
Northumbria Research Link

Citation:  Werneck,  André  O.,  Vancampfort,  Davy,  Stubbs,  Brendon,  Silva,  Danilo  R.,
Cucato,  Gabriel,  Christofaro,  Diego  G.D.,  Santos,  Raul  D.,  Ritti-Dias,  Raphael  M.  and
Bittencourt,  Márcio  S.  (2022)  Prospective  associations  between  multiple  lifestyle
behaviors and depressive symptoms. Journal of Affective Disorders, 301. pp. 233-239.
ISSN 0165-0327 

Published by: Elsevier

URL:  https://doi.org/10.1016/j.jad.2021.12.131
<https://doi.org/10.1016/j.jad.2021.12.131>

This  version  was  downloaded  from  Northumbria  Research  Link:
https://nrl.northumbria.ac.uk/id/eprint/48076/

Northumbria University has developed Northumbria Research Link (NRL) to enable users
to access the University’s research output. Copyright © and moral rights for items on
NRL are retained by the individual author(s) and/or other copyright owners.  Single copies
of full items can be reproduced, displayed or performed, and given to third parties in any
format or medium for personal research or study, educational, or not-for-profit purposes
without  prior  permission  or  charge,  provided  the  authors,  title  and  full  bibliographic
details are given, as well as a hyperlink and/or URL to the original metadata page. The
content must not be changed in any way. Full items must not be sold commercially in any
format or medium without formal permission of the copyright holder.  The full policy is
available online: http://nrl.northumbria.ac.uk/policies.html

This document may differ from the final, published version of the research and has been
made available online in accordance with publisher policies. To read and/or cite from the
published version of  the research,  please visit  the publisher’s website (a subscription
may be required.)

                        

http://nrl.northumbria.ac.uk/policies.html


 

Association between lifestyle behaviors and depressive symptoms

Journal Pre-proof

Prospective associations between multiple lifestyle behaviors and
depressive symptoms
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incident elevated depressive symptoms (DS) 
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incident elevated DS 
- Maintenance and incident elevated DS were associated with physical inactivity 
and risky alcohol drinking 
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Abstract 

 

Background: Our aim was to analyze the associations between multiple lifestyle 

behaviors and depressive symptoms.  

Methods: We included 4,725 adults (18-59y), that provided data in routine health 

evaluations of a hospital in Brazil, followed for a mean period of 3.1±1.6 years. 

Physical activity, alcohol consumption (measured using Alcohol Use Disorders 

Identification Test) and tobacco smoking were categorized as: (1) absence of the 

behavior (inactivity i.e. not complying with 150 min of moderate-to-vigorous PA/week, 

not smoking, no risky drinking, i.e. AUDIT<5) during baseline and follow-up; (2) 

Absence during baseline and presence during follow-up; (3) Presence during baseline 

and absence during follow-up; (4) Presence during both time points. Depressive 

symptoms were measured with the Beck Inventory was adopted to analyze patterns of 

depressive symptoms over time (as exposure). C-reactive protein [HS-CRP]) was 

assessed and its role in the association was tested. Incidence indicators of behaviors and 

depressive symptoms were created and used as outcomes. We used crude and adjusted 

Poisson regression analysis.  

Results: Fully adjusted models revealed that persistently physical inactive participants 

(RR:1.71;95%CI:1.33-2.21), those who became physically inactive (1.68;1.19-2.26), 

with consistently risky drinking (1.62;1.15-2.30), and who became risky drinkers 

(1.62;1.15-2.30) had higher risk for incidence of elevated depressive symptoms. Vice 

versa participants with incidence of depressive symptoms over time presented higher 

risk for physical inactivity (1.44;1.11-1.87) and risky drinking (1.65;1.16-2.34) 

incidence. HS-CRP did not influence the associations. 

Limitations: Self-reported physical activity, binary tobacco smoking, and non-

probabilistic sampling. 

Conclusions: There is a prospective relationship between elevated depressive symptoms 

and adverse lifestyle behaviors. 

Keywords 

Exercise, smoking, depression, inflammation, physical activity, lifestyle 
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Introduction 

Depression is one of the most important causes of disability worldwide (World Health 

Organization, 2017). Previous estimates found a prevalence of 4.4% for depression 

among adults, with women having a higher prevalence than men (5.5% vs. 3.2%) 

(World Health Organization, 2017). Depression reduces life expectancy by 

approximately 10 years (Chang et al., 2011), partly due to an increased risk for 

cardiovascular diseases (Correll et al., 2017; Firth et al., 2019; Swaraj et al., 2019). 

There are different mechanisms partly explaining the co-morbidity between depression 

and cardiovascular disease (Firth et al., 2019). Therefore, the adoption of different 

health behaviors (i.e., physical activity, not smoking and the non-elevated consumption 

of alcohol) can protect people with depression of developing chronic diseases (Firth et 

al., 2019). 

 Previous cross-sectional and longitudinal studies have demonstrated that 

unhealthy lifestyle behaviors such as physical inactivity, risky alcohol consumption and 

tobacco smoking are associated with the presence of elevated depressive symptoms in 

adults (An and Xiang, 2015; Fluharty et al., 2017; Schuch et al., 2018). However, the 

direction of the association (i.e., whether health behaviors predict depressive symptoms 

or vice versa) is less clear. There is a suggestion however that the associations of 

physical inactivity, tobacco smoking and risky alcohol consumption with depressive 

symptoms may be bidirectional (An and Xiang, 2015; Azevedo Da Silva et al., 2012; 

Choi et al., 2019; Firth et al., 2019; J. Firth et al., 2020; Fluharty et al., 2017; Kuo et al., 

2010; Pacek et al., 2013).  

Among the mechanisms linking multiple lifestyle behaviors and depression, one 

mechanism of interest is inflammation, since individuals with depression are known to 

have increased low-grade systemic inflammation (Köhler et al., 2017) as well as 
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lifestyle behaviors including physical inactivity, smoking and excessive alcohol 

consumption have also been associated with low-grade systemic inflammation 

(Fernandes et al., 2018; Mandrekar et al., 2009; Nunes et al., 2012). Therefore, low-

grade systemic inflammation can confound or mediate the association between multiple 

lifestyle behaviors and depression. However, most studies testing the association of 

lifestyle behaviors with depression and depressive symptoms to date have not adjusted 

their findings for plasma HS-CRP concentrations or analyzed its role in the association.  

There is also need for cohort studies investigating the association between 

lifestyle behaviors and depressive symptoms in middle-income countries (Schuch et al., 

2018). Considering the marked inequalities in the adoption of health behaviors, together 

with the elevated prevalence of elevated depressive symptoms, it is possible that health 

behaviors can present distinct patterns in the association with health outcomes as 

depression (Arcaya et al., 2015; de Azevedo Barros et al., 2016; Munhoz et al., 2016). 

Therefore, the aim of this study was to analyze the interactions between lifestyle 

behaviors and the presence of elevated depressive symptoms over time in a large 

Brazilian cohort while exploring the influence of inflammatory biomarkers in this 

association.  

 

Methods 

Sample 

The study included a non-probabilistic sample of Brazilian adults aged between 18 and 

59 years old who participated in routine health evaluation at the Jardins unit of the 

Hospital Israelita Albert Einstein (São Paulo, Brazil) from January 2007 to December 

2013. The study protocol was approved by the ethics committee of the local 

Institutional Review Board (Hospital Israelita Albert Einstein’s ethics committee – 
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protocol number CAAE: 35855520.8.0000.0071), in compliance with the Brazilian 

National Research Ethics System Guidelines and the Ethical Guidelines of the 1975 

Declaration of Helsinki. Originally, participants gave consent for the study and data 

were de-identified. Also, this specific study was waived to present informed consent, as 

it was a secondary analysis of an already existent database that had been approved for 

analysis. For the present study, we included all participants who underwent an initial 

visit within the program as well as had a follow-up visit with a minimum interval of one 

year.  

 The initial sample consisted of 8,195 adults (18-59 years) (6,579 men). After the 

exclusion of those with missing data and those presenting extreme outliers of  HS-CRP 

due to infectious or inflammatory diseases (values > 10mg/L) (Pepys and Hirschfield, 

2003), the final sample was composed of 4,725 adults. A flow-chart of study subjects is 

presented on Figure 1. To improve the identification of incident depressive symptoms 

or the multiple lifestyle factors during follow-up, those with the outcome present at 

baseline were excluded in those analyses (e.g., for physical inactivity incidence, 

participants with sufficient physical activity at baseline were excluded). Therefore, the 

final sample for each outcome was: Incidence of elevated depressive symptons: n = 

4,032; Incidence of physical inactivity: n = 1,828; Incidence of tobacco smoking: n = 

4,282; Incidence of risky alcohol consumption: n = 3,048. 

 

Depressive symptoms 

To assess the presence and severity of depressive symptoms, the Beck Depression 

Inventory (BDI) (Beck et al., 1986) was used. The questionnaire includes 21 Likert-

scale questions about different depressive symptoms as sadness, anhedonia, lack of 

energy, sadness, feeling of guilt, sleep problems, among others. Based on previous 
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studies (Franco et al., 2017), we adopted the cutoff point of ≥10 to indicate the presence 

of depressive symptoms. This value is commonly used as a cutoff for the presence of at 

least mild symptoms in non-clinical samples (Wang and Gorenstein, 2013). 

 

Lifestyle behaviors 

The level of physical activity was assessed with the International Physical Activity 

Questionnaire (IPAQ), which contains questions related to leisure-time physical 

activity, occupational physical activity and transportation physical activity. The 

questionnaire is a good indicator of physical activity, particularly among leisure and 

occupational domains (Hallal et al., 2010). Participants with moderate to vigorous 

physical activity equal to or greater than 150 minutes in the week were classified as 

physically active in accordance with international recommendations (World Health 

Organization, 2020). 

Tobacco smoking was assessed through a question about smoking habits “Do 

you usually smoke tobacco?” and the participants were classified as smokers or not 

smokers accordingly. Alcohol consumption was estimated through the Alcohol Use 

Disorders Identification Test (AUDIT) questionnaire and the cutoff point of 5 was 

adopted for risky alcohol consumption. This cutoff is commonly used in non-clinical 

samples (Meneses-Gaya et al., 2009). 

Considering that we sought to investigate whether changes in the patterns of 

behaviors are associated with the incidence of elevated depressive symptoms and 

changes in the patterns of elevated depressive symptoms are associated with the 

incidence of behaviors, we classified physical activity, tobacco smoking and alcohol 

consumption in four groups: 1) absence of the behavior during baseline and follow-up; 

2) Absence of the behavior during baseline and presence during follow-up; 3) Presence 
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of the behavior during baseline and absence during follow-up; 4) Presence of the 

behavior during both time points. For the association between patterns of depressive 

symptoms over time and incidence of lifestyle behaviors, we used incidence of each 

behavior, excluding participants with the presence of behaviors during baseline: 

Incidence of physical inactivity: 1- Participants meeting the physical activity 

recommendations in both baseline and follow-up, 2- Participants with recommended 

physical activity at the baseline, but not meeting the recommendations at the follow-up; 

Incidence of risky alcohol consumption: 1- Participants with adequate alcohol 

consumption in both baseline and follow-up, 2- Participants with adequate alcohol 

consumption at baseline, but risky alcohol consumption during the follow-up; Incidence 

of tobacco smoking: 1- Not smoking in both baseline and follow-up, 2- Not smoking at 

the baseline, but smoke at the follow-up. 

 

HS-CRP 

Plasma HS-CRP was determined by a turbidimetric method on a nephelometry system 

(Dade-Boehring, EUA) and the change between the first and the second wave was used. 

Considering that the presence of acute infections and inflammatory diseases can 

increase the HS-CRP and our aim was to evaluate the role of a chronically increased 

HS-CRP, we excluded extreme outliers of HS-CRP (values > 10mg/L) (Pepys and 

Hirschfield, 2003). 

 

Covariates 

Time between visits, sex, chronological age, number of metabolic risk factors, and self-

rated health were used as covariates. We considered the components of metabolic 

syndrome as metabolic risk factors (i.e., waist circumference, blood pressure, fasting 
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glucose, triglycerides and HDL-cholesterol). Blood samples were collected after at least 

12-hours fasting. Standardized laboratory analyses with commercial validated kits, 

including a standard lipid panel and fasting glucose were evaluated in the automated 

equipment VITROS 5600® Ortho Clinical Diagnostics by dry chemical colorimetric 

method. Waist circumference, a marker of central adiposity (measured in centimeters), 

was measured by placing a non-elastic measuring tape in a horizontal plane around a 

participant’s bare abdomen at the top of the iliac crest as recommended, the participants 

were measured twice and a third assessment of waist circumference was taken in case of 

discrepancy between the two first measures. The cut-off points for the metabolic risk 

factors were according to the Adult Treatment Panel III (ATP III) (i.e. waist 

circumference ≥102 cm among men or ≥88cm among women; triglycerides ≥150 

mg/dL; HDL-Cholesterol <40 mg/dL among men or <50 mg/dL among women; 

systolic blood pressure ≥130 mmHg and/or diastolic arterial blood pressure ≥85 mmHg; 

and glucose ≥100 mg/dL) (Grundy et al., 2005). Self-rated health was assessed through 

the 4-item Likert question: “In general, how do you evaluate your health?” with 

possible answers: A) “excellent”, B) “good”, C) “regular” or D) “bad”. We considered 

those with excellent or good self-rated health as with good self-rated health. 

 

Statistical procedures 

Characteristics of sample were described using values of absolute frequencies, relative 

frequencies, means and standard deviations as well as median and interquartile range for 

HS-CRP. We adopted the strategy of investigating the incidence of the outcome and 

patterns of change in the exposure as it increases the causality interpretation. For the 

association between patterns of lifestyle behaviors over time and incidence of elevated 

depressive symptoms as well as for the association between patterns of depressive 
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symptoms over time and incidence of lifestyle behaviors, we used Poisson regression 

analysis with risk ratio (RR) and 95% confidence intervals (CI), including three models: 

Model 1: adjusted for time between visits, sex, chronological age; Model 2: Model 1 + 

number of metabolic risk factors and self-rated health. Model 3: Model 2 + changes in 

HS-CRP. To investigate the role of HS-CRP in the association of multiple health 

behaviors and incidence of depression and vice-versa, we conducted mediation models. 

Considering the mediation assumptions, we previously tested for the association 

between the exposure and mediator as well as between the mediator and outcome 

(Valeri and VanderWeele, 2013). As there was no association of the mediator with the 

lifestyle behaviors, we included HS-CRP as an adjustment factor in the analyzes. We 

have also conducted cross-lagged panel models using generalized structural equation 

models to assess the bidirectional association between the lifestyle behaviors and 

elevated depressive symptoms. All the analyses were conducted during the second 

semester of 2020, using the software Stata 15.1. 

 

Results 

 

Characteristics of study sample are presented on Table 1. The mean age of participants 

was 41.2 ± 7.9 years, and most were male (81%). During a mean follow-up of 3.1±1.6 

years 468 (11.3%) participants presented incidence of elevated depressive symptoms 

while 587 (31.3%) became physically inactive, 100 (2.3%) started tobacco smoking, 

and 311 (9.9%) developed risky alcohol drinking patterns.  

 The associations between lifestyle behaviors and depressive symptoms are 

presented in Tables 2 and 3. Consistently inactive participants [RR: 1.71 (95%CI: 1.33 

to 2.21)] as well as those who became inactive [RR: 1.68 (95%CI: 1.19 to 2.26)] over 
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time showed higher incidence of elevated depressive symptoms comparing with their 

consistently active peers. In opposition, participants with consistently elevated 

depressive symptoms [RR: 1.59 (95%CI: 1.18 to 2.15)] as well as participants without 

the presence of elevated depressive symptoms at baseline that evolved to elevated 

depressive symptoms at follow-up [RR: 1.44 (95%CI: 1.11 to 1.87)] were associated 

with higher risk for the incidence of physical inactivity comparing with those with 

consistently normal depressive symptoms. 

Similarly, participants with consistent risky alcohol drinking [RR: 1.64 (95%CI: 

1.31 to 2.05)] as well as those who become with risky alcohol drinking over time [RR: 

1.62 (95%CI: 1.15 to 2.30)] were more likely to demonstrate elevated depressive 

symptoms comparing with those participants without risky alcohol drinking in both 

baseline and follow-up. Considering patterns of elevated depressive symptoms as 

exposure and incidence of risky alcohol drinking as outcome, the incidence of elevated 

depressive symptoms was also associated with higher risk for risky alcohol 

consumption incidence [RR: 1.65 (95%CI: 1.16 to 2.34)]. 

 Tobacco smoking patterns were not associated with the incidence of elevated 

depressive symptoms [Smoke / not smoke RR:1.38 (95%CI:0.91 to 2.11); Not smoke / 

smoke: RR:0.76 (95%CI:0.38 to 1.70); Consistently smoke: RR:1.27 (95%CI:0.87 to 

1.86)]. However, the maintenance of elevated depressive symptoms over time was 

associated with higher risk of tobacco smoking incidence [RR: 2.28 (95%CI: 1.26 to 

4.10)], comparing with participants with consistently normal depressive symptoms. 

While there was a reduction in the association between the behaviors and the 

incidence of elevated depressive symptoms from the model 1 to the model 2, the 

inclusion of HS-CRP did not affect the models, even HS-CRP change being associated 

with the incidence of elevated depressive symptoms in the models of physical activity 
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and alcohol consumption. In the other hand, HS-CRP change was not associated with 

the incidence of lifestyle behaviors. 

The cross-lagged panel models supported the bidirectional association between 

physical activity practice and elevated depressive symptoms. Also, there was no 

association between tobacco smoking and elevated depressive symptoms. On the other 

hand, there was an association of elevated alcohol consumption predicting later elevated 

depressive symptoms, while elevated depressive symptoms did not predict risky alcohol 

consumption (Supplementary Table A). 

  

Discussion 

Our aim was to investigate the prospective association between multiple behaviors and 

depressive symptoms in a middle-income country as well as by adjusting the association 

between lifestyle behaviors and depressive symptoms for a low-grade systemic 

inflammation biomarker. Our main findings were that adults with consistent physical 

inactivity and risky alcohol consumption in both time-points and those who became 

physically inactive and risky alcohol drinkers over time showed higher risk for elevated 

depressive symptoms compared to their counterparts with consistently healthy habits. 

Moreover, consistently elevated depressive symptoms were associated with a higher 

incidence of physical inactivity and tobacco smoking. At the same time participants 

without depressive symptoms during baseline, but who developed depressive symptoms 

at follow-up showed lower risk for sufficient physical activity and higher risk for risky 

alcohol drinking. The cross-lagged panel suggested a bidirectional association between 

physical activity and elevated depressive symptoms, while alcohol consumption was 

prospectively associated with elevated depressive symptoms (but not vice versa) and 

there was no association between tobacco smoking and elevated depressive symptoms. 
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These findings were independent of potential confounders such as demographics and we 

found no evidence supporting a mediating role of HS-CRP.  

Among the individual lifestyle factors we found that risky alcohol consumption 

can predict elevated depressive symptoms, but the opposite was not consistent in the 

cross-lagged models, supporting the close relationship between depressive symptoms 

and alcohol use disorders, especially with alcohol disorders being prospectively 

associated with elevated depressive symptoms (An and Xiang, 2015; Cabello et al., 

2017). Several pathways can explain the association between risky alcohol use and 

depressive symptoms. First, the quality of life of risky drinkers is reduced, especially 

reporting pain/discomfort, impairment in mobility and in performing usual activities 

(Foster et al., 1999; Kim and Kim, 2015), which can be associated with depressive 

feelings. Second, there is evidence for a common genetic predisposition for risky 

drinking and depression (Kuo et al., 2010). Third, risky alcohol drinking can lead to 

neuro-immunological alterations, which are also associated with depressive symptoms 

(Archer et al., 2019). For example, chronic ethanol use is also proposed to upregulate 

transcription factor NF-κB (Nuclear factor-κB), causing immune cells in the periphery 

as well as glial cells in the central nervous system to produce pro-inflammatory 

cytokines (Mandrekar et al., 2009). 

 We also found that the participants that were consistently inactive or become 

inactive over time presented higher incidence of elevated depressive symptoms, which 

is also consistent with previous findings (Azevedo Da Silva et al., 2012; Choi et al., 

2019). This association could be explained by several mechanisms. Even our findings 

were adjusted for HS-CRP, which is an indicator of low-grade systemic inflammation, it 

is also possible that other biological mechanisms can mediate this association. For 

example, other biological pathways that could explain the complex associations 
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between physical inactivity and elevated depressive symptoms  are increases in IL-6, 

decreases in IL-10 release, changes in immunological markers produced by monocytes 

and macrophages (e.g. IL-1α, IL-1β and TNF-α), alterations in hippocampal volume and 

in neurotrophic factors (e.g. BDNF) (Firth et al., 2020; Howren et al., 2009; Kandola et 

al., 2019; Paolucci et al., 2018; Schuch et al., 2016). Moreover, social and psychological 

factors, such as social support, loneliness  and the level of self-efficacy can mediate the 

association between physical activity and depressive symptoms (Hallgren et al., 2017; 

Kang et al., 2018; Matz-Costa et al., 2016). On the other hand, lower engagement in 

physical activity by people with depression was previously reported (Vancampfort et 

al., 2017), and has been explained by several perceived barriers for physical activity, 

such as low mood state and lack of energy, frequently observed among people with 

depression (Firth et al., 2016; Glowacki et al., 2017). 

 Tobacco smoking was not associated with risk for elevated depressive 

symptoms. Interestingly, the majority of previous evidence on the association between 

tobacco smoking and depressive symptoms was found in studies using longer follow-up 

periods compared to the present study, suggesting that a longer exposure to this 

behavior could be necessary to increase depressive symptoms (Fluharty et al., 2017). 

Another possible explanation for the null association can the binary indicator of tobacco 

smoking (yes or not), as previous studies found a dose-response association between 

tobacco smoking and depression (Matta et al., 2020; Vulser et al., 2015).  

 An interesting finding was that contrary to our hypothesis, HS-CRP did not have 

any influence in the analyzes. Different factors can explain this association. First, it is 

possible that participants who started to present the outcomes already had a higher HS-

CRP value at baseline and, consequently, the change in HS-CRP over time was not 

significant. For example, even HS-CRP change not influencing the associations, it was 
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inversely associated with the incidence of elevated depressive symptoms, which can 

possibly indicate that the participants with incident elevated depressive symptoms likely 

presented higher HS-CRP during the baseline and therefore, they tended to present a 

slightly reduction over time. Furthermore, it is possible that other possible mechanisms, 

including biological, psychological and social factors, as previously presented, have a 

greater power to explain the association than HS-CRP (Kandola et al., 2019; Mandrekar 

et al., 2009). Even though HS-CRP change is an indicator of systemic inflammation, it 

is possible that other uncontrolled inflammatory markers may mediate part of the 

association, such as alterations and cytokines, such as IL-6.  

 Our findings highlight that appropriate treatment for participants with elevated 

depressive symptoms should be include interventions targeting behavioral risk factors 

(Firth et al., 2019). Given the wider adverse health outcomes from low physical activity, 

smoking and increased alcohol consumption (Han et al., 2019; Lee et al., 2012; Sinha et 

al., 2018), the potential impact of these factors being adversely impact in participants 

with depressive symptoms are concerning. Therefore, interventions focusing on 

reducing risky alcohol consumption, and increasing physical activity can be effective in 

reducing depressive symptoms. Such efforts to improve these factors in those presenting 

with depressive symptoms are also primordial to increase the quality of life and protect 

physical health (Ashdown-Franks et al., 2020; Firth et al., 2019; Gates et al., 2015; 

Gilbody et al., 2019; Rüther et al., 2014). 

 Our results should be interpreted in the light of some limitations. First, this study 

included a non-probabilistic sample, and the extrapolation should be made with caution. 

Second, physical activity was self-reported, which can present a potential bias when 

compared with objective/device-based methods, as accelerometers. Third, we only 

included a single binary question regarding tobacco smoking, which can limit the 
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comprehension of its association with depressive symptoms as the association can be 

potentially dose-dependent (Matta et al., 2020; Vulser et al., 2015). Fourth, we were 

unable to adjust for employment status, socioeconomic status and sedentary behavior, 

which are all associated with depressive symptoms and the lifestyle behaviors (Werneck 

et al., 2018). Therefore, it is possible that the coefficients are overestimated. Fifth, data 

were only available for two time-points (baseline and follow up), limiting the inference 

of more detailed longitudinal patterns in the lifestyle behaviors and depressive 

symptoms. Sixth, we only conducted one measurement of waist circumference, which 

can represent a bias. On the other hand, we provide longitudinal data from a middle-

income country investigating the association between lifestyle behaviors and depressive 

symptoms, also exploring the role of HS-CRP. 

 

Conclusions 

 

The current study demonstrates that depressive symptoms patterns can be prospectively 

associated with the adoption of physical inactivity, while vice versa the adoption of 

unhealthy behaviors can be prospectively associated with depressive symptoms. These 

findings highlight the importance of preventive interventions aiming to reduce risky 

alcohol consumption and improve physical activity levels and addressing depressive 

symptoms to prevent future unhealthy behaviors from developing.  
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Figure Legend 

 

Figure 1. Study subjects flow chart. 
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Table 1. Clinical and laboratory characteristics of sample (n=4,725). 

Variable Categories  

Sex (men)  3,814 (80.7) 

Chronological age, y  41.2 ± 7.9 

Time between visits, y  3.1 ± 1.6 

 

Elevated waist circumference (%)  1,091 (23.1) 

Elevated blood pressure (%)  1,038 (22.0) 

Elevated fasting glucose (%)  144 (3.1) 

Elevated triglycerides (%)  1,416 (30.0) 

Low HDL-Cholesterol (%)  1,400 (29.6) 

Number of metabolic risk factors (n)  0.85 ± 1.0 

HS-CRP, baseline in mg/L   1.1 (0.6 - 2.1) 

HS-CRP, follow-up in mg/L  1.0 (0.5 - 2.1) 

HS-CRP, change in mg/L  0.0 (0 - 0) 

Self-rated health (good)  4,472 (94.7) 

Physical activity patterns   

 Consistently active, % 1,256 (26.4) 

 Inactive / Active, % 974 (20.6) 

 Active / Inactive, % 573 (12.1) 

 Consistently inactive, % 1,922 (40.9) 

Tobacco smoking patterns   

 Consistently not smoke, % 4,187 (88.4) 

 Smoking/Not smoke, % 181 (3.9) 

 Not smoking/smoke, % 97 (2.1) 

 Consistently smoke, % 260 (5.6) 

Alcohol consumption patterns   

 Consistently low, % 2,751 (58.2) 

 Elevated/Low, % 562 (11.9) 

 Low/Elevated, % 299 (6.3) 

 Consistently Elevated, % 1,113 (23.6) 

Depressive symptoms    

 Consistently normal, % 3,579 (75.8) 

 Elevated/normal, % 330 (7.0) 

 Normal/Elevated, %  454 (9.6) 

 Consistently elevated, % 362 (7.6) 

Incidence during follow-up   

Elevated DS*(%)  454 (11.3) 

Physical inactivity** (%)  573 (31.3) 

Tobacco smoking***(%)  97 (2.3) 

Risky alcohol consumption**** (%)  299 (9.8) 

Note. Values are presented using values of absolute frequencies (relative frequencies), 

mean and standard deviations for chronological age and time between visits or median 

and interquartile range for high sensitivity C-reactive protein. DS, depressive 

symptoms. HS-CRP, high sensitivity C-reactive protein. *n: 4,032. **n: 1,828. ***n: 

4,282. ****n: 3,048. Elevated waist circumference refers to ≥102 cm for men and ≥88 

cm for women. C-reactive protein values were presented using median and interquartile 

range. 
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Table 2. Association between patterns of lifestyle behaviors and incidence of elevated 

depressive symptoms along time. 

    Models 

 Model 1 

RR (95%CI) 

Model 2 

RR (95%CI) 

Model 3 

RR (95%CI) 

Physical activity    

Consistently active Ref Ref Ref 

Inactive / Active 1.12 (0.82 to 1.53) 1.08 (0.79 to 1.48) 1.09 (0.80 to 1.49) 

Active / Inactive 1.73 (1.26 to 2.39) 1.63 (1.18 to 2.25) 1.68 (1.19 to 2.26) 

Consistently inactive 1.88 (1.46 to 2.41) 1.70 (1.32 to 2.19) 1.71 (1.33 to 2.21) 

HS-CRP - - 0.94 (0.89-0.99) 

Tobacco smoking    

Consistently not smoke Ref Ref Ref 

Smoke / Not smoke 1.39 (0.91 to 2.11) 1.40 (0.92 to 2.13) 1.38 (0.91 to 2.11) 

Not smoke / smoke 0.89 (0.42 to 1.87) 0.79 (0.37 to 1.67) 0.76 (0.38 to 1.70) 

Consistently smoke 1.33 (0.91 to 1.94) 1.27 (0.87 to 1.86) 1.27 (0.87 to 1.86) 

HS-CRP - - 0.94 (0.89-1.00) 

Alcohol consumption    

Consistently low Ref Ref Ref 

Elevated / Low 1.06 (0.77 to 1.45) 1.04 (0.76 to 1.44) 1.04 (0.76 to 1.43) 

Low / Elevated 1.60 (1.14 to 2.27) 1.64 (1.16 to 2.32) 1.62 (1.15 to 2.30) 

Consistently elevated 1.61 (1.29 to 2.02) 1.63 (1.30 to 2.05) 1.64 (1.31 to 2.05) 

HS-CRP - - 0.94 (0.89-0.99) 

Note. Model 1: Adjusted by time between visits, chronological age and sex. Model 2: 

Model 1 + number of metabolic risk factors and self-rated health. Model 3: Model 2 + 

HS-CRP. RR, risk ratio. CI, confidence interval. The models only included participants 

without elevated depressive symptoms during the baseline (n=4,032). 
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Table 3. Association between patterns of elevated depressive symptoms and incidence 

of lifestyle behaviors along time. 

 Models 

Depressive symptoms patterns  Model 1 

RR (95%CI) 

Model 2 

RR (95%CI) 

Model 3   

RR (95%CI) 

Outcome: Physical inactivity    

Consistently normal Ref Ref Ref 

Elevated / normal 1.14 (0.78 to 1.64) 1.11 (0.76 to 1.61) 1.10 (0.76 to 1.60) 

Normal / Elevated  1.50 (1.16 to 1.95) 1.43 (1.10 to 1.86) 1.44 (1.11 to 1.87) 

Consistently elevated 1.82 (1.36 to 2.42) 1.62 (1.21 to 2.19) 1.59 (1.18 to 2.15) 

HS-CRP - - 1.04 (0.98-1.10) 

Outcome: Tobacco smoking    

Consistently normal Ref Ref Ref 

Elevated / normal 1.06 (0.46 to 2.45) 1.05 (0.45 to 2.42) 1.06 (0.46 to 2.44) 

Normal / Elevated  0.87 (0.40 to 1.90) 0.83 (0.38 to 1.81) 0.84 (0.38 to 1.84) 

Consistently elevated 2.59 (1.47 to 4.56) 2.31 (1.28 to 4.16) 2.28 (1.26 to 4.10) 

HS-CRP - - 1.10 (0.97-1.24) 

Outcome:  Risky alcohol use    

Consistently normal Ref Ref Ref 

Elevated / normal 1.48 (0.97 to 2.26) 1.48 (0.97 to 2.26) 1.47 (0.96 to 2.25) 

Normal / Elevated  1.63 (1.15 to 2.30) 1.65 (1.17 to 2.34) 1.65 (1.16 to 2.34) 

Consistently elevated 1.30 (0.83 to 2.02) 1.39 (0.88 to 2.19) 1.39 (0.88 to 2.19) 

HS-CRP - - 0.98 (0.91-1.05) 

Note. Model 1: Adjusted by time between visits, chronological age. Model 2: Model 1 + 

number of metabolic risk factors and self-rated health. Model 3: Model 2 + HS-CRP. 

RR, risk ratio. CI, confidence interval. Models for physical inactivity only included 

those active during the baseline (n=1,828), models for tobacco smoking only included 

those without tobacco smoking during the baseline (n=4,282) and the models for risky 

alcohol use only included those without risky alcohol drinking during the baseline 

(n=3,048). 

 
 

                  


