
The relationship between plasma carotenoids and depressive
symptoms in older persons

Yuri Milaneschi, Psy D1, Stefania Bandinelli, MD2, Brenda W. Penninx, PhD3, Anna Maria
Corsi, PhD4, Fabrizio Lauretani, MS4, Rosamaria Vazzana, MD5, Richard D Semba, MD,
MPH6, Jack M. Guralnik, MD, PhD7, and Luigi Ferrucci, MD, PhD1

1Longitudinal Studies Section. Clinical Research Branch. National Institute on Aging, Baltimore,
MD, USA 2Geriatric Unit, ASF, Florence, Italy 3Department of Psychiatry and EMGO Institute, VU
University Medical Center, Amsterdam, The Netherlands 4Tuscany Health Regional Agency,
Florence, Italy 5Department of Medicine and Sciences of Aging, Laboratory of Clinical
Epidemiology University “G. D’Annunzio” of Chieti, Italy 6Department of Ophthalmology, Johns
Laboratory Johns Hopkins University School of Medicine, Baltimore, MD, USA 7Laboratory of
Epidemiology Demography and Biometry, National Institute on Aging, Bethesda, MD, USA

Abstract
Objective—We examined the cross-sectional and longitudinal relationship between plasma
carotenoids and depressive symptoms over a six-year follow-up in older persons.

Methods and Materials—This research is part of the InCHIANTI Study, a prospective
population-based study of older persons in Tuscany, Italy. The sample for this analysis included
958 women and men aged 65 years and older. Plasma total carotenoids were assessed at baseline.
Depressive symptoms were assessed at baseline and at the 3- and 6-year follow-up using the
Center for Epidemiological Studies-Depression Scale (CES-D). Depressed mood was defined as
CES-D≥20.

Results—At baseline, higher total carotenoids level were associated with lower probability of
depressed mood (OR=0.82, 95%CI=0.68–0.99, p=0.04) after adjustment for sociodemographic,
health and inflammation. After the exclusion of participants with baseline depressed mood and use
of antidepressants, higher total carotenoids level were associated with lower risk of incident
depressed mood (OR=0.72, 95%CI=0.52–0.99, p=0.04) at 6-year follow-up, after adjustment for
confounders plus baseline CES-D. Inflammatory marker Interleukin-1 receptor antagonist partially
mediated this association.

Discussion—Low plasma concentrations of carotenoids are associated with depressive
symptoms and predict the development of new depressive symptoms in older persons.
Understanding the mechanism of this association may reveal potential targets for prevention and
treatment.
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INTRODUCTION
Depression is a major public health problem causing high disease burden for both
communities and individuals worldwide. Chronic depressive syndromes are very common in
older persons, especially in those affected by chronic medical illness, and strongly affect the
risk of developing disability and death (Beekman et al. 2002, Alexopoulos 2005). According
to the World Health Organization, depression is among the leading disorders causing
disability and will be the second most important cause of disability worldwide in 2020
(Murray and Lopez 1997). Previous studies have shown that depression and stress are
associated with upregulated inflammatory response, characterized by increased levels of
pro-inflammatory cytokines and other acute phase proteins (Howren et al. 2009, Dowlati et
al. 2010). Diet may also influence inflammation: a diet rich in fruit and vegetables is
associated with lower levels of inflammatory markers, perhaps because of the anti-
inflammatory properties of antioxidants (Giugliano et al. 2006, Semba et al. 2007a, Walston
2006). Few studies with mixed results investigated the associations of nutrient intake and
biomarkers, such as folate, vitamin B12, vitamin D, and polyunsaturated fatty acids (PUFA)
with depressive symptoms and depression diagnoses in older persons (Ng et al. 2009,
Dimopoulos et al. 2007, Kim et al. 2008, Penninx et al. 2000, Skarupski et al. 2010,
Kamphuis et al. 2008, Hoogendijk et al. 2008, Milaneschi et al. 2010a, Tiemeier et al. 2003,
Féart et al. 2008, Kiecolt-Glaser et al. 2007, van de Rest et al. 2008). However, whether
carotenoid levels are associated with depression in older persons has not yet been studied.
According to the Food and Nutrition Board of the Institute of Medicine, blood
concentrations of carotenoids are the best biological markers for consumption of fruits and
vegetables (Institute of Medicine 2000).

In the present study we examined for the first time the cross-sectional and longitudinal
relationship between plasma carotenoids and depressive symptoms over a six-year follow-up
in a representative sample of older persons. We tested the hypothesis that participants with
low carotenoid levels would be significantly more likely to have higher depressive
symptoms and to develop clinically relevant depressed mood over time. Finally, we tested
whether inflammatory markers mediated this relationship.

METHODS AND MATERIALS
Study Population

Participants were part of the InCHIANTI (Invecchiare in Chianti, aging in the Chianti area)
study, a prospective population-based study of older persons in Tuscany (Italy) designed to
investigate factors contributing to decline of mobility in late life. A description of the study
rationale, design and methods is given elsewhere (Ferruci et al. 2000). Briefly, in 1998–1999
the sample was randomly selected from two sites, Greve in Chianti and Bagno a Ripoli,
using a multistage stratified sampling method: 1270 persons ≥65 years were randomly
selected from the population registry of the two sites, another 29 subjects ≥90 years were
oversampled. Thirty-nine participants were not eligible because they had already died or
emigrated. Among those who were eligible, 1155 (91.6%) were enrolled. Data collection
included: 1) a home interview 2) physical performance testing and medical examination at
the study clinic; 3) a 24-h urine collection and a blood drawing. Participants were seen again
for a three-year follow-up visit (2001–2003) and six-year follow-up visit (2004–2006). All
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respondents signed informed consent and the Italian National Institute of Research and Care
on Aging Ethical Committee approved the study protocol.

Of the 1155 participants aged≥65 enrolled in the study, we excluded 175 because of missing
data on plasma carotenoids or depressive symptoms at baseline. Subjects who did not
participate in the blood drawing were generally older and had more comorbidity than those
participating, as reported elsewhere (Schrager et al. 2007). Moreover, we additionally
excluded 22 participants with dementia at baseline. In cross-sectional analyses we included
all 958 remaining participants. In longitudinal analyses, consistent with a previous study
based on the InCHIANTI cohort (Milaneschi et al. 2009), we considered participants with
available data on depressive symptoms at 3- and 6-year of follow-up. At 3-year follow-up,
62 participants had already died, 90 were lost (77 refused, 10 emigrated, 3 not found) and 41
had missing depressive symptoms scores. This left 765 participants with available
depression measures at the 3-year follow-up. At 6-year follow-up, 180 had died, 52 were
lost (35 refused, 17 emigrated) and 65 had missing depressive symptoms scores. This left
661 participants for whom 6-year follow-up data on depression were available. As compared
to participants with at least one available follow-up measure of depression, those lost at both
follow-up were significantly older, more often sedentary and disabled, had poorer cognitive
function, lower concentrations of plasma total carotenoids and higher depressive symptoms
at baseline.

Carotenoids
The six major dietary carotenoids (α-carotene, β-carotene, β-cryptoxanthin, lutein,
zeaxanthin, and lycopene) comprise an important component of the antioxidant defense
system in humans, and are considered a good indicator of fruit and vegetable intake
(Institute of Medicine 2000). Measures for level of carotenoids were obtained from frozen
plasma samples originally collected at baseline. Blood samples were collected in the
morning after a 12-hour fast. Aliquots of serum and plasma were immediately obtained and
stored at −80°C. Aliquots of plasma were shipped on dry ice to Dr. Semba’s laboratory for
measurements of plasma carotenoids. Carotenoids were measured using high-performance
liquid chromatography (HPLC). Total carotenoids were calculated as the sum of α-carotene,
β-carotene, β-cryptoxanthin, lutein, zeaxanthin, and lycopene in micromoles per liter (μmol/
L). Within-run and between- run coefficients of variation, respectively, were 7.3% and 9.6%
for α-carotene, 4.5% and 5.4% for β-carotene, 2.7% and 3.5% for β-cryptoxanthin, 2.6%
and 7.1% for lutein, 6.2% and 6.8% for zeaxanthin, and 7.5% and 7.8% for lycopene.

Depressive symptoms
Depressive symptoms were assessed at baseline, at 3- and 6-year follow-up using the Center
for Epidemiological Studies-Depression scale (CES-D) (Radloff 1977). The CES-D is a 20-
item self report scale, ranging from 0 to 60. The CES-D has been shown to have good
psychometric properties in assessing depressive symptoms in older population-based
studies, also in an Italian sample (Fava 1983). In addition to a continuous CES-D score, a
cut-off score ≥20 was used to additionally define clinically relevant “depressed mood”.
While a cut-off of 16 is generally considered to represent relevant depression, we selected a
cut-off of 20 that has been shown to avoid overestimation of depressed mood in older
subjects (Beekman et al. 1997).

Other variables
The following covariates assessed at baseline were used in the analysis: age, gender,
education (years), smoking habit (current/former versus non smoker), alcohol use (< 30 vs ≥
30 g per day) and Mini Mental State Examination (MMSE) score. Use of antidepressants
was coded according to Anatomical Therapeutic Chemical (ATC) classification system.
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Total number of chronic diseases (heart failure, coronary heart disease including angina and
myocardial infarction, stroke, chronic obstructive lung disease, hypertension, diabetes,
cancer, Parkinson’s disease and hip arthritis) was calculated as a global marker of poor
physical health; diseases were ascertained according to standardized, pre-established criteria
and algorithms based upon those used in the Women’s Health and Aging Study (Guralnik et
al. 1995) using information on self-reported history, pharmacological treatments, medical
exam data and hospital discharge records. Presence of activities of daily livings (ADL)
disabilities was defined as self-report of inability or needing personal help in performing any
basic activities of daily living (Katz et al. 1976). Body mass index (BMI) was calculated as
kg/m2 and categorized according to the World Health Organization definition (WHO Global
Database on Body Mass Index): normal (BMI < 25), overweight (25–29.99) and obesity
(BMI ≥ 30). Level of physical activity in the previous 12 months was classified as sedentary
(completely inactive or light physical activity: ie, walking), light (light physical activity for
2 to 4 h/wk), and moderate to intense (light physical activity for more than 4 h/wk or
moderate physical activity (ie, swimming etc)) (Ainsworth et al. 1993). Daily dietary energy
intake was assessed by the food-frequency questionnaire created for the European
Prospective Investigation on Cancer and Nutrition (EPIC) study, previously validated in the
InCHIANTI population (Pisani et al. 1997).

Finally, measures of serum inflammatory markers were considered as potential mediators.
Previously from the InCHIANTI Study, it has been reported (Milaneschi et al. 2009) that
participants with high interleukin-1 receptor antagonist (IL-1ra) had a higher risk of
developing depressive symptoms over time. Serum levels of interleukin 6 (IL-6) and IL-1ra
were measured by enzyme linked immuno-absorbent assays (ELISA) (kits from
BIOSOURCE International, Camarillo, California). Serum C-reactive protein (CRP) was
measured in duplicate using the Dade Behring BNII nephelometer (Dade Behring Inc.,
Deerfield, IL, USA), utilizing a particle-enhanced immuno-nepholometric assay and
monoclonal antibodies to CRP. The lowest detectable concentration was 0.1 pg/ml for IL-6,
4 pg/ml for IL1ra, and 0.03 mg/L for CRP. The inter-assay coefficient of variation was 4.5%
for IL-1ra, 5% for CRP and 7% for IL-6.

Statistical Analyses
Variables were reported as percentage, or means ± standard deviation (SD) for categorical
and continuous variables as appropriate. Continuous variables with a skewed distribution are
shown as median and interquartile range (IQR) and log-transformed values were used in the
analyses. Partial correlations between baseline characteristics and total carotenoids were
examined using Pearson and Spearman coefficients controlling for age and sex. Multivariate
linear regression models were used to analyze the association between total carotenoids (per
SD increase) and CES-D score at baseline. Multivariate logistic regressions were used to
compare the odds of prevalent depressed mood at baseline per SD increase in total plasma
carotenoids and across carotenoid quartiles. Then, we excluded participants with depressed
mood and/or use of antidepressants at baseline and logistic regression was used to test
whether plasma carotenoids predicted incident depressed mood over the follow-up period.
Consistent with our previous study on inflammatory markers and depression (Milaneschi et
al. 2009), separate analyses were performed for incident depressed mood at 3- and at 6-year
follow-ups, because the mean increase of CES-D score was small after 3 years, while the 6-
year interval allowed for characterization a greater mean increase in depressive symptoms.
This could influence the findings in terms of risk of developing incident depressed mood at
each time point. Finally, to address reverse causation, analyses were repeated to examine the
association between plasma carotenoids and 6-year follow-up incident depressed mood after
the additional exclusion of participants who became depressed after 3 years. Ancillary
analyses were also performed to study the association between single carotenoid compounds
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and depression. All multivariate analyses were adjusted for age, sex, and for covariates that
showed a significant correlation with total carotenoids. All cross-sectional analyses were
also adjusted for use of antidepressants. All longitudinal analyses were additionally adjusted
for baseline CES-D score in order to correct for “regression to the mean”. Finally, we tested
whether inflammatorymarkers could be considered mediators in the relationship between
carotenoid concentrations and incident depressed mood at 6-year follow-up. We applied
meditational analyses that use bootstrapping techniques, a nonparametric resampling
procedure (Preacher and Hayes 2008). Cases were randomly selected, with replacement,
from the original sample of N. For each bootstrap sample, the model was estimated and the
parameter estimates saved and their distribution examined. The indirect effect was deemed
significant if the confidence interval around that effect did not include zero. We set the
number of bootstrap samples to 1000. We utilized the SPSS macro developed by Preacher
and Hayes (Preacher and Hayes 2008) which allows to estimate models with binary
outcome. All other analyses were performed using SAS (v. 9.1, SAS Institute, Inc., Cary,
NC) with a statistical significance level set at P <0.05.

RESULTS
Baseline characteristics and their correlation with total plasma carotenoids are shown in
Table 1. The mean (±SD) age of the study sample was 74.3 (±6.8) years and 55.7% were
women. The mean plasma level of total carotenoids was 1.8 (±0.7) μmol/L. At baseline,
higher plasma concentrations of total carotenoids were associated with female gender, being
non-disabled, higher level of physical activity, lower number of chronic diseases, lower BMI
and lower serum inflammatory markers. The adjusted Pearson’s correlation coefficient
between total carotenoids and depressive symptoms assessed with CES-D was −0.09 (p<.
01). Table 2 shows the relations between total carotenoids and other covariates with
depressive symptoms at baseline. Higher plasma level of total carotenoids (per SD increase)
was significantly associated with lower CES-D score after adjustment for age, sex and
antidepressants use (β = −0.76, SE= 0.26, p = 0.004). Additional adjustment for BMI,
physical activity, number of chronic diseases and disability reduced by 24% the strength of
the association, which nevertheless remained significant (β = −0.57, SE= 0.27, p = 0.03).
Analyses were additionally adjusted for inflammatory markers. Collinearity between
inflammatory markers was examined using correlation and variance inflation factors in
regression models. Correlation coefficient were low (from 0.32 to 0.50) and all variance
inflation factors were below 10, indicating non-significant multicollinearity. Additional
simultaneous adjustment for all inflammatory markers marginallyreduced the association
between carotenoids and depressive symptoms (β = −0.55, SE= 0.27, p = 0.047). When we
considered the single compounds separately, only higher plasma levels (per SD increase) of
lycopene (β = −0.84, SE= 0.27, p = 0.002) and β-cryptoxanthin (β = −0.52, SE= 0.27, p =
0.05) were significantly associated with lower baseline CES-D score after full adjustment
for confounders. Non-significant negative associations were also found for lutein and
zeaxanthin.

Figure 1 shows the percentages of participants with prevalent depressed mood at baseline
and incident depressed mood over follow-up across quartiles of carotenoids. At baseline,
21% of participants had depressed mood. Table 3 reports the odds ratios (ORs) for prevalent
depressed mood at baseline and incident depressed mood at 3- and 6-year follow-up per SD
increase in total plasma carotenoids and across carotenoids quartiles. Higher total plasma
carotenoids (per SD increase) concentrations were associated with a lower probability
(OR=0.82, 95%CI=0.68–0.99, p=0.04) of depressed mood at baseline after adjustment for
age, sex, antidepressants use, BMI, physical activity, number of chronic diseases, disability
and inflammatory markers. Estimated ORs for participants in the lowest carotenoid quartile,
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compared to those in the highest quartile, were 1.72 (95%CI:1.05–2.83, p=0.03) after full
adjustment for confounders.

For the incidence analyses, we excluded 220 participants with depressed mood and use of
antidepressants at baseline. Incident depressed mood was developed by 17.1% of the
participants available at 3-year follow-up and by 14.8% of those available at 6-year follow-
up. In multivariate analyses, plasma levels of total carotenoids significantly predicted
incident depressed mood status after 6 years. However, this relationship between carotenoids
and depressive symptoms was not detectable after the first 3 years. At 6-year follow-up,
higher total carotenoid concentrations (per SD increase) were associated with a lower risk
(OR=0.72, 95%CI=0.52–0.99, p=0.04) of depressed mood after adjustment for age, sex,
baseline CES-D, BMI, physical activity, number of chronic diseases, disability and
inflammatory markers. Participants in the lowest quartile of plasma carotenoids, as
compared to those in the highest quartile, had a higher risk of developing depressed mood
(OR=2.63, 95%CI=1.16–6.00, p=0.02) after 6 years. To test whether this association was
consistent across gender we included a “carotenoid-by-sex” interaction term in the previous
Cox regression models. The interaction term was not statistically significant (all p >0.15)
suggesting that the nature of association between serum carotenoids and depression is
substantially similar in the two sexes. For all individual carotenoids, higher plasma
concentrations (per SD increase) of all compounds were associated with lower probability of
incident depressed mood, although these associations were non-significant after full
adjustment. To verify that the longitudinal findings were not biased by reverse causation
(that is, participants who were subclinically depressed at baseline and could have had lower
levels of carotenoids as a consequence of depression), the 6-year follow-up analyses were
repeated after the additional exclusion of 79 participants, among those available after 6
years, who became depressed after 3 years. Again, risk of incident depressed mood
decreased by 37% for each SD increase in plasma total carotenoids concentrations (full
adjusted OR =0.63, 95%CI=0.43–0.94, p=0.02).

Finally, we tested the role of inflammatory markers as potential mediators of the relationship
between blood total carotenoid concentrations and incident depressed mood at 6-year
follow-up. Among the inflammatory markers, bootstrapping analyses identified IL-1ra as a
significant mediators between carotenoids levels and subsequent depressed mood (point
estimate = −0.04, bias corrected 95%CI=−0.09 - −0.01). The findings were essentially
unchanged when age, sex and baseline depressive symptoms were added to the model
(IL-1ra point estimate = −0.04, bias corrected 95%CI=−0.1 - −0.004).

DISCUSSION
Using data from a population-based study in older persons, we found evidence of a strong
cross-sectional and prospective independent association between plasma carotenoid
concentrations and depressive symptoms. Participants with lower total carotenoids level had
higher depressive symptoms at baseline and were more likely to develop incident depressed
mood after six years of follow up. To our knowledge, this is the first study examining this
relationship. Previous studies examining the relationship of nutrient intake and biomarkers
with depression in older persons obtained mixed results. Lower levels of folate and vitamin
B12 have been shown to be associated with depression in two cross sectional-studies of
Chinese (Ng et al. 2009) and Greek (Dimopoulos et al. 2007) older adults, and to be a risk
for incident depression over a period of 2–3 years in a prospective studies of Korean older
persons (Kim et al. 2008). Moreover, in a sample of older disabled women serum levels of
vitamin B12 were associated with higher risk of severe depression (Penninx et al. 2000).
High total intakes of vitamins B6 and B12 have been recently shown to be protective of
depressive symptoms over time in community-dwelling older adults (Skarupski et al. 2010).
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However, in a sample of healthy elderly men in the Netherlands, intake of folate and
vitamins B6 and B12 were not related to depressive symptoms (Kamphuis et al. 2008).
Decreased serum vitamin D levels have been shown to be associated with depression status
in the Longitudinal Aging Study Amsterdam (Hoogendijk et al. 2008) and with higher risk
of developing depressed mood over time in the InCHIANTI Study (Milaneschi et al. 2010a).
Depressive symptomatology in older persons has also been related to plasma PUFAs
concentrations and fatty acid composition (Tiemeier et al. 2003, Féart et al. 2008, Kiecolt-
Glaser et al. 2007). However, a recent randomized controlled trials on 302 Dutch elderly
showed no significant effect of eicosapentaenoic acid and docosahexaenoic acid on
depressive symptoms (van de Rest et al. 2008). Further studies are required of sufficient
methodological quality, duration, and sample size to confirm these findings.

Interestingly, in our study baseline plasma levels of carotenoids were not predictive of
depressed mood at 3-years follow-up. We could hypothesize that the influence of
carotenoids levels on the development of depressive symptoms is a slow process that takes
several years. As shown in Figure 1, after the exclusion of participants already depressed at
enrolment, proportions of participants with incident depressed mood across carotenoid
quartiles after 3 years did not follow the same clear trend as for prevalent depressed mood at
baseline. The same trend (proportions of participants with depressed mood decreased from
the lowest quartile to the highest) was instead detected again after 6 years. However, the
reasons for the lack of association after 3 years remain unknown, and further research is
needed. Moreover, although all the single carotenoids compounds were associated with a
lower risk of incident depressed mood over time, effects appeared especially strong and
significant only for the combined indicator of total carotenoids. Several explanations for this
finding are possible. First of all, individual compounds may have small effects that emerge
only when they are integrated. Moreover, there may be biologic interactions between the
different compounds that may be difficult to detect unless very large samples are used.
Indeed, previous study on the impact of plasma carotenoids on the health of older adults
(Milaneschi et al. 2010b) commonly considered the measure of total plasma carotenoids.

In the current study, we found evidence that inflammatory markers, in particular blood
levels of IL-1ra, partially mediated the relationship between carotenoid concentrations and
development of depressed mood after 6 years. In our previous study (Milaneschi et al.
2009), we found that older persons with high plasma levels of IL-1ra had a higher risk of
developing relevant depressive symptoms over time. Moreover, the association between
IL-1ra and depression has been confirmed also in a recent meta-analysis (Howren et al.
2009). IL-1ra, which is considered an acute phase protein (Gabay et al. 1997), is a reliable
marker of IL-1 signaling network activation. IL-1ra production increases under the same
inflammatory conditions that stimulate IL-1α and IL-1β, but while these molecules are
produced locally, rapidly metabolized and their serum concentrations is often below the
detectable, IL-1ra is produced by the liver in larger quantities and remains in the circulation
for long time (Dibbs et al. 1999, Biasucci et al. 1999, Granowitz et al. 1991). The fact that
inflammation mediated the relationship between plasma carotenoids and depression suggests
the hypothesis of a shared biological pathway. Antioxidants, by reducing free radical
concentrations, may modulate redox balance and activation of transcription nuclear factor
κB (NF-kB) (Semba et al 2007a), a major transcriptional factor involved in the expression
of proinflammatory cytokines, which have been shown to be associated with psychosocial
stress, sickness behavior and depression (Miller et al. 2009, Bierhaus et al. 2003) In animal
model of depression, it has been shown that NF-kB is the key mediator linking stress-
induced increases in IL-1β with impaired hippocampal neurogenesis and depressive-like
behaviors (Koo et al. 2010). Different biological and behavioral pathways should also be
considered through which level of carotenoids may potentially influence depressive
symptoms. Carotenoids, as antioxidants, play an important role in counterbalancing the age-
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dependent increase in oxidative stress. As people age, the central nervous system may
became more vulnerable to the effect of free radicals in terms of damage and mutation of
proteins, lipids and mitochondrial DNA, which in turn leads to impaired mitochondrial
function and further generation of free radicals, with increased lipid peroxidation and
impaired oxidative DNA repair in the nucleus (Joseph et al. 1996, Balaban et al. 2005). It
has hypothesized that the inability to buffer the effects of this oxidative stress may be
responsible for age-related neuronal decrements and neurodegenerative disease (Beal 2005,
Patten 2010). Brain imaging studies have shown that depression is associated with structural
and functional alterations of limbic and cortical structures, particularly in the hippocampus
(Lorenzetti et al. 2009, Videbech and Ravnkilde 2004).Antioxidants may play a preventive
role in neuron damage by reducing oxidative injury through the quenching of hydroxyl
radicals and reduction in lipid peroxidation (Mayne 2003). Furthermore, a lower level of
carotenoids, considered a good index of fruit and vegetable intake, could reflect an
unhealthy dietary pattern associated with overweight and obesity, which have been shown to
increase the risk of developing depression through inflammation or hypothalamic-pituitary-
adrenal axis dysregulation (Luppino et al. 2010, Vogelzangs et al. 2008, Miller et al. 2003).
Finally, an unhealthy dietary pattern may be associated with other lifestyle factors, such as
lower level of physical activity, alcohol consumption and smoking habit, considered risk
factor for depression (van Gool et al. 2007, van Gool et al. 2003). While the causal pathway
from carotenoids blood levels and changes in mood has not been elucidated, it is interesting
to note that the same micronutrients associated with depression have also been associated
with some of the phenotypes that characterize age-related frailty, such as sarcopenia and
mobility disability (Semba et al. 2007a, Milaneschi et al. 2010b, Semba et al. 2003,
Alipanah et al. 2009, Semba et al. 2007b, Lauretani et al. 2008a, Lauretani et al. 2008b).

A limitation of the present study is the loss of participants to follow-up. Participants lost to
follow-up were significantly older, more disabled and had poorer cognitive function as
compared to those available for longitudinal analysis; this could limit the generalization of
the findings. However, those lost at follow up had also higher depressive symptoms and
lower concentrations of plasma total carotenoids at baseline. Therefore, censoring of these
participants probably led to an underestimation of the relationship between carotenoids and
depression. Another limitation is that depressive symptoms were evaluated by the CES-D
questionnaire and the diagnosis of depression was not confirmed by a clinical psychiatric
diagnosis. However, the CES-D is a commonly used scale to measure depressive symptoms
and has been widely used in older population-based studies (Beekman et al. 1997).
Moreover DSM affective disorders are not highly prevalent among elderly persons in the
community, while subsyndromal depression is more common (Beekman et al. 2002,
Alexopoulos 2005). Another limitation is that the study design has not allowed us to detect
depressive episodes that started and remitted between subsequent follow-up visits. Finally,
reverse causation should be considered. In fact, depression and stress may promote
unhealthy dietary preference (Wardle et al. 2000) which in turn could result in lower intake
and blood concentration of carotenoids. However, when we subsequently excluded from
longitudinal analyses participants who became depressed after 3 years, the association
between carotenoids and incident depression after 6 years was still present.

Despite these limitations, we believe that our findings suggest that low plasma
concentrations of dietary carotenoids may be considered a potential risk factor for the onset
of depressive symptoms in older persons. However, further longitudinal studies are needed
in order to confirm this conclusion. Moreover, since we measures dietary carotenoids, any
interpretation of the findings of the present study as evidence sustaining the need for
supplementation should be avoided. Attempts to translate the results from observational
studies to dietary intervention trials may result in disappointing outcomes. Results from the
Beta-Carotene and Retinol Efficacy Trial and the Alpha-Tocopherol Beta-Carotene Cancer
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Prevention Study showed that β-carotene supplementation on participants with high risk of
lung cancer was associated with an excess in risk of mortality (Omenn et al. 1996, The
Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group 1994). Moreover, along
with nutrition other physiologic and behavioral mechanisms that affect the absorption,
storage, and utilization of carotenoids may influence their blood concentrations (Brady et al.
1996).

Evidence emerging from the study of the nutritional determinants of late-life depression may
instead provide the rationale for intervention studies aimed to test whether improving the
quality of diet may be especially effective in improving depression in older persons. Dietary
patterns rich in antioxidants, such as a Mediterranenan-style diet (characterized by a high
intake of fruit, vegetables and olive oil), have already been shown to be associated with
longer survival, reduced cardiovascular and cancer mortality, lower risk of chronic
degenerative disease and cognitive decline (Trichopoulou et al. 2003, Sofi et al. 2008).
Moreover, two trials showed that nutritional interventions based on Mediterranean diet
significantly reduced the levels of inflammatory markers in participants with cardiovascular
risk factors (Esposito et al. 2004, Estruch et al. 2006).

Interestingly, two recent studies have also demonstrated that adherence to a Mediterranean-
style diet could lower the risk of incident depression in a cohort of adults (Sánchez-Villegas
et al. 2009) and could buffer the inflammatory process boosted by depression among
community-dwelling older persons (Milaneschi et al. 2010c). In the future dietary
interventions may become a cost-effective strategy to promote healthy aging and reduce the
burden of age-related depression in the population.
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Figure 1.
Proportions of participants with prevalent depressed mood at baseline and incident
depressed mood at 3- and 6-year follow-ups across quartiles of total carotenoid
concentrations.
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Table 1

Characteristics of the study population at baseline and partial correlations with total carotenoids.

Total sample (n=958) Correlation with Total carotenoids

Characteristics

Age (years) 74.3±6.8 − 0.05

Sex (F) 55.7 0.15**

Education (years) 5.5±3.3 0.01

Alcohol use (≥3 drinks/day) 15.3 − 0.04

Smoking habit − 0.06

 non smoker 58.5

 former smoker 27.4

 current smoker 14.0

MMSE scores 25.4±3.1 0.03

BMI (Kg/m2) − 0.08*

 normal 28.1

 overweight 46.4

 obesity 25.5

Physical activity 0.14**

 Low 18.6

 Medium 76.0

 High 5.4

CES-D score 12.8±8.8 − 0.09**

Antidepressants use 4.4 0.02

Vit supplementation 3.3 0.05

Total carotenoids (μmol/L) 1.8±0.7 1

ADL disabilities 4.7 − 0.09**

No. of chronic diseases 1.2±1.0 − 0.09**

Energy intake (Kcal/day) 1931.5±564.8 0.06

CRP (μg/mL) 2.7 (4.3) − 0.11**

IL-6 (pg/mL) 1.4 (1.3) − 0.13**

IL-1ra (pg/mL) 132.0 (87.4) − 0.10**

Values are shown as means ± SD for continuous variable or percentage for categorical variable; continuous variables with a skewed distribution are
shown as median (IQR) and were log-transformed for the analysis.

Partial Correlations based on Pearson or Spearman coefficient as appropriate and adjusted for age and sex.
MMSE, Mini Mental State Examination; BMI, Body Mass Index; CES-D, Center for Epidemiological Studies-Depression Scale; ADL, Activities
of Daily Living; CRP, C-Reactive Protein; IL-6, Interleukin 6; IL-1ra, Interleukin 1 receptor antagonist.

*
p < .05

**
p < .01
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