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ABSTRACT 

Background: As part of a healthy diet, higher carotenoid intakes have been associated with a 

reduced risk of depression, mainly in adults, while prospective studies on plasma carotenoids 

in older adults are lacking. The aim of this study was to assess the prospective association 

between plasma carotenoids and the risk of Depressive Symptomatology (DS) in older adults. 

Methods: The study sample was based on the Three-City cohort of adults aged 65y+ free from 

DS at enrollment in 1999. Plasma carotenoids were measured at baseline. DS was assessed 

every 2-3 years over 17 years and defined by a Center for Epidemiologic Studies-Depression 

Scale score ≥16 and/or by antidepressant use. The association between plasma carotenoids or 

carotenoid/lipids (cholesterol and triglycerides) ratio and the risk for DS was assessed through 

multiple random-effect logistic regression. 

Results: The study sample was composed of 1,010 participants (mean age 74 y (+/- 4.9), 58% 

of women) followed-up during a median time of 13.4 years. Plasma zeaxanthin and ratios of 

zeaxanthin/lipids, lutein+zeaxanthin/lipids and β-carotene/lipids were independently associated 

with a significant reduced risk of DS over time (Odds ratio (OR)=0.81, 95% Confidence 

Interval (CI) [0.67;0.99], OR=0.79 [0.67;0.98], OR=0.79 [0.64;0.94] and OR=0.80 [0.66;0.97] 

for +1 standard deviation of each exposure respectively).  

Limitations: Plasma carotenoids were only available at study baseline. 

Conclusion: Focusing on circulating carotenoids and considering lipids levels, the present 

results suggested an association between higher levels of plasma zeaxanthin, combined 

lutein+zeaxanthin and β-carotene and a decreased risk of DS over time in older adults.  

Key words: Depressive symptomatology, plasma carotenoids, cohort, older adults, Three-City.  



INTRODUCTION 

Depression is a common mental disorder that affected more than 280 millions of people 

worldwide in 2019 (Feigin et al., 2021). In recent decades, an increased prevalence has been 

observed and exacerbated by the COVID-19 pandemic (Santomauro et al., 2021). Depression 

is characterized by a feeling of sadness often associated with anhedonia and by a set of 

secondary significant symptoms (including severe fatigue, feeling guilty and unworthy, loss of 

appetite, sleep disorders and suicidal thoughts) (Malhi and Mann, 2018). Older adults have a 

higher risk of depression compared with other age groups, somewhat in response to higher age-

related risk factors for depression, such as social isolation and loss of autonomy (Maier et al., 

2021; Solmi et al., 2022; Vink et al., 2008; Worrall et al., 2020). Antidepressant and 

psychotherapy are the two main existing therapeutic options for treating the depression. 

However, antidepressant treatments have side effects and add to the polymedication of older 

adults, leading to potential withdrawal of treatments (Dattani et al., 2021). Moreover, in older 

adults antidepressant seem to be effective in only 1 out of 2 treated patients (Gałecki et al., 

2022). Therefore, increasing research on preventive strategies is relevant to reduce the risk of 

depression in this vulnerable population. In this line, physical activity, good social support and 

a better self-rated health have already been identified as protective factors for 

depression (Worrall et al., 2020). Additionally, nutrition is a modifiable and lifelong exposure 

that also appears as a promising approach. Indeed, it has been observed that healthy dietary 

behaviors, including higher consumption of fruits and vegetables had beneficial effect on 

depression risk across several studies (Bardinet et al., 2022a; Lassale et al., 2019; Liu et al., 

2016; Psaltopoulou et al., 2013). Among main healthy nutrients provided by fruits and 

vegetables, carotenoids are natural pigments synthetized by plants and microorganisms (Kumar 

et al., 2021; Manochkumar et al., 2021). Less than 20 carotenoids out of >1,000 have been 

identified in human plasma, with α-carotene, β-carotene, lycopene, lutein, zeaxanthin and β-



cryptoxanthin representing >95% of the total plasma carotenoids (Kumar et al., 2021; 

Manochkumar et al., 2021). Higher carotenoid intakes have been associated with lower odds of 

depression or depressive symptomatology (DS) in several studies (Johnson et al., 2013; Lai et 

al., 2016; Milaneschi et al., 2012; Nguyen et al., 2017; Oishi et al., 2009; Payne et al., 2012). 

However, the generalization of such results was limited by the cross-sectional design of most 

studies, the short follow-up of the few longitudinal studies and the use of dietary assessment of 

carotenoids, biological assessment being an objective measure closer to their effective 

bioavailability. To our knowledge, only two prospective studies investigated the association 

between plasma carotenoids and depression in older adults (Lai et al., 2016; Milaneschi et al., 

2012). The first study observed a significant inverse association between plasma lutein and 

zeaxanthin and depressive symptoms in older men (Lai et al., 2016) and the second study 

reported that a higher plasma level of total carotenoids was associated with a reduced risk of 

depressive symptomatology (DS) in older adults (Milaneschi et al., 2012). These studies 

reported some associations but present methodological limitations, including the sample size, 

and the short duration. 

Therefore, the aim of the present study was to examine the prospective association between 

plasma carotenoids and carotenoid/lipids ratio (total carotenoids and each of the 6 main 

carotenoids) and the risk of DS in older men and women enrolled in the Three-City (3C) cohort, 

followed for up to 17 years.  

  



METHODS 

Study sample 

The study population was derived from the 3C cohort, a population-based cohort of 9,294 not 

institutionalized French individuals aged 65 years and over in 1999-2001. Community-dwelling 

participants were recruited from electoral lists of the three following French cities: 

Bordeaux (n=2,104), Dijon (n=4,931) and Montpellier (n=2,259). Every two to three years, 

face-to-face interviews were administered at home or in a study center until 2018 (up to 8 visits). 

Ethics approval was granted by the Advisory Committee for the Protection of Persons 

Participating in Biomedical Research of the Centre Hospitalier Universitaire of Kremlin-

Bicêtre and a free and informed consent was signed by each participant. The entire protocol and 

methodology of the 3C cohort have been previously detailed elsewhere (3C Study Group, 

2003).  

A case-control study nested in the 3C cohort was carried out from the biobank constituted at 

baseline (95% of participants accepted to have blood sampling) to investigate the relationship 

between some biological markers and 3 diseases including dementia (the design of the nested 

case-control study is detailed elsewhere (Berr et al., 2016)). In addition, for an ancillary study 

of 3C, ALIENOR study (Antioxydants, Lipides Essentiels, Nutrition et maladies OculaiRes), 

additional blood samples were analyzed in Bordeaux (Delcourt et al., 2010). Thus, the present 

study sample was based on participants from these Bordeaux and Montpellier 3C sub-cohorts 

as following:  

Eligible people were all participants i) with available information on plasma carotenoids, 

plasma lipids and an assessment of DS at baseline as ascertained by the Center for 

Epidemiological Studies-Depression (CES-D) scale (detailed further) and by their 



antidepressant use, ii) without prevalent DS at baseline, and iii) reviewed at least once during 

the follow-up and without missing data on DS incidence. 

Plasma carotenoids and lipids 

At baseline, fasting blood samples were collected through heparinized vacutainers, centrifuged 

at 1,000g for 15 minutes and stored (-80°C) until plasma biomarkers determination. The 

concentration of plasma carotenoids was assessed by high-performance liquid chromatography 

(HPLC) analytical methods developed at the R&D Analytical Research Center of DSM 

Nutritional Products Ltd (Feart et al., 2016). Plasma carotenoids measured (in μg/L convert into 

μmol/L) were the most common in humans: α-carotene, β-carotene and lycopene (from the 

carotene group) and lutein, zeaxanthin and β-cryptoxanthin, (from xanthophyll group) (Kumar 

et al., 2021). Total carotenoids, total carotenes, total xanthophylls and combined lutein and 

zeaxanthin were also calculated (as previously published (Feart et al., 2016; Merle et al., 

2021)). In addition, plasma lipid concentrations (i.e., triglycerides (TG) and total cholesterol 

(TC) in mmol/L) were also measured through routine enzymatic methods, centralized and 

performed by the Biochemistry Laboratory of the University Hospital of Dijon (Berr et al., 

2016). TG and TC are the main carotenoid carriers and have a significant role in the absorption 

and bioavailability of carotenoids (Bohn et al., 2021). Therefore, the carotenoid/lipids ratios 

(i.e. carotenoid/(TG+TC) ratios) were calculated for each carotenoid and for the total 

carotenoids, total carotenes, total xanthophylls and for combined lutein and zeaxanthin, and 

considered as additional relevant exposures. 

Depressive Symptomatology 

Depressive Symptomatology (DS) was measured with the CES-D scale, administered through 

interviews conducted by a neuropsychologist at each follow-up visit. This tool consists of 20 

items, each assessing the frequency of depressive symptoms during the previous week, from 



« never » to « always » (rated from 0 to 3), leading to a total score ranging from 0 to 60 (higher 

score indicating higher level of DS). As did other studies, the validated, widely used 

international cut-off of 16 and over has been used to define a DS (Bardinet et al., 2022a, 2022b; 

Vilagut et al., 2016). In addition, the use of antidepressant treatment was considered at each 

visit through the “N06A” code of the World Health Organization’s Anatomical Therapeutic 

Chemical (ATC) classification recorded from the inventory of all prescribed and consumed 

medication (“WHOCC - ATC/DDD Index,” n.d.). The cut-off CES-D score ≥16 and/or the use 

of antidepressant treatment were combined to assess incident DS at each visit during the follow-

up.  

Other variables 

Sociodemographic, lifestyle and health characteristics were collected at baseline, including age, 

gender, living condition (living alone, in couple or cohabitation), monthly income (<1,500€, 

1,500-2,250€, ≥2,250€ or no answer), educational level (no study or elementary without degree, 

elementary with degree or secondary, high school or university), body mass index (BMI) (<25, 

25-30 or ≥30 kg/m²), physical activity (poor, intermediate or optimal level, considered with 

daily leisure activities and sport), smoking status (non-smoker, ex-smoker or current smoker), 

alcohol consumption (in number of weekly glasses), Mini Mental State Examination (MMSE) 

score and multimorbidity (Boyd and Fortin, 2010). This last variable was defined as ≥5 

medication use and/or ≥2 health disorders among hypertension, diabetes, angina, cardiac 

rhythm disorders, arteritis, cardiac failure, myocardial infarction, hospitalization for stroke, 

asthma, Parkinson’s disease, dyspnea, osteoporosis and thyroid diseases. All these health 

disorders were self-reported, except for hypertension (defined by a clinical measure or 

antihypertensive treatment use) and for diabetes (considered as anti-diabetic treatment use or 

blood glucose >7 mmol/L).  

Statistical Analysis 



All statistical analyses were performed using R Software (R version 4.1.1) and statistical 

significance was set at p<0.05. Baseline sociodemographic, lifestyle and clinical information 

of the study sample were described according to the quartiles of total plasma carotenoids using 

chi-square tests for qualitative variables and analysis of variance for quantitative variables (non-

parametric tests for quantitative variables with asymmetric distribution). Then, each plasma 

carotenoid and plasma carotenoid/lipids ratio was described.  

Association between plasma carotenoids and risk of DS 

The associations between baseline plasma carotenoids and the risk of incident DS over time 

were estimated using a random effect logistic regression, controlled for the following relevant 

confounders: age (included as time-scale in the model), sex, living condition, educational level, 

season of the blood drawing, smoking status, alcohol consumption, physical activity, BMI, TG, 

TC, multimorbidity and study center. All these confounders were selected based on available 

literature and using a Directed Acyclic Graph. Random effect logistic regression is adapted to 

repeated measures of DS over time in the present study, thus considering individual potential 

change during the follow-up (Stiratelli et al., 1984). Indeed, DS could fluctuate over time, the 

mixed model seemed to be the most appropriate in the study of the DS regarding our aim. Two 

random effects were introduced into the model, a random intercept assuming the heterogeneity 

of participants at baseline and a random slope, assuming variability in the response of individual 

DS over time (Commenges and Jacqmin-Gadda, 2015). The choice of the number of random 

effects was based on the Akaike criteria and all the assumptions of the model were checked. 

The function gamm4 of the R-package gam was used to estimate the studied associations. 

In a first model, the association was estimated between each plasma carotenoid concentration 

at baseline (per 1 Standard Deviation (SD) increase) and the risk of DS over time adjusted for 

all selected confounders. Then, total carotenoids, total carotenes, total xanthophylls and 

combined lutein+zeaxanthin levels (per 1SD increase) were considered as additional exposures. 



In an alternative model, the association was examined between each baseline plasma 

carotenoid/lipids ratio (per 1 SD increase) and the risk of DS over time adjusted for the same 

confounders, excepted for TG and TC to avoid over adjustment. Again, total carotenoids/lipids, 

total carotenes/lipids and total xanthophylls/lipids and lutein+zeaxanthin/lipids ratios were 

examined in relation to the risk of DS over time.  

Additional analyses 

Alternative definitions of DS were explored in additional analyses. Firstly, incident DS was 

only identified using the CES-D threshold ≥16 (irrespective of treatment use). Secondly, DS 

was assessed using an alternative relevant CES-D thresholds, i.e. ≥20 increasingly used to 

identify DS, in addition to the antidepressant treatment use (Vilagut et al., 2016).  

Missing data 

Some carotenoids with very low circulating concentrations could not be quantified (n=163) and 

have been replaced by the threshold value for quantification (Supplementary Materials Table 

S1). 

Data were missing for n=115 participants for physical activity, n=1 for educational level, n=1 

for living conditions, n=9 for season of blood drawing, n=20 for alcohol consumption and n=5 

for BMI. Thus, we performed a multiple imputation via chained equation on the missing values 

of the potential confounders using the mice package (Buuren et al., 2021). This method assumes 

that data are missing at random (it has been checked when comparing participants with and 

without missing data) and each variable is associated with an imputation model conditionally 

to the other variables of the dataset.  

 

  



RESULTS 

Sample selection 

Among the 4,363 participants from the baseline Bordeaux and Montpellier samples, 3,024 

individuals had no information about plasma carotenoids, 1 about TG levels and 14 participants 

about DS at baseline; 309 participants had DS at baseline (i.e. CES-D score≥16 and/or 

antidepressant treatment use); and 5 participants did not have information about incident DS 

during the follow-up, leading to a final study sample of 1,010 individuals (Figure 1). Among 

the 1,010 included individuals, 355 (35.1%) participated in the last follow-up visit, while 474 

(46.9%) deceased during the follow-up (median of follow-up 13.4 years (min 1.6 and max 

18.7)). 

Descriptive characteristics 

The study sample was composed of 585 women (57.9%) who were aged 74.0 years (+/- 4.9) on 

average. Sociodemographic, lifestyle and health characteristics have been described according 

to increasing quartiles of total plasma carotenoids at baseline in Table 1. Eighty-five percent 

of participants lived in Bordeaux, 61.3% lived as a couple, 444 participants (44.0%) had a high 

level of education (high school or university) and 368 participants (36.4%) reported a monthly 

income lower than 1,500€ at baseline. Sixty percent of the study sample were non-smokers and 

the consumption of alcohol was 11 glasses per week on average. Participants had a mean CES-

D score of 5.2 (+/- 4.3) at baseline. In a few words, participants in the highest quartile of total 

plasma carotenoids were more represented by women, consumed less tobacco and alcohol and 

were less often living with overweight or obesity.  

Plasma carotenoids and lipids levels 

The level of total plasma carotenoids was 1.99 µmol/L (+/- 1.01) on average in the total study 

sample (Table 2). Plasma β-carotene was the highest carotenoid with a concentration of 



0.71 µmol/L (+/- 0.56) on average and plasma zeaxanthin was the lowest with a concentration 

of 0.07 µmol/L (+/-0.04) on average. Regarding plasma carotenoid/lipids ratios, the mean β-

carotene/lipids ratio was the highest and the mean zeaxanthin/lipids ratio was the lowest on 

average in the total study sample.  

Depressive Symptomatology over time 

In the study sample, 436 participants (43.2%) were identified with an incident DS over time 

(i.e. CES-D score≥16 and/or antidepressant treatment at least once during the follow-up): 235 

participants (23.3%) had a CES-D score≥16, 97 participants (9.6%) used an antidepressant 

treatment and 104 participants (10.3%) had both a CES-D score≥16 and used an antidepressant 

treatment, at least once during the follow-up. 

Association between plasma carotenoids and the risk of DS over time 

The association between baseline plasma carotenoids and the risk of DS over time revealed that 

each additional SD increase in plasma zeaxanthin (one SD=0.04 µmol/L) was associated with 

significant reduced odds of DS by 19% after adjustment on potential confounders (OR=0.81, 

95% CI [0.67;0.99]) (Table 3). No significant association was observed with the other plasma 

carotenoids. However, controlling for the same potential confounders excepted TG and TC, the 

plasma ratios of β-carotene/lipids and zeaxanthin/lipids were independently associated with 

significant reduced odds of DS over time (OR=0.79, 95% CI=[0.64;0.98] and OR=0.79, 95% 

CI=[0.67;0.94], for 1 SD increase respectively). In addition, the ratios of 

lutein+zeaxanthin/lipids, total xanthophylls/lipids and total carotenoids/lipids were also 

independently and significantly associated with a reduced risk of DS over time by a magnitude 

of up to 22% (Table 3). 

Additional analyses  



Firstly, using only the CES-D score≥16 to define DS, we identified 339 participants (33.6%) 

with incident DS over time. With this definition, each additional SD increase in plasma β-

cryptoxanthin and total carotenoids were significantly associated with reduced odds of DS of 

up to 19% over time after adjustment (Supplementary Materials Table S2). No significant 

association was observed between the other plasma carotenoids and the risk of DS. Regarding 

plasma carotenoid/lipids ratios, each additional SD increase in the lipids ratios of plasma 

lycopene, β-cryptoxanthin, total carotenes, total xanthophylls and total carotenoids was 

associated with reduced odds of DS of up to 24% over time after adjustment for potential 

confounders (Supplementary Materials Table S2). 

Secondly, using alternative CES-D thresholds (i.e. CES-D score ≥20) and/or the use of 

antidepressant treatment as an alternative definition of DS, we identified 351 participants 

(34.8%) with incident DS over time. No significant association was observed between plasma 

carotenoids and the risk of DS. Regarding plasma carotenoid/lipids ratios, each additional SD 

increase in the lipids ratios of plasma lutein and zeaxanthin was associated with reduced odds 

of DS of up to 28% over time after adjustment for potential confounders (Supplementary 

Materials Table S3).  



DISCUSSION 

In this prospective study conducted on French older adults aged ≥65 years, we observed that 

higher levels of plasma zeaxanthin, and mainly lipids ratios of plasma total carotenoids, total 

xanthophylls, β-carotene and zeaxanthin (combined with lutein or not) were significantly 

associated with a 19 to 22% reduced odds of DS over more than 17 years of follow-up. Using 

alternative definitions to identify the incident DS over time, our results confirmed that higher 

total carotenoids (as a ratio of lipids or not), total xanthophylls/lipids, zeaxanthin/lipids and 

lutein/lipids ratios were associated with a decreased odds of DS over time.  

Regarding the available literature, potential association between β-carotene or zeaxanthin 

(combined or not with lutein) and depression have been previously observed (Beydoun et al., 

2013; Ge et al., 2020; Li and Li, 2019; Lin and Shen, 2021; Park et al., 2021; Prohan et al., 

2014; Y. Zhang et al., 2022). However, most of these studies were carried out on adults or in 

subgroups such as men or women. Although older adults are the most affected by depression, 

epidemiological research has rarely been conducted in this vulnerable subgroup. Our literature 

review revealed that 6 observational cross-sectional studies examined the association between 

carotenoids (from diet or in plasma) and depression prevalence in adults aged 55 and 

over (Johnson et al., 2013; Lai et al., 2016; Milaneschi et al., 2012; Nguyen et al., 2017; Oishi 

et al., 2009; Payne et al., 2012). To our knowledge, only two longitudinal studies explored the 

prospective association through plasma carotenoids, which is more accurate than dietary 

surveys and none of them have investigated the association through carotenoid/lipids ratio. 

Precisely, in the first prospective study based on 111 Australian adults (55-85 years), men with 

higher combined plasma lutein and zeaxanthin levels had less occurrence of severe depressive 

symptoms compared to whose with the lowest level (Lai et al., 2016). In the second study based 

on 858 Italian older adults (≥65 years), a doubled risk to develop DS over 6 years of follow-up 

was observed in participants having the lowest plasma total carotenoids levels compared with 



the highest levels, but no significant association was observed for each individual plasma 

carotenoid (Milaneschi et al., 2012). Our results are in line with these two prospective studies; 

however, DS was only assessed two or three times over the 6-year follow-up periods in the 

latter studies, whereas up to 8 measurement times over 17 follow-up years were analyzed in the 

present study. In addition, these previous studies focused on smaller sample sizes than the 

present one, or used more conventional logistic regression models, not taking into account the 

repeated measures of DS over the follow-up (potential change from one follow-up to the next). 

Finally, the association with carotenoid to lipids ratios were not previously estimated, although 

lipids have a major role in the bioavailability of the plasma carotenoids (Bohn et al., 2021). 

Indeed, carotenoids are lipophilic compounds: the dietary lipids mediate their transport and 

cellular uptake contributing to their bioavailability (Abdel-Aal et al., 2013; Demmig-Adams et 

al., 2020; Murillo et al., 2019; Tudor and Pintea, 2020). These properties could in part explain 

additional results from the present study when plasma carotenoid/lipids ratios were exploited. 

Although there are still few observational epidemiological studies, the relevance of carotenoids 

to mental health is noted by many of them (Beydoun et al., 2013; Ge et al., 2020; Johnson et 

al., 2013; Lai et al., 2016; Li and Li, 2019; Lin and Shen, 2021; Milaneschi et al., 2012; Nguyen 

et al., 2017; Oishi et al., 2009; Park et al., 2021; Payne et al., 2012; Prohan et al., 2014; Y. 

Zhang et al., 2022), with a specific focus on lutein and zeaxanthin which have already been 

explored as nutritional supplements in clinical trials. Interestingly, two small clinical trials 

investigated the efficacy of lutein and zeaxanthin on mood. A first preventive trial including 59 

healthy young adults (aged 18-25 years) evidenced a beneficial effect of a 12-month 

supplementation in carotenoids (13 or 27 mg of zeaxanthin, meso-zeaxanthin, and lutein) on 

mood, reporting a decrease in depressive symptoms assessed with the Beck Depression 

Inventory, not observed in the placebo group (Stringham et al., 2018). However, a second 

therapeutic trial on 90 adults aged 40-75 years with self-reported cognitive complaints observed 



no improvement in the Profile Of Mood States after 6 months of 10 mg lutein and 2 mg 

zeaxanthin supplementation (Lopresti et al., 2022).  

The biological plausibility of putative benefits of carotenoids (i.e. β-carotene, lutein and 

zeaxanthin) on depression was also explored in animal models (Kim et al., 2016; Zhou et al., 

2018; Dhingra and Bansal, 2014; Badgujar and Saraf, 2015; Zeni et al., 2019). For example, 

two preclinical studies reported an improvement in depressive-like behaviors in mice or diabetic 

rats, as well as a decrease in inflammatory biomarkers (such as interleukin-6 (IL-6), interleukin-

1β (IL-1β) and tumor necrosis factor- α (TNF-α)) after β-carotene or zeaxanthin 

supplementation (Kim et al., 2016; Zhou et al., 2018). On the other hand, two studies also 

evidenced a reduction in depressive-like behaviors in rodents and an antioxidant activity: a 

decrease oxidative stress by reduction of the plasma nitrite levels after β-carotene 

supplementation (Dhingra and Bansal, 2014) and a decrease in spinal reactive oxygen species 

after administration of lutein and zeaxanthin (isolated or combined) (Badgujar and Saraf, 2015). 

Altogether, the benefit of carotenoids on depression may be explained by their antioxidant and 

anti-inflammatory properties (Manochkumar et al., 2021), especially for xanthophylls, such as 

lutein and zeaxanthin, thanks to their polarity and molecular structures (Manochkumar et al., 

2021; Murillo et al., 2019). Additionally, crocin, a derivate of zeaxanthin from saffron, had also 

repeatedly shown beneficial effects on depressive-like behaviors in animal models in part 

attributed to its anti-inflammatory and antioxidant activities (El Midaoui et al., 2022; Xiao et 

al., 2020; F. Zhang et al., 2022; Zhang et al., 2018). The crocin concentration has not been 

explored in the present study, but its structural similarity with zeaxanthin supports the present 

findings in favor of a benefit of zeaxanthin in relation to depression (El Midaoui et al., 2022).  

This study has some limitations. Plasma carotenoids were only available at baseline, assuming 

that carotenoid concentrations were stable throughout life whereas diet or seasonality, among 

others, could modify the plasma levels over time. However, a previous study underlined that a 



single assessment of plasma carotenoids sufficiently and accurately defined the usual plasma 

level of carotenoids for a large group of persons (van Kappel et al., 2001). Although a clinical 

diagnosis of depression was not available, depressive symptoms were assessed by 

neuropsychologists using the CES-D scale, a validated tool widely used in epidemiological 

studies (Vilagut et al., 2016). Despite limitations, some strengths could also be underlined 

regarding the study conception, as the prospective design, the long follow-up and the exclusion 

of prevalent case of DS at baseline (limiting the potential inverse causality bias) and the large 

sample size. In addition, carotenoids were measured through plasma concentration and 

carotenoid to lipids ratios (taking into account bioavailability) and alternative definitions of DS 

were used in sensitivity analyses to support main results, with significant results for total 

carotenoids/lipids and total xanthophylls/lipids without taking into account antidepressant use 

in the definition of DS and for zeaxanthin/lipids with an alternative CES-D threshold (i.e. ≥20). 

Finally, regarding the statistical method, we used a mixed logistic regression model on repeated 

measures to take into account potential changes in DS over time for each individual, with 

adjustment for a wide range of potential confounders. 

Conclusion 

In the present study, higher plasma zeaxanthin, lipids ratios of plasma zeaxanthin (combined or 

not with lutein) and β-carotene were associated with a significant reduced risk of DS over time 

in older adults followed for up to 17 years and controlled for potential confounders. As β-

carotene is mainly provided by yellow and orange fruits and vegetables whereas lutein and 

zeaxanthin are mainly provided by green leafy vegetables (Rao and Rao, 2007), adopting a 

large variety of colorful fruits and vegetables as part of healthy dietary habits might prevent 

depressive symptoms.  

  



Acknowledgements 

The Three-City study is conducted under a partnership agreement between the Institut National 

de la Santé et de la Recherche Médicale (INSERM), the University Bordeaux 2 Victor Segalen 

and Sanofi-Aventis. The Fondation pour la Recherche Médicale funded the preparation and 

initiation of the study. The Three-City study is also supported by the Caisse Nationale Maladie 

des Travailleurs Salariés, Direction Générale de la Santé, MGEN, Institut de la Longévité, 

Conseils Régionaux d’Aquitaine et Bourgogne, Fondation de France, Ministry of Research-

INSERM Programme “Cohortes et collections de données biologiques,” Agence Nationale de 

la Recherche ANR PNRA 2006 and Long Vie 2007, the “Fondation Plan Alzheimer” (FCS 

2009-2012), the Caisse Nationale de Solidarité pour l’Autonomie (CNSA) and F. Hoffmann-

La Roche Ltd. We thank DSM Nutritional Products for providing us the plasma carotenoids 

measurements. 

Funding Source 

Jeanne Bardinet is supported by the grant “SilverBrainFood” within the framework of the 

“Future Investment Program” (Programme d’Investissements d’Avenir PIA3), 

“Competitiveness cluster structuring projects” (Projets structurants des pôles de compétitivité, 

PSPC) operated by BPI France. 

Author Statement Contributors 

JB, CP and CF designed research; JB, conducted research; CB, SE, CH and CD provided 

essential materials; JB analyzed data or performed statistical analysis; JB, CP and CF wrote 

paper; JB had primary responsibility for final content; and all authors have read and approved 

the final manuscript.  

  



References 

3C Study Group, 2003. Vascular factors and risk of dementia: design of the Three-City Study 

and baseline characteristics of the study population. Neuroepidemiology 22, 316–325. 

https://doi.org/10.1159/000072920 

Abdel-Aal, E.-S.M., Akhtar, H., Zaheer, K., Ali, R., 2013. Dietary Sources of Lutein and 

Zeaxanthin Carotenoids and Their Role in Eye Health. Nutrients 5, 1169–1185. 

https://doi.org/10.3390/nu5041169 

Badgujar, L., Saraf, M., 2015. Behavioral, Biochemical and Molecular modulation in Brain and 

Spinal cord : A potential antinociceptive-antidepressant mechanism of Xanthophylls. 

FASEB J. 29, LB502. https://doi.org/10.1096/fasebj.29.1_supplement.lb502 

Bardinet, J., Chuy, V., Carriere, I., Galéra, C., Pouchieu, C., Samieri, C., Helmer, C., Cougnard-

Grégoire, A., Féart, C., 2022a. Mediterranean Diet Adherence and Risk of Depressive 

Symptomatology in a French Population-Based Cohort of Older Adults. Nutrients 14, 

4121. https://doi.org/10.3390/nu14194121 

Bardinet, J., Pouchieu, C., Pellay, H., Lefèvre-Arbogast, S., Chuy, V., Galéra, C., Helmer, C., 

Gaudout, D., Samieri, C., Delcourt, C., Cougnard-Grégoire, A., Féart, C., 2022b. 

Patterns of polyphenol intake and risk of depressive symptomatology in a population-

based cohort of older adults. Clin. Nutr. Edinb. Scotl. 41, 2628–2636. 

https://doi.org/10.1016/j.clnu.2022.10.006 

Berr, C., Gabelle, A., Fievet, N., Goldberg, M., Zins, M., Carriere, I., 2016. How to optimize 

the use of biobanks from population-based cohorts in aging research. Biogerontology 

17, 221–227. https://doi.org/10.1007/s10522-015-9586-8 

Beydoun, M.A., Beydoun, H.A., Boueiz, A., Shroff, M.R., Zonderman, A.B., 2013. Antioxidant 

status and its association with elevated depressive symptoms among US adults: National 

Health and Nutrition Examination Surveys 2005-6. Br. J. Nutr. 109, 1714–1729. 

https://doi.org/10.1017/S0007114512003467 

Bohn, T., Bonet, M.L., Borel, P., Keijer, J., Landrier, J.-F., Milisav, I., Ribot, J., Riso, P., 

Winklhofer-Roob, B., Sharoni, Y., Corte-Real, J., van Helden, Y., Loizzo, M.R., 

Poljšak, B., Porrini, M., Roob, J., Trebše, P., Tundis, R., Wawrzyniak, A., Rühl, R., 

Dulińska-Litewka, J., 2021. Mechanistic aspects of carotenoid health benefits - where 

are we now? Nutr. Res. Rev. 34, 276–302. https://doi.org/10.1017/S0954422421000147 

Boyd, C.M., Fortin, M., 2010. Future of Multimorbidity Research: How Should Understanding 

of Multimorbidity Inform Health System Design? Public Health Rev. 32, 451–474. 

https://doi.org/10.1007/BF03391611 

Buuren, S. van, Groothuis-Oudshoorn, K., Vink, G., Schouten, R., Robitzsch, A., 

Rockenschaub, P., Doove, L., Jolani, S., Moreno-Betancur, M., White, I., Gaffert, P., 

Meinfelder, F., Gray, B., Arel-Bundock, V., Cai, M., Volker, T., Costantini, E., Lissa, 

C. van, 2021. mice: Multivariate Imputation by Chained Equations. 

Commenges, D., Jacqmin-Gadda, H., 2015. Modèles pour données longitudinales, in: Modèles 

biostatistiques pour l’épidémiologie. De Boeck Superieur, pp. 163–201. 

Dattani, S., Ritchie, H., Roser, M., 2021. Mental Health. Our World Data. 

Delcourt, C., Korobelnik, J.-F., Barberger-Gateau, P., Delyfer, M.-N., Rougier, M.-B., Le Goff, 

M., Malet, F., Colin, J., Dartigues, J.-F., 2010. Nutrition and age-related eye diseases: 

the Alienor (Antioxydants, Lipides Essentiels, Nutrition et maladies OculaiRes) Study. 

J. Nutr. Health Aging 14, 854–861. https://doi.org/10.1007/s12603-010-0131-9 

Demmig-Adams, B., López-Pozo, M., Stewart, J.J., Adams, W.W., 2020. Zeaxanthin and 

Lutein: Photoprotectors, Anti-Inflammatories, and Brain Food. Mol. Basel Switz. 25, 

E3607. https://doi.org/10.3390/molecules25163607 



Dhingra, D., Bansal, Y., 2014. Antidepressant-like activity of beta-carotene in unstressed and 

chronic unpredictable mild stressed mice. J. Funct. Foods 7, 425–434. 

https://doi.org/10.1016/j.jff.2014.01.015 

El Midaoui, A., Ghzaiel, I., Vervandier-Fasseur, D., Ksila, M., Zarrouk, A., Nury, T., 

Khallouki, F., El Hessni, A., Ibrahimi, S.O., Latruffe, N., Couture, R., Kharoubi, O., 

Brahmi, F., Hammami, S., Masmoudi-Kouki, O., Hammami, M., Ghrairi, T., Vejux, A., 

Lizard, G., 2022. Saffron (Crocus sativus L.): A Source of Nutrients for Health and for 

the Treatment of Neuropsychiatric and Age-Related Diseases. Nutrients 14, 597. 

https://doi.org/10.3390/nu14030597 

Feart, C., Letenneur, L., Helmer, C., Samieri, C., Schalch, W., Etheve, S., Delcourt, C., 

Dartigues, J.-F., Barberger-Gateau, P., 2016. Plasma Carotenoids Are Inversely 

Associated With Dementia Risk in an Elderly French Cohort. J. Gerontol. A. Biol. Sci. 

Med. Sci. 71, 683–688. https://doi.org/10.1093/gerona/glv135 

Feigin, V.L., Stark, B.A., Johnson, C.O., Roth, G.A., Bisignano, C., Abady, G.G., Abbasifard, 

M., Abbasi-Kangevari, M., Abd-Allah, F., Abedi, V., Abualhasan, A., Abu-Rmeileh, 

N.M., Abushouk, A.I., Adebayo, O.M., Agarwal, G., Agasthi, P., Ahinkorah, B.O., 

Ahmad, S., Ahmadi, S., Salih, Y.A., Aji, B., Akbarpour, S., Akinyemi, R.O., Hamad, 

H.A., Alahdab, F., Alif, S.M., Alipour, V., Aljunid, S.M., Almustanyir, S., Al-Raddadi, 

R.M., Salman, R.A.-S., Alvis-Guzman, N., Ancuceanu, R., Anderlini, D., Anderson, 

J.A., Ansar, A., Antonazzo, I.C., Arabloo, J., Ärnlöv, J., Artanti, K.D., Aryan, Z., 

Asgari, S., Ashraf, T., Athar, M., Atreya, A., Ausloos, M., Baig, A.A., Baltatu, O.C., 

Banach, M., Barboza, M.A., Barker-Collo, S.L., Bärnighausen, T.W., Barone, M.T.U., 

Basu, S., Bazmandegan, G., Beghi, E., Beheshti, M., Béjot, Y., Bell, A.W., Bennett, 

D.A., Bensenor, I.M., Bezabhe, W.M., Bezabih, Y.M., Bhagavathula, A.S., Bhardwaj, 

P., Bhattacharyya, K., Bijani, A., Bikbov, B., Birhanu, M.M., Boloor, A., Bonny, A., 

Brauer, M., Brenner, H., Bryazka, D., Butt, Z.A., Santos, F.L.C. dos, Campos-Nonato, 

I.R., Cantu-Brito, C., Carrero, J.J., Castañeda-Orjuela, C.A., Catapano, A.L., 

Chakraborty, P.A., Charan, J., Choudhari, S.G., Chowdhury, E.K., Chu, D.-T., Chung, 

S.-C., Colozza, D., Costa, V.M., Costanzo, S., Criqui, M.H., Dadras, O., Dagnew, B., 

Dai, X., Dalal, K., Damasceno, A.A.M., D’Amico, E., Dandona, L., Dandona, R., Gela, 

J.D., Davletov, K., Cruz-Góngora, V.D. la, Desai, R., Dhamnetiya, D., Dharmaratne, 

S.D., Dhimal, M.L., Dhimal, M., Diaz, D., Dichgans, M., Dokova, K., Doshi, R., Douiri, 

A., Duncan, B.B., Eftekharzadeh, S., Ekholuenetale, M., Nahas, N.E., Elgendy, I.Y., 

Elhadi, M., El-Jaafary, S.I., Endres, M., Endries, A.Y., Erku, D.A., Faraon, E.J.A., 

Farooque, U., Farzadfar, F., Feroze, A.H., Filip, I., Fischer, F., Flood, D., Gad, M.M., 

Gaidhane, S., Gheshlagh, R.G., Ghashghaee, A., Ghith, N., Ghozali, G., Ghozy, S., 

Gialluisi, A., Giampaoli, S., Gilani, S.A., Gill, P.S., Gnedovskaya, E.V., Golechha, M., 

Goulart, A.C., Guo, Y., Gupta, R., Gupta, V.B., Gupta, V.K., Gyanwali, P., Hafezi-

Nejad, N., Hamidi, S., Hanif, A., Hankey, G.J., Hargono, A., Hashi, A., Hassan, T.S., 

Hassen, H.Y., Havmoeller, R.J., Hay, S.I., Hayat, K., Hegazy, M.I., Herteliu, C., Holla, 

R., Hostiuc, S., Househ, M., Huang, J., Humayun, A., Hwang, B.-F., Iacoviello, L., 

Iavicoli, I., Ibitoye, S.E., Ilesanmi, O.S., Ilic, I.M., Ilic, M.D., Iqbal, U., Irvani, S.S.N., 

Islam, S.M.S., Ismail, N.E., Iso, H., Isola, G., Iwagami, M., Jacob, L., Jain, V., Jang, S.-

I., Jayapal, S.K., Jayaram, S., Jayawardena, R., Jeemon, P., Jha, R.P., Johnson, W.D., 

Jonas, J.B., Joseph, N., Jozwiak, J.J., Jürisson, M., Kalani, R., Kalhor, R., Kalkonde, 

Y., Kamath, A., Kamiab, Z., Kanchan, T., Kandel, H., Karch, A., Katoto, P.D., Kayode, 

G.A., Keshavarz, P., Khader, Y.S., Khan, E.A., Khan, I.A., Khan, M., Khan, M.A., 

Khatib, M.N., Khubchandani, J., Kim, G.R., Kim, M.S., Kim, Y.J., Kisa, A., Kisa, S., 

Kivimäki, M., Kolte, D., Koolivand, A., Laxminarayana, S.L.K., Koyanagi, A., 

Krishan, K., Krishnamoorthy, V., Krishnamurthi, R.V., Kumar, G.A., Kusuma, D., 



Vecchia, C.L., Lacey, B., Lak, H.M., Lallukka, T., Lasrado, S., Lavados, P.M., 

Leonardi, M., Li, B., Li, S., Lin, H., Lin, R.-T., Liu, X., Lo, W.D., Lorkowski, S., 

Lucchetti, G., Saute, R.L., Razek, H.M.A.E., Magnani, F.G., Mahajan, P.B., Majeed, 

A., Makki, A., Malekzadeh, R., Malik, A.A., Manafi, N., Mansournia, M.A., 

Mantovani, L.G., Martini, S., Mazzaglia, G., Mehndiratta, M.M., Menezes, R.G., 

Meretoja, A., Mersha, A.G., Jonasson, J.M., Miazgowski, B., Miazgowski, T., 

Michalek, I.M., Mirrakhimov, E.M., Mohammad, Y., Mohammadian-Hafshejani, A., 

Mohammed, S., Mokdad, A.H., Mokhayeri, Y., Molokhia, M., Moni, M.A., Montasir, 

A.A., Moradzadeh, R., Morawska, L., Morze, J., Muruet, W., Musa, K.I., Nagarajan, 

A.J., Naghavi, M., Swamy, S.N., Nascimento, B.R., Negoi, R.I., Kandel, S.N., Nguyen, 

T.H., Norrving, B., Noubiap, J.J., Nwatah, V.E., Oancea, B., Odukoya, O.O., Olagunju, 

A.T., Orru, H., Owolabi, M.O., Padubidri, J.R., Pana, A., Parekh, T., Park, E.-C., Kan, 

F.P., Pathak, M., Peres, M.F.P., Perianayagam, A., Pham, T.-M., Piradov, M.A., Podder, 

V., Polinder, S., Postma, M.J., Pourshams, A., Radfar, A., Rafiei, A., Raggi, A., Rahim, 

F., Rahimi-Movaghar, V., Rahman, M., Rahman, M.A., Rahmani, A.M., Rajai, N., 

Ranasinghe, P., Rao, C.R., Rao, S.J., Rathi, P., Rawaf, D.L., Rawaf, S., Reitsma, M.B., 

Renjith, V., Renzaho, A.M.N., Rezapour, A., Rodriguez, J.A.B., Roever, L., Romoli, 

M., Rynkiewicz, A., Sacco, S., Sadeghi, M., Moghaddam, S.S., Sahebkar, A., Saif-Ur-

Rahman, K.M., Salah, R., Samaei, M., Samy, A.M., Santos, I.S., Santric-Milicevic, 

M.M., Sarrafzadegan, N., Sathian, B., Sattin, D., Schiavolin, S., Schlaich, M.P., 

Schmidt, M.I., Schutte, A.E., Sepanlou, S.G., Seylani, A., Sha, F., Shahabi, S., Shaikh, 

M.A., Shannawaz, M., Shawon, M.S.R., Sheikh, A., Sheikhbahaei, S., Shibuya, K., 

Siabani, S., Silva, D.A.S., Singh, J.A., Singh, J.K., Skryabin, V.Y., Skryabina, A.A., 

Sobaih, B.H., Stortecky, S., Stranges, S., Tadesse, E.G., Tarigan, I.U., Temsah, M.-H., 

Teuschl, Y., Thrift, A.G., Tonelli, M., Tovani-Palone, M.R., Tran, B.X., Tripathi, M., 

Tsegaye, G.W., Ullah, A., Unim, B., Unnikrishnan, B., Vakilian, A., Tahbaz, S.V., 

Vasankari, T.J., Venketasubramanian, N., Vervoort, D., Vo, B., Volovici, V., Vosoughi, 

K., Vu, G.T., Vu, L.G., Wafa, H.A., Waheed, Y., Wang, Y., Wijeratne, T., Winkler, 

A.S., Wolfe, C.D.A., Woodward, M., Wu, J.H., Hanson, S.W., Xu, X., Yadav, L., 

Yadollahpour, A., Jabbari, S.H.Y., Yamagishi, K., Yatsuya, H., Yonemoto, N., Yu, C., 

Yunusa, I., Zaman, M.S., Zaman, S.B., Zamanian, M., Zand, R., Zandifar, A., 

Zastrozhin, M.S., Zastrozhina, A., Zhang, Y., Zhang, Z.-J., Zhong, C., Zuniga, Y.M.H., 

Murray, C.J.L., 2021. Global, regional, and national burden of stroke and its risk factors, 

1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet 

Neurol. 20, 795–820. https://doi.org/10.1016/S1474-4422(21)00252-0 

Gałecki, P., Samochowiec, J., Mikułowska, M., Szulc, A., 2022. Treatment-Resistant 

Depression in Poland—Epidemiology and Treatment. J. Clin. Med. 11, 480. 

https://doi.org/10.3390/jcm11030480 

Ge, H., Yang, T., Sun, J., Zhang, D., 2020. Associations between dietary carotenoid intakes and 

the risk of depressive symptoms. Food Nutr. Res. 64. 

https://doi.org/10.29219/fnr.v64.3920 

Johnson, E.J., Vishwanathan, R., Johnson, M.A., Hausman, D.B., Davey, A., Scott, T.M., 

Green, R.C., Miller, L.S., Gearing, M., Woodard, J., Nelson, P.T., Chung, H.-Y., 

Schalch, W., Wittwer, J., Poon, L.W., 2013. Relationship between Serum and Brain 

Carotenoids, α-Tocopherol, and Retinol Concentrations and Cognitive Performance in 

the Oldest Old from the Georgia Centenarian Study. J. Aging Res. 2013, 951786. 

https://doi.org/10.1155/2013/951786 

Kim, N.-R., Kim, H.-Y., Kim, M.-H., Kim, H.-M., Jeong, H.-J., 2016. Improvement of 

depressive behavior by Sweetme Sweet PumpkinTM and its active compound, β-

carotene. Life Sci. 147, 39–45. https://doi.org/10.1016/j.lfs.2016.01.036 



Kumar, R.R., Singh, L., Thakur, A., Singh, S., Kumar, B., 2021. Role of Vitamins in 

Neurodegenerative Diseases: A Review. CNS Neurol. Disord. Drug Targets. 

https://doi.org/10.2174/1871527320666211119122150 

Lai, J.S., Oldmeadow, C., Hure, A.J., McEvoy, M., Hiles, S.A., Boyle, M., Attia, J., 2016. 

Inflammation mediates the association between fatty acid intake and depression in older 

men and women. Nutr. Res. N. Y. N 36, 234–245. 

https://doi.org/10.1016/j.nutres.2015.11.017 

Lassale, C., Batty, G.D., Baghdadli, A., Jacka, F., Sánchez-Villegas, A., Kivimäki, M., 

Akbaraly, T., 2019. Healthy dietary indices and risk of depressive outcomes: a 

systematic review and meta-analysis of observational studies. Mol. Psychiatry 24, 965–

986. https://doi.org/10.1038/s41380-018-0237-8 

Li, D., Li, Y., 2019. Associations of α-carotenoid and β-carotenoid with depressive symptoms 

in late midlife women. J. Affect. Disord. 256, 424–430. 

https://doi.org/10.1016/j.jad.2019.06.003 

Lin, S., Shen, Y., 2021. Dietary carotenoids intake and depressive symptoms in US adults, 

NHANES 2015–2016. J. Affect. Disord. 282, 41–45. 

https://doi.org/10.1016/j.jad.2020.12.098 

Liu, X., Yan, Y., Li, F., Zhang, D., 2016. Fruit and vegetable consumption and the risk of 

depression: A meta-analysis. Nutr. Burbank Los Angel. Cty. Calif 32, 296–302. 

https://doi.org/10.1016/j.nut.2015.09.009 

Lopresti, A.L., Smith, S.J., Drummond, P.D., 2022. The Effects of Lutein and Zeaxanthin 

Supplementation on Cognitive Function in Adults With Self-Reported Mild Cognitive 

Complaints: A Randomized, Double-Blind, Placebo-Controlled Study. Front. Nutr. 9, 

843512. https://doi.org/10.3389/fnut.2022.843512 

Maier, A., Riedel-Heller, S.G., Pabst, A., Luppa, M., 2021. Risk factors and protective factors 

of depression in older people 65+. A systematic review. PLOS ONE 16, e0251326. 

https://doi.org/10.1371/journal.pone.0251326 

Malhi, G.S., Mann, J.J., 2018. Depression. The Lancet 392, 2299–2312. 

https://doi.org/10.1016/S0140-6736(18)31948-2 

Manochkumar, J., Doss, C.G.P., El-Seedi, H.R., Efferth, T., Ramamoorthy, S., 2021. The 

neuroprotective potential of carotenoids in vitro and in vivo. Phytomedicine 91, 153676. 

https://doi.org/10.1016/j.phymed.2021.153676 

Merle, B.M.J., Cougnard-Grégoire, A., Korobelnik, J.-F., Schalch, W., Etheve, S., Rougier, M.-

B., Féart, C., Samieri, C., Delyfer, M.-N., Delcourt, C., 2021. Plasma Lutein, a 

Nutritional Biomarker for Development of Advanced Age-Related Macular 

Degeneration: The Alienor Study. Nutrients 13, 2047. 

https://doi.org/10.3390/nu13062047 

Milaneschi, Y., Bandinelli, S., Penninx, B.W., Corsi, A.M., Lauretani, F., Vazzana, R., Semba, 

R.D., Guralnik, J.M., Ferrucci, L., 2012. The relationship between plasma carotenoids 

and depressive symptoms in older persons. World J. Biol. Psychiatry Off. J. World Fed. 

Soc. Biol. Psychiatry 13, 588–598. https://doi.org/10.3109/15622975.2011.597876 

Murillo, A.G., Hu, S., Fernandez, M.L., 2019. Zeaxanthin: Metabolism, Properties, and 

Antioxidant Protection of Eyes, Heart, Liver, and Skin. Antioxidants 8, 390. 

https://doi.org/10.3390/antiox8090390 

Nguyen, T.T.T., Tsujiguchi, H., Kambayashi, Y., Hara, A., Miyagi, S., Yamada, Y., Nakamura, 

Haruki, Shimizu, Y., Hori, D., Suzuki, F., Hayashi, K., Nakamura, Hiroyuki, 2017. 

Relationship between Vitamin Intake and Depressive Symptoms in Elderly Japanese 

Individuals: Differences with Gender and Body Mass Index. Nutrients 9, E1319. 

https://doi.org/10.3390/nu9121319 



Oishi, J., Doi, H., Kawakami, N., 2009. Nutrition and depressive symptoms in community-

dwelling elderly persons in Japan. Acta Med. Okayama 63, 9–17. 

https://doi.org/10.18926/AMO/31854 

Park, S.-J., Jaiswal, V., Lee, H.-J., 2021. Dietary Intake of Flavonoids and Carotenoids Is 

Associated with Anti-Depressive Symptoms: Epidemiological Study and In Silico-

Mechanism Analysis. Antioxid. Basel Switz. 11, 53. 

https://doi.org/10.3390/antiox11010053 

Payne, M.E., Steck, S.E., George, R.R., Steffens, D.C., 2012. Fruit, vegetable, and antioxidant 

intakes are lower in older adults with depression. J. Acad. Nutr. Diet. 112, 2022–2027. 

https://doi.org/10.1016/j.jand.2012.08.026 

Prohan, M., Amani, R., Nematpour, S., Jomehzadeh, N., Haghighizadeh, M.H., 2014. Total 

antioxidant capacity of diet and serum, dietary antioxidant vitamins intake, and serum 

hs-CRP levels in relation to depression scales in university male students. Redox Rep. 

Commun. Free Radic. Res. 19, 133–139. 

https://doi.org/10.1179/1351000214Y.0000000085 

Psaltopoulou, T., Sergentanis, T.N., Panagiotakos, D.B., Sergentanis, I.N., Kosti, R., Scarmeas, 

N., 2013. Mediterranean diet, stroke, cognitive impairment, and depression: A meta-

analysis. Ann. Neurol. 74, 580–591. https://doi.org/10.1002/ana.23944 

Rao, A.V., Rao, L.G., 2007. Carotenoids and human health. Pharmacol. Res. 55, 207–216. 

https://doi.org/10.1016/j.phrs.2007.01.012 

Santomauro, D.F., Herrera, A.M.M., Shadid, J., Zheng, P., Ashbaugh, C., Pigott, D.M., 

Abbafati, C., Adolph, C., Amlag, J.O., Aravkin, A.Y., Bang-Jensen, B.L., Bertolacci, 

G.J., Bloom, S.S., Castellano, R., Castro, E., Chakrabarti, S., Chattopadhyay, J., Cogen, 

R.M., Collins, J.K., Dai, X., Dangel, W.J., Dapper, C., Deen, A., Erickson, M., Ewald, 

S.B., Flaxman, A.D., Frostad, J.J., Fullman, N., Giles, J.R., Giref, A.Z., Guo, G., He, J., 

Helak, M., Hulland, E.N., Idrisov, B., Lindstrom, A., Linebarger, E., Lotufo, P.A., 

Lozano, R., Magistro, B., Malta, D.C., Månsson, J.C., Marinho, F., Mokdad, A.H., 

Monasta, L., Naik, P., Nomura, S., O’Halloran, J.K., Ostroff, S.M., Pasovic, M., 

Penberthy, L., Jr, R.C.R., Reinke, G., Ribeiro, A.L.P., Sholokhov, A., Sorensen, R.J.D., 

Varavikova, E., Vo, A.T., Walcott, R., Watson, S., Wiysonge, C.S., Zigler, B., Hay, 

S.I., Vos, T., Murray, C.J.L., Whiteford, H.A., Ferrari, A.J., 2021. Global prevalence 

and burden of depressive and anxiety disorders in 204 countries and territories in 2020 

due to the COVID-19 pandemic. The Lancet 398, 1700–1712. 

https://doi.org/10.1016/S0140-6736(21)02143-7 

Solmi, M., Radua, J., Olivola, M., Croce, E., Soardo, L., Salazar de Pablo, G., Il Shin, J., 

Kirkbride, J.B., Jones, P., Kim, J.H., Kim, J.Y., Carvalho, A.F., Seeman, M.V., Correll, 

C.U., Fusar-Poli, P., 2022. Age at onset of mental disorders worldwide: large-scale 

meta-analysis of 192 epidemiological studies. Mol. Psychiatry 27, 281–295. 

https://doi.org/10.1038/s41380-021-01161-7 

Stiratelli, R., Laird, N., Ware, J.H., 1984. Random-effects models for serial observations with 

binary response. Biometrics 40, 961–971. 

Stringham, N.T., Holmes, P.V., Stringham, J.M., 2018. Supplementation with macular 

carotenoids reduces psychological stress, serum cortisol, and sub-optimal symptoms of 

physical and emotional health in young adults. Nutr. Neurosci. 21, 286–296. 

https://doi.org/10.1080/1028415X.2017.1286445 

Tudor, C., Pintea, A., 2020. A Brief Overview of Dietary Zeaxanthin Occurrence and 

Bioaccessibility. Molecules 25, 4067. https://doi.org/10.3390/molecules25184067 

van Kappel, A.L., Steghens, J.P., Zeleniuch-Jacquotte, A., Chajès, V., Toniolo, P., Riboli, E., 

2001. Serum carotenoids as biomarkers of fruit and vegetable consumption in the New 



York Women’s Health Study. Public Health Nutr. 4, 829–835. 

https://doi.org/10.1079/phn2000115 

Vilagut, G., Forero, C.G., Barbaglia, G., Alonso, J., 2016. Screening for Depression in the 

General Population with the Center for Epidemiologic Studies Depression (CES-D): A 

Systematic Review with Meta-Analysis. PloS One 11, e0155431. 

https://doi.org/10.1371/journal.pone.0155431 

Vink, D., Aartsen, M.J., Schoevers, R.A., 2008. Risk factors for anxiety and depression in the 

elderly: A review. J. Affect. Disord. 106, 29–44. 

https://doi.org/10.1016/j.jad.2007.06.005 

WHOCC - ATC/DDD Index [WWW Document], n.d. URL 

https://www.whocc.no/atc_ddd_index/?code=N06A (accessed 10.11.21). 

Worrall, C., Jongenelis, M., Pettigrew, S., 2020. Modifiable Protective and Risk Factors for 

Depressive Symptoms among Older Community-dwelling Adults: A Systematic 

Review. J. Affect. Disord. 272, 305–317. https://doi.org/10.1016/j.jad.2020.03.119 

Xiao, Q., Shu, R., Wu, C., Tong, Y., Xiong, Z., Zhou, J., Yu, C., Xie, X., Fu, Z., 2020. Crocin-

I alleviates the depression-like behaviors probably via modulating “microbiota-gut-

brain” axis in mice exposed to chronic restraint stress. J. Affect. Disord. 276, 476–486. 

https://doi.org/10.1016/j.jad.2020.07.041 

Zeni, A.L.B., Camargo, A., Dalmagro, A.P., 2019. Lutein prevents corticosterone-induced 

depressive-like behavior in mice with the involvement of antioxidant and 

neuroprotective activities. Pharmacol. Biochem. Behav. 179, 63–72. 

https://doi.org/10.1016/j.pbb.2019.02.004 

Zhang, F., Zhu, X., Yu, P., Sheng, T., Wang, Y., Ye, Y., 2022. Crocin ameliorates depressive-

like behaviors induced by chronic restraint stress via the NAMPT-NAD+-SIRT1 

pathway in mice. Neurochem. Int. 157, 105343. 

https://doi.org/10.1016/j.neuint.2022.105343 

Zhang, L., Previn, R., Lu, L., Liao, R.-F., Jin, Y., Wang, R.-K., 2018. Crocin, a natural product 

attenuates lipopolysaccharide-induced anxiety and depressive-like behaviors through 

suppressing NF-kB and NLRP3 signaling pathway. Brain Res. Bull. 142, 352–359. 

https://doi.org/10.1016/j.brainresbull.2018.08.021 

Zhang, Y., Ding, J., Liang, J., 2022. Associations of Dietary Vitamin A and Beta-Carotene 

Intake With Depression. A Meta-Analysis of Observational Studies. Front. Nutr. 9. 

Zhou, X., Gan, T., Fang, G., Wang, S., Mao, Y., Ying, C., 2018. Zeaxanthin improved diabetes-

induced anxiety and depression through inhibiting inflammation in hippocampus. 

Metab. Brain Dis. 33, 705–711. https://doi.org/10.1007/s11011-017-0179-x 

 

  



FIGURES AND TABLES 

 

 

 

 

Participants without DS at baseline  

N=1,015 

No information about DS after 

baseline (n=5)  

Participants from the 3-City Bordeaux 

and Montpellier samples at baseline 

N=4,363 

Participants with plasma carotenoids 

and triglyceride assessment 

N=1,338 

- No plasma carotenoids assessment 

(n=3,024) 

- No plasma triglyceride assessment 

(n=1) 

- Missing data on DS at baseline (n=14) 
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Study sample 
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Figure 1: Flow chart for the study of association between plasma carotenoids and 

depressive symptomatology, 3-City Bordeaux and Montpellier samples, 1999-2018 

DS=Depressive Symptomatology ; CES-D=Center for Epidemiologic Studies-Depression 



Table 1: Baseline sociodemographic, lifestyle and health characteristics of the study sample according to quartiles of total plasma carotenoids, from the 3C 

Bordeaux and Montpellier samples, 1999-2018 (N=1,010) 

 

Overall 

 (n=1,010) 
 

Q1 - Low 

concentration of total 

carotenoids 

(n=253) 

≤1.28µmol/L 

Q2 - Low to moderate 

concentration of total 

carotenoids 

(n=253) 

]1.28µmol/L;1.81µmol/L] 

Q3 - Moderate 

concentration of total 

carotenoids 

(n=251) 

]1.81µmol/L; 2.57µmol/L] 

Q4 - High 

concentration of 

total carotenoids 

(n=253) 

>2.57µmol/L 
p-value¹ 

N (%) / Mean +/- SD  N (%) / Mean +/- SD N (%) / Mean +/- SD N (%) / Mean +/- SD 
N (%) / Mean +/- 

SD 

Women 585 (57.9)  115 (45.5) 134 (53.0) 153 (61.0) 183 (72.3) <0.001 

Age (years) 74.0 +/- 4.9  74.6 +/- 5.1 73.9 +/- 4.8 73.8 +/- 4.9 73.7 +/- 4.7 0.105 

Bordeaux center  860 (85.1)  211 (83.4) 214 (84.6) 214 (85.3) 221 (87.4) 0.648 

Living conditions 𝑎       0.575 

- Alone 341 (33.8)  93 (36.8) 85 (33.6) 82 (32.7) 81 (32.1)  

- In couple 619 (61.3)  151 (59.7) 159 (62.8) 153 (61.0) 156 (61.9)  

- Cohabitation (family or not) 49 (4.9)  9 (3.6) 9 (3.6) 16 (6.4) 15 (6.0)  

Educational level 𝑏       0.174 

- No study or elementary without degree 97 (9.6)  30 (11.9) 28 (11.1) 21 (8.4) 18 (7.1)  

- Elementary with degree or secondary 468 (46.4)  124 (49.0) 116 (45.8) 110 (43.8) 118 (46.8)  

- High school 230 (22.8)  51 (20.2) 65 (25.7) 63 (25.1) 51 (20.2)  

- University 214 (21.2)  48 (19.0) 44 (17.4) 57 (22.7) 65 (25.8)  

Monthly income        0.171 

- <1,500 € 368 (36.4)  105 (41.5) 95 (37.5) 91 (36.3) 77 (30.4)  

- ≥1,500 and <2,250 € 272 (26.9)  71 (28.1) 71 (28.1) 62 (24.7) 68 (26.9)  

- ≥2,250 € 325 (32.2)  69 (27.3) 79 (31.2) 85 (33.9) 92 (36.4)  

- No answer 45 (4.5)  8 (3.2) 8 (3.2) 13 (5.2) 16 (6.3)  

Smoking status        <0.001 

- Non-smoker  608 (60.2)  123 (48.6) 142 (56.1) 156 (62.2) 187 (73.9)  

- Ex-smoker  341 (33.8)  102 (40.3) 94 (37.2) 89 (35.5) 56 (22.1)  

- Current smoker 61 (6.0)  28 (11.1) 17 (6.7) 6 (2.4) 10 (4.0)  



 

Overall 

 (n=1,010) 
 

Q1 - Low 

concentration of total 

carotenoids 

(n=253) 

≤1.28µmol/L 

Q2 - Low to moderate 

concentration of total 

carotenoids 

(n=253) 

]1.28µmol/L;1.81µmol/L] 

Q3 - Moderate 

concentration of total 

carotenoids 

(n=251) 

]1.81µmol/L; 2.57µmol/L] 

Q4 - High 

concentration of 

total carotenoids 

(n=253) 

>2.57µmol/L 
p-value¹ 

N (%) / Mean +/- SD  N (%) / Mean +/- SD N (%) / Mean +/- SD N (%) / Mean +/- SD 
N (%) / Mean +/- 

SD 

Alcohol consumption (number of 

glasses/week)  𝑐 
10.9 +/- 12.7  13.6 +/- 14.4 12.2 +/- 14.1 10.5 +/- 11.9 7.5 +/- 8.9 <0.001 

Energy intake (kcal/day)  𝑑 1,744 +/- 563  1,788 +/- 583 1,767 +/- 566 1,735 +/- 589 1,685 +/- 513 0.283 

Regular physical activity  𝑒       0.253 

- Poor 297 (33.2)  87 (37.5) 77 (34.4) 72 (33.0) 61 (27.6)  

- Intermediate 308 (34.4)  81 (34.9) 79 (35.3) 71 (32.6) 77 (34.8)  

- Optimal level 290 (32.4)  64 (27.6) 68 (30.4) 75 (34.4) 83 (37.6)  

BMI (kg/m²) 𝑓       <0.001 

- <25 416 (41.4)  67 (26.7) 90 (35.9) 115 (45.8) 144 (57.1)  

- ≥25 and <30  451 (44.9)  129 (51.4) 128 (51.0) 113 (45.0) 81 (32.1)  

- ≥30 138 (13.7)  55 (21.9) 33 (13.1) 23 (9.2) 27 (10.7)  

MMSE Score 𝑔 27.6 +/- 2.0  27.4 +/- 2.0 27.5 +/- 2.1 27.6 +/- 2.0 27.8 +/- 1.8 0.104 

Multimorbidity² 398 (39.4)  99 (39.1) 94 (37.2) 99 (39.4) 106 (41.9) 0.752 

CES-D score  5.2 +/- 4.3  5.2 +/- 4.4 5.0 +/- 4.3 5.5 +/- 4.3 5.0 +/- 4.2 0.600 

SD=Standard Deviation; BMI=Body Mass Index; MMSE=Mini Mental State Examination; CES-D=Center for Epidemiologic Studies-Depression 

 𝑎Missing data for n=1,  𝑏Missing data for n=1,  𝑐 Missing data for n=20,  𝑑 Missing data for n=205,  𝑒 Missing data for n=115,  𝑓 Missing data for n=5,  𝑔 Missing data for n=3 

¹p-value from Chi-square tests for qualitative variables and from Analysis of Variance for quantitative variables 

²2 out of 13 health disorders among hypertension, diabetes, angina, cardiac rhythm disorders, arteritis, cardiac failure, myocardial infarction, hospitalization for stroke, asthma, Parkinson’s 

disease, dyspnea, osteoporosis, thyroid diseases and/or 5 treatments prescribed and over. 

 



Table 2: Baseline plasma carotenoids, lipids and plasma carotenoid/lipids ratios, 3C Bordeaux and 

Montpellier samples, 1999-2018 (N=1,010) 

 
Overall 

(n=1,010)   
Mean +/- SD 

Plasma carotenoid (µmol/L)  

Total Carotenoids 1.99 +/- 1.01 

Total Carotenes 1.33 +/- 0.82 

- α-carotene 0.18 +/- 0.14 

- β-carotene 0.71 +/- 0.56 

- Lycopene 0.45 +/- 0.30 

Total Xanthophylls 0.66 +/- 0.34 

- Lutein 0.29 +/- 0.15 

- Zeaxanthin 0.07 +/- 0.04 

Lutein+Zeaxanthin 0.36 +/- 0.18 

- β-cryptoxanthin 0.30 +/- 0.24 

Plasma lipid (mmol/L)  

- Triglycerides (TG) 1.2 +/- 0.6 

- Total Cholesterol (TC) 5.8 +/- 1.0 

Plasma carotenoid /(TG+TC) ratio (µmol/mmol) 

Total Carotenoids 0.29 +/- 0.15 

Total Carotenes 0.19 +/- 0.12 

- α-carotene 0.03 +/- 0.02 

- β-carotene 0.10 +/- 0.08 

- Lycopene 0.06 +/- 0.04 

Total Xanthophylls 0.10 +/- 0.05 

- Lutein 0.04 +/- 0.02 

- Zeaxanthin 0.01 +/- 0.01 

Lutein+Zeaxanthin 0.05 +/- 0.03 

- β-cryptoxanthin 0.04 +/- 0.03 

SD=Standard Deviation; TG=Triglycerides; TC=Total Cholesterol 



Table 3: Plasma carotenoids and plasma carotenoid/lipids ratios and risk of depressive 

symptomatology (i.e. CES-D score≥16 and/or antidepressant treatment use), from the 3C Bordeaux and 

Montpellier samples, 1999-2018 (N=1,010) 

 OR [95% CI]* p-value** 

Incident cases of DS during the follow-up = 436 (43.2 %) 

Plasma carotenoid (µmol/L)   

For +1 SD of the plasma level   

Total Carotenoids 0.85 [0.70;1.04] 0.108 

Total Carotenes 0.93 [0.77;1.13] 0.487 

α-carotene 1.03 [0.87;1.23] 0.726 

β-carotene 0.88 [0.72;1.07] 0.207 

Lycopene 0.95 [0.79;1.14] 0.572 

Total Xanthophylls 0.86 [0.71;1.03] 0.109 

Lutein 0.95 [0.79;1.14] 0.580 

Zeaxanthin 0.81 [0.67;0.99] 0.039 

Lutein+Zeaxanthin 0.87 [0.72 ;1.06] 0.166 

β-cryptoxanthin 0.86 [0.71;1.03] 0.109 

Plasma carotenoid / (TG+ TC) ratios (µmol/mmol)***   

For +1 SD of the ratio   

Total Carotenoids 0.78 [0.64 ;0.95] 0.015 

Total Carotenes 0.84 [0.69;1.03] 0.088 

α-carotene 0.97 [0.80;1.17] 0.712 

β-carotene 0.79 [0.64;0.98] 0.034 

Lycopene 0.93 [0.77;1.12] 0.439 

Total Xanthophylls 0.78 [0.65;0.94] 0.009 

Lutein 0.85 [0.70;1.02] 0.079 

Zeaxanthin 0.79 [0.67;0.94] 0.008 

Lutein+Zeaxanthin 0.80 [0.66;0.97] 0.023 

β-cryptoxanthin 0.84 [0.70;1.01] 0.057 

OR=Odds ratio; CES-D=Center for Epidemiologic Studies-Depression ; CI=Confidence interval; SD=Standard 

Deviation; TG=Triglycerides; TC=Total cholesterol 

* Random-effect logistic regression model with a random intercept and a random slope adjusted for age, sex, 

living condition, educational level, season of the blood drawing, smoking status, alcohol consumption, physical 

activity, body mass index, triglycerides, cholesterol total, multimorbidity and study center 

** P-value of the log-likelihood ratio test  

***No longer adjusted for triglycerides and total cholesterol levels 

 

  



SUPPLEMENTARY MATERIALS 

Table S1. Limit of quantification and detection of plasma carotenoid in blood sample 

Table S2. Plasma carotenoids and plasma carotenoid/lipids ratios and risk of depressive 

symptomatology (i.e. CES-D score ≥ 16), from the 3C Bordeaux and Montpellier samples 

Table S3. Plasma carotenoids and plasma carotenoid/lipids ratios and risk of depressive 

symptomatology identified by CES-D score ≥20 and/or antidepressant treatment use, from the 3C 

Bordeaux and Montpellier samples 

 

 

  



Table S1. Limit of quantification and detection of plasma carotenoid in blood sample, from 3C 

Bordeaux-Montpellier samples, 1999 (N=1,010) 

 

n 

LLQ 

Limit of 

Quantification 

LOD 

Limit of 

Detection 

α-carotene 152 0.056 μg/L 0.028 μg/L 

β-carotene* 0 - - 

Lycopene 14 0.056 μg/L 0.028 μg/L 

Lutein 16 0.007 μg/L 0.002 μg/L 

Zeaxanthin* 0 - - 

β-cryptoxanthin* 0 - - 

*not concerned by undetected concentrations 

  



Table S2: Plasma carotenoids and plasma carotenoid/lipids ratios and risk of depressive 

symptomatology (i.e. CES-D score ≥ 16), from the 3C Bordeaux and Montpellier samples, 1999-2018 

(N=1,010) 

 OR [95% CI]* p-value** 

Incident cases of DS during the follow-up = 339 (33.6 %) 

Plasma carotenoid (µg/L)   

For +1 SD of the plasma level   

Total Carotenoids 0.81 [0.67;0.99] 0.043 

Total Carotenes 0.86 [0.70;1.05] 0.132 

α-carotene 0.99 [0.82;1.19] 0.918 

β-carotene 0.87 [0.71;1.06] 0.174 

Lycopene 0.86 [0.71;1.04] 0.130 

Total Xanthophylls 0.84 [0.69;1.02] 0.072 

Lutein 0.94 [0.78;1.13] 0.505 

Zeaxanthin 0.84 [0.69;1.02] 0.075 

Lutein+Zeaxanthin 0.91 [0.75;1.09] 0.308 

β-cryptoxanthin 0.82 [0.68;0.99] 0.043 

Plasma carotenoid / (TG + TC) ratios (µg/mmol)***   

For +1 SD of the ratio   

Total Carotenoids 0.76 [0.62 ;0.93] 0.007 

Total Carotenes 0.80 [0.66 ;0.98] 0.033 

α-carotene 0.94 [0.78;1.14] 0.518 

β-carotene 0.82 [0.66;1.01] 0.056 

Lycopene 0.82 [0.67;0.99] 0.042 

Total Xanthophylls 0.78 [0.65;0.94] 0.009 

Lutein 0.87 [0.73;1.05] 0.150 

Zeaxanthin 0.85 [0.72;1.01] 0.066 

Lutein+Zeaxanthin 0.86 [0.71;1.03] 0.108 

β-cryptoxanthin 0.79 [0.66;0.96] 0.017 

OR=Odds ratio; CES-D=Center for Epidemiologic Studies-Depression ; CI=Confidence interval; SD=Standard 

Deviation; TG=Triglycerides; TC=Total cholesterol 

* Random-effect logistic regression model with a random intercept and a random slope adjusted for age, sex, 

living condition, educational level, season of the blood drawing, smoking status, alcohol consumption, physical 

activity, body mass index, triglycerides, cholesterol total, multimorbidity and study center 

** P-value of the log-likelihood ratio test  

***No longer adjusted for triglycerides and total cholesterol levels 

  



Table S3: Plasma carotenoids and plasma carotenoid/lipids ratios and risk of depressive 

symptomatology identified by CES-D score ≥20 and/or antidepressant treatment use, from the 3C 

Bordeaux and Montpellier samples, 1999-2018 (N=1,010) 

 OR [95% CI]* p-value** 

Incident cases of DS during the follow-up = 351 (34.8 %) 

Plasma carotenoid (µg/L)   

For +1 SD of the plasma level   

Total Carotenoids 0.84 [0.65;1.11] 0.218 

Total Carotenes 0.90 [0.69;1.18] 0.447 

α-carotene 0.99 [0.79;1.26] 0.977 

β-carotene 0.82 [0.62;1.08] 0.162 

Lycopene 0.99 [0.77;1.28] 0.955 

Total Xanthophylls 0.84 [0.65;1.08] 0.166 

Lutein 0.86 [0.66;1.11] 0.243 

Zeaxanthin 0.77 [0.59;1.01] 0.059 

Lutein+Zeaxanthin 0.83 [0.63 ;1.08] 0.161 

β-cryptoxanthin 0.94 [0.74;1.19] 0.597 

Plasma carotenoid / (TG + TC) ratios (µg/mmol)***   

For +1 SD of the ratio   

Total Carotenoids 0.78 [0.60 ;1.02] 0.065 

Total Carotenes 0.78 [0.59 ;1.03] 0.079 

α-carotene 0.90 [0.71 ;1.15] 0.400 

β-carotene 0.76 [0.57;1.02] 0.067 

Lycopene 0.97 [0.76;1.24] 0.789 

Total Xanthophylls 0.82 [0.64;1.05] 0.110 

Lutein 0.76 [0.59;0.98] 0.037 

Zeaxanthin 0.72 [0.57 ;0.91] 0.005 

Lutein+Zeaxanthin 0.78 [0.60 ;1.01] 0.062 

β-cryptoxanthin 0.93 [0.73 ;1.18] 0.564 

OR=Odds ratio; CES-D=Center for Epidemiologic Studies-Depression CI=Confidence interval; SD=Standard 

Deviation; TG=Triglycerides; TC=Total cholesterol 

* Random-effect logistic regression model with a random intercept and a random slope adjusted for age, sex, 

living condition, educational level, season of the blood drawing, smoking status, alcohol consumption, physical 

activity, body mass index, triglycerides, cholesterol total, multimorbidity and study center 

** P-value of the log-likelihood ratio test  

***No longer adjusted for triglycerides and total cholesterol levels 

 

 

 


