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Dietary copper intake may be associated with cognitive decline and dementia. We used data from 10,269
participants of the Atherosclerosis Risks in Communities Study to study the associations of dietary copper
intake with 20-year cognitive decline and incident dementia. Dietary copper intake from food and supplements
was quantified using food frequency questionnaires. Cognition was assessed using 3 cognitive tests at study
visits; dementia was ascertained at study visits and via surveillance. Multiple imputation by chained equations
was applied to account for the missing information of cognitive function during follow-up. Survival analysis with
parametric models and mixed-effect models were used to estimate the associations for incident dementia and
cognitive decline, respectively. During 20 years of follow-up (1996–1998 to 2016–2017), 1,862 incident cases of
dementia occurred. Higher intake of dietary copper from food was associated with higher risk of incident dementia
among those with high intake of saturated fat (hazard ratio = 1.49, 95% confidence interval: 1.04, 1.95). Higher
intake of dietary copper from food was associated with greater decline in language overall (beta = −0.12, 95%
confidence interval: −0.23, −0.02). Therefore, a diet high in copper, particularly when combined with a diet high
in saturated fat, may increase the risk of cognitive impairment.

cognitive decline; copper; dementia; diet; multiple imputation; saturated fat

Abbreviations: ARIC, Atherosclerosis Risk in Communities; CI, confidence interval; DSST, Digit Symbol Substitution Test; DWRT,
Delayed Word Recall Test; FFQ, food frequency questionnaire; WFT, Word Fluency Test.

Copper is an essential nutrient for the human body. It
is involved in various biological processes, including iron
metabolism, antioxidant defense, neuropeptide synthesis,
and immune function (1). Serious health issues may also
occur due to acute excess of copper, such as Wilson disease
and axonal neuropathy (2).

In vitro and in vivo studies suggest that copper may also be
involved in Alzheimer disease pathogenesis. Copper binds in
vivo with the peptide β-amyloid, accelerating its aggregation
and formation of neurotoxic plaque, a pathologic hallmark of
Alzheimer disease (3). Similarly, copper binds tau peptides
and promotes aggregation of R2 and R3 peptides, which are
involved in the formation of neurofibrillary tangles, another
pathologic hallmark of Alzheimer disease (4, 5). Copper
may also combine with apolipoprotein E and potentiate

deposition of β-amyloid (6). Several small cross-sectional
and longitudinal epidemiologic studies also suggest higher
serum or free copper is associated with worse cognitive
outcomes (7–10).

High cholesterol, particularly in midlife, is associated
with cognitive decline and higher risk of dementia (11–14).
Interestingly, laboratory and animal-based studies suggest
that the combination of high dietary copper intake and high
cholesterol intake promotes Alzheimer disease pathogenesis
(15–17). This dietary copper–cholesterol interaction is sup-
ported in a large-scale epidemiologic study on dietary copper
and cognitive outcomes. In the Chicago Health and Aging
Project (CHAP), Morris et al. (18) found that higher dietary
copper intake is associated with faster 6-year cognitive
decline among subjects with high intake of saturated fats and
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Figure 1. Timeline for assessments of dietary copper intake (visits 1 and 3), cognitive function (visits 4, 5, and 6), and incident dementia (from
visit 4) in the Atherosclerosis Risk in Communities study, United States, 1987–2017.

food frequency questionnaire (FFQ) adapted from the 61-
item FFQ developed by Willett et al. (20). Participants were
asked to report the frequency of intake of specific food items.
The estimated amount of nutrient intake, including copper,
was then calculated from nutrient values of foods provided
by the Willett group. The intake of copper, zinc, and iron
measured with Willett has been validated with 7-day dietary
records (energy-adjusted intraclass correlation coefficients
= 0.60, 0.49, and 0.54, respectively) (21). In addition to the
FFQ, a vitamin survey was conducted at visit 3, collecting
information about intake of multiple vitamins (vitamin A,
C, B6, D, E, folic acid, B-complex vitamins) and other nutri-
ents through supplements (selenium, iron, zinc, calcium,
β-carotene, fish oil, iodine, copper, brewer’s yeast, magne-
sium), including brand name and manufacturer of multivi-
tamins, as well as length, frequency, and dose of intake.
Copper intake from dietary supplements was calculated
based on information collected from the vitamin survey (22).

We characterized midlife dietary copper intake by aver-
aging estimated copper intake from food at visits 1 and 3.
We characterized midlife copper intake from supplements
based on vitamin survey data at visit 3. We calculated total
copper as the sum of copper intake from foods and from
supplements.

Cognitive assessments

We considered performance on 3 cognitive tests adminis-
tered at visits 4 (1996–1998), 5 (2011–2013), and 6 (2016–
2017): the Digit Symbol Substitution Test (DSST), the
Delayed Word Recall Test (DWRT), and the Word Fluency
Test (WFT). The DSST is a test of executive function and
psychomotor speed. Participants are asked to relate numbers
to symbols using a key within 90 seconds, with a maximum
possible score of 93. The score is based on the number of
correct symbol-number matches (23). The DWRT is a test
of immediate verbal memory, which requires participants to
learn a 10-word list and recall as many words as possible
after a 5-minute delay (24). The DWRT is scored based
on the total number of words that are correctly recalled.
The WFT is a test of language and executive function,
which scores the participants based on the total number
of correctly generated words beginning with 3 letters (“F”,
“A”, “S”) in 1 minute for each letter (25). Then z scores

trans fatty acids, among older adults. However, the follow-
up period was relatively short, which raises concerns about 
reverse causation. Also, as the prodromal period of dementia 
persists for years to decades from midlife, exposures 
in midlife may be more relevant than exposures in late life. 
In addition, this study did not consider the impact of dietary 
copper on risk of dementia or on domain-specific cognitive 
change.

Thus, our objective was to examine the relationship of 
midlife dietary copper intake with 20-year cognitive decline 
and incident dementia in data from the Atherosclerosis Risk 
in Communities (ARIC) Study, overall and within those with 
high vs. low saturated fat intake.

METHODS

Study design and population

The study is based in the Atherosclerosis Risk in Com-
munities (ARIC) cohort. A total of 15,792 participants aged 
45–64 years were examined in 1987–1989, sampled from 4 
communities in the United States (Forsyth County, North 
Carolina; Jackson, Mississippi; suburbs of Minneapolis, 
Minnesota; and Washington County, Maryland) (19). We 
included 10,406 ARIC participants with information on 
dietary copper intake at visit 1 (1987–1989) and visit 3 
(1993–1995) and baseline cognitive data at visit 4 (1996–
1998) (Figure 1). We further excluded otherwise eligible 
participants who are Asian or Native Americans, Black par-
ticipants in Maryland and Minnesota due to small numbers 
(n = 69), participants who reported implausible total caloric 
intake (women with total energy intake <500 calories/day 
or >3,500 calories/day, men with total energy intake <700 
calories/day or >4500 calories/day) (n = 55), and partici-
pants who were missing information on education (n = 13) 
from all analyses. A total of 10,269 participants remained 
in our analysis. Informed consent was obtained from partic-
ipants at each visit, and the study protocols were approved 
by institutional review boards at collaborating institutions.

Dietary copper intake

Dietary intake was assessed in the full ARIC sample at 
visits 1 and 3 using an interviewer-administered, 66-item



were calculated using the means and standard deviations of
individual cognitive tests at baseline, and global z scores
were derived from means and standard deviations of the
individual z scores, yielding a mean of 0 and a standard
deviation of 1.

Adjudication of dementia

Dementia status was determined by computer algorithm
using information from cognitive tests and other screening
tools, and then confirmed by expert review. When visit-
based dementia adjudication was not available, dementia
ascertainment was based on the cohort’s dementia surveil-
lance efforts (Web Appendix 1, available at https://doi.
org/10.1093/aje/kwac040). As such, dementia adjudication
was available among those participants who did not
attend ARIC visits 5 or 6. Date of onset for dementia
was determined to be the earliest date associated with
information indicating dementia.

Other covariates

All covariates are based on data collected via self-report
or direct measurement at the ARIC cohort examinations.
Age at visit 4, sex, race-center, education, smoking status
at visit 4, and alcohol consumption status at visit 4 were
all collected using standardized, interviewer-administered
questionnaires. Body mass index (visit 4) was calculated
from measurements of weight to the nearest pound (this
was converted to kilograms) and standing height to the near-
est centimeter. Height was measured using a wall-mounted
ruler with participants not wearing shoes, and weight was
measured with a scale zeroed daily and calibrated quarterly.
Dietary intake of zinc and iron (which are associated with tau
and β-amyloid in the brain) from food, saturated fat, and total
intake of energy were calculated from FFQ responses at visit
1 and visit 3, and averaged. We also created a dietary score
according to the Dietary Approaches to Stop Hypertension
(DASH) diet, based on the average of food intake frequen-
cies collected in the visits 1 and 3 FFQ (26). Participants
were awarded 1 to 5 points according to the quintile of intake
for each food category. For total fruit, vegetables without
potatoes, whole grains, low-fat dairy products, nuts, seeds,
and legumes, higher points were given for higher consump-
tion, while lower points were given for higher consumption
of red and processed meat, sugar-sweetened beverages, and
sodium. The dietary score ranged from 8 to 40 points, with
higher scores indicating better adherence to the DASH diet.

Statistical analysis

We estimated the association between dietary copper
(mg/day, from food, supplements, total) and incident
dementia using survival analysis with parametric models
using a Weibull distribution, a framework that works well
for aging research, because the incidence rate of dementia
increases exponentially with time among older adults
(27). The models were adjusted for age, sex, race-center,
apolipoprotein E ε4 allele, education, body mass index,

smoking, alcohol consumption, total calorie intake, satu-
rated fat intake, zinc intake, iron intake, dietary patterns, and
their interactions with time spline terms. Participants with
diagnosed dementia at study baseline (visit 4) were excluded
from analysis. Potential interactions between dietary copper
(grams/day) and high saturated fat intake (defined as the
upper 25th percentile) were tested using multiplicative
interaction terms. All missing covariates were imputed using
multiple imputation chained equations (MICE) models,
as described in the Web Appendix 2. We used a burn-in
period of 50 iterations, and report final estimates based on
combination of 5 imputations, using Rubin’s rules (28).

While surveillance allows ascertainment of dementia sta-
tus regardless of attendance at study visits, cognitive data
were available only for those who attended the study vis-
its. To conduct parallel analyses on the associations of
dietary copper intake with 20-year cognitive decline, we
used MICE to impute the missing information in covariates
and cognitive z scores for those who did not attend visit
5 or visit 6, combining previously developed approaches
for imputing cognitive data using MICE from visit 2 to
visit 5 (12, 29), and from visit 5 to visit 6 (30). To allow
analyses of domain-specific cognitive change, we imputed
missing DWRT, DSST, and WFT scores directly; missing
global z scores were calculated from the imputed DWRT,
DSST, and WFT scores. For participants who died during
follow-up, final scores were imputed at the date of 6 months
prior to death. Among those who were alive but missing
information at each visit, we imputed scores at the median
date of the study visit. We used a burn-in of 50 iterations, and
we report results of regression models based on averaging
estimates from 5 of the imputation sets using Rubin’s rules.
Additional details of the imputation methods are available in
Web Table 1. Results of validation and quality control efforts
are provided in Web Figures 1–3.

In the imputed data, we estimated the association of
dietary copper with 20-year change in cognitive function
using linear mixed models. We modeled time using lin-
ear splines with a knot at the time of 15 years, which is
approximately the time between visits 4 and 5. Models were
adjusted for all covariates mentioned above and their interac-
tion terms with time splines. We specified an independence
covariance structure (within-subject between parameters)
with a random effect for intercept and random effects for
each piece of the time spline. A priori, we also examined the
potential interaction between dietary copper and high sat-
urated fat intake with cognitive change using multiplicative
interaction terms and effect estimates by level of saturated fat
intake (above vs. below the 75th percentile). For sensitivity
analysis, we conducted complete-case analyses, analyses
where only covariates were imputed, and analyses where
scores were imputed only for participants who were alive at
a given study visit. In addition, we examined the associations
of dietary copper and 20-year change in cognitive function
in the fully imputed data set without adjustment for dietary
components (i.e., dietary score, dietary iron, and dietary
zinc).

Analyses were performed using SAS, version 9.4 (SAS
Institute, Cary, North Carolina), and STATA, version 15.1
(StataCorp LLC, College Station, Texas).
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RESULTS

Among all 10,269 participants who met the inclusion cri-
teria, the mean age of sample participants was 62.9 (standard
deviation, 5.7) years, 43.9% were male, and 18.6% were
Black. Of these, 19 (0.2%) had prevalent dementia at visit
4, and were excluded from analyses of incident dementia.
The average amount of total copper intake from food and
supplements was 1.25 mg/day.

The baseline characteristics of the eligible sample accord-
ing to amount of copper intake from food and copper intake
from supplements are shown in Table 1. Compared with
those who were in the lower quartile of copper intake from
food adjusted for total caloric intake, participants with a
higher proportion of copper intake from food were more
likely to be female, Black, college-educated, never smokers,
and never drinkers. Those with higher copper intake through
food also had, on average, higher diet scores (i.e., greater
adherence to the Dietary Approaches to Stop Hypertension
(DASH) diet) and lower saturated fat intake, total energy
intake, and dietary zinc intake. Compared with those who
did not take copper from supplements, those who took
copper from supplements (14.7%) were also more likely
to be female and college-educated, but less likely to be
Black or never drinkers. Those with copper intake through
supplements also had lower total energy intake and greater
adherence to the DASH diet. The was no correlation between
the amount of copper intake from food and that from supple-
ments (r = 0.01, P = 0.61).

A total of 1,862 incident cases of dementia occurred dur-
ing follow-up. Web Table 2 shows the number and propor-
tion of incident cases according to total dietary copper intake
and saturated fat intake. The crude cumulative incidence of
dementia increased with higher total dietary copper intake
among participants with high intake of saturated fat (P for
linear trend = 0.02). In fully adjusting models, higher intake
of total dietary copper intake and dietary copper from food
were associated with higher incident dementia only among
those with a high intake of saturated fat (hazard ratio = 1.49,
95% confidence interval (CI): 1.04, 1.95) (Table 2). Intake
of copper from supplements was not associated with incident
dementia either overall or among those with high intake of
saturated fat.

The average imputed cognition z scores among all
participants were much lower compared with the average
complete-cases cognition z scores, and slightly lower
compared with average imputed cognition z scores among
those known to be alive at each study visit (Web Table 3).
Higher total copper intake was associated with greater 20-
year decline in WFT overall (β = −0.13 (95% CI: −0.24,
−0.02) excess change in z score per 1-mg increase in daily
total copper intake), among those with a high saturated fat
intake (β = −0.15 (95% CI: −0.28, −0.02) excess change
in z score per 1-mg higher daily intake in total copper) and
among those with non-high saturated fat intake (β = −0.13
(95% CI: −0.24, −0.01) excess change in z score per 1-
mg higher daily intake in total copper). In addition, copper
intake from food was associated with greater 20-year decline
in WFT overall (β = −0.12 (95% CI: −0.23, −0.02) excess
change in z score per 1-mg higher daily intake in copper

from food) and among those with non-high saturated fat
intake (β = −0.13 (95% CI: −0.24, −0.01) excess change in
z score per 1-mg higher daily intake in copper from food),
and it was marginally associated among those with high
saturated fat intake (β = −0.11 (95% CI: −0.24, 0.02) excess
change in z -score per 1-mg higher daily intake in copper
from food). Copper intake from supplements was associated
with greater 20-year decline in global cognition overall (β =
−0.03 (95% CI: −0.06, −0.0003) excess change in z score
per 1-mg higher daily intake in copper from supplements),
as well as with 20-year decline in DSST overall (β = −0.06
(95% CI: −0.10, −0.02) excess change in z score per 1-mg
higher daily intake in copper from supplements) and among
those with non-high intake of saturated fat (β = −0.06 (95%
CI: −0.10, −0.02) excess change in z score per 1-mg higher
daily intake in copper from supplements) (Table 3). The
associations between total dietary copper intake and 20-year
decline in WFT (overall, and among both high and non-high
saturated fat intake groups) and the associations between
copper intake from food and 20-year decline in WFT (overall
and among non-high saturated fat intake participants) were
also statistically significant across all sensitivity analyses
(Web Table 4–7).

DISCUSSION

In this large community-based cohort, a 1-mg/day higher
intake of total dietary copper during midlife was associated
with about 50% higher risk of incident dementia among
persons who consumed a diet high in saturated fat, as well
as greater decline in verbal fluency over the course of 20
years overall, and within both high and non-high saturated-
fat intake groups.

An association between dietary copper intake and cogni-
tive outcomes, particularly in the presence of high saturated
fat, is biologically plausible. Copper may oxidize some fat
molecules into derivatives, which can be toxic to neurons
(31). Copper may also interact with homocysteine to oxidize
cholesterol, which then damages the neuron (32). In a rabbit
model of Alzheimer disease fed with high cholesterol diet,
adding copper to the rabbit’s drinking water exacerbated the
impact of high-cholesterol diet on neurodegenerative change
(i.e., retarding the ability of rabbits to learn a difficult trace
conditioning task) (15). In another rabbit model, dietary
cholesterol–induced accumulation of β-amyloid, an impor-
tant biomarker related to Alzheimer disease, increased when
the rabbit was fed with distilled water supplemented with
0.12 ppm copper ion, compared with when the rabbit was
fed with unaltered distilled water (16). In a mouse model
of Alzheimer disease, amyloid accumulation and learning
impairment were found among mice fed with 0.1 mg/L
copper in drinking water and 2% cholesterol in the food (17).

A few previous studies have examined associations
between dietary copper and cognitive outcomes. In data from
the Chicago Health and Aging Project, which examined
3,718 participants aged ≥65 years, being in the top quintile
of total dietary intake of copper was significantly associated
with accelerated cognitive decline (defined as the change of
average score of East Boston Tests of Immediate Memory
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Table 2. Hazard Ratiosa for Incident Dementia by 2017 Associated With Dietary Copper Intake (n = 10,250) in the Atherosclerosis Risk in
Communities Study, United States

Overall
With High Saturated

Fat Intake
With Non-High

Saturated Fat Intake
Type of Copper

HR 95% CI HR 95% CI HR 95% CI

Total copper 1.17 0.89, 1.45 1.50 1.00, 2.00 1.05 0.78, 1.33

Copper from food 1.20 0.92, 1.48 1.49 1.04, 1.95 1.08 0.81, 1.36

Copper from supplements 0.98 0.91, 1.04 1.01 0.85, 1.16 0.97 0.90, 1.05

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Models adjusted for age, sex, race-center, apolipoprotein E ε4 allele, education, body mass index, smoking, alcohol consumption, total

calorie intake, saturated fat intake, zinc intake, iron intake, and dietary patterns. P for interaction between copper from food and high saturated
fat is 0.03; P for interaction between copper from supplements and high saturated fat is 0.68; and P for interaction between total copper and
high saturated fat is 0.03.

and Delayed Recall, the Mini-Mental State Examination,
and the Symbol Modalities Test) over 6 years among
participants with high intake of saturated and trans fats (18).
However, the results differed from our findings, since we did
not find an association between dietary copper and change
in global cognition among those with high saturated fat
intake. The different findings between the 2 studies may
be attributed to differences in age at baseline (≥65 years),
length of follow-up period (smaller proportion of attrition
during 6 years), inclusion of trans fat, and different cognitive
tests (with Mini-Mental State Examination) in the Chicago
Health and Aging Project study. In a second study, Li et
al. (33) found that copper intake in the highest quartile was
associated with lower odds of low DSST in a cross-sectional
analysis of the National Health and Nutrition Examination
Survey (NHANES) 2011–2014. However, compared with
longitudinal studies, the cross-sectional analysis may be
more likely to suffer from issues of temporality.

The recommended daily value of total copper intake from
food and supplements is 0.9 mg/day (34), and the average
total intake of copper among adults 20 years and older in
the United States (1.4–1.7 mg/day) has exceeded the daily
value (35). It is worth noting that our results suggested that
the associations of dietary copper and cognitive outcomes
depended not only on the amount of copper but also the
source of copper. The association of total dietary copper
intake with incident dementia and decline in WFT was
driven by dietary copper intake from food but not supple-
ments. This may be attributed to the fact that people taking
high amounts of copper from food and from supplements
showed different baseline characteristics. Also, the different
bioavailability of copper from food and supplements may
contribute to different associations between dietary copper
and cognitive outcomes. Particularly, copper in supplements
is likely to have different forms, to be combined with dif-
ferent minerals, and to be displaced when interacting with
other minerals (36). Future studies should further explore
how dietary copper from different sources affects cognitive
outcomes.

Our study had several strengths. Use of multiple imputa-
tion chained equations enabled us to conduct parallel anal-
yses for dementia and cognitive change, addressing the
potential issues of selection bias due to loss to follow-up.
Our study also benefited from a large sample of participants
with assessment of diet in middle-age and a long period of
follow-up, enabling us to observe the association between
dietary copper and cognitive change from midlife to late
life. In addition, since the assessments of dietary intake
were conducted prior to that of cognitive assessment, we
were able to establish temporality between our exposure and
outcome.

However, our study also suffered from limitations. First,
the content of copper in food can be affected by some envi-
ronmental factors, such as soil copper concentration, use of
copper compound–containing bactericides or fungicides on
crops, and local copper emissions from industry (1). These
variations cannot be reflected in the FFQ. The associations
of dietary copper and cognition may also be affected by
copper from sources other than foods and supplements,
including copper intake from drinking water, which we were
not able to measure. Also, due to the complexity of cognitive
function, 3 cognitive tests may not be sufficient to evaluate
global cognition and cannot provide insight into associations
with performance on other cognitive domains (e.g., spatial
reasoning, attention) or processing speed. Similarly, while
prior studies have shown associations between risk factors
and these tests, they may not be sensitive enough to identify
subtle accelerations of cognitive change due to dietary cop-
per intake given the overall cognitive status of our cohort.

In conclusion, higher intake of dietary copper intake is
associated with higher risk of incident dementia, particularly
in those with high saturated fat intake. The associations
may be driven by the associations between dietary copper
intake and decline in language. Our study suggests that
dietary copper intake may be a novel risk factor for incident
dementia; however, given differences with prior epidemi-
ologic findings, further work is needed to confirm these
associations in other contexts.



Table 3. Associations Between Dietary Copper and 20-Year Cognitive Decline, With Imputation of Missing Covariates and Outcomes for All
Eligible Participants (n = 10,269) in the Atherosclerosis Risk in Communities Study, United States, 1996–1998 to 2016–2017a

No. of Years

1–15 16–20 1–20Copper and Saturated
Fat Intake

β 95% CI β 95% CI β 95% CI

Global z Score

Overall

Total copper −0.002 −0.10, 0.09 −0.04 −0.21, 0.12 −0.05 −0.20, 0.10

Copper from food −0.02 −0.11, 0.08 0.003 −0.16, 0.17 −0.01 −0.16, 0.13

Copper from supplements 0.02 −0.01, 0.04 −0.05 −0.08, −0.02 −0.03 −0.06, −0.0003

High saturated fat

Total copper 0.02 −0.10, 0.15 −0.03 −0.22, 0.17 −0.004 −0.17, 0.17

Copper from food 0.02 −0.10, 0.14 0.02 −0.16, 0.20 0.05 −0.11, 0.20

Copper from supplements 0.001 −0.05, 0.05 −0.05 −0.13, 0.03 −0.05 −0.13, 0.03

Non-high saturated fat

Total copper −0.02 −0.12, 0.08 −0.06 −0.22, 0.11 −0.07 −0.23, 0.09

Copper from food −0.04 −0.13, 0.06 −0.01 −0.17, 0.16 −0.04 −0.20, 0.12

Copper from supplements 0.02 −0.01, 0.05 −0.05 −0.08, −0.01 −0.03 −0.06, 0.005

Digit Symbol Substitution Test

Overall

Total copper 0.03 −0.05, 0.11 −0.07 −0.17, 0.02 −0.04 −0.15, 0.06

Copper from food 0.04 −0.05, 0.12 −0.02 −0.11, 0.07 0.01 −0.09, 0.12

Copper from supplements −0.01 −0.03, 0.02 −0.05 −0.08, −0.02 −0.06 −0.10, −0.02

High saturated fat

Total copper 0.07 −0.03, 0.18 −0.06 −0.19, 0.06 0.01 −0.13, 0.15

Copper from food 0.07 −0.03, 0.18 −0.02 −0.13, 0.09 0.05 −0.08, 0.18

Copper from supplements −0.001 −0.05, 0.05 −0.04 −0.10, 0.03 −0.04 −0.10, 0.02

Non-high saturated fat

Total copper 0.01 −0.08, 0.10 −0.08 −0.18, 0.02 −0.07 −0.17, 0.03

Copper from food 0.02 −0.07, 0.11 −0.02 −0.12, 0.07 −0.01 −0.11, 0.10

Copper from supplements −0.01 −0.04, 0.02 −0.05 −0.09, −0.02 −0.06 −0.10, −0.02

Delayed Word Recall Test

Overall

Total copper 0.03 −0.11, 0.17 0.04 −0.21, 0.29 0.08 −0.14, 0.29

Copper from food −0.003 −0.14, 0.14 0.09 −0.16, 0.34 0.09 −0.12, 0.29

Copper from supplements 0.04 −0.01, 0.08 −0.05 −0.09, −0.003 −0.01 −0.06, 0.04

High saturated fat

Total copper 0.05 −0.14, 0.24 0.11 −0.21, 0.42 0.16 −0.10, 0.41

Copper from food 0.04 −0.15, 0.23 0.15 −0.14, 0.43 0.19 −0.04, 0.41

Copper from supplements 0.01 −0.08, 0.10 −0.04 −0.16, 0.08 −0.03 −0.15, 0.09

Non-high saturated fat

Total copper 0.02 −0.13, 0.17 0.01 −0.25, 0.26 0.03 −0.20, 0.26

Copper from food −0.02 −0.17, 0.12 0.06 −0.20, 0.32 0.04 −0.18, 0.26

Copper from supplements 0.04 −0.01, 0.10 −0.05 −0.10, 0.0004 −0.01 −0.06, 0.04

Table continues



Table 3. Continued

No. of Years

1–15 16–20 1–20Copper and Saturated
Fat Intake

β 95% CI β 95% CI β 95% CI

Word Fluency Test

Overall

Total copper −0.07 −0.15, 0.02 −0.07 −0.17, 0.04 −0.13 −0.24, −0.02

Copper from food −0.07 −0.15, 0.02 −0.06 −0.16, 0.05 −0.12 −0.23, −0.02

Copper from supplements 0.003 −0.02, 0.03 −0.01 −0.04, 0.02 −0.01 −0.04, 0.02

High saturated fat

Total copper −0.07 −0.18, 0.05 −0.08 −0.23, 0.06 −0.15 −0.28, −0.02

Copper from food −0.07 −0.18, 0.05 −0.05 −0.19, 0.08 −0.11 −0.24, 0.02

Copper from supplements −0.01 −0.07, 0.05 −0.03 −0.09, 0.03 −0.04 −0.10, 0.02

Non-high saturated fat

Total copper −0.07 −0.16, 0.03 −0.06 −0.17, 0.05 −0.13 −0.24, −0.01

Copper from food −0.07 −0.17, 0.02 −0.05 −0.17, 0.06 −0.13 −0.24, −0.01

Copper from supplements 0.01 −0.02, 0.03 −0.004 −0.04, 0.03 0.002 −0.03, 0.04

Abbreviation: CI, confidence interval.
a Mixed models adjusted for age, sex, race-center, apolipoprotein E ε4 allele, education, body mass index, smoking, alcohol consumption,

total calorie intake, saturated fat intake, zinc intake, iron intake, dietary patterns, and their interactions with time spline terms.
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