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Longitudinal patterns of lifestyle
risk behaviours among UK adults
with established cardiovascular
disease: a latent transition analysis
Teketo Kassaw Tegegne*, Sheikh Mohammed Shariful Islam
and Ralph Maddison

Institute for Physical Activity and Nutrition, Deakin University, Geelong, VIC, Australia

Background: People with cardiovascular disease (CVD) need to engage in healthy
lifestyle behaviours. However, there is a gap in identifying longitudinal patterns of
change in lifestyle behaviours among people with CVD. This study aimed to
identify clustering of lifestyle risk behaviours and their 4 ± year changes among
UK adults with CVD, and to determine the associated factors.
Methods:We used the UK Biobank data collected at two time points (2006–2010/
baseline data = T0 and 2014+/third visit data = T4). Six key lifestyle risk behaviours
were assessed: smoking, high alcohol intake, poor fruit and vegetable
consumption, physical inactivity, poor sleep balance (<7 or >8 h/night) and
prolonged sitting. A random intercept latent transition analysis was performed to
identify patterns of lifestyle risk behaviours at T0 and their changes from T0 to T4.
Results: We included 5,304 participants with CVD whose data on lifestyle risk
behaviours were collected at two-time points. Alcohol intake and current
smoking were 75.7% and 5.4% at baseline, respectively, and 67.4% and 3.0% at
follow-up. Three latent classes emerged: Latent class (LC) 1—“high alcohol
intake, poor sleep balance and poor fruit and vegetable intake”, LC2—“high
alcohol intake and poor fruit and vegetable intake”, and LC3—“high alcohol
intake”. Most adults remained in the same LC over the 4 + years (range: 83.9%–
100.0%). After 4 + years, 3.5% from LC3 and 10.4% from LC2 at baseline moved
into LC1. The odds of transitioning to LC2 relative to staying in LC1 and LC3
were 2.22 and 4.13 times higher for males than for females, respectively. A
single-year increase in participants’ age was associated with a 1.16 times
increase in the odds of moving to LC1 relative to staying in LC2.
Conclusion: People with CVD did not show improvement in lifestyle risk
behaviours, and interventions targeting multiple lifestyle risk behaviours are
needed to improve CVD.
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Background

Non-communicable diseases (NCDs) are the leading causes of death and disability

worldwide (1), largely due to modifiable lifestyle risk behaviours such as tobacco use,

alcohol consumption, physical inactivity, and unhealthy diet (2). Cardiovascular disease

(CVD) remains the leading cause of disease burden globally (3). Modifying lifestyle risk

behaviours could benefit individuals (e.g., improved quality of life (4) and well-being (5)),

healthcare [e.g., reduced expenditure (6)], and society [e.g., increased productivity (7)].
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Previous studies have shown adults often engage in multiple

lifestyle risk behaviours. Prevalence of multiple risk behaviours

reported among adults was 68% in England (8), 59% in Brazil

(9), 55% in the Netherlands (10), 53.4% in Europe (11) and 52%

in the United States of America (USA) (12). These lifestyle risk

behaviours also tend to cluster or co-occur together within

individuals (8, 13, 14). For example, smoking, unhealthy diet,

physical inactivity, and excessive alcohol consumption cluster

within certain people (15, 16). Those behaviours are more

common among men, younger people, those with low socio-

economic status and level of education (10, 13, 17–19).

Multiple lifestyle risk behaviours have synergetic detrimental health

effects (20–23). A recent publication using the UK Biobank showed

lifestyle risk behaviours were clustered within individuals and

significantly increased CVD risk (24). A systematic review reported

that people with multiple lifestyle risk behaviours were more likely to

experience an incident CVD event, die from CVD, or any cause (25).

To prevent CVD, the 2019 American Heart Association (AHA)

guideline recommended people practice a healthy lifestyle over time

(26). Those recommendations are consistent for people with an

existing diagnosis of CVD (27–29). Currently, there is an evidence

gap regarding how lifestyle risk factors change over time. Latent

transition analysis (LTA) is a useful approach to identify clusters/

latent classes of lifestyle risk behaviours in a heterogeneous

population and their changes over time (30). LTA is an extension of

latent class analysis to longitudinal data to estimate the probabilities

of transitions among behaviour patterns over time (31).

This study aimed to identify clustering of lifestyle risk

behaviours and their 4 ± year changes among UK adults with

CVD and identify the factors associated with these changes. We

focused on six lifestyle risk behaviours: smoking, high alcohol

intake, poor fruit and vegetable consumption, physical inactivity,

poor sleep balance, and prolonged sitting as these are the main

modifiable causes of morbidity and mortality.
Methods

UK Biobank has ethics approval from the North West Multi-

centre Research Ethics Committee (32), and researchers do not

require separate ethics applications to use this data. All

participants provided written informed consent. This study

followed the Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) reporting guideline (33).
Study population

Data from the United Kingdom (UK) Biobank study were used

for this study. Details of the UK Biobank study design and

population are described elsewhere (34, 35). Socio-demographic

characteristics, lifestyle behaviours, and other health-related data

were collected using the baseline questionnaire, interviews, and

physical measurement (35). For this study, we used the UK

Biobank data collected at two time points (2006–2010/baseline

data = T0 and 2014+/third visit data = T4).
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Cardiovascular disease

The UK Biobank collected self-reported medical data,

including physician-diagnosed CVD. To determine participants’

CVD status in our study, we used doctor-diagnosed heart and

vascular issues like heart attacks, angina, and strokes (Field ID =

6150). In this study, participants with at least one of these

conditions were categorized as having CVD. Those without a

doctor-diagnosed CVD at baseline, had missing lifestyle or

covariate data were excluded (Figure 1).
Lifestyle behaviour measures

Physical activity
For physical activity, UK Biobank data on time spent on

moderate and vigorous activity was added and converted to a

metabolic equivalent of task (MET) score. Based on the 2019

AHA guideline (26), people were classified as active if they had

≥750 MET min/week or inactive (<750 MET min/week).
Fruit and vegetable intake
To determine daily fruit and vegetable consumption, data on fresh

fruit, dried fruit, salad/raw vegetable, and cooked vegetable were

converted into portions. Consistent with the NHS guidelines (36, 37),

participants who had eaten fruits and vegetables at least 5 portions

per day were considered to have adequate fruit and vegetable intake

and those with <5 portions per day were classified as poor.
Alcohol consumption
Since alcoholic drinks differ in the amount of alcohol content,

each drink was converted into equivalent standard units, where 1

unit contains 10 ml of ethyl alcohol (38). Total weekly units of

alcohol consumption were calculated by adding the units of beer,

wine, and spirits. Based on the NHS guidelines (38), participants

were grouped as low-risk drinkers (≤14 units per week) or high-

risk drinkers (>14 units per week).
Smoking
To determine smoking status, participants were asked, “Do you

smoke tobacco now?”. Response options were “Yes, on most or all

days”, “Only occasionally” and “No”. Responses were binary coded

so that those who responded “yes” or “smoke occasionally” were

coded as 1, current smoker, while those who responded as “no”

were coded as 0, not a current smoker.
Prolonged sitting
To determine total sitting time, hours spent watching

television, using the computer, and driving during a typical day

were combined. Based on the total time spent on sitting,

participants were categorized as low-risk sitting (<8 h/day) or

prolonged sitting (≥8 h/day) (39, 40). This was based on the

evidence of greater mortality risk for each increased sitting time

category compared with <8 h/day (39, 40).
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FIGURE 1

Illustrates the flowchart outlining the inclusion of participants with CVD. The final groups are highlighted in red.

Tegegne et al. 10.3389/fcvm.2023.1116905
Sleep duration
For sleep duration, the UK Biobank asked participants “About

how many hours sleep do you get in every 24 h? (please include

naps)”. Sleep duration was split using predefined thresholds from

the literature; <7 h, 7–8 h and >8 h (41). Based on these cut

points, participants were grouped as having “poor sleep balance”

(<7 or >8 h/night) and “good sleep balance” (7–8 h/night).
Socio-demographic variables

Socio-demographic characteristics (age and gender), and

Townsend deprivation index (TSDI) were covariates included in

the latent transition analysis (LTA) model. TSDI was used to

measure participants’ deprivation (42). The index combines

information on housing, employment, car availability and social

class, with higher values indicating greater deprivation (42).
Statistical analysis

Data on baseline characteristics, lifestyle behaviours and CVD

status during the initial assessment and third visits were extracted.

A random intercept LTA (RI-LTA) (43) was performed to identify

patterns of lifestyle risk behaviours at T0 and their changes from T0

to T4 using the Mplus version 8.8 software (44). To select the

number of latent classes that best fit the data, first, a two-class

latent model was fitted and successively increased the number of

classes by one, up to a six-class latent model. Model evaluation

was made using the Bayesian Information Criterion (BIC) and
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Akaike information criterion (AIC) (45). Model selection was

made based on statistical criteria (with lower AIC and BIC) in

conjunction with interpretability of the estimated latent classes

(45). Based on these criteria, three latent classes were selected.

The three latent classes were labelled as LC1: “high-risk drinker,

poor sleep balance and poor fruit and vegetable intake”, LC2:

“high-risk drinker and poor fruit and vegetable intake”, and LC3:

“high-risk drinker”. To ensure that lifestyle risk behaviours have

the same meaning at T0 and T4, measurement invariance was

considered in the analysis (30).

A multivariable multinomial logistic regression model was run

to identify factors associated with lifestyle risk behaviours at T0

and their changes from T0 to T4. We followed a two-step RI-LTA

estimation procedure (43). The first step was a simple RI-LTA

estimation without covariate. In the 2-step estimation, parameters

were fixed to SVALUES obtained in the first step and all

covariates were included in the model. The included covariates

were age at recruitment, gender, and TSDI. We used the

diagonal–stayer class as a reference to easily understand transitions

instead of using the last LC as a reference. Statistical significance

was determined at a p-value of 0.05, and outcomes were reported

as odds ratio (OR) with 95% confidence interval (CI).
Results

Population characteristics

In this analysis, we included 5,304 participants with CVD

whose data on lifestyle risk behaviours were collected at
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FIGURE 2

Lifestyle risk behaviours at baseline and after 4 + years.

TABLE 2 Prevalence of lifestyle risk behaviours and their changes from T
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baseline (2006–2010) and during the third visit (2014 +).

The mean age of participants at baseline was 58.4

(standard deviation ±6.6) years. Most participants were male

(67.1%). At baseline, the prevalence of physician-diagnosed

hypertension and diabetes mellitus were 73.47% and 5.15%,

respectively.

Baseline alcohol intake was very high (75.7%), while active

smokers within the last year comprised 5.45% of individuals

(Figure 2). Those who had quit smoking after consuming at least

100 cigarettes accounted for 59.20%, and never-smokers

constituted 35.35%. In terms of sleep, 28.47% of participants had

poor sleep balance at baseline; 21.36% slept fewer than 7 h per

night. This pattern remained consistent across genders: 20.9% of

men and 22.3% of women slept less than 7 h, while 7.25% of

men and 6.82% of women slept more than 8 h. Except for sitting

and sleep, UK adults showed a slight decrease in engaging in

lifestyle risk behaviours ranging from 1.1% (poor fruit and

vegetable consumption) to 9.3% (high alcohol intake) over time.

There was a slight increase in the prevalence of prolonged sitting

(3.4% increase) and poor sleep balance (3.9% increase) from

baseline to after 4 + years (Figure 2).
TABLE 1 Lifestyle risk behaviour probability profiles.

Risk behaviours Latent class

LC1 LC2 LC3
Physical inactivity 0.40 0.36 0.24

High alcohol intake 0.58 0.78 0.73

Prolonged sitting 0.17 0.12 0.10

Poor sleep balance 0.75 0.11 0.25

Poor fruit and vegetable intake 0.76 0.85 0.15

Smoking 0.03 0.07 0.01

Probability values ≥ 0.50 are in bold.
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Latent classes of lifestyle risk behaviours

A model with three latent classes were selected; LC1: “high

alcohol intake, poor sleep balance and poor fruit and vegetable

intake”, LC2: “high alcohol intake and poor fruit and vegetable

intake”, and LC3: “high alcohol intake” (see Table 1).

Participants in LC1 had a high probability of high alcohol

intake (58.2%), poor sleep balance (75.3%) and poor fruit and

vegetable intake (76.3%). LC2 was characterised by high alcohol

intake (78.3%) and poor fruit and vegetable consumption

(84.7%). Participants in LC3 had a high alcohol intake (72.8%).
Lifestyle risk behaviour transitions over time

Overall, adults remained mostly in the same LC from T0 to T4

(range: 83.9%–100.0%). LC2 had the highest prevalence at both

time points, with 54.47% at T0 and 46.25% at T4 (Table 2). All

participants in LC1 stayed in the same LC over time. Smaller
0
to T4.

Latent class 1 Latent class 2 Latent class 3

Prevalence (%) of lifestyle risk behaviours at:
T0 1,149 (21.7) 2,889 (54.5) 1,266 (23.9)

T4 1,480 (27.9) 2,453 (46.3) 1,371 (25.9)

Latent transition probabilities (%) (rows for T0, columns for T4)
LC1 1,149 (100.0*) 0.0 0.0

LC2 300 (10.4) 2,424 (83.9*) 165 (5.7)

LC3 44 (3.5) 0.0 1,222 (96.5*)

*Latent transition probabilities correspond to memberships in the same lifestyle

risk behaviours at both time points.

Probability values ≥ 0.50 are in bold.
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changes were observed from LC2 to LC1 (10.4%) and LC3 (5.7%),

from LC3 to LC1 (3.5%) (Table 2).
Factors associated with lifestyle risk
behaviour changes from T0 to T4

The odds of transitioning to LC2 relative to staying in LC1 was

2.22 times higher for males than for females [OR = 2.22 (1.16,

4.25)]. Similarly, the odds of moving to LC2 relative to staying in

LC3 was 4.128 times higher for males than for females [OR =

4.13 (1.40, 12.19)]. A single-year increase in the age of

participants at baseline was associated with a 1.16 times increase

in the odds of transitioning to LC1 relative to staying in LC2

[OR = 1.16 (1.04, 1.29)]. Social deprivation measured in TSDI did

not show a statistically significant effect on the transition

probability of risk lifestyle behaviour profiles (see Table 3).
Discussion

In this study, we identified three latent classes of lifestyle risk

behaviours among UK adults with CVD and their changes over

4 + years. We observed that adults with multiple lifestyle risk

behaviours at baseline did not transition to low-risk behaviours

over time, which could have significant relevance in daily

practices. Gender and age were also significantly associated with

the transitions in lifestyle risk behaviours. The odds of transition

from LC1 to LC2 was 1.16 times higher with a single-year

increase in participants’ age. Our findings indicate that

individuals in the UK who have CVD should adopt a

comprehensive strategy. This strategy involves adhering to
TABLE 3 Factors associated with lifestyle risk behaviour changes from T0
to T4.

Baseline (T0) 4 + years (T4)

OR with 95% CI

Latent class 1 Latent class 2 Latent class 3

Latent transition odds ratios and 95% confidence intervals for T0 to T4
(rows for T0, columns for T4)

Gender (Male = 1)
LC1 1.00 (1.00, 1.00) 2.22 (1.16, 4.25) 0.54 (0.15, 1.95)

LC2 0.45 (0.24, 0.87) 1.00 (1.00, 1.00) 0.24 (0.08, 0.72)

LC3 1.86 (0.51, 6.84) 4.13 (1.40, 12.19) 1.00 (1.00, 1.00)

Age at recruitment
LC1 1.00 (1.00, 1.00) 0.86 (0.78, 0.96) 0.92 (0.82, 1.03)

LC2 1.16 (1.04, 1.27) 1.00 (1.00, 1.00) 1.07 (0.98, 1.16)

LC3 1.09 (0.98, 1.22) 0.95 (0.86, 1.02) 1.00 (1.00, 1.00)

TSDI at recruitment
LC1 1.00 (1.00, 1.00) 0.95 (0.85, 1.07) 0.96 (0.83, 1.14)

LC2 1.05 (0.93, 1.18) 1.00 (1.00, 1.00) 1.02 (0.87, 1.20)

LC3 1.03 (0.87,1.20) 0.98 (0.83, 1.15) 1.00 (1.00, 1.00)

TSDI, Townsend Deprivation Index: It is a measure used in social research and

public health to assess the level of deprivation or socioeconomic disadvantage

within a specific geographical area.

Significant values are in bold.
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recommended alcohol limits, ensuring adequate sleep of 7–8 h

per night, consuming at least 5 portions of fruits and vegetables

daily, quitting smoking, engaging in regular physical activity, and

minimizing prolonged sitting time. These measures collectively

address major lifestyle risk factors, supporting improved

cardiovascular health and overall quality of life.

The 2019 AHA guideline on the primary prevention of CVD

promotes a healthy lifestyle throughout life to reduce CVD

incidence (26). Similarly, the 2016 European guidelines on

cardiovascular prevention encourage people with established

CVD to adopt a healthy lifestyle over time (29). However, in our

study, over the 4 + years, UK adults did not show improvement

in avoiding multiple lifestyle risk behaviour engagement. Overall,

there was an increased engagement in more lifestyle risk

behaviours and/or continued practising the same lifestyle risk

behaviour over time. This is inconsistent with the NICE

guideline on CVD (46), which recommends lifestyle modification

for the primary and secondary prevention of CVD. Further

research is needed on why people with CVD do not modify their

lifestyle risk behaviours over time, and how to promote change.

Clustering and transitioning intomultiple lifestyle risk behaviours

over time could increase CVD burden and premature mortality. The

co-occurrence of multiple risk behaviours has detrimental

“synergetic health effects” than would be expected from the added

individual effect alone (20–23). A systematic review reported that

people with multiple lifestyle risk behaviours were more likely to die

from CVD or any cause (25). Similarly, in a large population-based

cohort study in Norway, a significant increase in all-cause and

cardio-metabolic mortalities was reported, increasing the number of

lifestyle risk behaviours (47). This warrants the importance of future

interventions targeting multiple lifestyle risk behaviours. People with

CVD needs special attention to reduce the risk of disease

complication and premature mortality. A meta-analysis of 69

randomized controlled trials reported that education and skills

training interventions targeting multiple lifestyle risk behaviours

were associated with modest improvements in most lifestyle risk

behaviours, such as increased fruit and vegetable intake and physical

activity, and reduction in smoking (48).

Transitions in latent classes of lifestyle risk behaviour over the

4 + years differed by gender and age, but not by social deprivation

measured in TSDI. The UK male adults showed higher odds of

transitioning (2.22) to LC2 (high alcohol intake, and poor fruit

and vegetable consumption) over the 4 + years relative staying in

LC1 (poor sleep, high alcohol intake, and poor fruit and

vegetable consumption). In addition, the odds of moving to LC2

(high alcohol intake and poor fruit and vegetable consumption)

relative to staying in LC3 (high alcohol intake) was 4.13 times

higher for males than for females. This indicates that high

alcohol intake co-occurred mostly with unhealthy eating. This

co-occurrence could have a determinantal “synergetic effect” on

the daily living and survival of people with CVD. In a systematic

review on the clustering of multiple risk behaviours, it was

reported that males were at greater risk of engaging in three or

more lifestyle risk behaviours (15). Further research is needed to

scrutinise gender differences in clustering in multiple lifestyle risk

behaviours in people with CVD.
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A single-year increase in the age of UK adults at baseline was

significantly associated with a 1.16 times increase in the odds of

moving to LC1 (high alcohol consumption, poor sleep, and poor

fruit and vegetable intake) relative to staying in LC2 (high

alcohol consumption, and poor fruit and vegetable intake). There

was also a 13.7% less chance of moving to LC3 relative to staying

in LC1 with a baseline single-year increase in the age of UK

adults. This indicates that ageing is associated with the co-

occurrence of multiple lifestyle risk behaviours like poor sleep,

high alcohol intake, and poor fruit and vegetable consumption.

This could reflect age-related sleep changes—sleep changes as a

function of age (49). Ageing is associated with poor sleep:

increased awakenings, prolonged nocturnal awakenings, reduced

nocturnal sleep duration and decreased deep sleep (50).

Ourfindings should be consideredwith the following limitations in

mind. Firstly, the UK Biobank collected lifestyle data via self-

administered questionnaires, which can introduce inaccuracies and

biases. Furthermore, the reliance on volunteer-based participation

and absence of real-time monitoring might impact generalizability

and introduce potential biases. Secondly, several lifestyle risk

behaviours were under-specified in measurement; for instance, sleep

data focused solely on quantity, omitting sleep quality. While

categorizing smoking as “current smoker” and “not current smoker”

simplifies analysis and make the results easier to communicate, it

sacrifices detail in transitions between ex-smokers and never

smokers, potentially leading to misclassification and less precise

outcomes. Such simplification might be less applicable where

distinctions matter. Similar challenges arise from the “5-a-day”

guideline for fruits and vegetables due to factors like cost, availability,

time, cultural preferences, and health constraints, posing consistency

challenges. Lastly, applying these findings across settings relies on

context due to limited data representativeness. For instance, out of

149,305 participants with physician-diagnosed CVD at baseline, only

10,766 were in the third visit, and just 5,304 had baseline and third

visit lifestyle data for our analysis. This highlights data’s low

representativeness, requiring cautious interpretation of findings.

Overall, despite limitations in measurement, our study has

several strengths, including the LTA method, which has greater

reliable statistical criteria to identify lifestyle risk behaviour

profiles compared to cluster analysis (45). In addition, using a

minimum of 4 years for latent transition analysis offers the

advantage of identifying stable patterns of lifestyle risk

behaviours in individuals with established CVD. This timeframe

is valuable as significant behavioural changes are less likely

beyond this duration. This study examined and identified lifestyle

risk behaviour changes of adults with CVD over time, which has

program and policy implications. More research is needed to

assess the effects of simultaneous and sequential multiple lifestyle

risk behaviour interventions in people with CVD over time.
Conclusion

UK adults with CVD did not show improvement in lifestyle

risk behaviours over time. Either they continued practising the

same risk behaviour or engaged in more lifestyle risk behaviours
Frontiers in Cardiovascular Medicine 06
over time. Gender and age were significantly associated with the

transitions in lifestyle risk behaviours. Interventions targeting

multiple lifestyle risk behaviours either sequentially or

concurrently are needed to improve CVD.
Data availability statement

The original contributions presented in the study are included

in the article, further inquiries can be directed to the corresponding

author.
Ethics statement

The UK Biobank has ethics approval from the North West

Multi-centre Research Ethics Committee, and researchers do not

require separate ethics applications to use this data. The studies

were conducted in accordance with the local legislation and

institutional requirements. All participants provided their written

informed consent to participate in this study.
Author contributions

TKT, SMSI and RM conceptualized the design of the latent

transition analysis. TKT performed the data analysis and drafted

the manuscript. TKT, SMSI and RM have participated in critical

revision of the manuscript for important intellectual content. All

authors contributed to the article and approved the submitted

version.
Acknowledgment

We would like to thank the UK Biobank for providing access to
the data and Deakin University for creating the platform to access
the data. We also thank Gavin Abbott and Katherine Livingstone
for their help in facilitating and guiding us with UK Biobank
registration and in accessing the data.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1116905
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Tegegne et al. 10.3389/fcvm.2023.1116905
References
1. WHO reveals leading causes of death and disability worldwide: 2000–2019.
Available at: https://www.who.int/news/item/09-12-2020-who-reveals-leading-causes-
of-death-and-disability-worldwide-2000-2019

2. Murray CJ, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M,
et al. Global burden of 87 risk factors in 204 countries and territories, 1990–2019: a
systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396
(10258):1223–49. doi: 10.1016/S0140-6736(20)30752-2

3. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM,
et al. Global burden of cardiovascular diseases and risk factors, 1990–2019: update
from the GBD 2019 study. J Am Coll Cardiol. (2020) 76(25):2982–3021. doi: 10.
1016/j.jacc.2020.11.010

4. Nari F, Jeong W, Jang BN, Lee HJ, Park E-C. Association between healthy lifestyle
score changes and quality of life and health-related quality of life: a longitudinal
analysis of South Korean panel data. BMJ Open. (2021) 11(10):e047933. doi: 10.
1136/bmjopen-2020-047933

5. Haapasalo V, de Vries H, Vandelanotte C, Rosenkranz RR, Duncan MJ. Cross-
sectional associations between multiple lifestyle behaviours and excellent well-being
in Australian adults. Prev Med. (2018) 116:119–25. doi: 10.1016/j.ypmed.2018.09.003

6. Bolnick HJ, Bui AL, Bulchis A, Chen C, Chapin A, Lomsadze L, et al. Health-care
spending attributable to modifiable risk factors in the USA: an economic attribution
analysis. Lancet Pub Health. (2020) 5(10):e525–35. doi: 10.1016/S2468-2667(20)
30203-6

7. VanWormer JJ, Boucher JL, Sidebottom AC. Two-year impact of lifestyle changes
on workplace productivity loss in the heart of new ulm project. Occup Environ Med.
(2015) 72(6):460–2. doi: 10.1136/oemed-2014-102620

8. Poortinga W. The prevalence and clustering of four major lifestyle risk factors in
an english adult population. Prev Med. (2007) 44(2):124–8. doi: 10.1016/j.ypmed.2006.
10.006

9. Silva DA, Peres KG, Boing AF, González-Chica DA, Peres MA. Clustering of risk
behaviors for chronic noncommunicable diseases: a population-based study in
Southern Brazil. Prev Med. (2013) 56(1):20–4. doi: 10.1016/j.ypmed.2012.10.022

10. Schuit AJ, van Loon AJM, Tijhuis M, Ocké MC. Clustering of lifestyle risk
factors in a general adult population. Prev Med. (2002) 35(3):219–24. doi: 10.1006/
pmed.2002.1064

11. Linardakis M, Smpokos E, Papadaki A, Komninos ID, Tzanakis N, Philalithis A.
Prevalence of multiple behavioral risk factors for chronic diseases in adults aged 50+,
from eleven European countries—the SHARE study (2004). Prev Med. (2013) 57
(3):168–72. doi: 10.1016/j.ypmed.2013.05.008

12. Coups EJ, Gaba A, Orleans CT. Physician screening for multiple behavioral
health risk factors. Am J Prev Med. (2004) 27(2):34–41. doi: 10.1016/j.amepre.2004.
04.021

13. Chiolero A, Wietlisbach V, Ruffieux C, Paccaud F, Cornuz J. Clustering of risk
behaviors with cigarette consumption: a population-based survey. Prev Med. (2006) 42
(5):348–53. doi: 10.1016/j.ypmed.2006.01.011

14. Chou K-L. The prevalence and clustering of four major lifestyle risk factors in
Hong Kong Chinese older adults. J Aging Health. (2008) 20(7):788–803. doi: 10.
1177/0898264308321082

15. Meader N, King K, Moe-Byrne T, Wright K, Graham H, Petticrew M, et al. A
systematic review on the clustering and co-occurrence of multiple risk behaviours.
BMC Public Health. (2016) 16(1):1–9. doi: 10.1186/s12889-016-3373-6

16. Uddin R, Lee E-Y, Khan SR, Tremblay MS, Khan A. Clustering of lifestyle
risk factors for non-communicable diseases in 304,779 adolescents from 89
countries: a global perspective. Prev Med. (2020) 131:105955. doi: 10.1016/j.
ypmed.2019.105955

17. Laaksonen M, Práttalä R, Karisto A. Patterns of unhealthy behaviour in Finland.
Eur J Public Health. (2001) 11(3):294–300. doi: 10.1093/eurpub/11.3.294

18. Fine LJ, Philogene GS, Gramling R, Coups EJ, Sinha S. Prevalence of multiple
chronic disease risk factors: 2001 national health interview survey. Am J Prev Med.
(2004) 27(2):18–24. doi: 10.1016/j.amepre.2004.04.017

19. Pronk NP, Anderson LH, Crain AL, Martinson BC, O’Connor PJ, Sherwood NE,
et al. Meeting recommendations for multiple healthy lifestyle factors: prevalence,
clustering, and predictors among adolescent, adult, and senior health plan
members. Am J Prev Med. (2004) 27(2):25–33. doi: 10.1016/j.amepre.2004.04.022

20. Breslow L, Enstrom JE. Persistence of health habits and their relationship to
mortality. Prev Med. (1980) 9(4):469–83. doi: 10.1016/0091-7435(80)90042-0

21. McGinnis JM, Foege WH. Actual causes of death in the United States. Jama.
(1993) 270(18):2207–12. doi: 10.1001/jama.1993.03510180077038

22. Schlecht NF, Franco EL, Pintos J, Negassa A, Kowalski LP, Oliveira BV, et al.
Interaction between tobacco and alcohol consumption and the risk of cancers of
the upper aero-digestive tract in Brazil. Am J Epidemiol. (1999) 150(11):1129–37.
doi: 10.1093/oxfordjournals.aje.a009938
Frontiers in Cardiovascular Medicine 07
23. Slattery ML, Potter JD. Physical activity and colon cancer: confounding or
interaction? Med Sci Sports Exerc. (2002) 34(6):913–9. doi: 10.1097/00005768-
200206000-00002

24. Tegegne TK, Islam SMS, Maddison R. Effects of lifestyle risk behaviour
clustering on cardiovascular disease among UK adults: latent class analysis with
distal outcomes. Sci Rep. (2022) 12(1):1–8. doi: 10.1038/s41598-021-99269-x

25. Lacombe J, Armstrong ME, Wright FL, Foster C. The impact of physical activity
and an additional behavioural risk factor on cardiovascular disease, cancer and all-
cause mortality: a systematic review. BMC Public Health. (2019) 19(1):1–16. doi: 10.
1186/s12889-019-7030-8

26. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ,
et al. 2019 ACC/AHA guideline on the primary prevention of cardiovascular disease: a
report of the American college of cardiology/American heart association task force on
clinical practice guidelines. J Am Coll Cardiol. (2019) 74(10):e177–32. doi: 10.1016/j.
jacc.2019.03.010

27. Brinks J, Fowler A, Franklin BA, Dulai J. Lifestyle modification in secondary
prevention: beyond pharmacotherapy. Am J Lifestyle Med. (2017) 11(2):137–52.
doi: 10.1177/1559827616651402

28. Piepoli MF, Hoes AW, Brotons C, Hobbs RF, Corra U. Main messages for
primary care from the 2016 European guidelines on cardiovascular disease
prevention in clinical practice. Eur J Gen Pract. (2018) 24(1):51–6. doi: 10.1080/
13814788.2017.1398320

29. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016
European Guidelines on cardiovascular disease prevention in clinical practice. Eur
Heart J. (2016) 37(29):2315–81. doi: 10.1093/eurheartj/ehw106

30. Lanza ST, Bray BC, Collins LM. An introduction to latent class and latent
transition analysis. Handbook Psychol. (2013) 2:691–716. doi: 10.1002/
9781118133880.hop202024

31. Ryoo JH, Wang C, Swearer SM, Hull M, Shi D. Longitudinal model building
using latent transition analysis: an example using school bullying data. Front
Psychol. (2018) 9:675. doi: 10.3389/fpsyg.2018.00675

32. UK Biobank research ethics approval. Available at: https://www.ukbiobank.ac.
uk/learn-more-about-uk-biobank/about-us/ethics

33. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP,
et al. The strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. Int J Surg.
(2014) 12(12):1495–9. doi: 10.1016/j.ijsu.2014.07.013

34. UK Biobank: a large scale prospective epidemiological resource. Available at:
https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf

35. Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK Biobank:
an open access resource for identifying the causes of a wide range of complex diseases
of middle and old age. PLoS Med. (2015) 12(3):e1001779. doi: 10.1371/journal.pmed.
1001779

36. The Eatwell Guide booklet. Available at: https://www.gov.uk/government/
publications/the-eatwell-guide

37. 5 A Day portion sizes: NHS Choices. Available at: https://www.nhs.uk/live-well/
eat-well/5-a-day-portion-sizes/

38. NHS. Alcohol units. Available at: https://www.nhs.uk/live-well/alcohol-support/
calculating-alcohol-units/

39. Van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time and
all-cause mortality risk in 222 497 Australian adults. Arch Intern Med. (2012)
172(6):494–500. doi: 10.1001/archinternmed.2011.2174

40. Henschel B, Gorczyca AM, Chomistek AK. Time spent sitting as an independent
risk factor for cardiovascular disease. Am J Lifestyle Med. (2020) 14(2):204–15. doi: 10.
1177/1559827617728482

41. Kuehn BM. Sleep duration linked to cardiovascular disease. Am Heart Assoc.
(2019) 139(21):2483–4. doi: 10.1161/CIRCULATIONAHA.119.041278

42. Yousaf S, Bonsall A. UK Townsend deprivation scores from 2011 census data.
Colchester UK UK Data Service. (2017).

43. Asparouhov T, Muthén B. Auxiliary variables in mixture modeling: using the
BCH method in mplus to estimate a distal outcome model and an arbitrary
secondary model. Mplus web Notes. (2014) 21(2):1–22. https://www.statmodel.com/
examples/webnotes/webnote21.pdf

44. Muthén LK, Muthén BO. Mplus User’s Guide. 8th edn. Los Angeles. CA:
Muthén & Muthén (2017).

45. Weller BE, Bowen NK, Faubert SJ. Latent class analysis: a guide to best practice.
J Black Psychol. (2020) 46(4):287–311. doi: 10.1177/0095798420930932
frontiersin.org

https://www.who.int/news/item/09-12-2020-who-reveals-leading-causes-of-death-and-disability-worldwide-2000-2019
https://www.who.int/news/item/09-12-2020-who-reveals-leading-causes-of-death-and-disability-worldwide-2000-2019
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1136/bmjopen-2020-047933
https://doi.org/10.1136/bmjopen-2020-047933
https://doi.org/10.1016/j.ypmed.2018.09.003
https://doi.org/10.1016/S2468-2667(20)30203-6
https://doi.org/10.1016/S2468-2667(20)30203-6
https://doi.org/10.1136/oemed-2014-102620
https://doi.org/10.1016/j.ypmed.2006.10.006
https://doi.org/10.1016/j.ypmed.2006.10.006
https://doi.org/10.1016/j.ypmed.2012.10.022
https://doi.org/10.1006/pmed.2002.1064
https://doi.org/10.1006/pmed.2002.1064
https://doi.org/10.1016/j.ypmed.2013.05.008
https://doi.org/10.1016/j.amepre.2004.04.021
https://doi.org/10.1016/j.amepre.2004.04.021
https://doi.org/10.1016/j.ypmed.2006.01.011
https://doi.org/10.1177/0898264308321082
https://doi.org/10.1177/0898264308321082
https://doi.org/10.1186/s12889-016-3373-6
https://doi.org/10.1016/j.ypmed.2019.105955
https://doi.org/10.1016/j.ypmed.2019.105955
https://doi.org/10.1093/eurpub/11.3.294
https://doi.org/10.1016/j.amepre.2004.04.017
https://doi.org/10.1016/j.amepre.2004.04.022
https://doi.org/10.1016/0091-7435(80)90042-0
https://doi.org/10.1001/jama.1993.03510180077038
https://doi.org/10.1093/oxfordjournals.aje.a009938
https://doi.org/10.1097/00005768-200206000-00002
https://doi.org/10.1097/00005768-200206000-00002
https://doi.org/10.1038/s41598-021-99269-x
https://doi.org/10.1186/s12889-019-7030-8
https://doi.org/10.1186/s12889-019-7030-8
https://doi.org/10.1016/j.jacc.2019.03.010
https://doi.org/10.1016/j.jacc.2019.03.010
https://doi.org/10.1177/1559827616651402
https://doi.org/10.1080/13814788.2017.1398320
https://doi.org/10.1080/13814788.2017.1398320
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1002/9781118133880.hop202024
https://doi.org/10.1002/9781118133880.hop202024
https://doi.org/10.3389/fpsyg.2018.00675
https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us/ethics
https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us/ethics
https://doi.org/10.1016/j.ijsu.2014.07.013
https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1371/journal.pmed.1001779
https://www.gov.uk/government/publications/the-eatwell-guide
https://www.gov.uk/government/publications/the-eatwell-guide
https://www.nhs.uk/live-well/eat-well/5-a-day-portion-sizes/
https://www.nhs.uk/live-well/eat-well/5-a-day-portion-sizes/
https://www.nhs.uk/live-well/alcohol-support/calculating-alcohol-units/
https://www.nhs.uk/live-well/alcohol-support/calculating-alcohol-units/
https://doi.org/10.1001/archinternmed.2011.2174
https://doi.org/10.1177/1559827617728482
https://doi.org/10.1177/1559827617728482
https://doi.org/10.1161/CIRCULATIONAHA.119.041278
https://www.statmodel.com/examples/webnotes/webnote21.pdf
https://www.statmodel.com/examples/webnotes/webnote21.pdf
https://doi.org/10.1177/0095798420930932
https://doi.org/10.3389/fcvm.2023.1116905
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Tegegne et al. 10.3389/fcvm.2023.1116905
46. Duerden M, O’Flynn N, Qureshi N. Cardiovascular risk assessment and lipid
modification: NICE guideline. Br J Gen Pract. (2015) 65(636):378–80. doi: 10.3399/
bjgp15X685933

47. Krokstad S, Ding D, Grunseit AC, Sund ER, Holmen TL, Rangul V, et al.
Multiple lifestyle behaviours and mortality, findings from a large population-based
Norwegian cohort study-the HUNT study. BMC Public Health. (2017) 17(1):1–8.
doi: 10.1186/s12889-016-3993-x
Frontiers in Cardiovascular Medicine 08
48. Meader N, King K, Wright K, Graham HM, Petticrew M, Power C, et al.
Multiple risk behavior interventions: meta-analyses of RCTs. Am J Prev Med.
(2017) 53(1):e19–30. doi: 10.1016/j.amepre.2017.01.032

49. Espiritu JRD. Aging-related sleep changes. Clin Geriatr Med. (2008) 24(1):1–14.
doi: 10.1016/j.cger.2007.08.007

50. Vitiello MV. Sleep in normal aging. Sleep Med Clin. (2006) 1(2):171–6. doi: 10.
1016/j.jsmc.2006.04.007
frontiersin.org

https://doi.org/10.3399/bjgp15X685933
https://doi.org/10.3399/bjgp15X685933
https://doi.org/10.1186/s12889-016-3993-x
https://doi.org/10.1016/j.amepre.2017.01.032
https://doi.org/10.1016/j.cger.2007.08.007
https://doi.org/10.1016/j.jsmc.2006.04.007
https://doi.org/10.1016/j.jsmc.2006.04.007
https://doi.org/10.3389/fcvm.2023.1116905
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Longitudinal patterns of lifestyle risk behaviours among UK adults with established cardiovascular disease: a latent transition analysis
	Background
	Methods
	Study population
	Cardiovascular disease
	Lifestyle behaviour measures
	Physical activity
	Fruit and vegetable intake
	Alcohol consumption
	Smoking
	Prolonged sitting
	Sleep duration

	Socio-demographic variables
	Statistical analysis

	Results
	Population characteristics
	Latent classes of lifestyle risk behaviours
	Lifestyle risk behaviour transitions over time
	Factors associated with lifestyle risk behaviour changes from T0 to T4

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgment
	Conflict of interest
	Publisher's note
	References


