence studies. Lancet Global Health 7:e461–e471. https://
doi.org/10.1016/S2214-109X(18)30539-4

51. Schmits E, Glowacz F (2022) Changes in alcohol use during the 
COVID-19 pandemic: impact of the lockdown conditions and 
mental health factors. Int J Ment Health Addict 20:1147–1158. 
https://doi.org/10.1007/s11469-020-00432-8

52. Office for National Statistics (UK) (2023) Median age of the pop-

ulation of the UK 2001–2021. In: Statista. https://www.statista.
com/statistics/281288/median-age-of-the-population-of-the-uk/. 
Accessed 13 Dec 2023

53. Kirkbride JB, Errazuriz A, Croudace TJ et al (2012) Incidence of 
schizophrenia and other psychoses in England, 1950–2009: a sys-

tematic review and meta-analyses. PLoS ONE 7:e31660. https://
doi.org/10.1371/journal.pone.0031660

54. Wakefield MA, Coomber K, Durkin SJ et al (2014) Time series 
analysis of the impact of tobacco control policies on smoking prev-

alence among Australian adults, 2001–2011. Bull World Health 
Organ 92:413–422. https://doi.org/10.2471/BLT.13.118448

Publisher’s Note Springer Nature remains neutral with regard to juris-

dictional claims in published maps and institutional affiliations.

40. Henseler J (2017) Bridging design and behavioral research with 
variance-based structural equation modeling. J Advert 46:178–
192. https://doi.org/10.1080/00913367.2017.1281780

41. Byrne BM (2013) Structural equation modeling with mplus. 
Routledge

42. Rosseel Y (2012) Lavaan: AnRPackage for structural equation 
modeling. J Stat Softw 48. https://doi.org/10.18637/jss.v048.i02

43. Evaristo S, Moreira C, Lopes L et al (2019) Muscular fitness and 
cardiorespiratory fitness are associated with health-related quality 
of life: results from labmed physical activity study. J Exerc Sci Fit 
17:55–61. https://doi.org/10.1016/j.jesf.2019.01.002

44. Coventry PA, Brown JE, Pervin J et al (2021) Nature-based out-
door activities for mental and physical health: systematic review 

and meta-analysis. SSM Popul Health 16:100934. https://doi.
org/10.1016/j.ssmph.2021.100934

45. Ghanei Gheshlagh R, Sayehmiri K, Ebadi A et al (2017) The 
relationship between mental health and resilience: a systematic 

review and meta-analysis. Iran Red Crescent Med J 19. https://
doi.org/10.5812/ircmj.13537

46. Holmes EA, O’Connor RC, Perry VH et al (2020) Multidisci-
plinary research priorities for the COVID-19 pandemic: a call for 
action for mental health science. Lancet Psychiatry 7:547–560. 

https://doi.org/10.1016/S2215-0366(20)30168-1
47. McKee SA, Weinberger AH (2013) How can we use our knowl-

edge of alcohol-tobacco interactions to reduce alcohol use? 
Annu Rev Clin Psychol 9:649–674. https://doi.org/10.1146/
annurev-clinpsy-050212-185549

48. Lance CE, Butts MM, Michels LC (2006) The sources of four 
commonly reported cutoff criteria. Organ Res Methods 9:202–
220. https://doi.org/10.1177/1094428105284919

1 3

https://doi.org/10.1007/s10461-015-1260-2
https://doi.org/10.1007/s10461-015-1260-2
https://doi.org/10.1016/S2214-109X(18)30539-4
https://doi.org/10.1016/S2214-109X(18)30539-4
https://doi.org/10.1007/s11469-020-00432-8
https://www.statista.com/statistics/281288/median-age-of-the-population-of-the-uk/
https://www.statista.com/statistics/281288/median-age-of-the-population-of-the-uk/
https://doi.org/10.1371/journal.pone.0031660
https://doi.org/10.1371/journal.pone.0031660
https://doi.org/10.2471/BLT.13.118448
https://doi.org/10.1080/00913367.2017.1281780
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.1016/j.jesf.2019.01.002
https://doi.org/10.1016/j.ssmph.2021.100934
https://doi.org/10.1016/j.ssmph.2021.100934
https://doi.org/10.5812/ircmj.13537
https://doi.org/10.5812/ircmj.13537
https://doi.org/10.1016/S2215-0366(20)30168-1
https://doi.org/10.1146/annurev-clinpsy-050212-185549
https://doi.org/10.1146/annurev-clinpsy-050212-185549
https://doi.org/10.1177/1094428105284919

	﻿Drowning in the ripple effect: identifying a syndemic network of health experience (with modifiable health behaviours) using the UK Biobank
	﻿Abstract
	﻿Methods
	﻿Participants and procedure
	﻿Measures
	﻿Outcome
	﻿Modifiable health behaviours
	﻿Syndemic contributors


	﻿Data analysis
	﻿Results
	﻿Descriptive statistics and correlations
	﻿Syndemic model

	﻿Discussion
	﻿Theoretical implications
	﻿Limitations and future research

	﻿Conclusion
	﻿References


