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ARTICLE INFO ABSTRACT

Keywords: Objectives: To investigate the cross-sectional and prospective associations of lifestyle risk behaviors clustering
E)fercise with elevated depressive symptoms and to explore synergic prospective associations of different combinations of
Diet . lifestyle risk behaviors with subsequent depressive symptoms.

EZTESSIOH Study design: Prospective cohort study. Data on 31,190 middle-aged and older adults from waves 4 (2011) and 6

(2015) of the Survey of Health, Ageing and Retirement in Europe (SHARE) were used.

Main outcome measures: Elevated depressive symptoms were estimated using the EURO-D 12-item scale. Lifestyle
risk behaviors composing the cluster included physical inactivity, inadequate consumption of fruit and/or
vegetables, binge drinking, and tobacco smoking. Gender, age group, education, place of residence, country,
number of chronic diseases and body mass index were considered as confounders.

Results: With the exception of binge drinking, all lifestyle risk behaviors were associated with higher odds of
elevated depressive symptoms in cross-sectional and prospective analyses. The clustering of unhealthy lifestyle
behaviors was cross-sectionally associated with elevated depressive symptoms and the clustering of two [odds
ratio [OR]: 1.39; 95%CI: 1.28-1.51) and three or four (OR: 1.60; 95%CI: 1.38-1.85) were prospectively asso-
ciated with elevated depressive symptoms. There were no interactions between the pairs of behaviors in the
association with later elevated depressive symptoms.

Conclusions: Our findings support the need for interventions integrating multiple health behaviors to prevent
elevated depressive symptoms among middle-aged and older adults.

Mental health

1. Introduction

Depression is one of the leading causes of disability worldwide [1,2].
Depression is associated with a reduced life expectancy, which is caused
by the development of different comorbidities, such as cardiovascular
diseases [3,4]. Specifically among older adults, depression is a serious
health issue, as late-life depression is strongly associated with all-cause
and cardiovascular mortality [5]. The etiology of depression is multi-
factorial different genetic, environmental and behavioral factors can
contribute to its onset and development [4,6,7].

Among the health behaviors, dietary patterns, physical activity, to-
bacco smoking, and alcohol consumption are highlighted as important

factors in the development of depression [6,8]. Other than the individ-
ual association of each risk factor with depression, studies have found
that the clustering of multiple lifestyle behaviors is associated with later
elevated depressive symptoms [9,10]. Examining clusters of health be-
haviors is of special interest, as behaviors can moderate each other or
present additive effects in the association with later depressive symp-
toms. However, knowledge about this association among late
middle-aged and older adults is still lacking, especially using
multi-nation cohorts as some risk behaviors can be culture-dependent
[11-14]. Also, the analysis of the synergic prospective associations of
the lifestyle risk behavior combinations with later depressive symptoms
is still warranted.
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Table 1
Characteristics of the sample (n = 31,190).

Variables Categories n (%) or mean +
Baseline (Wave 4)
Gender Male 13,141 (42.1)
Female 18,049 (57.9)
Age group 50-64 15,568 (49.9)
65-79 13,055 (41.9)
80+ 2567 (8.2)
Education Low 12,472 (40.0)
Middle 12,151 (39.0)
High 6567 (21.1)
Number of chronic diseases n 1.69 + 1.49
Body mass index Kg/m? 271 +£1.14
Physical inactivity (< 1 day/week) No 26,799 (85.9)
Yes 4391 (14.1)
Daily consumption of fruits or vegetables Yes 24,098 (77.3)
No 7092 (22.7)
Binge drinking No 25,447 (81.6)
Yes 5743 (18.4)
Tobacco smoking No 25,602 (82.1)
Yes 5588 (17.9)
Clustering of unhealthy behaviors 14,977 (48.0)
1 10,827 (34.7)
2 4275 (13.7)
3-4 1111 (3.6)
Elevated depressive symptoms No 22,660 (72.7)
Yes 8530 (27.4)
Follow-up (Wave 6)
Elevated depressive symptoms No 22,468 (72.0)
Yes 8722 (28.0)

Note. Values are presented in absolute and relative frequencies or mean and
standard deviation.

Therefore, we aimed to investigate the cross-sectional and prospec-
tive associations of a lifestyle risk behavior clustering with depressive
symptoms, as well as to investigate the synergic prospective associations
of different lifestyle risk behaviors combinations with subsequent
depressive symptoms.

2. Methods
2.1. Sample

The present study used data from the Survey of Health, Ageing and
Retirement in Europe (SHARE) study. The SHARE project aims to
investigating different aspects of life after the age of 50 years, including
the assessment of physical and mental health outcomes, socioeconomic
factors, social networks and lifestyle behaviors [15]. SHARE has mul-
tiple waves for the present study, we used data from wave 4 (2011) and
wave 6 (2015) as the wave 6 was the most updated wave with

Table 2
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information on depressive symptoms for the complete sample. Austria,
Germany, Sweden, Spain, Italy, France, Denmark, Switzerland, Belgium,
Czech Republic, Poland, Portugal, Slovenia, and Estonia provided data
in both waves. 53,568 participants presented valid data for the variables
at wave 4 and 34,772 participated in both waves, but due to missing
data, our final sample included 31,190 participants (Austria = 2729;
Germany = 915; Sweden = 1286; Spain = 2250; Italy = 2183; France =
2908; Denmark = 1621; Switzerland = 2488; Belgium = 3225; Czech
Republic = 3231; Poland = 1104; Portugal = 1250; Slovenia = 1747;
Estonia = 4253). There were differences between the included and
excluded sample. The included sample presented a slightly higher pro-
portion of women (57.9% vs. 54.1%), highly educated participants
(Included: Low: 40.0%, Middle: 39.0%, High: 21.1% vs. Excluded: Low:
43.5%, Middle: 38.3%, High: 18.3%) and was slightly younger
(Included: 50-64y: 49.9%, 65-79y: 41.9%, 80+y: 8.2% vs. Excluded:
50-64y: 46.7%, 65-79y: 37.7%, 80+y: 15.7%). All measures were
self-reported through interviews conducted by trained staff. All the
procedures were approved by the local ethics committee in accordance
with the principles expressed in the Declaration of Helsinki.

2.2. Depressive symptoms

For depressive symptoms, we used the EURO-D scale. The scale is
composed of 12 dichotomic (yes or not) items, which inquire about
depressed mood, pessimism, suicidality, guilt, sleep, interest, irritability,
appetite, fatigue, concentration, enjoyment, and tearfulness. The final
score ranges between 0 and 12 and the adopted cut-off point for indi-
cating elevated depressive symptoms is >4. The questionnaire was
previously validated using samples of different European countries [16].
Even the questionnaire being developed and validated among older
adults, a previous study found only minor differences comparing with
the centre for Epidemiologic Studies of Depression among middle-aged
adults [17].

2.3. Lifestyle behaviors

Physical inactivity was estimated through questions asking about the
weekly frequency of moderate and vigorous physical activities. The
possible answers were: “more than once a week”, “once a week”, “up to
three times a month”, and “hardly ever or never”. We considered
physical inactivity to be those participants who reported no regular
moderate or vigorous physical activity (less than once a week). Fruit and
/ or vegetable consumption was assessed through a question asking
about the frequency of fruit or vegetable ingestion. Possible answers
were “less than once a week”, “once a week”, “twice a week”, “3-6 times
a week” or “every day”. We considered patients who reported
consuming fruits and / or vegetables less than once a day to have

Cross-sectional and prospective associations between different behaviors and elevated depressive symptoms.

Elevated depressive symptoms (wave 4)

Elevated depressive symptoms (wave 6)

Crude OR (95%CI) Adjusted OR (95%CI) Crude OR (95%CI) Adjusted OR (95%CI)
Physical inactivity
No Ref Ref Ref Ref
Yes 2.14 (2.00-2.29) 1.66 (1.55-1.78) 1.96 (1.82-2.10) 1.61 (1.50-1.74)
Daily consumption of fruits or vegetables
Yes Ref Ref Ref Ref
No 1.17 (1.10-1.24) 1.26 (1.19-1.35) 1.11 (1.05-1.19) 1.19 (1.11-1.27)
Binge drinking
No Ref Ref Ref Ref
Yes 0.71 (0.67-0.76) 1.02 (0.95-1.10) 0.76 (0.71-0.82) 1.01 (0.93-1.09)
Tobacco smoking
No Ref Ref Ref Ref
Yes 1.01 (0.94-1.07) 1.15 (1.07-1.23) 0.95 (0.89-1.02) 1.14 (1.06-1.22)

Note. Adjusted for gender, age group, education, country, number of chronic diseases and body mass index during wave 4. The adjusted prospective models also
included depressive symptoms during the baseline (wave 4). Abbreviation: OR, odds ratio; CI, confidence interval.
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Table 3
Joint associations of different lifestyle behaviors during wave 4 (2011/12) and
elevated depressive symptoms during wave 6 (2015).

Interactions

Joint OR (95% Multiplicative =~ RERI AP
associations CI)

Physical 0.92 —0.05 (-0.31 —0.03
inactivity + (0.78-1.08) -0.22) (-0.18 -
without daily 0.12)
consumption of
Fruits/
vegetables

No + No REF

Yes + No 1.63

(1.50-1.78)

No + Yes 1.17

(1.09-1.26)
Yes + Yes 1.76
(1.55-1.99)

Physical 0.93 —0.10(-0.42 —0.06
inactivity + (0.75-1.15) -0.22) (—0.28 -
Binge drinking 0.15)

No + No REF

Yes + No 1.63

(1.50-1.76)

No + Yes 1.02

(0.94-1.11)
Yes + Yes 1.55
(1.29-1.88)

Physical 1.07 0.18(-0.15- 0.10
inactivity + (0.88-1.29) 0.51) (—0.06 —
Tobacco 0.26)
smoking

No + No REF

Yes + No 1.59

(1.46-1.72)

No + Yes 1.11

(1.03-1.20)
Yes + Yes 1.89
(1.61-2.22)

Without daily 0.90 —-0.11(-0.29 -0.10
consumption of (0.77-1.06) -0.07) (-0.27 -
Fruits/ 0.07)
vegetables +
Binge drinking

No + No REF

Yes + No 1.21

(1.13-1.30)

No + Yes 1.02

(0.94-1.12)
Yes + Yes 1.12
(0.99-1.27)

Without daily 1.01 0.03(-0.16 -  0.02
consumption of (0.86-1.17) 0.22) (-0.12 -
Fruits/ 0.16)
vegetables +
tobacco
smoking

No + No REF

Yes + No 117

(1.09-1.26)

No + Yes 1.11

(1.02-1.21)
Yes + Yes 1.31
(1.17-1.47)

Binge drinking + 1.09 0.10 (-0.09-  0.08
tobacco (0.92-1.29) 0.28) (—0.07 -
smoking 0.23)

No + No REF

Yes + No 1.11

(1.03-1.21)

No + Yes 0.97

(0.89-1.06)
Yes + Yes 1.18
(1.04-1.35)

Note. Adjusted for gender, age group, education, country, number of chronic
diseases, depressive symptoms and body mass index during the wave 4. OR, odds
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ratio. CI, confidence interval. RERI, relative excess risk due to interaction. AP,
attributable proportion.

inadequate consumption. For binge drinking, participants were asked
“how often do you have six or more drinks on one occasion?”, with the
possible answers: “1) Daily or almost every day; 2) Five or six days a
week; 3) Three or four days a week; 4) Once or twice a week; 5) Once or
twice a month; 6) Less than once a month; 7) Not at all in the last 3
months”. We considering at least once a month as positive screening for
bing drinking.. Current tobacco smoking was also assessed and included
as a dichotomic variable (yes/no). We created a cluster variable
considering the sum of physical inactivity, inadequate consumption of
fruits and/or vegetables, binge drinking and tobacco smoking; these
were classified as either no lifestyle risk behaviors, one lifestyle risk
behavior, two lifestyle risk behaviors, and three or four lifestyle risk
behaviors.

2.4. Confounders

We considered gender, age group, education, living place, number of
chronic diseases and body mass index as confounders. Age groups were
classified as 50-64y, 65-79y, and 80-+y. Education was classified ac-
cording to the International Standard Classification of Education-97
codes (low education: codes 1 and 2, middle education: codes 3 and 4,
high education: codes 5 and 6). Place of living was classified as big city,
suburbs of a big city, large town, small town or rural area. Chronic
diseases included cardiovascular diseases, hypertension, cholesterol,
stroke, diabetes, lung disease, asthma, arthritis, osteoporosis, cancer,
ulcer, Parkinson’s disease, cataracts, hip femoral fracture, or others.
Body mass index was estimated using self-reported values of stature and
body mass.

2.5. Statistical procedures

Values of absolute and relative frequencies as well as mean and
standard deviation were used for descriptive statistics. Logistic regres-
sion models, reporting odds ratio (OR) and 95% confidence intervals
(CI) were used for the cross-sectional and prospective associations of
different lifestyle risk behaviors and elevated depressive symptoms as
well as for the cross-sectional and prospective association of lifestyle risk
behaviors clustering and elevated depressive symptoms. The multipli-
cative and additive interactions (using relative excess risk due to inter-
action — [RERI], and proportion of disease attributable to interaction
[AP]) were used to analyze the synergic prospective associations of
different lifestyle behaviors combinations with elevated depressive
symptoms. All analyses were conducted using the software Stata 15.1
(StataCorp, College Station, TX).

3. Results

The final sample included 31,190 adults (57.9% women). Table 1
shows the characteristics of the sample. There were 14.1% who pre-
sented physical inactivity (<1 day/week), 22.7% did not consume fruits
and/or vegetables daily, 18.4% presented binge drinking and 17.9%
reported to smoke tobacco. There were 28.0% of the participants who
showed elevated depressive symptoms during the follow-up.

The cross-sectional (exposures and outcome during wave 4 [2011])
and prospective associations (exposures at wave 4 and outcome at wave
6 [2015]) of each behavioral risk factor and elevated depressive symp-
toms are presented in Table 2. Physical inactivity (cross-sectional: OR:
1.66, 95%CI: 1.55-1.78; prospective: OR: 1.61, 95%CI: 1.50-1.74),
inadequate consumption of fruits and vegetables (cross-sectional: OR:
1.26, 95%CIL: 1.19-1.35; prospective: OR: 1.19, 95%CI: 1.11-1.27) and
tobacco smoking (cross-sectional: OR: 1.15, 95%CI: 1.07-1.23; pro-
spective: OR: 1.14, 95%CI: 1.06-1.22) were associated with higher odds
for elevated depressive symptoms.
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Elevated depressive symptoms during wave 4 Elevated depressive symptoms during wave 6

Clustering of unhealthy behaviors Clustering of unhealthy behaviors
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i i
00 05 10 15 20 25 00 05 10 15 20 25
Odds ratio (95% CI) Odds ratio (95% CI)

Fig. 1. Cross-sectional and prospective associations of the clustering of unhealthy behaviors and elevated depressive symptoms.

Note. Adjusted for gender, age group, education, country, number of chronic diseases and body mass index during wave 4. The adjusted prospective models also
included depressive symptoms during the baseline (wave 4). CI, confidence interval. Crude analyses: Clustering of unhealthy behaviors and elevated depressive
symptoms during wave 4: None = Ref, one unhealthy behavior: 1.18 (1.12-1.25), two unhealthy behaviors: 1.24 (1.15-1.34), three or four unhealthy behaviors: 1.38
(1.21-1.57). Clustering of unhealthy behaviors and elevated depressive symptoms during wave 6: None = Ref, one unhealthy behavior: 1.21 (1.15-1.28), two
unhealthy behaviors: 1.28 (1.18-1.38), three or four unhealthy behaviors: 1.31 (1.15-1.49).

Table 3 shows the joint prospective associations of different combi-
nations of health behaviors during wave 4 and elevated depressive
symptoms during wave 6. There were no additive neither multiplicative
interactions between the lifestyle behaviors in the prediction of elevated
depressive symptoms.

The cross-sectional and prospective associations between clustering
of unhealthy behaviors and elevated depressive symptoms are presented
in Fig. 1. The presence of one health behavior (cross-sectional: OR: 1.23,
95%CI: 1.16-1.31; prospective: OR: 1.22, 95%CI: 1.15-1.30), clustering
of two (cross-sectional: OR: 1.42, 95%CI: 1.30-1.54; prospective: OR:
1.39, 95%CI: 1.28-1.51), and three or four (cross-sectional: OR: 1.88,
95%CIL: 1.63-2.17; prospective: OR: 1.60, 95%CI: 1.38-1.85) were
associated with elevated depressive symptoms in both cross-sectional
and prospective analysis. In general, the combinations that included
physical inactivity presented higher odds for elevated depressive
symptoms (Supplementary Table A).

4. Discussion

We aimed to investigate whether the clustering of lifestyle behaviors
was prospectively associated with elevated depressive symptoms among
adults. Our main findings revealed that physical inactivity, inadequate
consumption of fruits or vegetables, and tobacco smoking were associ-
ated with current and later elevated depressive symptoms. Also, the risk
for elevated depressive symptoms increased with the increment of un-
healthy lifestyle behaviors in the cross-sectional and prospective ana-
lyzes. However, we found no interactions between specific pairs of
lifestyle behaviors in the association with later elevated depressive
symptoms.

Our findings are in line with previous studies about the association of
different lifestyle behaviors with elevated depressive symptoms among
older adults [4,6,8,9,18]. and the benefits of clustering healthy behav-
iors regarding depressive symptoms [9,10]. Both cross-sectional and
prospective associations showed a trend in the risk of elevated depres-
sive symptoms with the increment of unhealthy lifestyle behaviors, with
the clustering three or four lifestyle risk behaviors being associated with
higher odds of presenting elevated depressive symptoms than having
none one, or two. This finding is in line with the discussion of the
importance of integrating different lifestyle behaviors in the formulation
of policies aiming to prevent mental disorders [4]. However, important
differences were noted as binge drinking did not add risk for later
elevated depressive symptoms and physical inactivity was the main
unhealthy lifestyle behavior in our sample [10,19]. The binge drinking
indicator we adopted may include more participants than the previous
articles that used regular heavy drinking indicators, which could un-
derestimate the risk of developing high depressive symptoms. On the
other hand, we found that even the practice of low amounts of physical
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activity (i.e. at least one day/week) was associated with lower odds for
elevated depressive symptoms, which is in line with previous findings
regarding the dose-response association between leisure-time physical
activity and depressive symptoms [20,21].

Each risk factor can have different mechanisms connected to
depressive symptoms [22-26]. However, considering that there was a
trend in the risk for elevated depressive symptoms according to the
unhealthy lifestyle behaviors, some of the mechanisms may be shared by
the different lifestyle behaviors. Among the potentially shared mecha-
nisms, inflammation and oxidative stress are highlighted as a common
consequence of physical inactivity [27,28], poorer diet habits [23,29,
30], tobacco smoking [31,32] and binge drinking [33] and both
inflammation and oxidative stress are associated with the development
of depressive symptoms [29,34]. Therefore, the clustering of unhealthy
lifestyle behaviors could decrease the threshold for these conditions to
affect the risk of elevated depressive symptoms or even increase the risk
of depressive symptoms more intensely than expected based on the
simple sum of each unhealthy lifestyle’s individual effect behaviors.

Our study used a large cohort with four years of follow-up data on
middle-aged and older adults from different European countries. We
consider this as our main strength, especially considering the increased
prevalence of lifestyle risk behaviors in this age group. However, our
findings should be inferred in light of potential limitations. First, all
measures were self-reported, and even being widely used in previous
studies, the specific questions regarding lifestyle behaviors were not
validated in the SHARE cohort, which can contain recall bias. Second,
the assessment of fruit or vegetable intake and physical activity were
based solely on the weekly frequency and number of portions of fruits
and vegetables. Thus, the amount and intensity of physical activity,
along with portion size, were not available. Third, there was consider-
able missing data during all the waves [15], which can compromise the
representativity. Fourth, other potential confounders were not consid-
ered in the analyzes because data was not available (e.g. family history
of depressive disorders, anxiety disorders).

5. Conclusions

In summary, the clustering of unhealthy behaviors is cross-
sectionally and prospectively associated with elevated depressive
symptoms. Our findings lead to different implications as the need for
integrative interventions to tackle multiple health behaviors. Future
studies should investigate which mediators lifestyle behaviors share in
the association with elevated depressive symptoms, which could help
formulate intervention strategies. Furthermore, intervention strategies
should adopt a more comprehensive view of healthy behaviors to pre-
vent depressive symptoms.
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