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Abstract

Background: Dietary factors play an important role in the development of depressive symptoms. Carotenoids 
have effective antioxidant and anti-inflammatory effects, but few studies have explored the associations be-
tween dietary carotenoid intake and depressive symptoms.
Objective: To evaluate the association between dietary carotenoid intake and the risk of depressive symptoms 
in adults from the United States.
Design: This cross-sectional study included adult participants from the National Health and Nutrition 
Examination Survey 2009–2016. Depressive symptoms were assessed using the Patients’ Health Question-
naire-9. Intake of carotenoids was obtained through two 24-h dietary recall interviews. We applied logistic 
regression models and restricted cubic spline models to evaluate the associations of dietary alpha-carotene, 
beta-carotene, beta-cryptoxanthin, lycopene, lutein with zeaxanthin, and total carotenoid intake with the risk 
of depressive symptoms.
Results: Overall, a total of 17,401 adults aged 18–80 years were included in this study. After adjustment for 
potential confounders, the odds ratios (95% confidence intervals) of depressive symptoms in the highest versus 
lowest quartiles were 0.71 (0.56–0.92) for alpha-carotene, 0.59 (0.47–0.75) for beta-carotene, 0.71 (0.55–0.92) 
for beta-cryptoxanthin, 0.66 (0.49–0.89) for lycopene, 0.50 (0.39–0.64) for lutein with zeaxanthin, and 0.59 
(0.45–0.78) for total carotenoid intake. U-shaped dose–response relationships were found between both be-
ta-carotene and lutein with zeaxanthin intake and the risk of depressive symptoms.
Conclusion: Results suggest that alpha-carotene, beta-carotene, beta-cryptoxanthin, lycopene, lutein with zea-
xanthin, and total carotenoid intake may be inversely associated with the risk of depressive symptoms in the 
U.S. adults.

Keywords: depressive symptoms; dietary carotenoid intakes; restricted cubic spline models; dose–response relationship; 
NHANES

Received: 4 December 2019; Revised: 14 August 2020; Accepted: 22 September 2020; Published: 28 December 2020

According to the World Health Organization, more 
than 300 million people experience depression 
globally (1). In the United States, the prevalence 

of depression was 5.9% in 2015 (2), and the financial bur-
den of depression in the United States was $188 billion in 

2012 (3). By 2030, depression is calculated to be the sec-
ond leading cause of disability-adjusted life years world-
wide and the first leading cause in high-income countries 
(4). Although there have been effective treatments for de-
pression, the rates of treatments are low  (1). Therefore, 
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Popular scientific summary
• � Higher intakes of carotenoid were protective against depressive symptoms.
• � This study evaluated the associations between dietary intakes of five kinds of carotenoids and total 

carotenoid with depressive symptoms.
• � Our findings may be helpful to develop dietary guidelines for preventing depressive symptoms.
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it is important to explore the risk factors and preventive 
measures for depression.

The pathogenesis of depression remains unclear. The 
etiology of depression is related to genetic and social en-
vironmental factors (5–8). In recent years, several dietary 
factors, such as fish (9), coffee (10), fruit and vegetable 
(11), dietary fiber (12), magnesium (13), zinc, iron, copper, 
and selenium intakes, have been found to be associated 
with the risk of depression (14). These dietary factors 
play a protective role in the development of depression 
through their anti-inflammatory or antioxidant proper-
ties. Additionally, carotenoids are also known to have ef-
fective antioxidant and anti-inflammatory effects (15, 16).

Previous studies have found that carotenoids could re-
duce the risk of many diseases, such as cancer, coronary 
vascular disease, ocular disease, hypertension, and dia-
betes (17–21). Some epidemiologic studies have also re-
ported an association between carotenoid intake and the 
risk of depression (22–26). A cross-sectional study found 
that higher intakes of alpha-carotene and beta-carotene 
were inversely associated with the risk of depressive symp-
toms among midlife women in the United States (22). A 
case–control study also suggested an inverse association 
between beta-carotene intake and the risk of depression 
in Korean students (24). Another cross-sectional study 
among American elderly showed that the risk of depres-
sion was significantly associated with dietary cryptoxan-
thin intake, but not with four other carotenoids and total 
carotenoid intakes (25). However, these studies were con-
ducted only for specific populations and the results were 
not consistent. Therefore, using data from the National 
Health and Nutrition Examination Survey (NHANES) 
2009–2016, we evaluated the associations between dietary 
carotenoid intakes and the risk of depressive symptoms in 
the U.S. adults in this study.

Materials and methods

Study population
The NHANES is aimed at assessing the health and nu-
tritional status of adults and children (aged 0–80 years) 
in the United States (27). In this study, we used data 
from NHANES 2009–2010, 2011–2012, 2013–2014, and 
2015–2016. Of the four cycles, there were 40,439 partici-
pants, where only 20,977 of them completed the depression 
questionnaire. Furthermore, we excluded those who were 
pregnant (n = 222) and lactating (n = 137). In addition, 
3,153 participants were also excluded because their 24-h di-
etary recall data were not complete (those who did not finish 
the two 24-h dietary recall interviews). Moreover, individ-
uals were omitted whose total energy intake was <500 or 
>5,000 kcal/day for female, and <500 or >8,000 kcal/day for 
male (n = 64). Finally, a total of 17,401 participants (8,555 
men and 8,847 women) were included in this study (Fig. 1).

Assessment of depressive symptoms
Depressive symptoms were assessed using a nine-item de-
pressive symptoms screening instrument, Patient’s Health 
Questionnaire-9 (PHQ-9). Each item scored from 0 to 3, 
and the total score ranged from 0 to 27. Participants were 
considered to have depressive symptoms if  their PHQ-9 
scores were ≥10 (28).

Dietary intake assessment
Dietary carotenoid intakes were obtained through two 
24-h dietary recall interviews. The first dietary recall in-
terview was collected at the Mobile Examination Cen-
ter (MEC), and the second interview was conducted by 
telephone 3–10 days later. The 24-h dietary recall inter-
view has been proven to be an effective method for as-
sessing the intake of nutrients and energy (29, 30). The 
food composition database used in NHANES was the 
United States Department of Agriculture (USDA) Di-
etary Sources of Nutrients database (31). In our study, the 
intake of alpha-carotene, beta-carotene, beta-cryptoxan-
thin, lycopene, and lutein with zeaxanthin was measured. 
As such, we defined the sum of the aforementioned five 
carotenoids as the total carotenoid. Dietary carotenoid 
intakes were defined as the average dietary intake data of 
the two 24-h dietary recall interviews.

Covariates
The following covariates were included in this study: 
age (18–39, 40–59, and 60–80 years), gender (male and 
female), ethnicity (Mexican American, other Hispanic, 

Fig. 1.  Flow chart of the screening process for the selection 
of eligible participants.
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non-Hispanic white, non-Hispanic black, and other eth-
nicity; ethnicity was included in the model as a dummy 
variable, with Mexican American as the reference group), 
educational level (below high school, high school, and 
above high school), body mass index (BMI) (<25, 25 to 
<30, and ≥30 kg/m2), annual family income (under $20,000 
and $20,000 and over), work physical activity and recre-
ational physical activity, hypertension (yes/no), diabetes 
(yes/no), smoking status (smoking at least 100 cigarettes 
in life or not), drinking status (had at least 12 alcohol 
drinks a year or not), and energy intake. Total energy in-
take was obtained from 24-h dietary recall interviews (13).

Statistical analysis
Characteristics were described as mean ± standard devia-
tion for normal variables, median (interquartile range) for 
non-normal variables, and number (percentage) for cat-
egorical variables. The Kolmogorov–Smirnov normality 
test was used to verify the normality of carotenoid and 
energy intakes. Student’s t-tests would be applied when 
normality assumptions were satisfied; otherwise, the 
equivalent non-parametric test would be used. The Chi-
square test was used to examine the difference in the per-
centage of categorical variables between participants with 
or without depressive symptoms.

Carotenoid intakes were categorized by quartiles 
(quartile 1: <25th; quartile 2: 25 to <50th; quartile 3: 50 
to <75th; quartile 4: ≥75th). Depressive symptoms were 
analyzed as a binary variable. Subjects with a PHQ-9 
score ≥10 were defined as the case group, whereas those 
with a PHQ-9 score less than 10 were defined as the con-
trol group. The odds ratios (ORs) (95% confidence inter-
vals [CIs]) were estimated by conducting binary logistic 
regression analyses to test the associations between quar-
tiles of  carotenoid and the presence of  depressive symp-
toms, with quartile 1 as the reference category. Model 1 
was adjusted for age and gender. Model 2 was adjusted 
for age, gender, ethnicity, educational level, BMI, an-
nual family income, work physical activity, recreational 
physical activity, hypertension, diabetes, smoking status, 
drinking status, and total energy intake. Considering that 
those with higher body weight may have more nutrients 
intake, we adjusted dietary carotenoid intake by weight to 
conduct a sensitivity analysis. In addition, stratified anal-
yses were performed based on gender (male or female), 
age (18–39, 40–59, and 60 years old and over), and eth-
nicity (Mexican American, other Hispanic, non-Hispanic 
white, non-Hispanic black, and other ethnicity). We also 
assessed the dose–response relationship using restricted 
cubic spline with three knots at the 5th, 50th, and 95th. 
The adjusted covariates in the restricted cubic spline 
were the same as the covariates adjusted in Model 2 of 
the logistic regression. We tested the value of  the second 
zero spline coefficient to calculate the non-linear P-value. 

A two-sided P-value <0.05 was considered statistically 
significant. A new 8-year dietary weight was created by 
taking one-fourth of  the 2-year weight following the 
NHANES guidelines (32). All analyses were conducted 
using STATA 15.0 (Stata Corp., College Station, TX, 
USA) and SPSS 18.0 (SPSS Inc., Chicago, IL, USA).

Results
Table 1 presents the characteristics of the selected pop-
ulation based on depressive symptoms status. As such, 
the prevalence of depressive symptoms was 8.88% for 
all participants. The prevalence of depressive symptoms 
was higher in females, smokers, and those with hyperten-
sion and diabetes. Compared with participants without 
depressive symptoms, those with depressive symptoms 
tended to be younger and obese. In addition, individu-
als with depressive symptoms were more likely to have 
lower educational level, family income, work activity, and 
recreational activity. Alpha-carotene, beta-carotene, be-
ta-cryptoxanthin, lycopene, lutein with zeaxanthin, total 
carotenoid, and energy intake in participants with depres-
sive symptoms were significantly lower than those without 
depressive symptoms.

Table 2 presents results of the logistic regression analy-
ses. The crude ORs with 95% CI of depressive symptoms 
in the highest versus lowest quartiles were 0.53 (0.43–0.65) 
for alpha-carotene, 0.41 (0.34–0.50) for beta-carotene, 
0.54 (0.43–0.69) for beta-cryptoxanthin, 0.57 (0.44–0.74) 
for lycopene, 0.33 (0.27–0.42) for lutein with zeaxanthin, 
and 0.41 (0.32–0.52) for total carotenoid. After adjust-
ment for age and gender in Model 1, the results remained 
statistically significant. In Model 2, the multivariate-ad-
justed ORs with 95% CI of depressive symptoms were 
0.71 (0.56–0.92) for alpha-carotene, 0.59 (0.47–0.75) for 
beta-carotene, 0.71 (0.55–0.92) for beta-cryptoxanthin, 
0.66 (0.49–0.89) for lycopene, 0.50 (0.39–0.64) for lutein 
with zeaxanthin, and 0.59 (0.45–0.78) for total carot-
enoid. Similar results were found in the sensitivity anal-
ysis, in which dietary carotenoid intake was adjusted by 
weight (Supplementary Table S1).

Table 3 shows the associations between total dietary 
carotenoid intake and the risk of depressive symptoms in 
stratified analyses by age and gender. In stratified analyses 
by age, the inverse association between total carotenoid 
intake and the risk of depressive symptoms was signif-
icant in the third versus the first quartile analysis in all 
three models among participants aged 18–39 years. For 
the highest quartile, the inverse association was significant 
in the unadjusted model and Model 1. For participants 
aged 40–59 years, all levels of total carotenoid intakes 
were associated with a decreased risk of depressive symp-
toms in the unadjusted model and Model 1. In Model 2, 
the association was significant only in the highest quartile 
of total dietary carotenoid intake. For participants aged 
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Table 1.  Characteristics of participants by depressive symptoms, National Health and Nutrition Examination Survey 2009–2016 (N = 17,401)

Without depressive symptoms With depressive symptoms P

Number of subjects (%)a 15,856 (91.12) 1,545 (8.88)

Age (year) (%)a <0.01

  18–39 5,640 (35.57) 495 (32.04)

  40–59 5,019 (31.65) 606 (39.22)

  60–80* 5,197 (32.78) 444 (28.74)

Gender (%)a <0.01

  Male 8,002 (50.47) 553 (35.79)

  Female 7,854 (49.53) 992 (64.21)

Ethnicity (%)a <0.01

  Mexican American 2,316 (14.61) 232 (15.02)

  Other Hispanic 1,571 (9.91) 214 (13.85)

  Non-Hispanic white 6,781 (42.77) 648 (41.94)

  Non-Hispanic black 3,380 (21.32) 333 (21.55)

  Other ethnicity 1,808 (11.40) 118 (7.64)

Educational level (%)a <0.01

  <High school 3,363 (21.24) 526 (34.07)

  High school 3,662 (23.12) 370 (23.96)

  >High school 8,811 (55.64) 648 (41.97)

Body mass index (BMI) (%)a <0.01

  <25 kg/m2 4,656 (29.63) 373 (24.48)

  25 to <30 kg/m2 5,201 (33.10) 367 (24.08)

  ≥30 kg/m2 5,856 (37.27) 784 (51.44)

Family income (%)a <0.01

  Under $20,000 3,431 (22.59) 656 (44.35)

  $20,000 and over 11,758 (77.41) 823 (55.65)

Work activity (%)a 0.025

  Vigorous 2,980 (18.80) 294 (19.05)

  Moderate 3,411 (21.52) 287 (18.60)

  Other 9,459 (59.68) 962 (62.35)

Recreational activity (%)a <0.01

  Vigorous 3,850 (24.29) 178 (11.52)

  Moderate 4,349 (27.44) 323 (20.91)

  Other 7,653 (48.27) 1,044 (67.57)

  Hypertension (%)a 5,519 (38.84) 731 (37.38) <0.01

  Diabetes (%)a 1,911 (12.06) 316 (20.51) <0.01

  Smoke at least 100 cigarettes in life (%)a 6,467 (41.98) 891 (58.73) <0.01

  Had at least 12 alcohol drinks a year (%)a 11,178 (71.53) 1,116 (73.13) 0.096

  Total energy (kcal/day)b 1921.50 (983) 1807.50 (1,018) <0.01

  Alpha-carotene (mcg/day)b 87.50 (444) 48.5 (269) <0.01

  Beta-carotene (mcg/day)b 1112.50 (2323.50) 669 (1530.50) <0.01

  Beta-cryptoxanthin (mcg/day)b 43 (87) 30 (68.50) <0.01

  Lycopene (mcg/day)b 2,520 (5694.25) 2116.50 (4827.75) <0.01

  Lutein with zeaxanthin (mcg/day)b 843 (1,154) 625 (772.25) <0.01

  Total carotenoid (mcg/day)b 6543.50 (9235.25) 4,865 (7948.75) <0.01

Data are number of subjects (percentage) or medians (interquartile ranges).

aChi-square test is used to compare the percentage between participants with and without depressive symptoms.

bMann–Whitney U test is used to compare the mean values between participants with and without depressive symptoms.

*Individuals aged 80 and over are topcoded at 80 years of age.
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60 years and older, the inverse associations with depres-
sive symptoms were significant in the highest quartile of 
dietary total carotenoid intake in three models. The ORs 
(95% CIs) of depressive symptoms in the highest quartile 
of total carotenoid intake in Model 2 were 0.65 (0.44–
0.97) and 0.34 (0.22–0.54) for participants aged 40–59 
years and 60 years and older, respectively. In stratified 
analyses by gender, the inverse association between the 
highest quartile of total carotenoid and the risk of de-
pressive symptoms was significant in all three models. For 
the third quartile of total carotenoid intake, the associa-
tion was significant in unadjusted model and Model 1. In 
females, all levels of dietary total carotenoid intakes were 
associated with a decreased risk of depressive symptoms 

in the three models. The ORs (95% CIs) of depressive 
symptoms in the highest quartile of total carotenoid in-
take in Model 2 were 0.56 (0.37–0.84) and 0.62 (0.44–0.88) 
for males and females, respectively.

The associations between total dietary carotenoid in-
take and the risk of depressive symptoms in stratified 
analyses by ethnicity are presented in Supplementary 
Table S2. For Mexican American, other Hispanic, and 
non-Hispanic black, the associations between dietary 
total carotenoids and depressive symptoms were no longer 
statistically significant, although the ORs were below 1. 
For non-Hispanic white and other ethnicity, total dietary 
carotenoid intake was inversely associated with depressive 
symptoms. The ORs (95% CIs) of depressive symptoms 

Table 2.  Weighted odds ratios (95% confidence intervals) of depressive symptoms across quartiles of carotenoid (mcg) intake, National Health 
and Nutrition Examination Survey 2009–2016 (N = 17,401)

Case/participants Crudea Model 1a Model 2a

Alpha-carotene (mcg/day)

  <24 537/4,381 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  24 to <82.5 376/4,328 0.63 (0.52–0.76)** 0.64 (0.53–0.77)** 0.77 (0.63–0.95)*

  82.5 to <451.5 332/4,346 0.60 (0.48–0.74)** 0.59 (0.47–0.74)** 0.71 (0.55–0.92)*

  ≥451.5 300/4,347 0.53 (0.43–0.65)** 0.53 (0.42–0.66)** 0.71 (0.56–0.92)*

Beta-carotene (mcg/day)

  <427.38 579/4,355 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  427.38 to <1060.5 390/4,350 0.60 (0.49–0.73)** 0.61 (0.50–0.76)** 0.65 (0.51–0.83)**

  1060.5 to <2693.88 305/4,347 0.45 (0.36–0.56)** 0.45 (0.35–0.56)** 0.54 (0.42–0.70)**

  ≥2693.88 271/4,350 0.41 (0.34–0.50)** 0.41 (0.33–0.50)** 0.59 (0.47–0.75)**

Beta-cryptoxanthin (mcg/day)

  <14.5 484/4,462 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  14.5 to <41.5 417/4,256 0.91 (0.72–1.15) 0.91 (0.72–1.16) 1.09 (0.84–1.41)

  41.5 to <99.5 354/4,348 0.67 (0.54–0.83)** 0.67 (0.54–0.84)** 0.77 (0.59–0.99)*

  ≥99.5 290/4,336 0.54 (0.43–0.69)** 0.56 (0.44–0.71)** 0.71 (0.55–0.92)*

Lycopene (mcg/day)

  <745.5 457/4,352 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  745.5 to <2,484 383/4,350 0.83 (0.68–1.00) 0.82 (0.67–1.00) 0.87 (0.70–1.08)

  2,484 to <6364.5 388/4,350 0.92 (0.72–1.19) 0.92 (0.71–1.19) 1.04 (0.77–1.39)

  ≥6364.5 317/4,350 0.57 (0.44–0.74)** 0.61 (0.47–0.80)** 0.66 (0.49–0.89)*

Lutein with zeaxanthin (mcg/day)

  <449 555/4,353 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  449 to <820.25 420/4,348 0.72 (0.59–0.89)** 0.75 (0.60–0.92)** 0.89 (0.70–1.14)

  820.25 to <1,571 329/4,352 0.50 (0.39–0.64)** 0.53 (0.41–0.67)** 0.63 (0.49–0.81)**

  ≥1,571 241/4,349 0.33 (0.27–0.42)** 0.33 (0.27–0.42)** 0.50 (0.39–0.64)**

Total carotenoid (mcg/day)

  <3,088 548/4,351 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  3,088 to <6,380 383/4,351 0.69 (0.55–0.86)** 0.71 (0.57–0.89)** 0.78 (0.62–0.99)*

  6,380 to <12,179 335/4,350 0.58 (0.46–0.72)** 0.58 (0.47–0.73)** 0.71 (0.56–0.89)**

  ≥12,179 279/4,350 0.41 (0.32–0.52)** 0.43 (0.34–0.55)** 0.59 (0.45–0.78)**

a Calculated using binary logistic regression. Model 1 adjusted for age and gender. Model 2 adjusted for age and gender, ethnicity, educational level, BMI, 
annual family income, work activity, recreational activity, hypertension, diabetes, smoking status, drinking status, and total energy intake.

*P < 0.05; **P < 0.01.
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in the highest quartile of total carotenoid intake in Model 
2 were 0.57 (0.39–0.85) and 0.42 (0.20–0.89) for non-
Hispanic white and other ethnicity, respectively.

Figures 2–7 show the results of the dose–response 
relationship between depressive symptoms and dietary 
intakes of carotenoid. These associations were non-linear 
(Pfor nonlinearity < 0.05). A U-shaped association was found be-
tween dietary beta-carotene intake and depressive symp-
toms. Similarly, the association between dietary lutein with 
zeaxanthin and depressive symptoms was also U shaped. 
There were no significant associations when alpha-carotene 
and lycopene intakes were lower than 960 mcg/day (OR: 
0.77; 95% CI: 0.53–1.00) and 14,600 mcg/day (OR: 0.77; 
95% CI: 0.54–1.00), respectively. Moreover, the associa-
tions were no longer significant when beta-carotene and 
lutein with zeaxanthin intakes were more than 10,810 
mcg/day (OR: 0.68; 95% CI: 0.37–1.00) and 9,580 mcg/
day (OR: 0.63; 95% CI: 0.27–1.00), respectively.

Discussion
This study examined the relationship between dietary 
intakes of carotenoids and the risk of depressive symp-
toms using data from NHANES during 2009–2016. In 
this cross-sectional study, we found that all carotenoid in-
takes were inversely associated with the risk of depressive 
symptoms in the U.S. adults. These associations remained 
significant after adjustment for age, gender, and other 
potential confounding factors. The results of the dose-re-
lationship analyses showed that these associations were 
non-linear. In stratified analyses by gender and age, the 
inverse association between total carotenoid intake and 
depressive symptoms was statistically significant among 
both male and female, and in the age group of 40–59 years 
and older than 60 years.

Similarly, a cross-sectional study indicated that higher 
intakes of alpha-carotene and beta-carotene were associ-
ated with a decreased risk of depressive symptoms among 

Table 3.  Weighted odds ratios (95% confidence intervals) of depressive symptoms across quartiles of dietary total carotenoid intake, stratified by 
age and gender, National Health and Nutrition Examination Survey 2009–2016 (N = 17,401)

Total carotenoid Crudea Model 1a Model 2a

18–39 years old

  <3,088 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  3,088 to <6,380 0.74 (0.50–1.10) 0.78 (0.53–1.15) 0.74 (0.49–1.13)

  6,380 to <12,179 0.53 (0.38–0.73)** 0.54 (0.39–0.76)** 0.58 (0.41–0.82)**

  ≥12,179 0.51 (0.34–0.78)** 0.55 (0.36–0.84)** 0.67 (0.41–1.04)

40–59 years old

  <3,088 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  3,088 to <6,380 0.62 (0.47–0.83)** 0.65 (0.49–0.87)** 0.80 (0.56–1.14)

  6,380 to <12,179 0.61 (0.45–0.83)** 0.62 (0.46–0.85)** 0.87 (0.62–1.23)

  ≥12,179 0.39 (0.29–0.40)** 0.42 (0.31–0.58)** 0.65 (0.44–0.97)*

≥60 years old

  <3,088 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  3,088 to <6,380 0.71 (0.46–1.12) 0.71 (0.46–1.11) 0.72 (0.43–1.22)

  6,380 to <12,179 0.56 (0.30–1.02) 0.57 (0.31–1.05) 0.59 (0.32–1.09)

  ≥12,179 0.27 (0.18–0.41)** 0.28 (0.18–0.43)** 0.34 (0.22–0.54)**

Male

  <3,088 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  3,088 to <6,380 0.86 (0.59–1.25) 0.85 (0.58–1.24) 0.99 (0.66–1.47)

  6,380 to <12,179 0.59 (0.38–0.90)* 0.58 (0.38–0.89)* 0.72 (0.45–1.17)

  ≥12,179 0.41 (0.28–0.60)** 0.41 (0.28–0.59)** 0.56 (0.37–0.84)*

Female

  <3,088 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

  3,088 to <6,380 0.63 (0.48–0.82)** 0.63 (0.48–0.82)** 0.67 (0.51–0.87)**

  6,380 to <12,179 0.60 (0.46–0.78)** 0.59 (0.45–0.88)** 0.70 (0.51–0.95)*

  ≥12,179 0.46 (0.34–0.61)** 0.46 (0.34–0.62)** 0.62 (0.44–0.88)**

a Calculated using binary logistic regression. Model 1 adjusted for age and gender. Model 2 adjusted for age and gender, ethnicity, educational level, BMI, 
annual family income, work activity, recreational activity, hypertension, diabetes, smoking status, drinking status, and total energy intake.

*P < 0.05; **P < 0.01.

http://dx.doi.org/10.29219/fnr.v64.3920


Citation: Food & Nutrition Research 2020, 64: 3920 - http://dx.doi.org/10.29219/fnr.v64.3920 7
(page number not for citation purpose)

Carotenoid intakes and depressive symptoms

Fig. 2.  Dose–response relationship between dietary alpha-carotene intake and depressive symptoms. The association was ad-
justed for age, gender, ethnicity, educational level, body mass index, annual family income, work physical activity, recreational 
physical activity, hypertension, diabetes, smoking status, drinking status, and total energy intake. The solid line and dash line 
represent the estimated ORs and its 95% confidence intervals, respectively. OR, odds ratio.

Fig. 3.  Dose–response relationship between dietary beta-carotene intake and depressive symptoms. The association was adjusted 
for age, gender, ethnicity, educational level, body mass index, annual family income, work physical activity, recreational physical 
activity, hypertension, diabetes, smoking status, drinking status, and total energy intake. The solid line and dash line represent 
the estimated ORs and its 95% confidence intervals, respectively. OR, odds ratio.
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Fig. 4.  Dose–response relationship between dietary beta-cryptoxanthin intake and depressive symptoms. The association was 
adjusted for age, gender, ethnicity, educational level, body mass index annual family income, work physical activity, recreational 
physical activity, hypertension, diabetes, smoking status, drinking status, and total energy intake. The solid line and dash line 
represent the estimated ORs and its 95% confidence intervals, respectively. OR, odds ratio.

Fig. 5.  Dose–response relationship between dietary lycopene intake and depressive symptoms. The association was adjusted for 
age, gender, ethnicity, educational level, body mass index, annual family income, work physical activity, recreational physical 
activity, hypertension, diabetes, smoking status, drinking status, and total energy intake. The solid line and dash line represent 
the estimated ORs and its 95% confidence intervals, respectively. OR, odds ratio.
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Fig. 6.  Dose–response relationship between dietary lutein with zeaxanthin intake and depressive symptoms. The association was 
adjusted for age, gender, ethnicity, educational level, body mass index, annual family income, work physical activity, recreational 
physical activity, hypertension, diabetes, smoking status, drinking status, and total energy intake. The solid line and dash line 
represent the estimated ORs and its 95% confidence intervals, respectively. OR, odds ratio.

Fig. 7.  Dose–response relationship between dietary total carotenoid intake and depressive symptoms. The association was ad-
justed for age, gender, ethnicity, educational level, body mass index, annual family income, work physical activity, recreational 
physical activity, hypertension, diabetes, smoking status, drinking status, and total energy intake. The solid line and dash line 
represent the estimated ORs and its 95% confidence intervals, respectively. OR, odds ratio.
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the U.S. midlife female (22). Park et al. (24) conducted a 
cross-sectional study that reported that dietary beta-car-
otene intake was negatively associated with depressive 
symptoms in Korean students. A cross-sectional study 
by Niu et al. (23) demonstrated that a tomato-rich diet 
is related to a lower prevalence of depressive symptoms 
among the elderly Japanese population aged ≥70 years, 
suggesting that dietary lycopene intake may have a bene-
ficial effect on preventing depressive symptoms. However, 
Payne et al. (25) found that dietary beta-cryptoxanthin 
was inversely associated with depressive symptoms in 
older U.S. adults, while no association was found between 
alpha-carotene, beta-carotene, lycopene, and lutein with 
zeaxanthin. Meanwhile, a case–control study by Prohan 
et al. (26) indicated that depressive symptoms were signifi-
cantly associated with dietary beta-carotene, lutein with 
zeaxanthin intakes, whereas associations between dietary 
intakes of alpha-carotene, beta-cryptoxanthin, and lyco-
pene were not statistically significant.

To our knowledge, this is the first study to comprehen-
sively examine the associations between dietary carot-
enoid intakes and depressive symptoms. There are several 
possible mechanisms by which carotenoids may play a 
protective role in depressive symptoms. First, depression 
may be linked to a lower expression of brain-derived neu-
rotrophic factors. Interleukin-6 (IL-6) and tumor necro-
sis factor-α (TNF-α) levels were significantly increased in 
patients with depression. These inflammatory cytokines 
impair the expression of brain-derived neurotrophic fac-
tors, thus resulting in the occurrence of depression (33). 
Beta-carotene has been shown to reduce the mRNA levels 
of IL-6 and TNF-α (34). Zeaxanthin can also reduce the 
expression of IL-6, interleukin-1β (IL-1β), and TNF-α in 
the hippocampus (35). Second, the development of de-
pression is related to oxidative and an imbalance between 
antioxidants and prooxidants (36). The brain is thought 
to be susceptible to oxidative stress because of its high 
oxygen consumption and high lipid levels (37). Forlenza 
and Miller (38) found increased serum levels of 8-hy-
droxy-2’-deoxyguanosine in clinical depression, which is 
a biological marker of DNA damage caused by oxidative 
stress, indicating that depression is accompanied by oxida-
tive stress. Carotenoids are natural antioxidants that can 
effectively remove reactive oxygen species and other free 
radicals and protect organisms from oxidative damage 
(15). They are one of the most efficient physical quenchers 
of 1O2 because of their triplet energy levels lying close to 
that of 1O2. Carotenoids can scavenge free radicals by 
electron transfer between the free radical and carotenoid, 
forming a carotenoid radical cation or carotenoid radical 
anion. Free radicals can also be scavenged through hydro-
gen atom transfer, leading to a neutral carotenoid radical 
(39). The association between beta-carotene and depres-
sive symptoms was U shaped. It is possible that when at 

high doses of beta-carotene, their ability to protect cells 
was lost, and the antioxidant capability would decrease or 
even become prooxidant activity (40). In addition, several 
nutrients and drugs could affect the bioavailability of ca-
rotenoids. For example, dietary fibers and minerals have 
been shown to impair the bioavailability of carotenoids. 
Other micronutrients may compete with carotenoids for 
absorption in the small bowel because they are usually 
consumed together. Fat absorption inhibitors, such as or-
listat, could decrease the absorption of carotenoids (41). 
In summary, carotenoid can contribute to the prevention 
of depressive symptoms through anti-inflammatory and 
antioxidant capabilities.

Our study had several strengths. First, we explored 
the dose–response relationship between dietary carot-
enoid intakes and depressive symptoms. Second, our 
sample of subjects is large and representative based on 
NHANES. Third, we evaluated the associations between 
depressive symptoms with different kinds of dietary ca-
rotenoid, including alpha-carotene, beta-carotene, be-
ta-cryptoxanthin, lycopene, lutein with zeaxanthin, and 
total carotenoid. Fourth, we adjusted for some potential 
confounding factors when exploring the associations and 
dose–response relationships between dietary carotenoid 
intakes and depressive symptoms.

However, our study has some limitations. First, cau-
sality cannot be determined because our study is a 
cross-sectional study. Second, although we have adjusted 
for some confounding factors, there may still be some 
unknown confounding factors left. Besides, PHQ-9 is a 
self-report scale instead of  a diagnostic instrument for 
clinical depression, which can lead to misclassification. 
Fourth, the dietary data were obtained through two 
24-h dietary recall interviews, which might have caused 
recall bias.

Conclusion
In conclusion, our study suggests that alpha-carotene, 
beta-carotene, beta-cryptoxanthin, lycopene, lutein with 
zeaxanthin, and total carotenoid intakes were inversely 
associated with the risk of depressive symptoms among 
the U.S. adults. The dose–response relationship showed 
that these associations were non-linear. These findings 
need to be confirmed by prospective studies.
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