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Abstract

Background

Cardio-vascular disease and depression are thought to be closely related, due to shared

risk factors. The aim of the study was to determine the association between cardio-vascular

risk (CVR) factors and depressive status in a population (55–75 years) with metabolic syn-

drome (MetS) from the PREDIMED-Plus trial.

Methods and findings

Participants were classified into three groups of CVR according to the Framingham-based

REGICOR function: (1) low (LR), (2) medium (MR) or (3) high/very high (HR). The Beck

Depression Inventory-II (BDI-II) was used to assess depressive symptoms at baseline and

after 2 years. The association between CVR and depressive status at baseline (n = 6545),

and their changes after 2 years (n = 4566) were evaluated through multivariable regression

models (logistic and linear models). HR women showed higher odds of depressive status

than LR [OR (95% CI) = 1.78 (1.26, 2.50)]. MR and HR participants with total cholesterol

<160 mg/mL showed higher odds of depression than LR [OR (95% CI) = 1.77 (1.13, 2.77)

and 2.83 (1.25, 6.42) respectively)] but those with total cholesterol�280 mg/mL showed

lower odds of depression than LR [OR (95% CI) = 0.26 (0.07, 0.98) and 0.23 (0.05, 0.95),

respectively]. All participants decreased their BDI-II score after 2 years, being the decrease

smaller in MR and HR diabetic compared to LR [adjusted mean±SE = -0.52±0.20, -0.41

±0.27 and -1.25±0.31 respectively). MR and HR participants with total cholesterol between

240–279 mg/mL showed greater decreases in the BDI-II score compared to LR (adjusted

mean±SE = -0.83±0.37, -0.77±0.64 and 0.97±0.52 respectively).

Conclusions

Improving cardiovascular health could prevent the onset of depression in the elderly. Diabe-

tes and total cholesterol in individuals at high CVR, may play a specific role in the precise

response. International Standard Randomized Controlled Trial (ISRCTN89898870).

Introduction

Cardiovascular disease (CVD) is the main cause of mortality worldwide [1], and increases dra-

matically with increasing age in both men and women. Additionally, there are clear male-
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estrategic de recerca i innovació en salut (PERIS),”
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female differences in cardiovascular system changes at older ages that may influence sex differ-

ences in CVD progression and outcome [2]. CVD and depression are thought to be closely

related, due to similar risk factors, including inflammation and oxidative stress, among other

factors, the key links amongst them [3]. Depression is the most prevalent of the mental ill-

nesses, and it has been estimated to be the main cause of disability by 2030 [4]. Depressive dis-

orders are more prevalent I women than in men, with a 2-fold increase in the probability of

suffering from depression across a variety of nations, cultures, and ethnicities [5].

Although it has been shown that depression could be a risk factor for CVD [6,7], studies sit-

uating cardiovascular risk (CVR) as risk factor for developing depression are scarce [8]. Some

studies have investigated cardiovascular health index on depression onset [9,10], in young

adults [11] or in middle age populations. On the other hand, depressive disorders among CVD

patients are still under-recognized and under-treated, particularly in women [12].

The association CVD and depression is thought to be mediated by the so-called metabolic

syndrome (MetS). It has been suggested that prevention and treatment of MetS may be impor-

tant for the prevention of depressive symptoms in middle aged and older adults aged 65 and

70 years [13]. In this sense, studies investigating the role of CVR factors in older adults suffer-

ing of MetS are needed to determine their relative importance on depression onset.

The objective of this study was to investigate the association between cardio-vascular risk

(CVR) factors and depressive status in a population (55–75 years) with metabolic syndrome

(MetS) from the PREDIMED-Plus trial.

Methods

Study design

In this sub-study of the PREDIMED-Plus trial, we analyzed the variables of interest as an

observational longitudinal cohort. The PREDIMED-Plus study is an ongoing 6-year multicen-

ter, randomized, parallel-group and primary prevention trial conducted in Spain. The aim of

the trial is to assess the effect of an intensive weight loss intervention program based on an

energy-restricted traditional Mediterranean diet, physical activity promotion behavioral sup-

port, on clinical cardiovascular events, compared to usual care and dietary counselling inter-

vention only with energy unrestricted Mediterranean Diet (control group). The study protocol

includes more detailed information and is available at the website https://www.predimedplus.

com/ and in previous publications [14]. The database used in this study was updated on June

26th, 2020.

Ethics approval

The study is conducted in accordance with the principles of the Declaration of Helsinki. The

respective Institutional Review Board (IRB) of all study centers approved the study protocol.

The trial was registered at the International Standard Randomized Controlled Trial in 2014

(ISRCTN89898870). All participants provided written informed consent.

Participants and data collection procedures

The study participants were men (55–75 y) and women (60–75 y) with either overweight or

obesity (body mass index (BMI)�27 kg/m2 or<40 kg/m2), suffering from MetS and not pre-

senting at baseline neither cardiovascular disease, nor other neurological or endocrine dis-

eases. From the 6874 participants enrolled, those lacking information about dietary intake or

with values for total energy intake beyond predefined limits at baseline (<800 kcal/day or

>4000 kcal/day for men;<500 kcal/day or >3500 kcal/day for women) [15] were excluded
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(n = 227). Participants lacking any of the variables needed for Framingham-based REGICOR

CVR calculation (n = 86), and those who did not complete the Beck Depression Inventory-II

(BDI-II) questionnaire at baseline (n = 16) were also excluded, remaining 6545 participants

for the cross-sectional analysis. In addition, participants with no data for the BDI-II question-

naire after 2 years (n = 1382) and those whose BDI-II score was�18 at baseline (n = 597),

were excluded, remaining 4566 participants for the longitudinal analysis (Fig 1).

Cardiovascular risk calculation

Individual CVR was calculated from the Framingham-based REGICOR tables validated for

the Spanish population [16]. These tables classify individual CVR into 4 categories (low,

medium, high, and very high) according to age, sex, smoking habit, diabetes status, levels of

total cholesterol, systolic blood pressure, and diastolic blood pressure. Individual CVR

obtained from the tables was adjusted according to HDL-cholesterol values [16]. Afterwards,

participants were divided into 3 groups of CVR: low (LR, CVR<5%), moderate (MR, CVR

5–9%) and high/very high (HR, CVR�10%). In addition, participants presenting at least one

of the following circumstances: LDL-cholesterol�240 mg/dL, SBP�180 mm Hg and/or

DBP�110 mm Hg, or both, were included in the HR group [17].

Fig 1. Flow chart for the analysis of cardiovascular risk and depression in the PREDIMED-PLUS trial. CVR, cardiovascular risk; BDI-II,

Beck Depression Inventory-II.

https://doi.org/10.1371/journal.pone.0265079.g001
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Outcome assessment

Trained PREDIMED-Plus staff collected individual information about depressive status using

the BDI-II questionnaire previously validated in the Spanish population, at baseline and at 2

years of follow-up. BDI-II is composed by 21 questions, each of them with four possible

answers sorted according to symptoms severity. Scores ranges from 0 to 63 points [18]. In the

present analysis, our dependent variables were depressive status, BDI-II score and changes in

depressive symptomatology. A depressive status (qualitative dichotomic variable) was consid-

ered when BDI-II score was of 18 or higher [19]. Changes in depressive symptomatology after

2 years of follow-up (quantitative variable) were obtained as the difference of the 2-year fol-

low-up BDI-II score minus the baseline BDI-II score.

Covariate assessment

At baseline and once yearly, trained staff collected information about socioeconomic and life-

style factors including sex, age, body mass index (BMI), waist-hip ratio (WHR), educational

level (primary school, secondary school, and higher education), civil status (married,

divorced/separated, widow, single) whether they lived alone or not and employment status

(active, retired, housewife, other). Other lifestyle variables such as smoking habit, sleep dura-

tion (hours per day) and physical activity were also recorded. Leisure-time physical activity

was assessed using the short form of the Minnesota Leisure Time Physical Activity Question-

naire validated in Spain [20,21] including questions to collect information about types of phys-

ical activity, their frequency (number of days), and duration (min/day). Leisure-time activities

were computed by assigning a metabolic equivalent score to each activity, multiplied by the

time spent for each activity and summing up all activities. The intensity was assigned based on

the compendium of physical activity [22]. Finally, personal history of chronic diseases (hyper-

tension, dyslipidemia, and type 2 diabetes) was collected from the participants’ medical rec-

ords [14].

Statistical analysis

For this study, we used the latest PREDIMED-Plus baseline database, which was available in

June 2020. Multivariable logistic regression models were used in order to assess the relation-

ship between the REGICOR calculated CVR (and its components: sex (male/female), smoking

habit (smoker/non-smoker), diabetes status (diabetes/no diabetes), level of total cholesterol

(<160, 160–199, 200–239, 240–279 and>280 mg/dL), systolic blood pressure (<120, 120–

129, 130–139, 140–159 and>160 mmHg), and diastolic blood pressure (<80, 80–84, 85–89,

90–99 and >100 mmHg)), with the prevalence of depressive status (qualitative dichotomic

variable: depressive, when BDI-II score�18; non-depressive when BDI-II score <18) at base-

line. Odds Ratios (OR) and their 95% Confidence Intervals (CI) were calculated, considering

LR as the reference category.

Multivariable linear regression models were used to investigate the associations between

the the REGICOR calculated CVR (and its components) with BDI-II scores and with their

2-year changes (quantitative variables). Means, β-coefficients and their 95% CI were

calculated.

To control for potential confounding factors, the results were adjusted for the several socio-

demographic and lifestyle variables mentioned previously, including the allocation group and

center of recruitment at a significance level of p<0.05.

Significance level was established at 0.05 for all analyses. Data were analyzed using Stata

(15.0, StataCorp LP, Tx. USA).
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Results

Participant characteristics at baseline according to CVR

Baseline characteristics of the 6545 participants according to CVR categories are presented in

Table 1.

The percentages of participants with LR, MR and HR CVR were 32.7%, 53.0% and 14.3%

respectively. The percentage of women was inversely associated with CVR. More than 90% of

the participants in all CVR categories presented a waist-hip ratio (WHR) higher than recom-

mended (WHR� 0.95 for men and WHR�0.85 for women), increasing with CVR. Most par-

ticipants were classified as being “less active” across CVR risk groups, with less than 20% of

participants reporting being active, independent of their CVR. Around 50% of the participants

in each CVR category had received only primary education. Most of the participants (more

than 70% in all CVR categories) were married, and this percentage increased with increasing

CVR (from 74.9% to 82.7% for LR and HR respectively). For all CVR categories, more than

50% of the participants were retired, increasing the percentage with CVR (from 50.2% in LR to

68.1% in HR). Sleeping hours were the highest for HR participants.

Cross-sectional associations between CVR components and depressive

status

The associations between the individual components of CVR (sex, smoking habit, diabetes sta-

tus, level of total cholesterol, systolic blood pressure, and diastolic blood pressure), and depres-

sive status (depressive if BDI-II�18) are shown in Table 2. Sex (women), smoking and the

presence of diabetes were directly associated with depression [OR (95% CI) = 2.86 (2.33, 3.50),

1.38 (1.09, 1.76) and 1.39 (1.17, 1.66), respectively].

Cross-sectional associations between CVR and depressive status

The associations between cardiovascular risk levels (LR, MR and HR) and depressive status

(depressive if BDI-II�18), stratified by CVR factors is presented in Table 3(a). No associations

were found for CVR levels and depressive status. However, when CVR was analyzed according

to the distribution of each CVR component (sex, smoking habit, diabetes, level of total choles-

terol, systolic and diastolic blood pressure), CVR level was directly associated with depressive

status in women at HR compared to LR [OR (95% CI) = 1.78 (1.26, 2.50)] at baseline. MR and

HR participants with low levels of total cholesterol (<160 mg/mL) showed higher odds of

depression compared to LR [OR (95% CI) = 1.77 (1.13, 2.77) and 2.83 (1.25, 6.42) respectively].

On the contrary, MR participants presenting cholesterol levels of 240–279 mg/mL showed

lower odds of depressive status compared to LR [OR (95% CI) = 0.50 (0.28, 0.93)], being even

lower in MR and HR participants with higher cholesterol levels (�280 mg/mL) [OR (95% CI)

= 0.26 (0.07, 0.98) and 0.23 (0.05, 0.95) respectively].

Cross-sectional associations between CVR and BDI-II score

The associations between CVR and BDI-II score stratified by CVR factors is presented in

Table 3(b). HR and MR women presented higher means of BDI-II score compared to LR

women (adjusted mean±SE = 10.4±0.19, 11.8±0.49 and 9.75±0.22 respectively). MR partici-

pants with low levels of total cholesterol (<160 mg/mL) also showed higher means of BDI-II

score compared to LR with the same level of total cholesterol (adjusted mean±SE = 8.95±0.38

and 7.75±0.30 respectively).
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Longitudinal associations between CVR at baseline and changes in BDI-II

score after 2 years of follow-up

No associations were found between CVR and changes in BDI-II score (BDI-II score after 2

years, minus BDI-II score at baseline) after 2 years of follow up (Table 4). However, when the

results were stratified according to CVR components, some statistically significant associations

Table 1. Baseline characteristics of the study participants.

CVRa LR n = 2141 MR n = 3467 HR n = 937 P value
BDI_II�18b (%) 12.9 11.6 10.8 0.163
BDI-II (mean ± SD) 8.6 ± 7.6 8.4 ± 7.4 8.3 ± 7.5 0.353
Sex, women (%) 58.9 47.7 27.6 <0.001
Age y, (mean ± SD) 65.2 ± 4.9 65.6 ± 4.9 66.6 ± 4.8 <0.001
BMI (mean ± SD) 32.4 ± 3.4 32.6 ± 3.5 32.6 ± 3.4 0.057
<30 (%) 28.3 25.4 24.8 0.096
�30, <35 (%) 48.4 49.5 49.6

�35 (%) 23.2 25.2 25.6

WHR (mean ± SD) 0.97 ± 0.08 0.98 ± 0.08 1.01 ± 0.07 <0.001
Above recommendedc 91.4 93.1 95.2 0.001

Physical activity (%)

Less active 64.0 63.8 70.4 0.070
Moderately active 16.5 17.4 11.3

Active 19.5 18.8 18.3

Educational level (%)

Tertiary school 23.2 21.3 20.6 0.011
Secondary school 26.3 29.7 32.0

Primary school 50.5 49.1 47.4

Marital status (%)

Married 74.9 76.3 82.7 <0.001
Widowed 10.9 10.9 7.1

Divorced/separated 8.1 7.9 6.0

Single 6.0 4.9 4.2

Living alone (%) 13.1 13.0 7.9 <0.001
Employment status (%)

Active 22.6 20.3 16.0 <0.001
Retired 50.2 56.4 68.1

Housewife 17.0 14.8 9.4

Others 10.2 8.5 6.5

Sleep, h (mean ± SD) 6.7 ± 1.25 7.0 ± 1.22 7.2 ± 1.25 <0.001
7–8 h/night (%) 55.7 59.1 59.7 0.008
Less than 7 h/night (%) 35.4 31.84 29.6

More than 8 h/night (%) 9.0 9.0 10.7

Values are given as mean ± SD for continuous variables and as percentages for categorical variables. ANOVA test was performed for continuous variables and Pearson’s

chi-square test for categorical variables.
a Cardiovascular risk calculated by using REGICOR score: <5% (Low, LR), 5 to 9% (Moderate, MR),�10% (High and very high, HR) risk of suffering of a

cardiovascular event in 10 years’ time.
b Beck Depression Inventory-II (BDI-II). The participant is considered to suffer of depression when getting a score of 18 or higher.
c For men, values of 0.95 or higher; for women, values of 0.85 or higher

Abbreviations: CVR, cardiovascular risk; BMI, body mass index (kg/m2); WHR, waist hip ratio.

https://doi.org/10.1371/journal.pone.0265079.t001
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were found. All individuals with diabetes lowered their BDI-II score after 2 years of follow up,

being this decrease lower in MR and HR than in LR diabetic individuals (adjusted mean±SE =

-0.52±0.20, -0.41±0.27 and -1.25±0.31 respectively). Moreover, HR participants with low levels

of HDL-cholesterol levels (<35 mg/mL) showed a smaller decrease in BDI-II score compared

to LR participants (mean±SE = -0.56±0.33 and -2.00±0.50 respectively). On the contrary, MR

and HR participants presenting high total cholesterol levels (240–279 mg/mL) decreased their

BDI-II score after 2 years of follow up, compared to LR participants, which did not decrease it

(adjusted mean±SE = -0.83±0.37, -0.77±0.64 and 0.97±0.52 respectively).

When all participants, independently of their baseline depressive status, were included in

the analysis (S1 Table), the magnitude of the changes in BDI-II score observed after 2 years of

follow up was higher, with a significant difference in depressive score reduction between HR

Table 2. Association between CVR components� and depressive status (BDI-II�18) in the PREDIMED-PLUS trial.

CVR components Model 1 P value Model 2 P value
Sex

Men 1 (Ref.) -

Women 2.86 (2.33, 3.50) <0.001 -

Smoking

Non-smokers 1 (Ref.) -

Smokers 1.38 (1.09, 1.76) 0.008 -

Diabetes

Non diabetes 1 (Ref.) -

Diabetes 1.39 (1.17, 1.66) <0.001 -

Cholesterol (mg/dl)

<160 1 (Ref.) 1 (Ref.)

160–199 0.89 (0.70, 1.14) 0.369 0.88 (0.68, 1.13) 0.300
200–239 1.05 (0.81, 1.37) 0.702 1.01 (0.77, 1.12) 0.950
240–279 0.78 (0.55, 1.10) 0.154 0.78 (0.54, 1.12) 0.544
�280 1.31 (0.80, 2.16) 0.285 1.32 (0.79, 2.20) 0.788

HDL-Cholesterol (mg/dl)

60–130 1 (Ref.) 1 (Ref.)

35–59 1.19 (0.89, 1.49) 0.113 1.21 (0.97, 1.50) 0.098
1–34 1.26 (0.87, 1.81) 0.227 1.26 (0.87, 1.83) 0.225

Systolic blood pressure (mmHg)

<120 1 (Ref.) 1 (Ref.)

120–129 0.82 (0.62, 1.09) 0.177 0.84 (0.63, 1.12) 0.228
130–139 0.83 (0.63, 1.09) 0.173 0.85 (0.64, 1.12) 0.640
140–159 0.76 (0. 57, 1.01) 0.055 0.78 (0.58, 1.03) 0.583
�160 0.74 (0.52, 1.07) 0.111 0.73 (0.51, 1.06) 0.506

Diastolic blood pressure (mmHg)

<80 1 (Ref.) 1 (Ref.)

80–84 1.19 (0.96, 1.48) 0.117 1.19 (0.96, 1.48) 0.120
85–89 1.33 (1.03, 1.70) 0.028 1.32 (1.02, 1.70) 0.033
90–99 0.96 (0.72, 1.30) 0.716 0.98 (0.73, 1.33) 0.912
�100 1.50 (0.90, 2.51) 0.901 1.47 (0.87, 2.48) 0.148

� According to the Framingham-based REGICOR CVR function. Results are presented as OR and 95% CI for prevalence of depression (BDI-II>18). Model 1: Adjusted

for CVR components, recruitment center, marital status, educational level, employment status and sleeping hours. Model 2: (total and HDL cholesterol variables):

Additionally, adjusted for statin treatment for variables. Model 2 (systolic and diastolic blood pressure variables): Additionally, adjusted for antihypertensive therapy.

https://doi.org/10.1371/journal.pone.0265079.t002
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Table 3. Association between cardiovascular risk and a) depressive status (BDI-II�18) and b) BDI-II score, in the PREDIMED-PLUS trial, stratified by CVR fac-

tors, at baseline.

CVRa a) CARDIOVASCULAR RISK AND DEPRESSIVE STATUS b) CVR AND BDI-II SCORE

[OR (95% CI)] [Mean±SE, β-coef. (95% CI)]

LR MR HR LR MR HR

All participants 1 (Ref.) 0.97 (0.82, 1.15) 1.02 (0.79, 1.31) 8.45±0.16 8.46±0.12 8.74±0.24

0 (Ref.) 0.01 (-0.38, 0.41) 0.28 (-0.03, 0.86)

P value 0.715 0.901 0.945 0.309
Men 1 (Ref.) 0.86 (0.62, 1.18) 0.87 (0.57, 1.32) 6.83±0.21 6.68±0.15 7.24±0.25

0 (Ref.) -0.15 (-0.67, 0.36) 0.41 (-0.24, 1.05)

P value 0.346 0.515 0.561 0.219
Women 1 (Ref.) 1.14 (0.92, 1.39) 1.78 (1.26, 2.50) 9.75±0.22 10.4±0.19 11.8±0.49

0 (Ref.) 0.67 (0.08, 1.26) 2.02 (0.95, 3.09)

P value 0.226 0.001 0.027 <0.001
Non-smokers 1 (Ref.) 0.93 (0.78, 1.11) 1.11 (0.84, 1.48) 8.44±0.16 8.42±0.13 8.79±0.29

0 (Ref.) -0.02 (-0.43, 0.39) 0.35 (-0.30, 1.00)

P value 0.431 0.464 0.931 0.295
Smokers 1 (Ref.) 1.20 (0.61, 2.34) 0.71 (0.34, 1.50) 9.08±0.76 8.86±0.37 8.40±0.44

0 (Ref.) -0.22 (-1.88, 1.45) -0.68 (-2.44, 1.09)

P value 0.596 0.372 0.795 0.4512
Non diabetes 1 (Ref.) 0.89 (0.73, 1.09) 0.59 (0.37, 0.93) 8.39±0.17 8.12±0.14 7.97±0.37

0 (Ref.) -0.28 (-0.72, 0.16) -0.43 (-1.24, 0.38)

P value 0.260 0.023 0.213 0.300
Diabetes 1 (Ref.) 1.07 (0.75, 1.53) 1.26 (0.84, 1.88) 8.80±0.39 9.19±0.24 9.30±0.32

0 (Ref.) 0.39 (-0.50, 1.29) 0.50 (-0.50, 1.49)

P value 0.718 0.258 0.388 0.329
Total colesterol (mg/dl)

<160 1 (Ref.) 1.77 (1.13, 2.77) 2.83 (1.25, 6.42) 7.75±0.30 8.95±0.38 9.68±0.96

0 (Ref.) 1.19 (0.23, 2.16) 1.93 (-0.05, 3.90)

P value 0.012 0.012 0.015 0.057
160–199 1 (Ref.) 0.88 (0.65, 1.18) 1.05 (0.70, 1.60) 8.27±0.25 8.02±0.19 8.47±0.36

0 (Ref.) -0.25 (-0.88, 0.37) 0.20 (-0.68, 1.08)

P value 0.395 0.801 0.427 0.659
200–239 1 (Ref.) 0.96 (0.70, 1.30) 0.66 (0.41, 1.08) 8.88±0.33 8.86±0.2 8.70±0.43

0 (Ref.) 0.01 (-0.78, 0.76) -0.18 (-0.25, 0.89)

P value 0.780 0.098 0.974 0.743
240–279 1 (Ref.) 0.50 (0.28, 0.93) 0.98 (0.46, 2.08) 8.87±0.53 8.18±0.39 9.44±0.65

0 (Ref.) -0.69 (-2.00, 0.62) 0.57 (-1.10, 2.25)

P value 0.028 0.955 0.300 0.501
�280 1 (Ref.) 0.26 (0.07, 0.98) 0.23 (0.05, 0.95) 11.34±1.33 10.54±1.01 8.43±1.21

0 (Ref.) -0.80 (-4.15, 2.53) -2.91 (-6.61, 0.79)

P value 0.047 0.042 0.634 0.112

Results are presented as a) OR and 95% CI for prevalence of depression (Beck-II score of 18 or higher) and b) adjusted means±SE and β-coefficients and 95% CI for

Beck-II score as continuous variable, according to CVR according to CVR (LR, n = 2141; MR, n = 3467; HR, n = 937). LR as the reference category. Adjusted for

recruitment canter, marital status, educational level, employment status and sleeping hours.
a Cardiovascular risk calculated by REGICOR score: <5% (Low, LR), 5 to 9% (Moderate, MR),�10% (High and very high, HR) risk of suffering of a cardiovascular

event in 10 years’ time.

https://doi.org/10.1371/journal.pone.0265079.t003
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Table 4. Longitudinal associations between baseline CVR and 2 years changes in BDI-II score in participants with

a BDI-II score<18 in the PREDIMED-PLUS trial at baseline.

CVRa LR MR HR

All participants Mean

change

±SE

-0.86±0.13 -0.76±0.10 -0.64±0.20

β-coef.

(95% CI)

0 (Ref.) 0.10 (-0.23, 0.42) 0.22 (-0.25, 0.68)

P value 0.560 0.366
Men Mean

change

±SE

-1.18±0.17 -0.87±0.12 -0.77±0.20

β-coef.

(95% CI)

0 (Ref.) 0.31 (-0.09, 0.71) 0.41 (-0.10, 0.92)

P value 0.130 0.115
Women Mean

change

±SE

-0.69±0.20 -0.62±0.17 0.18±0.48

β-coef.

(95% CI)

0 (Ref.) 0.08 (-0.44, 0.59) 0.87 (-0.14, 1.88)

P value 0.768 0.093
Non-smokers Mean

change

±SE

-0.84±0.13 -0.74±0.11 -0.52±0.24

β-coef.

(95% CI)

0 (Ref.) 0.10 (-0.23, 0.43) 0.32 (-0.23, 0.86)

P value 0.564 0.254
Smokers Mean

change

±SE

-0.93±0.65 -0.87±0.31 -1.13±0.36

β-coef.

(95% CI)

0 (Ref.) 0.06 (-1.35, 1.48) -0.19 (-1.69, 1.30)

P value 0.928 0.798
Non diabetes Mean

change

±SE

-0.78±0.14 -0.85±0.12 -1.03±0.31

β-coef.

(95% CI)

0 (Ref.) -0.07 (-0.43, 0.29) -0.26 (-0.93, 0.41)

P value 0.695 0.454
Diabetes Mean

change

±SE

-1.25±0.31 -0.52±0.20 -0.41±0.27

β-coef.

(95% CI)

0 (Ref.) 0.73 (0.01, 1.44) 0.84 (0.03, 1.65)

P value 0.048 0.042
HDL-cholesterol (mg/dl)

60–130 Mean

change

±SE

-0.45±0.22 -0.71±0.66 0.38±1.50

β-coef.

(95% CI)

0 (Ref.) -0.25 (-1.63, 1.12) 0.83 (-2.15, 3.81)

P value 0.718 0.584

(Continued)
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Table 4. (Continued)

CVRa LR MR HR

35–59 Mean

change

±SE

-0.96±0.17 -0.72±0.10 -0.70±0.24

β-coef.

(95% CI)

0 (Ref.) 0.24 (-0.16, 0.64) 0.27 (-0.32, 0.85)

P value 0.237 0.369
1–34 Mean

change

±SE

-2.00±0.50 -1.59±0.32 -0.56±0.33

β-coef.

(95% CI)

0 (Ref.) 0.41 (-0.76, 1.58) 1.44 (0.23, 2.65)

P value 0.490 0.020
Total cholesterol (mg/dl)

<160 Mean

change

±SD

-1.19±0.21 -0.35±0.29 -1.67±0.75

β-coef.

(95% CI)

0 (Ref.) 0.84 (0.12, 1.56) -0.48 (-2.02, 1.06)

P value 0.023 0.541
160–199 Mean

change

±SD

-0.75±0.20 -0.84±0.15 -0.53±0.30

β-coef.

(95% CI)

0 (Ref.) -0.09 (-0.60, 0.41) 0.23 (-0.49, 0.94)

P value 0.721 0.537
200–239 Mean

change

±SD

-0.17±0.30 -0.82±0.17 -0.68±0.36

β-coef.

(95% CI)

0 (Ref.) 0.35 (-0.29, 0.99) 0.49 (-0.41, 1.40)

P value 0.282 0.288
240–279 Mean

change

±SD

0.97±0.52 -0.83±0.37 -0.77±0.64

β-coef.

(95% CI)

0 (Ref.) -1.80 (-3.06, -0.53) -1.74 (-3.39, -0.10)

P value 0.006 0.038
�280 Mean

change

±SD

1.17±1.81 -1.85±1.14 0.12±1.49

β-coef.

(95% CI)

0 (Ref.) -3.02 (-7.57, 1.53) -1.05 (-6.28, 4.18)

P value 0.188 0.688

Results are presented as adjusted means±SE, together with β-coefficients and 95% CI with LR as the reference

category (0), for 2-year changes in depression symptomatology (BDI-II after 2 years of follow-up minus BDI-II score

at baseline), according to CVR (LR, n = 1497; MR, n = 2436; HR, n = 633). Adjusted by BDI-II score at baseline,

recruitment center, intervention group, marital status, educational level, employment status and sleeping hours.
a Cardiovascular risk calculated by REGICOR score: <5% (Low, LR), 5 to 9% (Moderate, MR),�10% (High and very

high, HR) risk of suffering of a cardiovascular event in 10 years’ time

https://doi.org/10.1371/journal.pone.0265079.t004
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and LR women (adjusted mean±SE = -0.51±0.47 and -1.89±0.20 respectively), HR vs. LR par-

ticipants with diabetes (adjusted mean±SE = -1.24±0.28 and -2.05±0.65 respectively) and

among HR vs. LR participants with very low HDL-cholesterol levels (<35 mg/dl) (adjusted

mean±SE = -1.02±0.35 and 2.68±0.51 respectively).

Results from the analysis of the BDI-II changes stratified by intervention group (an inten-

sive weight loss lifestyle intervention based on an energy-restricted Mediterranean diet, physi-

cal activity promotion, and behavioral support or a control group) and sex are presented in

Supporting information (S2 Table). All participants decreased their BDI-II score after 2 years

of follow up. However, the association between CVR and these changes were modified by the

intervention group (p-interaction = 0.002). Participants in the control group showed an

inverse relationship between CVR and the decrease in BDI-II score (-0.73±0.18, -0.49±0.14

and -0.07±0.29 for LR, MR and HR respectively), whereas participants in the intervention

group showed a more direct relationship with CVR with those participants at HR showing the

highest decrease in depressive symptoms after 2-years (-0.97±0.18, -1.07±0.14 and -1.26±0.27

for LR, MR and HR respectively). Furthermore, the decreases in BDI-II score were of a higher

magnitude in the intervention group compared to the control group. The same trend was

observed in men after stratification by sex. When only men were considered in the analysis, an

effect modification of dietary intervention in the association between CVR and depressive

symptoms reduction was detected (p-interaction CVR and intervention group <0.005). On

the other hand, no interaction between CVR group and intervention group was observed in

women. Both intervention and control groups showed an inverse relationship between CVR

and the decrease in BDI-II score in women, with this decrease being higher in women assigned

to the intervention group. When all participants were included in the analysis (S3 Table), the

magnitude of the changes in BDI-II score observed after 2 years of follow-up was higher.

Discussion

The present analysis was carried out within the PREDIMED-Plus trial as an observational pro-

spective cohort study, where participants classified at baseline as low, medium, and high/very

high CVR were followed for 2 years. Among women and participants with low levels of base-

line total cholesterol (<160 mg/mL), CVR was directly associated with depression. On the

contrary, among participants with elevated levels of total cholesterol CVR at baseline showed

an inverse association with the presence of depressive symptomatology. In the longitudinal

analysis, after two years of follow-up, BDI-II score decreased for all participants regardless of

the CVR level. However, participants at MR and/or HR presented smaller decreases in BDI-II

score after 2 years of follow up compared to LR participants when they presented diabetes or

low levels of HDL-cholesterol. In general, differences in BDI-II score after 2 years of follow up

were small, probably because we investigated participants without depression (with BDI-II

score lower than 18). In fact, when all participants were included in the analysis, the magnitude

of the changes in BDI-II score observed after 2 years of follow up was higher. Other studies

have also suggested that a higher load of cardiovascular risk factors without the presence of

CVD may imply a higher risk of depression. Thus, a higher predicted CVD risk was strongly

associated with a higher future incidence of depression, both in younger and older adults un

the SUN cohort [11]. Also, results from the cross-sectional and a longitudinal analysis of the

ELSA-Brazil study, where healthy adults were classified into poor, intermediate, and optimal

cardiovascular health [23], showed that poor cardiovascular health is associated with depres-

sion [10], and triples the risk of depression after almost 4 years of follow up [9] in otherwise

healthy adults. Furthermore, these effects were more pronounced in women and in partici-

pants younger than 55 years old. Altogether, the literature suggests cardiovascular metrics are
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associated with risk of depression. Based on the associations observed in the current findings

and the literature, it is coherent to think that CVD and depression may share either common

pathophysiological mechanisms or risk factors [24,25] or both.

Therefore, ameliorating cardiovascular health, by acting on the common pathophysiologi-

cal mechanisms and/or on the CVR factors, could decrease depression risk development.

Although the mechanisms explaining the link between CVD and depression are complex and

remain unclear, obesity, MetS, reduced insulin sensitivity, elevations in plasma homocysteine

levels, endothelial dysfunction, increased production of pro-inflammatory cytokines or a sin-

gle-nucleotide polymorphism in the BDNF gene (BDNFVal66Met) are plausible candidates

[11,26]. Very recently, the proprotein convertase subtilisin/kexin type 9 (PCSK9), has been

added to these candidates [27]. Of these, inflammation involving the immune system is

thought to be an important common mechanism of depression and heart disease [28,29], with

specific inflammatory cytokines or pathways being potential targets for the prevention and

treatment of the concurrent diseases [3]. In this regard, a limitation of the current analyses is

that data on inflammatory markers were not available in our study.

By finding shared molecular mechanisms, we can use tools for the prevention of both con-

ditions, such as the adoption of an anti-inflammatory dietary pattern together with a healthy

lifestyle to decrease inflammation may be used. In this sense, existing literature indicates that

food patterns with a high content in fruit and vegetables, olive oil, tree nuts, fish and whole

grains, and low in meats, meat products, commercial bakery products, trans fats, sugary des-

serts and sugar-sweetened beverages, such as the Mediterranean Diet, are associated with a

reduced risk of depression [30] and CVD [31]. In addition, to the anti-inflammatory effects of

the Mediterranean Diet, the effect that this diet exerts on depression has been linked to the

effects on gut microbiota through the gut microbiota-brain-axes [32]. There are many reasons

to support the biological plausibility that cardioprotective food patterns are also protective

against major depression, explained elsewhere [30]. In this sense, although both, intervention,

and control groups, showed a decrease in BDI-II score after 2 years of follow-up, the difference

was of higher magnitude for participants assigned to the intervention group and at high risk of

cardiovascular disease, especially among men. This suggests that the intervention is more

effective on depressive symptoms in those participants at higher CVR and would likely be less

effective on those with low risk factors.

Regarding shared cardiovascular and depression risk factors, we observed that the fre-

quency of having a BDI-II score equal to or higher than 18 varied depending on sex, being

higher in women than in men. Similarly to our results, it has been stated that women have

two-times the probability of suffering from depression than men, across a variety of nations,

cultures and ethnicities [5]. In addition, we found that this association was higher in women at

medium or high cardiovascular risk. Women also appear to be more strongly affected by psy-

chosocial stressors related to CVD and depression, including alterations in the hypothalamic–

pituitary–adrenal axis functioning and autonomic nervous system, as well as by direct and

indirect effects of chronic stress compared to men [33].

Although we did not find an association between total cholesterol levels and depression

(BDI-II score equal or higher than 18, we found that this variable could influence the associa-

tion of cardio-vascular risk with depression. Cholesterol is a core component of the central

nervous system, essential for the cell membrane stability and the correct functioning of neuro-

transmission [34]. It has been suggested that serum cholesterol levels may be positively associ-

ated with serotonergic receptor function [35]. Kaplan and colleagues proposed the cholesterol-

serotonin hypothesis after the finding of an inverse relationship between levels of serum cho-

lesterol and aggressive behavior [36]. This hypothesis suggests that low dietary cholesterol

intake leads to decreased central serotonergic activity. Low HDL-cholesterol has been
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associated with increased odds of new- onset depressive symptoms in participants aged 65–70

years [13] and it has been suggested that serum cholesterol levels [37], especially LDL-choles-

terol [38,39], are inversely correlated with depressive mood. It has been established that per-

sons with type 2 diabetes have both increased prevalence and incidence of depression relative

to persons without diabetes [40]. The pathophysiological mechanisms that could explain this

association include the psychological burden of being ill which may play an important role in

triggering anxiety and depression, structural changes in the brain or the use of anti-depressive

treatment [41].

Some potential limitations of our study need to be mentioned. Our participants were aged

between 55 and 75 years, were overweight or obese, and all met criteria for metabolic syn-

drome. Nevertheless, the lack of representativeness does not preclude the establishment of

associations [42]. Moreover, the follow-up time (2 years) could have been not enough to detect

changes of higher magnitude in depressive symptoms. In addition, data on co-medications

and specific drugs for depression or anxiety were not available. Finally, although all the results

were adjusted for a variety of major potential confounders, we cannot exclude the presence of

some unknown or unmeasured factors that could partly explain the reported results.

Strengths of the study are the large sample size, the population with consists of people of

both sexes, the adjustment for a wide array of potential confounders, the use of validated tools

to assess information and the ability to conduct both cross-sectional and longitudinal analyses.

The cross-sectional nature of the analyses carried out allowed us to detect an association

between CVR and depression, but as Bianco et al point out [43], the dilemma of the sense of

causality cannot be resolved. In this case, our hypothesis is that both problems share a com-

mon enteropathogenic basis, which would improve with improved diet and lifestyles; however,

it has not been possible to demonstrate that this occurs in the two years following the begin-

ning of the intervention.

In conclusion, high and very high cardiovascular risk was associated with depressive symp-

toms, especially in women. Moreover, the role of other factors such as total and HDL choles-

terol or the adherence to the Mediterranean diet in the association with cardiovascular risk

and depression deserves further research. Identification of CVR factors as early indicators of

depression development in older adults with overweight or obesity and metabolic syndrome

should be performed. Improving cardiovascular health could contribute to the prevention of

the onset of depression in this group of population.
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