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ABSTRACT
Background: A protective association of dietary carotenoids with cognitive function has been suggested, but most

studies have been relatively small with limited periods of follow-up.

Objectives: We examined prospectively long-term intakes of carotenoids in relation to subjective cognitive function

(SCF), a self-reported, validated indicator of cognitive dysfunction.

Methods: Among 49,493 female registered nurses with a mean age of 48 y in 1984, we used multinomial logistic

regression to estimate the ORs and 95% CIs relating intakes of carotenoids to self-reported SCF in 2012 and 2014.

Mean intakes of carotenoids were calculated from 7 repeated FFQs collected in 1984, 1986, and every 4 y afterwards

until 2006. Self-reported SCF was assessed by a 7-item questionnaire on changes in memory and cognition; validity

was supported by strong associations with Apolipoprotein E (APOE) ε4 genotype and concurrent cognitive function and

cognitive decline measured by telephone-based neuropsychological tests. The mean values of scores assessed in 2012

and 2014 were categorized as “good” (0 points, 40.8%), “moderate” (0.5–2.5 points, 46.9%), and “poor” (3–7 points,

12.3%).

Results: Higher intake of total carotenoids was associated with substantially lower odds of moderate or poor cognitive

function after controlling for other dietary and nondietary risk factors and total energy intake. Comparing the top with

the bottom quintile of total carotenoids, the multivariable ORs were 0.86 (95% CI: 0.80, 0.93; P-trend < 0.001) for

moderate SCF and 0.67 (95% CI: 0.60, 0.75; P-trend < 0.001) for poor SCF. This lower OR was also seen for carotenoids

consumed 28 y before SCF assessment. Similar associations were found for total β-carotene, dietary β-carotene, α-

carotene, lycopene, lutein + zeaxanthin, and β-cryptoxanthin. The significant associations for β-cryptoxanthin, lycopene,

and lutein + zeaxanthin persisted after mutual adjustment for each other.

Conclusions: Our findings support a long-term beneficial role of carotenoid consumption on cognitive function in

women. J Nutr 2020;150:1871–1879.
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Introduction

Despite reductions in age-specific incidence of dementia, the
number of persons experiencing age-related cognitive decline
is increasing dramatically worldwide and leading to significant
personal suffering, high risk of dementia, and huge burdens on
families and health care systems (1, 2). Because no effective
treatment exists for dementia (3, 4), identification of risk factors

to reduce or delay the onset of the early stages of dementia
would have substantial public health and clinical impact (5, 6).

Carotenoids, which are naturally occurring pigments found
in red, yellow, orange, and dark green fruits and vegetables,
have been suggested to play a role in prevention of cognitive
decline or dementia (7–9). Although the underlying mechanism
is not fully understood, it may relate to antioxidant activity that
may inhibit β-amyloid deposition and fibril formation (10–14).
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Nonetheless, previous observational studies and randomized
controlled trials have produced equivocal results for carotenoid
intake and cognitive function (7, 8, 15). In studies with
relatively small sample sizes and limited periods of follow-up,
no associations were observed (16–19). For several studies with
>7 y of follow-up, protective associations were seen for
intake of total and individual carotenoids (20–23) and for a
carotenoid-rich dietary pattern (24).

In particular, a previous study based on 16,010 female
participants in the Nurses’ Health Study (NHS) reported that
higher mean intakes of lycopene, lutein + zeaxanthin, and total
carotenoids over 15 y were related to better overall cognition
at older ages and slower cognitive decline (only for dietary
lycopene) measured by telephone-based neuropsychological
testing (20). In line with the increasing interest in subjective
cognitive measures as a sensitive precursor to mild cognitive
impairment, the present study aimed to replicate and expand
the study on carotenoids and cognitive function with an
additional decade of follow-up and the collection of repeated
subjective cognitive measures among 49,493 women in the
NHS.

Methods
Study design
The NHS (25) included 121,701 female registered nurses aged 30–55
y in 1976 in the United States. Every 2 y, follow-up questionnaires
have been sent to update information on potential risk factors and to
identify newly diagnosed cases of chronic diseases. The 1984, 1986,
and quadrennial follow-up questionnaires included comprehensive
semiquantitative food-frequency questionnaires (SFFQs). Response
rates have been ∼90% for each 2-y cycle. A total of 57,364 women
with eligible dietary information in 1984 (energy intake range: 600–
3500 kcal/d; number of food item blanks < 70) were alive in 2006
(Supplemental Figure 1). Among them, 49,693 participants reported
their subjective cognitive function (SCF) in either 2012 or 2014. We
further excluded 200 participants who developed Parkinson disease
before 2012 and the final study included 49,493 women with a mean
age of 48 y at baseline in 1984. The study was approved by the Human
Subjects Committees of the Harvard TH Chan School of Public Health
and Brigham and Women’s Hospital.

Dietary assessment
For this analysis, we began follow-up in 1984, when the first

comprehensive SFFQ with 131 items was administered to the NHS
cohort. Participants reported how often, on average, they consumed
each food using a specified portion size. Validation studies within the
NHS from baseline to recent years have documented that the study
SFFQ provides reasonably valid estimates for intakes of >140 nutrients,
food/food groups, and diet patterns compared with weighed dietary
records and nutrient biomarkers (26–30).

In a recent validation study, for intakes of specific carotenoids
comparing the SFFQ with two 7-d weighed dietary records collected
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over a period of 1 y, the Spearman correlation coefficients (corrected for
within-person variation in dietary records) were 0.64 for α-carotene,
0.63 for β-carotene, 0.68 for lutein + zeaxanthin, 0.61 for lycopene,
and 0.54 for β-cryptoxanthin (28). Carotenoid intakes measured by the
study SFFQ were also correlated with plasma concentrations (r = 0.51
for α-carotene, 0.41 for β-carotene, 0.46 for β-cryptoxanthin, 0.35 for
lutein, and 0.33 for lycopene) (27).

Mean intakes of carotenoids were calculated from 7 repeated
SFFQs collected in 1984, 1986, and every 4 y up to 2006, which
was 6 y before the SCF measurement. The year of 2006 was chosen
to make the best use of the repeated dietary data in order to
represent long-term diet (31), and to minimize possible effects of altered
cognitive function on diet. Each participant’s nutrient intakes were
adjusted for total energy intake using the residual method (32). In
addition to total carotenoids, we considered the following individual
carotenoids: β-carotene, α-carotene, lutein + zeaxanthin, lycopene, and
β-cryptoxanthin. Of the carotenoids, only β-carotene was regularly
included in vitamin supplements throughout the dietary reporting
period; thus, we evaluated β-carotene in foods and supplements but
only dietary intakes of α-carotene, lutein + zeaxanthin, lycopene, and β-
cryptoxanthin. Mean total energy intake and alcohol consumption, and
major nutrients from these dietary questionnaires were also calculated.
The total number of returned SFFQs (range: 1–7) for each participant
was calculated, and >87% participants completed ≥6 SFFQs. Although
this percentage of completion was high, we adjusted for the number of
SFFQs to account for the possibility that this might be a confounding
factor.

Assessment of SCF
Assessment of SCF was based on 7 yes/no questions on recent change
in general memory, executive function, attention, and visuospatial skills
(33, 34): Have you recently experienced any change in your ability to
remember things? Do you have more trouble than usual remembering
recent events? Do you have more trouble than usual remembering
a short list of items, such as a shopping list? Do you have trouble
remembering things from one second to the next? Do you have any
difficulty in understanding things or following spoken instructions?
Do you have more trouble than usual following a group conversation
or a plot in a TV program due to your memory? Do you have
trouble finding your way around familiar streets? We then assigned
equal value to each question, giving 1 point for every “yes,” and
for each woman summed the points. If a woman completed only 1
of the 2 SCF assessments, we computed her SCF score using only 1
questionnaire. Otherwise, the mean value of the 2 questionnaires was
used; 86% of participants completed both questionnaires. Based on the
distribution of scores in the study population, we categorized scores
as “good” (0 points), “moderate” (0.5–2.5 points), and “poor” (3–7
points).

SCF can serve as a preclinical indicator of dementia, and is
associated with the brain pathology of dementia in clinically normal
older individuals (34–40). We also reported inverse relations of
Mediterranean diet, vegetables, and fruits with similar SCF scores in a
large cohort of men in the United States (41, 42). Two validation studies
conducted among 16,964 women enrolled in the NHS found robust and
sensitive relations between SCF score and concurrently assessed change
in cognitive function, measured by telephone-based neuropsychological
testing during 6 y of follow-up (34, 43). The validity of the SCF score
was further supported by strong associations with Apolipoprotein E
(APOE) ε4 genotype in the NHS; the age-standardized prevalence of
the homozygous APOE ε4 allele was 1.3% in the good-SCF group
and 2.4% in the poor-SCF group (P-trend < 0.01). In addition, the
mean baseline age was 52 y in the poor-SCF group compared with 47
y in the good-SCF group. Depression, heavy smoking, elevated blood
cholesterol, high blood pressure, diabetes, cancer, and cardiovascular
disease (CVD) were all associated with future low SCF (Supplemental
Table 1). These multiple lines of evidence indicate that the SCF scores
reflect the underlying pathology of dementia. For the present study, SCF
was the primary outcome.
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Assessment of other covariates
Information on covariates of interest, including lifestyle factors and
medical history, was prospectively collected at NHS baseline and by
follow-up questionnaires. Information from baseline at 1984 until 2006
was utilized to be consistent with the time frame of dietary assessment.
Baseline age and height, race (white, other), education (registered
nurse, bachelor’s degree, graduate degree), husband education (high
school degree or less, college degree, or graduate degree), parental
history of dementia, averaged BMI (in kg/m2) and physical activity
(metabolic equivalent of tasks, hours per week) from 1984–2006,
and other self-reported covariates were each updated to 2006 (except
where indicated differently). Other variables used as covariates, or for
exclusion or stratification, included multivitamin use, smoking status
in pack-years, diabetes, high blood pressure, elevated cholesterol, CVD
(stroke, myocardial infarction, angina, or coronary artery surgery),
cancer (excluding nonmelanoma skin cancer), postmenopausal status
and hormone replacement therapy use, parity, depression (defined as use
of antidepressants in 1996–2006 or self-reported depression in 2002–
2006), missing indicator for SCF measurement at 2012 or 2014, number
of dietary assessments from 1984–2006, APOE ε4 carrier status, self-
reported moderate or severe hearing problems at 2012, self-reported
eye disease (cataracts, age-related macular degeneration, and glaucoma)
before or at 2014, and optimism level measured at 2004, 2008, and
2012. APOE ε4 carrier status was available in a subgroup of 14,108
women who had APOE ε4 directly genotyped or imputed from a
genome-wide association analysis as part of case-control studies for
various endpoints [imputation using single nucleotide polymorphisms
rs429358 and rs7412 (44)].

Statistical analyses
We calculated age-standardized characteristics for all participants and
according to quintiles (Q1 and Q5) of total and individual carotenoid
intakes. To evaluate associations between intakes of carotenoids
from 1984–2006 and odds of SCF status at 2012/2014, we used
multinomial logistic regression to calculate ORs and 95% CIs. Intakes
of carotenoids were divided into quintiles based on the distribution
in the overall participants. Comparisons were made between the
moderate and poor SCF categories and the good SCF category.
We calculated estimates of associations, adjusting for baseline age
and height; race; education; husband education; parental history of
dementia; averaged total energy intake, alcohol intake, BMI, and
physical activity in 1984–2006; smoking status; multivitamin use;
self-reported diagnosis of hypercholesterolemia, hypertension, diabetes,
cancer, and CVD; postmenopausal status and hormone replacement
therapy use; parity; and depression updated until 2006; missing
indicator for SCF measurement at 2012 or 2014; and number of dietary
assessments during 1984–2006. To examine if the observed associations
were independent of other nutrients, we further conducted analyses
also adjusting for vitamins C, D, and E, anthocyanidins, trans-fat,
saturated fat, and long-chain n–3 fatty acids. Missing indicators were
created for variables with missing values. We also treated SCF as a
continuous variable and performed multivariable linear regression with
this outcome. Moreover, we conducted additional sensitivity analyses
treating the 2012 SCF (n = 48,201) and 2014 SCF (n = 43,843)
scores separately, and limited to those with both SCF questionnaires
(n = 42,551). In the analyses of the 5 individual carotenoids, a
Bonferroni-corrected P value (0.05/5 = 0.01) was used to account
for multiple comparisons. In exploratory analyses, we investigated
the independent associations of individual carotenoids selected by a
stepwise method (entry criterion = 0.10, retention criterion = 0.10).
We also conducted exploratory sensitivity analyses by including all
participants who reported diet in 1984 and 2006 (n = 57,364) and
then including those who died or did not respond into the poor-SCF
category.

To evaluate the temporal relations of carotenoid intake with SCF,
we examined diets at individual years (1984, 1986, 1990, 1994, 1998,
2002, 2006) in relation to SCF. We also mutually adjusted for the
mean of carotenoid intakes for 1984–1990 and for 2002–2006 in
a multivariable model to evaluate the independent associations of
remote and recent dietary intakes with SCF. To address the possibility

of residual confounding and outcome misclassification, we conducted
sensitivity analyses by further adjusting for hearing problems, eye
disease, and optimism level (45). We further examined whether the
associations between diet and SCF varied by baseline age (<50 y,
≥50 y), disease status (self-reported CVD, depression, diabetes, elevated
cholesterol, and high blood pressure), hearing problems (yes/no), eye
disease (yes/no), parental history of dementia, smoking status (<5 pack-
years, ≥5 pack-years), and APOE ε4 allele carrier status. In the stratified
analyses, we also treated SCF as a continuous variable and calculated
the difference in 1-y equivalents of SCF when comparing the 90th with
the 10th percentile of total carotenoid intake (21.7 compared with
9.4 mg/d). All analyses were conducted using SAS software, version 9.3
(SAS Institute Inc.).

Results

Among the 49,493 women in this analysis, the mean age in 1984
was 48 y, and in 2012–2014 41% had good cognitive function,
47% had moderate function, and 12% had poor function.
Intakes of α-carotene and lutein + zeaxanthin were highly
correlated with β-carotene (Spearman correlation: r = 0.70 and
0.73, respectively) (Supplemental Table 2). Table 1 presents
the age-standardized characteristics of study participants by
quintiles (Q1 and Q5) of total carotenoids, total β-carotene, and
β-cryptoxanthin (see Supplemental Table 3 for characteristics
by quintiles of lutein + zeaxanthin, lycopene, and α-carotene).
In general, characteristics were similar across increasing
quintiles of total carotenoid intake. However, participants with
higher carotenoid intake tended to be more engaged in physical
activities, to have higher multivitamin use, to smoke less, and to
be less depressed.

In the primary analyses, long-term higher intake of total
carotenoids was related to lower odds of moderate and poor
SCF after controlling for multiple nondietary confounding
factors and total energy intake (Table 2). For the highest
compared with the lowest quintile of total carotenoids, the OR
for poor SCF was 0.51 (95% CI: 0.46, 0.56; P-trend < 0.001)
in the age-adjusted model and 0.56 (95% CI: 0.51, 0.62; P-
trend < 0.001) in the multivariable model. The associations
were only modestly attenuated after further adjusting for
intakes of vitamins C, D, and E, anthocyanidins, trans-fat,
saturated fat, and long-chain n–3 fatty acids (OR: 0.67; 95%
CI: 0.60, 0.75; P-trend < 0.001). The results were unchanged
after further adjusting for optimism level, whereas they were
slightly attenuated after also adjusting for hearing loss and
eye disease (e.g., the OR for poor SCF comparing the extreme
quintiles of total carotenoids became 0.72; 95% CI: 0.64, 0.81;
P-trend < 0.001). Moreover, we observed similar results after
including all participants who reported diet in 1984 and 2006
(n = 57,364) and then including those who died or did not
respond in the poor-SCF category. In further sensitivity analyses
using the 2012 SCF and 2014 SCF scores separately, or limited
to those with both SCF questionnaires, the results for total
carotenoids were similar to the primary analyses’ results (data
not shown).

In the analyses for individual carotenoids, long-term greater
intakes of total β-carotene, dietary β-carotene, α-carotene,
lycopene, lutein + zeaxanthin, and β-cryptoxanthin were each
associated with lower odds of moderate and poor SCF (Figure
1, Supplemental Table 4). For example, participants in the
highest quintile of β-cryptoxanthin intake had 30% lower
odds of poor SCF (OR: 0.70; 95% CI: 0.62, 0.78) than
participants in the lowest quintile (Table 2). In the analysis
in which we entered each individual carotenoid into the
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TABLE 1 Characteristics in 1984–2006 of 49,493 women in the Nurses’ Health Study who completed SCF questions in 2012–2014,
by quintiles (Q1 and Q5) of total and specific carotenoid intakes1

Overall
participants

Total carotenoids Total β-carotene Total β-cryptoxanthin

Variables Q1 Q5 Q1 Q5 Q1 Q5

n 49,493 9898 9898 9898 9899 9897 9898
Age at study baseline, y 48 ± 7 49 ± 7 48 ± 6 47 ± 7 49 ± 7 47 ± 6 51 ± 7
Intakes (1984–2006)

Total calorie intake, kcal/d 1740 ± 418 1750 ± 424 1670 ± 421 1710 ± 427 1720 ± 421 1690 ± 426 1680 ± 396
Total alcohol use, g/d 5.7 ± 8.4 5.1 ± 8.7 6.0 ± 8.0 5.3 ± 9.1 5.7 ± 7.7 7.1 ± 10.4 4.7 ± 6.9
Total carotenoids, mg/d 15.1 ± 5.2 9.1 ± 1.5 23.0 ± 4.3 9.9 ± 2.6 21.8 ± 5.0 12.8 ± 4.6 17.1 ± 5.8
β-carotene, mg/d 5.0 ± 2.3 2.8 ± 0.8 8.0 ± 2.6 2.5 ± 0.5 8.6 ± 2.1 3.9 ± 1.9 6.0 ± 2.7

Without supplement 4.4 ± 1.9 2.5 ± 0.7 6.8 ± 2.1 2.3 ± 5.4 6.9 ± 2.1 3.4 ± 1.4 5.3 ± 2.3
α-carotene, mg/d 0.81 ± 0.46 0.47 ± 0.22 1.21 ± 0.63 0.42 ± 0.17 1.29 ± 0.62 0.56 ± 0.29 1.03 ± 0.62
Lutein + zeaxanthin, mg/d 3.0 ± 1.5 1.7 ± 5.6 4.7 ± 1.8 1.7 ± 0.5 4.6 ± 1.9 2.4 ± 1.2 3.5 ± 1.7
Lycopene, mg/d 6.2 ± 2.7 4.0 ± 1.2 8.9 ± 3.5 5.2 ± 2.3 7.1 ± 3.1 5.9 ± 2.9 6.3 ± 2.7
β-cryptoxanthin, mg/d 0.17 ± 0.08 0.14 ± 0.08 0.20 ± 0.09 0.14 ± 0.07 0.21 ± 0.08 0.08 ± 0.02 0.29 ± 0.06

Physical activity level, 1984–2006, METs-h/wk 18.6 ± 16.1 13.8 ± 12.8 24.3 ± 19.8 13.1 ± 12.3 25.3 ± 20.6 15.2 ± 13.7 21.8 ± 19.0
BMI, 1984–2006, kg/m2 26.2 ± 4.6 26.3 ± 4.8 25.9 ± 4.5 26.5 ± 4.9 25.6 ± 4.4 26.4 ± 4.8 25.5 ± 4.4
Education level, 1992

Registered nurse 63.4 69.8 55.8 70.1 56.0 66.0 60.6
Bachelor’s degree 20.2 16.3 23.7 15.7 23.6 18.3 21.8
Graduate degree 10.4 7.2 13.8 7.0 14.3 9.2 11.3
Missing 6.0 6.6 6.7 7.2 6.1 6.5 6.2

Husband education level, 1992
High school degree or less 34.6 42.6 26.8 43.6 26.4 38.0 30.4
College degree 24.1 21.0 25.8 20.5 25.8 22.3 24.8
Graduate degree 21.0 15.2 25.2 14.3 26.5 18.4 24.0
Missing 20.3 21.1 22.1 21.6 21.3 21.3 20.7

Smoking pack-years, 1984–2006
Never smoked 46.6 48.9 43.5 47.3 45.1 38.6 53.2
≤4 10.9 9.2 12.3 8.7 13.0 9.4 12.2
5–24 22.7 19.0 26.2 19.0 25.3 21.9 21.1
≥25 18.2 21.4 16.2 23.6 14.7 28.6 11.9
Missing 1.6 1.4 1.8 1.4 1.9 1.5 1.6

Parental history of dementia, 1992–2004 20.6 20.7 19.7 20.3 20.4 21.0 20.0
White, 1992–2004 97.9 98.0 97.3 98.4 96.9 98.5 96.9
High blood pressure, 1984–2006 60.5 59.9 60.0 61.9 57.6 60.2 59.6
Elevated cholesterol, 1984–2006 71.6 71.8 70.7 72.3 69.0 72.2 69.4
Diabetes, 1984–2006 10.8 10.4 10.8 11.3 9.4 11.0 9.5
Cardiovascular disease, 1984–2006 13.4 13.1 13.6 13.7 13.1 13.5 13.2
Cancer, 1984–2006 18.5 17.3 19.1 17.7 19.6 18.0 19.2
Depression, 1996–2006 19.4 21.2 17.4 20.6 18.7 21.8 16.8
Multivitamin use during 1984–2006 90.6 86.4 93.4 84.1 94.9 87.9 91.5
Number of dietary assessments, 1984–2006

1–5 12.9 13.9 14.2 15.2 13.3 13.9 12.5
6 19.2 19.5 20.9 19.7 20.3 20.0 18.3
7 67.9 66.5 64.8 65.2 66.4 66.1 69.2

SCF, 2012–2014
Good (score = 0) 40.8 37.1 45.5 37.5 44.5 36.6 45.4
Moderate (score ≥0.5, ≤2.5) 46.9 47.9 44.8 47.7 45.2 49.0 44.4
Poor (score ≥3) 12.3 15.0 9.7 14.8 10.4 14.4 10.2

Missing year of cognitive measurement
None 85.9 85.2 85.6 84.3 86.4 85.1 86.2
2012 2.6 2.8 2.5 3.0 2.3 2.7 2.4
2014 11.5 12.0 11.8 12.7 11.2 12.2 11.4

Postmenopausal status and hormone use
Premenopause 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Postmenopause and never use hormone therapy 20.9 22.9 19.9 23.9 19.4 21.5 21.5
Postmenopause and ever use hormone therapy 73.9 71.8 74.5 70.0 75.7 72.8 73.0
Missing 4.8 4.9 5.2 5.6 4.5 5.3 5.0

(Continued)
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TABLE 1 (Continued)

Overall
participants

Total carotenoids Total β-carotene Total β-cryptoxanthin

Variables Q1 Q5 Q1 Q5 Q1 Q5

Parity
Nulliparous 5.2 5.5 5.2 4.9 5.6 5.4 5.2
1 6.6 7.1 6.9 7.0 6.8 7.2 6.6
≥2 86.3 85.8 85.8 86.2 85.7 85.7 86.4
Missing 1.8 1.5 2.2 1.9 1.8 1.7 1.8

1Values are means ± SDs or percentages. Except for age at baseline, values were standardized to the age distribution of the study population. METs, metabolic equivalent of
tasks; SCF, subjective cognitive function.

same model, the significant associations for β-cryptoxanthin,
lycopene, and lutein + zeaxanthin persisted, whereas the
associations for β-carotene and α-carotene, especially for α-
carotene, were attenuated (Supplemental Table 5). Owing
to the high correlations among β-carotene, α-carotene, and
lutein + zeaxanthin, each of them was included in the mutually
adjusted model separately. In an analysis using stepwise
regression, β-cryptoxanthin, lycopene, and lutein + zeaxanthin
were selected as independent predictors of future SCF status.

In the evaluation of the temporal relations, we found that
higher intake of total carotenoids at each of the 7 time points
during follow-up was significantly associated with lower odds
of moderate and poor SCF (Figure 2). The associations were
more pronounced for recent years and the strongest association
was with the mean of all dietary assessments. When both remote
(22–28 y before SCF assessment) and recent (6–10 y before SCF
assessment) intakes of total carotenoids were included in the
model, the associations with SCF were independently significant
for both time intervals, although stronger for more proximal
years. In particular, for the highest compared with the lowest
quintile of total carotenoids, the OR for poor SCF was 0.87
(95% CI: 0.78, 0.97) for remote years and 0.74 (95% CI: 0.66,
0.83) for recent years.

When we treated SCF as a continuous variable and examined
associations between carotenoid intakes and the SCF score,
we again found that higher intakes of total and individual
carotenoids were each associated with lower SCF scores after
adjusting for nondietary and dietary factors and total energy.

The multivariable mean difference in the SCF score comparing
the extreme quintiles of total carotenoids was −0.15 (95% CI:
−0.19, −0.11), which was equivalent to ∼3 y younger in age.

The significant associations between total carotenoid intake
and SCF were observed in almost all subgroups based
on characteristics including baseline age (young and old),
depression, elevated cholesterol, high blood pressure, hearing
problems, eye disease, family history of dementia, and smoking
status (Figure 3). The associations were stronger among women
with depression and hearing problems (P-interaction < 0.05).
In addition, the inverse associations between carotenoid intake
and SCF appeared to be much stronger in the small group of
women homozygous for APOE ε4.

Discussion

In this cohort of 49,493 US female nurses followed from
middle to late adulthood, long-term higher intake of total
carotenoids (median intake of 21.7 compared with 9.40 mg/d)
was associated with 14% lower odds of moderate SCF and
33% lower odds of poor SCF in later life after extensive
adjustment for dietary and nondietary variables. The as-
sociations were seen even with carotenoid intake at 28 y
before SCF assessment, although they were stronger for more
proximal years. Similar associations were observed for each
individual carotenoid, including β-cryptoxanthin, lycopene, β-
carotene, lutein + zeaxanthin, and α-carotene. Moreover, we

TABLE 2 ORs (95% CIs) for moderate and poor SCF, compared with good SCF assessed in 2012–2014, associated with quintiles of
the total carotenoid intake in 1984–2006 of 49,493 women in the Nurses’ Health Study1

Quintile of intake

Total carotenoids (energy-adjusted) Q1 Q2 Q3 Q4 Q5 P-trend

n 9898 9899 9899 9899 9898
Median, mg/d 9.40 12.2 14.4 17.0 21.7
Moderate SCF

Age-adjusted model Ref. 0.94 (0.89, 1.00) 0.92 (0.87, 0.98) 0.84 (0.79, 0.90) 0.75 (0.71, 0.80) <0.001
Model 12 Ref. 0.94 (0.89, 1.00) 0.93 (0.87, 0.99) 0.86 (0.80, 0.91) 0.78 (0.74, 0.84) <0.001
Model 23 Ref. 0.96 (0.90, 1.03) 0.96 (0.90, 1.03) 0.91 (0.85, 0.97) 0.86 (0.80, 0.93) <0.001

Poor SCF
Age-adjusted model Ref. 0.83 (0.76, 0.91) 0.77 (0.70, 0.84) 0.65 (0.59, 0.71) 0.51 (0.46, 0.56) <0.001
Model 12 Ref. 0.84 (0.77, 0.93) 0.80 (0.73, 0.88) 0.69 (0.63, 0.76) 0.56 (0.51, 0.62) <0.001
Model 23 Ref. 0.90 (0.82, 0.99) 0.88 (0.80, 0.97) 0.79 (0.71, 0.88) 0.67 (0.60, 0.75) <0.001

1Values are ORs (95% CIs) unless otherwise indicated. Ref., reference; SCF, subjective cognitive function.
2Multivariable model 1 was adjusted for age, race (white, other), education (registered nurse, bachelor’s degree, graduate degree), husband education (high school degree or
less, college degree, or graduate school), parental history of dementia (yes/no), smoking (never, ≤4, 5–24, >24 pack-years), cancer (yes/no), hypertension diagnosis (yes/no),
depression, elevated cholesterol (yes/no), physical activity level (metabolic equivalent of tasks, h/wk; quintiles) and BMI (<23, 23-24.9, 25-29.9, ≥30 kg/m2) from 1984–2006,
cardiovascular disease (yes/no), multivitamin use (yes/no), alcohol intake, total calorie intake, number of dietary assessments, postmenopausal status and hormone
replacement therapy use, and parity (nulliparous, 1, ≥2).
3Multivariable model 2 was also adjusted for intakes of vitamins C, D, and E, anthocyanidins, trans-fat, saturated fat, and long-chain n–3 fatty acids.

Carotenoids and subjective cognitive function 1875



O
R

 (9
5%

)C
I)

1.00 

0.91 
0.87 

0.80 
0.77 

0.6

0.8

1.0

1.2

Q1

(2.6)

Q2

(3.7)

Q3

(4.6)

Q4

(5.7)

Q5

(7.9)

Quintiles (median, mg/d)
β-carotene

P-trend < 0.001

1.00 

0.92 0.92 

0.85 0.84 

0.6

0.8

1.0

1.2

Q1

(0.3)

Q2

(0.5)

Q3

(0.7)

Q4

(0.9)

Q5

(1.4)

Quintiles (median, mg/d)
α-carotene

P-trend = 0.068

1.00 

0.88 0.87 
0.84 

0.76 

0.6

0.8

1.0

1.2

Q1

(1.5)

Q2

(2.2)

Q3

(2.7)

Q4

(3.4)

Q5

(4.7)

Quintiles (median, mg/d)
Lutein + zeaxanthin

P-trend < 0.001

O
R

 (9
5%

C
I) 1.00 

0.88 
0.85 

0.82 

0.75 

0.6

0.8

1.0

1.2

Q1

(3.4)

Q2

(4.6)

Q3

(5.7)

Q4

(7.0)

Q5

(9.4)

Quintiles (median, mg/d)
Lycopene

P-trend < 0.001

1.00 

0.88 0.88 

0.75 
0.70 

0.6

0.8

1.0

1.2

Q1

 (0.08)

Q2

(0.12)

Q3

(0.16)

Q4

(0.20)

Q5

(0.27)

Quintiles (median, mg/d)
β-cryptoxanthin

P-trend < 0.001

1.00 

0.90 0.88 

0.79 

0.67 

0.6

0.8

1.0

1.2

Q1

(9.4)

Q2

(12.2)

Q3

(14.4)

Q4

(17.0)

Q5

(21.7)

Quintiles (median, mg/d)
Total carotenoids

P-trend < 0.001

CBA

FED

FIGURE 1 ORs for poor subjective cognitive function assessed in 2012–2014, across increasing quintiles of total and individual carotenoid
intakes in 1984–2006 in 49,493 women in the Nurses’ Health Study. (A) Total carotenoid intake, (B) β-carotene intake, (C) α-carotene, (D)
lutein + zeaxanthin, (E) lycopene, (F) β-cryptoxanthin. The multivariable model was adjusted for age, race (white, other), education (registered
nurse, bachelor’s degree, graduate degree), husband education (high school degree or less, college degree, or graduate school), parental
history of dementia (yes/no), smoking (never, ≤4, 5–24, >24 pack-years), cancer (yes/no), hypertension diagnosis (yes/no), depression, elevated
cholesterol (yes/no), physical activity level (metabolic equivalent of tasks, h/wk; quintiles) and BMI (<23, 23-24.9, 25-29.9, ≥30 kg/m2) from
1984–2006, cardiovascular disease (yes/no), multivitamin use (yes/no), alcohol intake, total calorie intake, number of dietary assessments,
postmenopausal status and hormone replacement therapy use, parity (nulliparous, 1, ≥2), and intakes of vitamins C, D, and E, anthocyanidins,
trans-fat, saturated fat, and long-chain n–3 fatty acids. The numbers of participants across the increasing quintiles of total and individual
carotenoids were ∼9898, 9899, 9899, 9899, and 9898, respectively.

found independent associations for intakes of β-cryptoxanthin,
lycopene, and lutein + zeaxanthin.

These findings extend results of an earlier study in this
cohort (20), based on a smaller number of women (n = 16,010)
and a shorter period of dietary assessment, which indicated
that higher consumption of carotenoids might be related
to better objective cognitive function at older ages. Despite
the use of 2 different methods of measuring cognition, the
results were consistent for total carotenoids, lycopene, and
lutein + zeaxanthin. With the advantage of repeated cognitive
measures over a longer follow-up period from a larger
number of cohort participants, we also observed a strong
inverse association with intake of β-cryptoxanthin. Owing to
high correlation with lutein + zeaxanthin, a possible benefit
for β-carotene and α-carotene could not be excluded. The
findings are consistent with the hypothesis that carotenoid
intake over a period of many years may be most relevant
to cognitive outcomes in later life because cognitive decline
begins decades before symptom onset (46). Furthermore, the
results are consistent with several studies reporting apparent
protective associations with cognitive function of long-term
intake of a carotenoid-rich (notably β-carotene, α-carotene,
β-cryptoxanthin, and lutein) dietary pattern (24), lutein (20,
21), β-carotene (21, 22), and β-carotene supplementation (23).
Importantly, in the Physicians’ Health Study II (n = 4052), the
longest-term antioxidant randomized trial to date, β-carotene
supplementation (50 mg every other day) for 18 y significantly
reduced the rate of cognitive decline, but there was no effect

of the β-carotene supplement after 1 y of supplementation
(23). Moreover, the parallel analyses (unpublished) conducted
among 27,842 US male health professionals with >2 decades
of follow-up yielded results highly consistent with those of the
present study. With the unprecedented large sample size and
multiple repeated dietary assessments, these 2 long-running,
large prospective cohort studies provide strong additional
evidence to support the protective role of overall carotenoids
in cognitive function.

Carotenoids have been suggested to have brain-protective
function through their antioxidant properties in animal and
cell culture studies, and may also reduce the influence of in-
flammation on brain function by interacting with inflammatory
signaling cascades (12–14). Individual carotenoids may also
act through other mechanisms relevant to cognitive function.
Among them, β-carotene has been the most studied nutrient
on cognitive function owing to its pro–vitamin A function,
which has been suggested to modulate cerebral plasticity (47);
lutein, as a major carotenoid specifically in the macula and the
brain, has recently received increasing interest and was linked
with cognitive function (10); and lycopene has been proposed
to be related to cognitive function via multiple microvascular
benefits (13). Our study, together with the findings in the
Health Professionals Follow-up Study, was one of few that
have reported an apparent beneficial role of β-cryptoxanthin.
Although evidence is limited, lower plasma concentrations of
β-cryptoxanthin have been reported among Alzheimer disease
patients than among healthy controls (48) and subjects with
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FIGURE 2 Intake of total carotenoids at each year of dietary
assessment and odds of poor subjective cognitive function assessed
in 2012–2014, comparing the highest quintile of intake with the lowest,
in 49,493 women in the Nurses’ Health Study. The multivariable
model was adjusted for age, race (white, other), education (registered
nurse, bachelor’s degree, graduate degree), husband education
(high school degree or less, college degree, or graduate school),
parental history of dementia (yes/no), smoking (never, ≤4, 5–24,
>24 pack-years), cancer (yes/no), hypertension diagnosis (yes/no),
depression, elevated cholesterol (yes/no), physical activity level
(metabolic equivalent of tasks, h/wk; quintiles), BMI (<23, 23-24.9,
25-29.9, ≥30 kg/m2), cardiovascular disease (yes/no), multivitamin
use (yes/no), alcohol intake, total calorie intake, number of dietary
assessments, postmenopausal status and hormone replacement
therapy use, parity (nulliparous, 1, ≥2), and intakes of vitamins C, D,
and E, anthocyanidins, trans-fat, saturated fat, and long-chain n–3 fatty
acids.

mild cognitive impairment (49). Nonetheless, more research
is needed to establish and confirm the cognitive effects of
specific carotenoids. Although distinction among some specific
carotenoids is challenging owing to intercorrelations, our
findings strongly suggest that benefits are not limited to β-
carotene or another single carotenoid.

To our knowledge, the present study is the largest and
longest evaluation of long-term intakes of carotenoids in
relation to SCF. The availability of a large sample allows
deeper analyses into the specific carotenoids accounting for this
finding. Strengths of the present study also include the detailed
control of many potential dietary and nondietary confounders.
Moreover, the mean dietary intakes calculated from multiple
dietary assessments over time dampen within-subject variation
and best represent long-term diet. Reverse causation is less
of a concern in our prospective analyses because we stopped
updating dietary data 6 y before SCF measurement, and inverse
associations were seen with longer lags between intake and the
outcome assessment. The present study also had limitations.
Firstly, the study sample was limited to mostly Caucasian
registered nurses, whose training and employment require
relatively high cognitive function. Although this might limit
generalizability, this ensures that the population had a relatively
high level of cognitive function in early adult life and reduces the
possibility of residual confounding. Moreover, the questions on
SCF themselves are framed as changes compared with earlier
function. Therefore, poor SCF at the time of our assessment
can be interpreted as indicating long-term decline during adult
life. Second, the SCF assessment may be subject to errors and
the reporting may be influenced by personality traits. However,
the SCF score has been validated against concurrent levels of
cognitive function (34) and faster rates of subsequent cognitive
decline (43) measured by neuropsychological testing. Moreover,
we adjusted for depression in the multivariable model, which
partly accounted for the potential influence of personality traits
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Hearing problem
No  (n = 40,747)

Yes (n = 8746) 
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FIGURE 3 Subgroup multivariable-adjusted differences in 1-y
equivalents of SCF in 2012–2014 comparing the 90th (21.7 mg/d) with
the 10th (9.4 mg/d) percentile of total carotenoid intake between
1984 and 2006 in 49,493 women in the Nurses’ Health Study.
The multivariable model was adjusted for age, race (white, other),
education (registered nurse, bachelor’s degree, graduate degree),
husband education (high school degree or less, college degree, or
graduate school), parental history of dementia (yes/no), smoking
(never, ≤4, 5–24, >24 pack-years), cancer (yes/no), hypertension
diagnosis (yes/no), depression, elevated cholesterol (yes/no), physical
activity level (metabolic equivalent of tasks, h/wk; quintiles) and
BMI (<23, 23-24.9, 25-29.9, ≥30 kg/m2) from 1984–2006, CVD
(yes/no), multivitamin use (yes/no), alcohol intake, total calorie
intake, number of dietary assessments, postmenopausal status and
hormone replacement therapy use, parity (nulliparous, 1, ≥2), and
intakes of vitamins C, D, and E, anthocyanidins, trans-fat, saturated
fat, and long-chain n–3 fatty acids. Analyses within subgroups were
adjusted for all other covariates and for the restricted covariate within
the subgroup the analysis was restricted to. For the subgroups of
participants with depression (OR: 2.8; 95% CI: 2.0, 5.6) and 2 APOE ε4
alleles (OR: 19; 95% CI: 4, 35), the corresponding lines were marked
with arrows pointing to the right, indicating that the upper bound of
the 95% CI exceeds the space provided. CVD, cardiovascular disease;
DM, diabetes mellitus; SCF, subjective cognitive function.

on the self-report of SCF. To further address this concern, our
results remained the same with further adjustment of optimism
level. Moreover, the highly consistent findings with the previous
study in the NHS using objective measurement of cognition
indirectly support the validity of the subjective measurement
used in this study. Another limitation is that individuals who
did not complete the 2014 follow-up questionnaire are more
likely to have died or have had cognitive difficulty. However, if
this is the case, this may bias the results toward the null. Lastly,
the study findings may be subject to residual and unmeasured
confounding by other disease and lifestyle factors. However,
the only modest attenuation of associations after extensive
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adjustment for a wide range of behavioral and socioeconomic
variables and for other aspects of diet suggests that residual
confounding is not likely to be large. The most plausible
confounding factors are other constituents of foods that are
high in the carotenoids that we studied. These constituents
include numerous phytochemicals that alone or in combination
could exert neuroprotective effects. For these reasons caution
is warranted in the interpretation of our findings. However, the
fact that β-carotene as an isolated substance had an effect on
cognitive function in the Physicians’ Health Study randomized
trial supports a causal interpretation of our findings.

This prospective study supports a potential beneficial role of
long-term intake of multiple carotenoids in maintaining late-life
cognitive function in women. Our findings most strongly sup-
port benefits of lycopene, β-cryptoxanthin, and lutein + zeaxan-
thin. However, beneficial roles for other individual carotenoids
could not be excluded owing to strongly intercorrelated intakes.
Because increasing intakes of carotenoids is a promising and
relatively simple means of maintaining brain health, further
research is warranted to establish the optimal combination and
intakes of carotenoids for the prevention of cognitive decline in
populations worldwide.
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