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a b s t r a c t

Objectives: Novel findings indicate links between unhealthy lifestyles and depression based on active
inflammatory processes. Thus, identifying participants with poor habits could reveal differences in
trends of incident depression. This study aimed to examine the association between an objective lifestyle
assessment, as measured by the Lifestyle and Well-Being Index (LWB-I), and incident depression in
healthy participants of a Spanish cohort.
Study design: This was a longitudinal analysis of a subsample of 10,063 participants from the Seguimiento
Universidad de Navarra cohort study.
Methods: Group comparisons and Cox proportional hazard models were conducted using the LWB-I,
which categorizes the sample into groups with healthy and unhealthy lifestyles and well-being. The
main outcome was incident depression as well as secondary outcomes.
Results: Those classified to the transition category of LWB-I were associated with a hazard ratio of 0.67
(95% confidence interval: 0.52e0.87), and those in the excellent category showed a hazard ratio of 0.44
(95% confidence interval: 0.33e0.58), which in both groups reflects a significantly lower risk of incident
depression compared with the group including those classified in the poor LWB-I level. Moreover, the
available sensitivity analyses concerning time of depression diagnosis or antidepressant treatment
further supported the role of nutrition and physical activity on incident depression. Interestingly,
throughout the follow-up, incident depression was inversely related to healthier daily habits as
measured by the LWB-I.
Conclusions: A global assessment of lifestyles such as the LWB-I provides valuable insight into the
complex relationship between lifestyle factors and their link to depression risk.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).
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Introduction

Depression is a complex disease with diverse risk factors that
are only partially uncovered.1 A recent summary of evidence
highlights the links between these risk factors and proin-
flammatory phenomena occurring in various organs within and
beyond the central nervous system.2 Similar chronic low-grade
inflammation processes are present in cardiovascular diseases
(CVDs)3 and are known to be related to nutrition and physical ac-
tivity (PA) among other lifestyle habits.4 For CVD, healthy lifestyles
form the basis of its prevention, and now these risk factors could
serve the same purpose for depression as an important non-
communicable disease.5,6

To this day, no single biological mechanism is known to
completely explain the features observed in patients with depres-
sion.7 However, within the most accepted hypothesis of disease,
signs of active inflammatory processes have been found.8 The main
features in patients with depression are monoamine neurotrans-
mitter dysfunction, alterations of the brain-derived neurotrophic
factor (BDNF), and an improper response to stress.2,7 Monoamines
are primarily derived from B-complex vitamins; thus, it has been
proposed that ensuring adequate levels of these nutrients could
also promote adequate neurotransmitter activity.9,10 These patients
also present an inability to establish new neuronal synapses
because of low BDNF levels.11,12 In this regard, vitamin A, vitamin
B12, and an active lifestyle have been related to improved BDNF
release and activity and provide a basis for the role of daily habits in
this disease.11,12 Finally, chronic stress is common in patients with
depression and is known to alter sleep patterns and promote the
formation of inflammatory molecules in the gut.2 These molecules
are short-chain fatty acids and are produced by specific strains of
bacteria in the gut that flourish in patients with sedentary habits
and unhealthy diets.13 Under these conditions, short-chain fatty
acids flow into the bloodstream and have inflammatory qualities in
the brain as well as the peripheral nervous system.2,7 In summary,
inflammation is highly relevant for depression and thus could
signal to early pathological disturbances in patients with poor
lifestyles.

Given the potential implications of lifestyles in depression, a
precision medicine framework that can characterize an individual's
risk behaviors could help identify those at risk of developing
depression.5,14,15 In this regard, the Lifestyle and Well-Being Index
(LWB-I) was recently conceptualized to stratify individuals into
three health and well-being groups based on socio-economic,
anthropometric, history of diseases, and, more importantly, life-
style habits.16 By quantitatively pondering 12 items, which include
diet, PA, smoking, and sleep, among others, the LWB-I allocates
individuals to three different states of increasingly better lifestyles
and well-being. Thus, an assessment of lifestyle and well-being
features may be linked to depression incidence stemming from
the previously mentioned inflammatory mechanisms.16

The aim of this investigation was to longitudinally evaluate this
LWB-I in associationwith incident depression in a subsample of the
Seguimiento Universidad de Navarra (SUN) study.

Methods

Study population

This was a longitudinal analysis of a subsample of the SUN
cohort study, which is a prospective, multipurpose, dynamic
cohort, that began recruitment in 1999 with the purpose of
establishing associations between lifestyles and chronic condi-
tions.17 Briefly, university graduates are sent an invitation letter
with a description of the cohort, a baseline questionnaire, and a
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prepaid return package for participants to submit their completed
questionnaire. Furthermore, data collection is obtained through
subsequent standardized questionnaires every 2 years. The sub-
mission of the baseline questionnaire through national post is
considered informed consent. These methods and the study pro-
tocol were approved by the Ethics Committee of the University of
Navarra (code 2001/30) in accordance with the Declaration of
Helsinki.

Selected participants were observed starting at baseline, which
was defined as the fourth year of follow-up until the occurrence of
the outcome or until the participant was censored due to causes
other than the outcome. From the SUN cohort participants
(n¼ 22,894), the following selection criteria were applied to ensure
complete records on the exposure and outcome. Participants were
required to provide complete information on the 12 items of the
LWB-I at baseline (n ¼ 7819 exclusions). Prevalent cases of
depression (including cases occurring before the first year after
baseline), prevalent use antidepressant therapy or hypnotics
(n ¼ 2960), and prevalent CVD (including coronary heart disease,
stroke, and thromboembolic events), diabetes, and cancer (n¼ 846)
were excluded. As dietary intake represented a critical component
of the LWB-I, implausible energy intakes or intakes in the top 99th
and bottom first percentile for their corresponding sex were
excluded (n ¼ 268). Finally, participants who did not provide
follow-up information 2 years and 9 months after baseline
(n¼ 938) were excluded. Thus, these analyses were conducted on a
total of 10,063 participants (retention rate of 91.5%).

The LWB-I

Based on 12 anthropometric, sociodemographic, and lifestyle
items, the LWB-I12 estimates the quality of individual habits to
calculate a single continuous score ranging from 0 (unhealthy
lifestyle and well-being) to 100 (excellent lifestyles and well-
being). The items and coding are (1) sex (male, female), (2) age
(years), (3) body mass index (in kg/m2 categorized as underweight
<18.5 kg/m2, normal weight 18.5e24.9 kg/m2, overweight
25.0e29.9 kg/m2, and obesity >30.0 kg/m2), (4) family history of
diseases for either parent (identifying the presence of obesity,
diabetes, cancer, or CVD in one or both of the participants’ parents
ranging from 0 to 2), (5) pre-existing medical conditions (identi-
fying the presence of diabetes, hypertension, or hypercholester-
olemia; ranging from 0 to 3), (6) smoking habits (describing never,
current, and former smokers of at least 100 cigarettes), (7) presence
of insomnia (identifying participants without insomnia and
currently experiencing insomnia or having at some point experi-
enced insomnia), (8) leisure-time PA (categorized as exerting
<2.5 h/wk of moderate intensity activities, exerting the recom-
mended 2.5e5 h/wk of moderate/vigorous intensity according to
the World Health Organization, and those exceeding the 5 h/wk of
leisure-time PA), (9) fruits and vegetable consumption (continuous
variable presented as servings/day), (10) sugary products (con-
sisting of sodas, including “low calorie,” sugar, marmalade, and
honey; categorized as null consumption, <1 servings/day, and
those consuming one or more serving daily), finally (11) an item
evaluating the presence of sadness or diminishedmood in the prior
4 weeks “Have you felt downhearted and blue?” and (12) an item
evaluating tiredness in the previous four weeks “Did you feel tired?”
(both coded in the categories of “All of the time,” “Most of the time,”
“A good bit of the time,” “Some of the time,” “A little bit of the time,” or
“None of the time”). Weighting of variables was done using the
coefficients of the prior publication, which are added to a constant
of 98.1 points. In addition, the authors described a categorization
method based on two systematically defined cut-points; partici-
pants with scores <80 were categorized as having poor LWB, from
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80 to 86 (including these integers) participants were transitioning
LWB, and those scoring >86 points were in the excellent LWB
group.12

Outcome assessment

Within the SUN cohort, validation of self-reported incident
depression was conducted in a separate study relying on a psy-
chiatric evaluation.14 For the present study, three definitions of
increasing stringency for incident depression were used: (1) a
newly diagnosed report of depression, (2) initiation of antide-
pressant therapy even if depression was not reported by partici-
pants, and (3) a self-reported diagnosis of depression accompanied
by antidepressant therapy (earliest time were criteria 1 and 2 were
fulfilled).

Statistical analyses

The description measures were means and standard deviations
for normally distributed data, using analysis of variance, and per-
centages for categorical data, analyzed using Chi-squared distri-
butions. Cox proportional hazard models were performed with
time zero defined as year 4 of follow-up, until the occurrence of the
outcomes or censorship. Models were adjusted for working hours-
day, cigarette packs-year, alcohol consumption (excluding wine),
total daily energy intake in model 1, and model 2 was additionally
adjusted for supplement intake, competitiveness, psychological
tension, and dependence. NelsoneAllen curves of incident cases
were obtained and adjusted for the list of confounders of model 2
using the inverse probability of the treatment weighting method.
Sensitivity analyses included narrowing the diagnostic window
further to include only those diagnosed between the 6th and 10th
year of follow-up; previously excluded participants with non-
communicable diseases were reintroduced into the sample; and
participants who had prevalent consumption of antidepressant
drugs were reintroduced into the analyses. The analyses were
performed with the STATA statistical software package version 16
(College Station, TX, USA; Stata Corp LLC). All P-values presented
are two tailed, and the statistical significance was set at 0.05.

Results

The final sample (n ¼ 10,063 participants, 60% females, mean
age 37.5 years [SD 11.3]) is shown in Fig. 1. When comparing cate-
gories of poor and excellent LWB-I, participants with poor LWB
were prominently female (69.1%) and had a greater prevalence of
obesity (6.5% compared with 3.2%) and family members who
experienced non-communicable diseases more often (20.8%
compared with 16.4%; Table 1). In comparison, participants in the
excellent LWB had healthier habits and fewer reports of diminished
well-being; more than half of the participants did not smoke (55.2%
compared with 48.6%) nor experienced insomnia (52.3% compared
with 26.6%) and performed higher amounts of PA overall (25.0 [5.7]
METs-h/wk compared with 18.5 [3.6] METs-h/wk; Table 1).

After an average follow-up of 9 years, a total of 319 participants
reported a case of incident depression, 283 cases of antidepressant
initiation, and 106 cases reported incident depression in combi-
nation with the use of antidepressants. The crude Cox proportional
hazards models, using as a reference the category of poor LWB,
revealed crude estimations for participants with transitioning LWB
experienced a hazard ratio (HR) of 0.62 (95% confidence interval
[CI]: 0.48-0.80) and for those in the category of excellent LWB
experienced an HR of 0.38 (95% CI:0.29-0.51). Fully adjustedmodels
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remained significant, revealing an HR of 0.67 (95% CI: 0.52-0.87)
and HR of 0.44 (95% CI: 0.33-0.58) for the transitioning and excel-
lent LWB groups, respectively. These models also revealed a sig-
nificant linear trend P < 0.001. As for the alternative definitions of
the outcome, participants incident in the group of excellent LWB
compared with poor, an HR of 0.32 (95% CI: 0.24-0.45) was found
for the outcome of antidepressant therapy initiation. Finally, the
strict criteria of incident depression and initiation of antidepressant
drugs (Table 2), those in the category of excellent LWB an HR of 0.26
(95% CI: 0.15e0.44) was found; P for trend <0.001.

The sensitivity analyses revealed that these estimates remained
highly significant when the diagnostic windowwas narrowed: fully
adjusted HR of 0.51 (95% CI: 0.36-0.71) with only 106 cases of
incident depression (Table 3). Finally, the NelsoneAllen curves
further identified distinct differences in trends of incident
depression across groups (Fig. 2). While the poor LWB group
observed a constant cumulative incidence of cases, the transition-
ing and excellent LWB groups revealed less prominent slopes
during the follow-up.

Discussion

In this longitudinal study evaluating the 12 items of the LWB-I,
which included anthropometric, dietary, PA, and sleep, participants
classified into the groups of transitioning or excellent lifestyles and
well-being were less likely to report incident depression, initiate an
antidepressant therapy, or report incident depression that required
treatment with antidepressants. In contrast, the group of poor
lifestyles and well-being had higher cases of depression, which
could be attributed to a higher prevalence of obesity, hypertension,
or dyslipidemia, but also lower PA levels and experiencing
insomnia. These results add to the discussion of the biological links
between lifestyles and depression, which involve inflammatory
mechanisms and biomarkers. With tools such as the LWB-I, it is
plausible to identify subgroups of the population at higher risk of
this and other non-communicable diseases.

Clinical trials intervening on diet and PA (along with standard
care) are known to improve depressive symptomatology; however,
there is limited evidence of these interventions on incident
depression.19,20 In practice, healthful diets have yet to demonstrate
a preventive effect depression incidence.21,22 Despite this fact,
benefits to patients’well-being have been reported and novel trials
have set out to determine the size of these effects of dietary in-
terventions such as a Mediterranean diet or through intermittent
fasting.23,24 In contrast, there are concrete examples of PA in-
terventions and their ability to reduce the risk of incident depres-
sion in a Brazilian population.25 These benefits have also been
extended to patients with anxiety.26 Adding to this evidence, a
recent review and meta-analysis also concluded that aside from PA,
reducing alcohol intake, improving insomnia, and smoking cessa-
tion are also effective in controlling depressive symptoms.27 For
these reasons, the simultaneous assessment of key determinants
provided by the LWB-I questionnaire16 could facilitate the identi-
fication of subjects at higher susceptibility to depression and the
prescription of tailored recommendations to improve their mental
health.8

Assessment of the items contained in the LWB-I, but more
importantly, the weighted contributions of each factor, provides (1)
an integral assessment of lifestyle determinants and (2) an objec-
tive understanding of the contributions of each item to the index.28

Although these were observational analyses, sequence of events
was accounted for in our primary and sensitivity analyses and in
agreement with current literature.4,28 Previous studies, including



Fig. 1. Flowchart of inclusion criteria and final sample selection.
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clinical trials, indicate that adherence to healthy lifestyles reduce
the risk for CVD, diabetes, and premature death primarily through
the reduction of inflammatory markers, and similar mechanisms
are theorized to occur in depression.4 Thus, questionnaires evalu-
ating stress, sleep quality, comprehensive health status, dietary
habits, obesity, smoking status, as well as age and gender can
contribute to a personalized disease management through daily
modifiable factors.29

The present analysis is not without some limitations. The
characteristics of the sample, highly educated individuals with low
prevalence of mood disorders, limit our ability to make assump-
tions of these associations in other economic groups and yet ensure
minimal differences in well-being and life satisfaction across the
sample. In addition, the cohort relies on self-reported data and
outcomes prone to measurement error; however, these measures
have been extensively validated.18 The LWB-I, on the other hand,
was designed as a general measure of health and not specifically for
incident depression. However, the utilization of this tool is founded
on the previously described biological mechanisms and thus valid
under this assumption. Regarding its items, it has been suggested
that weight perception and the measures of well-being lead par-
ticipants to report poor life satisfaction in the absence of inflam-
matory markers.30,31 This would entail a misclassification of
individuals to the poor LWB group and drive our results to the null.
In this regard, we cannot be certain of the degree of
168
misclassification; however, the differences between the poor and
transitioning groups would be expected to increase. Our sensitivity
analyses targeted matters of inverse causality as well as long
follow-up periods, ensuring a link between exposure and outcome.
Replicating this study, using the LWB-I in different samples could
provide external validation of this measure and give insights into
the robustness of the tool; however, these require a thorough
description of these described associations. The strengths of our
study include the longitudinal and prospective design that reduces
the risk of bias due to reverse causality. We have conducted a wide
array of sensitivity analyses to test the robustness of our results and
the LWB-I to shed light around alternative explanations for the
association between unhealthy lifestyles and increased risk of
incident depression.

Overall, multicomponent lifestyle interventions could poten-
tially help manage depressive symptoms; for this purpose, a
personalized assessment of lifestyle measures is required to
potentially reduce the risk of incident depression.14,19,23 With the
LWB-I, a quantitative assessment of lifestyles, we observed a lower
relative risk of incident depression in participants assigned to the
transition and excellent LWB groups. Both were characterized by
lower magnitudes of CVD and metabolic risk factors (two proin-
flammatory conditions), suggesting that habits and perceived
health status measured by the LWB-I are also associated with
depression risk.



Table 1
Description of the sample according to the LWB-I items and categories at baseline (N ¼ 10,063).

Characteristics Poor LWB (<80 points) Transition LWB (80e86 points) Excellent LWB (>86 points) P valuea

n (%) 2631 (26.2) 3173 (31.5) 4259 (42.3)
Sex, female (%) 69.1 62.0 52.9 <0.001
Age (years) 36.9 (10.8) 38.1 (11.6) 37.4 (11.4) <0.001
BMI (kg/m2) 23.4 (3.6) 23.3 (3.4) 23.3 (3.1) 0.540

Underweight (<18.5; %) 3.2 3.2 3.0 <0.001
Normal weight (18.5e24.9; %) 63.6 63.9 66.8
Overweight (25.0e29.9; %) 26.7 27.6 27.0
Obesity (>30.0; %) 6.5 5.3 3.2

Family history of diseasesb (%) <0.001
None 35.0 36.9 39.4
1 44.2 43.1 44.2
2 20.8 20.0 16.4

Pre-existing diseasesb (%) <0.001
None 68.6 68.6 75.2
1 24.2 25.0 21.7
2 7.2 6.4 3.1

Smoking status (%) <0.001
Never 48.6 47.0 55.2
Current 28.2 26.9 21.5
Former 23.2 26.1 23.3

Insomnia (%) <0.001
Never 26.6 31.5 53.2
Rarely 51.0 52.5 42.2
Yes 22.4 16.0 4.6

Physical activity (METs-h/week) 18.5 (3.6) 20.8 (21.1) 25.0 (5.7) <0.001
Fruits þ vegetables (servings/day) 4.8 (2.9) 4.7 (2.8) 5.0 (3.3) <0.001
Added sugarsc (total servings) 2.0 (1.9) 2.0 (1.8) 1.9 (1.7) 0.007

None 3.8 4.0 4.7 <0.001
<1/day 92.1 92.2 92.8
>1/day 4.1 3.8 2.5

BMI, body mass index; LWB-I, Lifestyle and Well-Being Index.
Data are presented as unadjusted means (SD) or percentages for categorical data.
Units of measurement are presented along with each variable.
Prior assessment of data distribution of continuous variables was analyzed using tests for normality and graphical means.

a P-values were obtained using Chi-squared distribution for categorical variables and one-way analyses of variance for continuous variables.
b Identifies the number of diseases present for each subject. Diseases include diabetes, hypertension, and hypercholesterolemia.
c Pooled analysis of standard servings of sodas including products labeled as “low calorie” (200 cc), sugar (10 g), and marmalade (10 g), and honey were included.

Table 2
Relative risk of incident depression, antidepressant therapy initiation, and incident depression accompanied by antidepressant therapy (hazard ratios and 95% CI) according to
the categories of the LWB-Index among participants of the SUN cohort.

LWB-Index categoriesa P trendb

Outcomes Poor LWB Transition LWB Excellent LWB

Incident depression (N) 2631 3173 4259
Number of cases 133 101 85
Person-years 23,950 29,561 40,154
Crude model 1.00 (Ref) 0.62 (0.48e0.80) 0.38 (0.29e0.51) <0.001
Multivariate model 1c 1.00 (Ref) 0.64 (0.49e0.83) 0.40 (0.30e0.52) <0.001
Multivariate model 2d 1.00 (Ref) 0.67 (0.52e0.87) 0.44 (0.33e0.58) <0.001

Antidepressant therapy
Total cases (n ¼ 283)
Crude model 1.00 (Ref) 0.53 (0.41e0.70) 0.28 (0.20e0.37) <0.001
Multivariate model 1c 1.00 (Ref) 0.54 (0.42e0.71) 0.33 (0.24e0.45) <0.001
Multivariate model 2d 1.00 (Ref) 0.58 (0.45e0.77) 0.32 (0.24e0.45) <0.001

Incident depression and antidepressant therapy
Total cases (n ¼ 106)
Crude model 1.00 (Ref) 0.56 (0.37e0.87) 0.21 (0.12e0.35) <0.001
Multivariate model 1c 1.00 (Ref) 0.58 (0.38e0.90) 0.22 (0.13e0.38) <0.001
Multivariate model 2d 1.00 (Ref) 0.63 (0.41e0.93) 0.26 (0.15e0.44) 2<0.001

CI, confidence interval; HR, hazard ratio; LWB-I, Lifestyle and Well-Being Index.
a LWB-I scores (0e100 points) categorized as poor LWB (<80 points), transition LWB (80e86 points), and excellent LWB (>86 points).
b Test for lineal trend calculated for the three categories of LWB-I.
c Adjusted for working hours-day, cigarette packs-year, alcohol consumption (excluding wine), and total daily energy intake.
d Same adjustments as model 1 and additionally: supplement intake, level of competitiveness, psychological tension, and dependence.

O. Pano, C. Say�on-Orea, M.S. Hershey et al. Public Health 220 (2023) 165e171

169



Table 3
Sensitivity analyses: relative risk of incident depression (hazard ratios and 95% CI) according to the categories of the LWB-Index among participants using alternative ex-
clusions and follow-up times.

Sensitivity Analysis Total cases Person-yearsa LWB-Index categoriesb P trendc

Poor LWB Transition LWB Excellent LWB

N 2631 3173 4259
1. Narrowed diagnostic window (between 6th and 10th year of FU)d 214 83,810 1.00 (Ref) 0.73 (0.53e1.00) 0.51 (0.36e0.71) <0.001
2. Including participants with prevalent chronic diseasesd 344 99,389 1.00 (Ref) 0.66 (0.51e0.84) 0.44 (0.34e0.57) <0.001
3. Including participants with prevalent use of antidepressantsd 331 95,756 1.00 (Ref) 0.68 (0.52e0.87) 0.46 (0.35e0.60) <0.001

CI, confidence interval; FU, follow-up; HR, hazard ratio; LWB-I, Lifestyle and Well-Being Index.
a Person-years for the entire sample.
b LWB-I scores (0e100 points) categorized as poor LWB (<80 points), transition LWB (80e86 points), and excellent LWB (>86 points).
c Test for lineal trend calculated for the three categories of LWB-I.
d Estimates are adjusted for working hours-day, cigarette packs-year, alcohol consumption (excluding wine), total daily energy intake, supplement intake, level of

competitiveness, psychological tension, and dependence.

Fig. 2. NelsoneAllen curves for incident depression (percentage) and the LWB-I. Adjusted with inverse probability weighting method.
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Conclusion

In a sample of Spanish university graduates, good health and
well-being based on an assessment of lifestylesdaccording to the
LWB-Idwas significantly and inversely associated with the risk of
subsequent depression. Using this index, individuals who were
categorized into the “excellent” and “transitioning” LWB-I groups
showed lower rates of incident depression and lower rates of an-
tidepressant initiation, all compared with their unhealthy
counterparts.
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