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Abstract

Background: Healthy diets have been associated with better cognitive function. Socioeconomic factors including education, poverty, and job 
complexity may modify the relationship between diet and cognition.
Methods: We used adjusted linear mixed models to examine the association between long-term adherence to the Mediterranean-Dietary 
Approaches to Stop Hypertension - Intervention for Neurodegenerative Delay (MIND) diet and cognitive function over 8 years of follow-up 
in Puerto Rican adults residing in the Boston, MA area (aged 45–75 years at baseline). We also examined whether the MIND diet—cognition 
association was confounded or modified by socioeconomic measures.
Results: In both cross-sectional and longitudinal analyses the highest, versus lowest, MIND quintile was associated with better cognition 
function (β = 0.093; 95% CI: 0.035, 0.152; p trend = .0019), but not with cognitive trajectory over 8 years. Education <=8th grade (β = −0.339; 
95% CI: 0.394, −0.286; p < .0001) and income-to-poverty ratio <120% (β = −0.049; 95% CI: −0.092, −0.007; p = .024) were significantly 
associated with lower cognitive function, while higher job complexity (β = 0.008; 95% CI: 0.006, 0.011; p < .0001) was associated with better 
cognition function. These variables acted as confounders, but not effect modifiers of the MIND-diet—cognitive function relationship.
Conclusion: Adherence to the MIND diet was associated with better cognitive function at baseline and over 8 years of follow-up; however, 
MIND diet was not associated with 8-year cognitive trajectory. More studies are needed to better understand whether the MIND diet is 
protective against long-term cognitive decline.

Keywords:  Global cognitive function, MIND diet, Socioeconomic factors

It is important to identify modifiable risk factors to prevent cogni-
tive decline. The role of dietary pattern in dementia prevention has 
received increased attention. Higher adherence to the Mediterranean 
(1,2) or the Dietary Approach to Stop Hypertension (DASH) diets 
(3,4) has been associated with slower cognitive decline. Recently, 
Morris et  al. (5,6) developed a dietary pattern derived as a com-
bination of the Mediterranean and DASH diets, specifically tar-
geted for prevention of cognitive decline and dementia, named the 

Mediterranean-DASH Intervention for Neurodegenerative Delay 
(MIND) diet. The MIND diet is based on natural plant foods and 
limited intakes of animal or high saturated fat foods. It emphasizes 
berries and green leafy vegetables (5–8), shown to have antioxidant 
and anti-inflammatory properties, with inhibition of β-amyloid de-
position and neurotoxic death (6). Several prospective studies have 
shown slower cognitive decline among participants with high intake 
of green leafy vegetables (6). MIND diet components include 10 
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healthy food groups (green leafy vegetables, other vegetables, nuts, 
berries, beans, whole grains, seafood, poultry, olive oil, and wine) 
and 5 unhealthy food groups (red meat, butter and stick margarine, 
cheese, pastries, sweets, and fried/fast food).

Mainland Puerto Ricans represent the second largest popula-
tion of Latinos in the United States (9). Latinos living in the United 
States have approximately double the risk of AD compared to 
non-Hispanic whites (10), and Puerto Ricans have the highest risk 
among Latinos: approximately twice that of Mexican Americans 
(11), but risk factors for cognitive decline in this population have 
been understudied. One recent study showed that overall healthier 
diet quality was associated with better global cognition in older 
Hispanic/Latinos (12). However, another showed that an associ-
ation between Mediterranean diet score and cognition was stronger 
in non-Hispanic whites and men, compared to other racial/ethnic 
groups and women (13). Higher intake of fruit and vegetables has 
been inversely associated with cognitive impairment in Mexican 
Americans (14). Prior work within the Boston Puerto Rican Health 
Study (BPRHS) has shown positive associations between fruit and 
vegetable intake and cognition (15), and of the Alternative Healthy 
Eating Index-2010 (aHEI) and 2-year memory score, among those 
without type 2 diabetes (2). However, we know of no study that has 
examined the MIND diet in a large cohort of Puerto Rican adults.

Low socioeconomic status (16) has been associated with increased 
risk of dementia and cognitive impairment (8,16). Individuals who 
are socioeconomically disadvantaged tend to have poorer dietary 
quality (8,17,18) and higher risk of other poor health behaviors 
(8,19). Low SES may impact cognition due to lower education or oc-
cupation complexity (17), and these individuals may be more vulner-
able to risk to cognitive health due to poor diet. Low SES has been 
shown to modify associations between smoking and mortality (20), 
and between healthy lifestyle and cognitive decline, which was seen 
only in participants with lower income (8). Understanding whether 
SES modifies the role of diet on cognitive decline is important for 
targeting and developing prevention programs among populations 
with variability in education, job complexity, and income. We, thus, 
sought to examine whether adherence to the MIND diet was asso-
ciated with better cognitive function over 8 years of follow-up in a 
cohort of Boston area Puerto Rican adults, the Boston Puerto Rican 
Health Study (BPHRS), and whether living in conditions of low SES 
exacerbates the risk to cognitive health caused by poor diet.

Method

Participants and Data Collection
This analysis was conducted within the Boston Puerto Rican Health 
Study (BPRHS), which included 1 502 self-identified Puerto Ricans 
adults in the Boston, MA metro area, aged 45–75  years at base-
line (2004–2009). Participants were followed at approximately 
2-year (n = 1 258) and 8-year (n = 573) visits and were adminis-
tered questionnaires analogous to those at baseline (Supplementary 
Figure 1). As described previously, study participants were re-
cruited through door-to-door enumeration and community ap-
proaches (21). Study protocols were approved by the Institutional 
Review Board at Tufts Medical Center and by the University of 
Massachusetts Lowell. Trained bilingual interviewers administered 
questionnaires to participants in their homes, and performed meas-
urements following procedures used in the National Health and 
Nutrition Examination Survey (NHANES) (22) and the MacArthur 
Studies of Successful Aging (23). Retraining and review sessions, 

including checks on scoring of tests and scales, were conducted peri-
odically. Completed interviews were self-and peer-reviewed prior 
to data entry. Participants provided information on age and edu-
cation and were asked to self-report whether they had been diag-
nosed with chronic conditions. Detailed information on prescription 
and over-the counter medications was collected by asking partici-
pants to show medication bottles. Frequency, history and type of 
alcohol consumption and smoking were assessed. A physical activity 
score was calculated as the weighted sum of hours spent on typical 
24-hour activities, assessed via a modified Paffenbarger question-
naire (24). Diabetes was defined as fasting glucose >= 126 mg/dL 
or use of diabetes medication. Hypertension was defined as systolic 
blood pressure >=140, diastolic blood pressure >=90 mm Hg or use 
of hypertension medication. Depressive symptomatology was esti-
mated using the Center for Epidemiologic Studies Depression scale 
(CES-D). Genetic polymorphisms, including apoE, were identified 
with applied Biosystems TaqMan SNP genotyping systems. Dietary 
intake was assessed with a food frequency questionnaire (FFQ) spe-
cifically designed for and previously used in this population (25). 
The FFQ was based on the National Cancer Institute – Block format, 
revised to include appropriate foods, portion sizes and recipes for 
Puerto Ricans (25). Participants self-reported level of education 
(<=8th grade vs higher), income to poverty ratio (<120% vs higher; 
based on self-reported family size, total household income and con-
current poverty threshold), and self-reported job title held during 
most of their working life.

Study Outcome—Global Cognitive Function Score
Participants completed a battery of neuropsychological tests to assess 
cognitive function at baseline, 2-, and 8-year follow-up. The testing 
battery was designed by a Latino neuropsychologist, in Spanish, 
and normed/standardized using a U.S. Spanish-speaking population 
(26). The cognitive assessments were administered by trained na-
tive Spanish speakers in the participant’s language of choice (98% 
in Spanish) at the participants’ home, in consultation with a clin-
ical neuropsychologist (TMS). The battery included the Mini-Mental 
State Examination (MMSE) as a measure of overall cognitive func-
tion (27); a 16-word list learning task for verbal memory; Digit Span 
forward and backward for attention and working memory (26); the 
Stroop test for processing speed, cognitive flexibility, and response 
to inhibition (26); clock drawing (28) and figure copying (29) for 
visual-spatial organization; and verbal fluency to assess verbal ability 
and executive function (26). Individual test scores were transformed 
to Z-scores and a global cognitive function composite score (GCS) 
was computed as the arithmetic mean of the individual Z-scores. The 
GCS was used as the outcome variable in this study, as done in prior 
work (30,31). If a participant did not complete an individual test, the 
given score was imputed using the minimum Z-score for the same in-
dividual test in the rest of the cohort, unless the missing values were 
due to illiteracy, hearing impairment or poor vision. In these cases, 
the existing test values for that individual were averaged. Overall, 
176 (12.5%), 186 (15.6%), and 54 (10.7%) were missing at least one 
cognitive score at baseline, 2-, and 8-year follow-ups, respectively.

Exposure—MIND diet
We used FFQ data at baseline, 2-, and 5-year follow-ups to esti-
mate average daily energy, nutrient, and food group intakes, and 
to construct the MIND diet score at each time point, following 
methodology described by Morris et al. (6). Nutrient intakes were 
calculated from the Nutrition Data System for Research software 
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(NDS-R, Nutrition Coordinating Center, University of Minnesota, 
version (2007–2016). Participants reporting energy intakes < 600 or 
> 4800 kcal/d, or who had >= 12 questions blank on the FFQ, were 
excluded as implausible intakes (n = 72) baseline, (n = 21) at 2 years, 
and (n = 43) at 5 years.

The MIND diet score is based on 10 brain-healthy foods groups: 
green leafy vegetables (spinach, lettuce, kale), other vegetables, ber-
ries, nuts, whole grains, fish, beans, poultry, limited intake of wine 
(red and white wine), and the use of olive oil as a primary source of 
fat; and 5 unhealthy foods: butter and margarine, cheese, red meat, 
and pastries and sweets (6). Each component was assigned a score of 
0, 0.5, or 1, and then summed. Total MIND scores were divided into 
quintiles for analysis, as done previously (6).

Study Covariates
Our cross sectional and longitudinal analyses included the fol-
lowing covariates, based on those commonly used in the literature: 
age in years, sex (male, premenopausal female or postmenopausal 
with estrogen use, postmenopausal without estrogen), BMI (kg/m2), 
physical-activity score, diabetes (y/n), hypertension (y/n), smoking 
(current vs no), alcohol use (current vs no), APOE e4 carrier (y/n), 
energy intake (kcal).

We considered several measures of SES as covariates, including 
income to poverty ratio, education level, and job complexity score, 
to examine whether these variables acted as confounders (separately 
or jointly) and/or effect modifiers of the MIND diet—cognition re-
lationship. Income to poverty ratio was calculated based on total 
household size, total household income, and year-specific poverty 
cutoff (32). Education (<=8 grade vs higher) and income to pov-
erty ratio (<120% vs higher) were treated as binary variables). A job 
complexity score was computed based on self-reported job titles 
using standardized importance scores (0–100) for complex problem-
solving skills from O*NET (33), an online data source of national 
occupational information.

Statistical Methods
All statistical analyses were performed in SAS version 9.4. We com-
puted descriptive statistics (means and proportions) by quintile 
of MIND diet adherence. In cross-sectional analyses at baseline, 
we excluded 96 participants due to missing data on MIND diet. 
Additionally, 76 participants were excluded due to missing covariate 
data. We assessed the association of adherence to the MIND diet, in 
quintiles and as a continuous exposure and global cognition cross sec-
tionally, at baseline using general linear regression, adjusted for age, 
sex/estrogen status (premenopausal female, postmenopausal with no 
estrogen use, postmenopausal with estrogen use, or male), BMI (kg/
m2), physical activity score, APOE e4 allele carrier (yes/no), diabetes 
status (yes/no), hypertension status (yes/no), depressive symptoms 
(continuous CES-D score), smoking status (current, yes/no), alcohol 
intake (current vs no), energy intake (kcal), job complexity score, and 
income-to-poverty ratio index (yes/no). Global cognitive function 
was treated as a continuous variable in all analyses.

We subsequently used random-slope repeated measures with time 
in linear mixed effect models (LMM) (SAS proc mixed), with partici-
pant as a random effect and updated exposure and covariate vari-
ables to examine the relation between MIND diet, in quintiles and as 
a continuous exposure, and global cognitive function at baseline, 2- 
and 8-year follow-up. At the 2 follow-ups, 106 and 120 participants 
were missing MIND diet, respectively. The covariance structure 
using compound symmetry for the models was chosen based on the 

best model fit, where AIC and BIC had the lowest values. The LMM 
included terms for: age (years), sex (male, premenopausal female 
or postmenopausal with estrogen use, postmenopausal female not 
using estrogen), BMI (kg/m2), physical-activity score, diabetes (yes/
no), hypertension (yes/no) education level (<= 8th grade vs higher), 
smoking (current vs no), alcohol use (current vs no), APOE e4 carrier 
(yes/no), energy intake (kcal), job complexity score, and income to 
poverty ratio index (yes/no) and time (years). The MIND diet and all 
covariates were modeled as time varying covariates, based on data 
collected at the time of each cognitive evaluation.

To examine whether baseline MIND diet adherence impacted 
8 years cognitive trajectory, we fit linear mixed models, fixing MIND 
diet and covariates at baseline, allowing only the cognitive outcome 
to vary over time, and added an interaction term between time and 
MIND diet to the fully-adjusted linear mixed models. In separate 
models, we also examined associations between level of education, 
income to poverty ratio, and job complexity score, and global cogni-
tive function, both cross-sectionally and longitudinally, adjusting for 
covariates listed above.

We assessed effect modification of the relationship between MIND 
diet and global cognitive function by education, income to poverty 
ratio and job complexity score, by adding an interaction between each 
of these variables and MIND diet to the corresponding regression 
model and assessing the significance of the interaction term using the 
Likelihood Ratio Test. Finally, we investigated possible confounding 
of the association between MIND diet and cognitive function, in both 
cross-sectional and longitudinal models, by adding education, income 
to poverty ratio and job complexity score to the models, sequentially, 
and assessing the impact of adjusting for these SES variables on the 
beta coefficient for MIND diet. We retained model covariates that 
resulted in a >10% change in the effect estimates, as suggested by 
Rothman (34), We also noted improvement in model fit (AIC) associ-
ated with adding these covariates to the models.

We conducted several sensitivity analyses. While our primary 
analyses utilized the complete-case approach, we also conducted 
sensitivity analyses using missing indicators for all covariates and 
examined whether the results of this analysis were different from 
our primary analysis. Also, while our primary results are based on 
GCS with imputation, we also conducted additional sensitivity ana-
lyses restricted to participants who did not have missing data for 
any of the individual cognitive tests and thus did not require imput-
ation. Furthermore, because of the substantial loss to follow-up in 
the BPHRS cohort over 8 years, we conducted sensitivity analyses 
among 470 participants with complete data on MIND diet and GCS, 
who participated in all 3 waves of follow-up.

Results

The mean age of study participants at baseline was 57.2  ± 
7.9 years, and women comprised 70% of the sample (Table 1). The 
mean for the MIND diet score was 7.39 ± 1.5 SD, with a range of 
3–13 out of a total possible 15 points. The prevalence of diabetes 
was 40%, hypertension 69%, depressive symptomatology 60%, 
and <= 8th grade education 47%. More than 60% of participants 
were below 120% of the poverty level and job complexity score 
tended to be low for most. Individuals with <=8th grade education, 
under 120 % poverty ratio or with lower employment complexity, 
tended to have lower MIND diet score (Table 1). In the final 
cross-sectional model at baseline, after adjusting for covariates, 
high MIND diet adherence was significantly associated with better 

Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. 77, No. 3 607



Ta
b

le
 1

. 
B

as
el

in
e 

C
h

ar
ac

te
ri

st
ic

s 
o

f 
1,

33
2 

B
P

R
H

S
 S

tu
d

y 
Pa

rt
ic

ip
an

ts
 W

it
h

 G
lo

b
al

 C
o

g
n

it
iv

e 
S

co
re

 a
t 

B
as

el
in

e,
 b

y 
Q

u
in

ti
le

 o
f 

M
IN

D
 D

ie
t

M
IN

D
 D

ie
t 

Q
ui

nt
ile

Q
1 

 
(n

 =
 3

15
)

Q
2 

 
(n

 =
 1

62
)

Q
3 

 
(n

 =
 3

21
)

Q
4 

 
(n

 =
 3

09
)

Q
5 

 
(n

 =
 2

25
)

pb

M
IN

D
 d

ie
t 

sc
or

e,
 m

ed
ia

n 
± 

SD
5.

50
 ±

 0
.5

6
6.

50
 ±

 0
.0

0
7.

00
 ±

 0
.2

5
8.

00
 ±

 0
.2

5
9.

50
 ±

 0
.8

0
 

A
ge

, y
, m

ea
n 

± 
SD

55
.7

 ±
 7

.8
56

.6
 ±

 7
.2

57
.7

 ±
 7

.7
58

.0
1 

± 
7.

8
57

.9
 ±

 6
.7

.0
00

6
M

al
e 

n 
(%

)
99

 (
31

.4
)

49
 (

30
.2

)
85

 (
26

.5
)

91
 (

29
.4

)
48

 (
21

.3
)

.0
19

Fe
m

al
e,

 p
re

m
en

op
au

sa
l o

r 
es

tr
og

en
 u

se
 n

 (
%

)
53

 (
16

.8
)

19
 (

11
.7

)
40

 (
12

.5
)

42
 (

13
.6

)
22

 (
9.

78
)

 
Fe

m
al

e,
 p

os
tm

en
op

au
sa

l n
o 

es
tr

og
en

 u
se

 n
 (

%
)

16
3 

(5
1.

7)
94

 (
58

.0
)

19
6 

(6
1.

1)
17

6 
(5

6.
9)

15
5 

(6
8.

9)
 

B
M

I, 
m

ea
n 

± 
SD

31
.7

 ±
 7

.4
31

.6
 ±

 6
.0

32
.2

 ±
 6

.0
32

.0
 ±

 6
.6

32
.3

 ±
 6

.5
.7

2
Ph

ys
ic

al
 a

ct
iv

it
ya  m

ea
n 

± 
SD

30
.8

 ±
 4

.0
31

.5
 ±

 4
.8

31
.1

 ±
 4

.6
31

.4
 ±

 4
.6

32
.6

 ±
 4

.8
.0

00
3

C
ur

re
nt

 s
m

ok
in

g 
n 

(%
)

98
 (

31
.1

)
47

 (
29

.0
)

81
 (

25
.2

)
66

 (
21

.4
)

25
 (

11
.1

)
<.

00
01

C
ur

re
nt

 a
lc

oh
ol

 u
se

 n
 (

%
)

20
9 

(6
6.

3)
11

5 
(7

0.
9)

22
2 

(6
9.

2)
22

2 
(7

1.
8)

16
6 

(7
3.

8)
.3

7
D

ia
be

te
s 

n 
(%

)
11

4 
(3

6.
2)

56
 (

34
.6

)
14

5 
(4

5.
2)

12
2 

(3
9.

5)
96

 (
42

.7
)

.0
85

H
yp

er
te

ns
io

n 
n 

(%
)

19
0 

(6
0.

3)
11

1 
(6

8.
5)

23
8 

(7
4.

1)
22

4 
(7

2.
5)

15
8 

(7
0.

2)
.0

19
<=

8t
h 

gr
ad

e 
ed

uc
at

io
n 

n 
(%

)
15

2 
(4

8.
2)

77
 (

47
.5

)
16

8 
(5

2.
3)

14
3 

(4
6.

3)
90

 (
40

.0
)

.0
8

A
PO

E
 E

4 
n 

(%
)

51
 (

16
.2

)
28

 (
17

.3
)

55
 (

17
.1

)
62

 (
20

.1
)

48
 (

21
.3

)
.2

7
c P

ov
er

ty
 in

de
x 

un
de

r 
12

0%
 n

 (
%

)
21

1 
(7

3.
2)

11
0 

(7
0.

5)
21

9 
(7

1.
3)

20
8 

(7
1.

5)
13

3 
(6

1.
0)

.0
34

Jo
b 

co
m

pl
ex

it
y 

sc
or

e 
m

ea
n 

± 
SD

40
.3

 ±
 9

.6
40

.7
 ±

 9
.0

41
.3

 ±
 1

0.
1

41
.6

 ±
 9

.8
43

.8
 ±

 1
1.

1
.0

03
7

E
ne

rg
y 

in
ta

ke
s,

 k
ca

l/d
ay

 m
ea

n 
± 

SD
2 

10
9 

± 
89

4
2 

04
2 

± 
95

2
2 

09
0 

± 
90

2
2 

09
6 

± 
86

0
2 

24
5 

± 
81

2
.1

7
C

E
S-

D
 >

=1
6 

n 
(%

)
18

4 
(5

8.
4)

11
0 

(6
7.

9)
20

3 
(6

3.
2)

17
8 

(5
7.

6)
11

6 
(5

1.
6)

.0
11

G
lo

ba
l c

og
ni

ti
ve

 z
-s

co
re

 m
ea

n 
± 

SD
−0

.0
63

 ±
 0

.5
70

−0
.1

29
 ±

 0
.6

30
−0

.0
82

 ±
 0

.5
56

0.
01

9 
± 

0.
52

6
0.

11
9±

 0
.5

21
<.

00
01

M
IN

D
 c

om
po

ne
nt

s 
se

rv
in

gs
/d

 (
m

ea
n 

± 
SD

)
G

re
en

 le
af

y 
ve

ge
ta

bl
es

d
0.

19
3 

± 
0.

21
7

0.
29

9 
± 

0.
32

6
0.

37
4 

± 
0.

41
8

0.
52

4 
± 

0.
44

7
0.

83
6 

± 
0.

58
9

<0
.0

00
1

O
th

er
 v

eg
et

ab
le

s
0.

25
4 

± 
0.

18
8

0.
28

8 
± 

0.
21

3
0.

35
2 

± 
0.

26
9

0.
42

8 
± 

0.
32

4
0.

77
6 

± 
0.

59
4

<0
.0

00
1

B
er

ri
es

0.
02

5 
± 

0.
04

3
0.

02
8 

± 
0.

04
0

0.
02

7 
± 

0.
04

9
0.

03
5 

± 
0.

05
0

0.
11

6 
± 

0.
18

9
<0

.0
00

1
N

ut
s

0.
08

6 
± 

0.
20

6
0.

11
3 

± 
0.

27
8

0.
15

6 
± 

0.
34

7
0.

18
3 

± 
0.

36
3

0.
32

4 
± 

0.
57

6
<0

.0
00

1
O

liv
e 

oi
l

0.
02

9 
± 

0.
09

0
0.

05
5 

± 
0.

13
3

0.
08

3 
± 

0.
34

7
0.

13
8 

± 
0.

19
7

0.
25

1 
± 

0.
38

3
<0

.0
00

1
B

ut
te

r 
-M

ar
ga

ri
ne

0.
08

5 
± 

0.
15

9
0.

06
2 

± 
0.

13
6

0.
08

5 
± 

0.
15

0
0.

07
8 

± 
0.

13
7

0.
09

3 
± 

0.
15

0
0.

30
C

he
es

e
0.

40
8 

± 
0.

50
2

0.
27

2 
± 

0.
30

8
0.

30
3 

± 
0.

37
7

0.
27

3 
± 

0.
34

1
0.

28
5 

± 
0.

31
8

0.
00

01
W

ho
le

 g
ra

in
s

0.
64

2 
± 

0.
65

6
0.

69
3 

± 
0.

75
8

0.
83

6 
± 

0.
82

5
1.

11
 ±

 0
.8

79
1.

63
5 

± 
1.

14
<0

.0
00

1
Fi

sh
0.

16
5 

± 
0.

20
0

0.
21

4 
± 

0.
18

5
0.

26
6 

± 
0.

27
2

0.
31

3 
± 

0.
28

4
0.

36
2 

± 
0.

32
9

<0
.0

00
1

B
ea

ns
0.

25
7 

± 
0.

27
9

0.
30

7±
 0

.2
76

0.
33

4 
± 

0.
32

5
0.

34
7 

± 
0.

30
4

0.
45

7 
± 

0.
38

0
<0

.0
00

1
Po

ul
tr

y
0.

18
7 

± 
0.

19
0

0.
21

2 
± 

0.
19

9
0.

29
2 

± 
0.

28
6

0.
38

9 
± 

0.
32

0
0.

47
5 

± 
0.

35
1

<0
.0

00
1

R
ed

 m
ea

t
0.

51
3 

± 
0.

48
7

0.
52

7 
± 

0.
54

9
0.

42
7 

± 
0.

44
3

0.
37

3 
± 

0.
38

4
0.

34
5 

± 
0.

40
4

<0
.0

00
1

Fa
st

-f
ri

ed
-f

oo
d

0.
17

9 
± 

0.
20

1
0.

16
3 

± 
0.

17
4

0.
15

1 
± 

0.
20

0
0.

11
8 

± 
0.

14
3

0.
10

0 
± 

0.
15

2
<0

.0
00

1
Pa

st
ri

es
 s

w
ee

ts
0.

85
9 

± 
0.

94
0

0.
60

7 
± 

0.
85

3
0.

61
4 

± 
0.

68
4

0.
59

2 
± 

0.
75

5
0.

48
6 

± 
0.

55
0

<0
.0

00
1

W
in

e
0.

01
5 

± 
0.

11
2

0.
01

2 
± 

0.
06

6
0.

04
5 

± 
0.

27
1

0.
04

4 
± 

0.
17

7
0.

09
2 

± 
0.

32
5

0.
00

05

n 
= 

nu
m

be
r 

of
 p

ar
ti

ci
pa

nt
s;

 Q
 =

 q
ui

nt
ile

; S
D

 =
 s

ta
nd

ar
d 

de
vi

at
io

n.
a P

hy
si

ca
l a

ct
iv

it
y 

sc
or

e 
(r

an
ge

 2
4.

3–
62

.6
), 

w
ei

gh
te

d 
fo

r 
to

ta
l t

im
e 

sl
ee

pi
ng

 a
nd

 ly
in

g 
do

w
n,

 s
it

ti
ng

, l
ig

ht
, m

od
er

at
e,

 a
nd

 v
ig

or
ou

s 
ac

ti
vi

ty
.

b p
 v

al
ue

 b
as

ed
 o

n 
C

hi
 s

qu
ar

e 
te

st
 f

or
 c

at
eg

or
ic

al
 o

r 
F 

st
at

is
ti

cs
 f

or
 A

N
O

V
A

 f
or

 c
on

ti
nu

ou
s 

va
ri

ab
le

s.
c P

hy
si

ca
l a

ct
iv

it
y 

sc
or

e 
w

as
 c

al
cu

la
te

d 
as

 t
he

 w
ei

gh
te

d 
su

m
 o

f 
ho

ur
s 

sp
en

t 
on

 t
yp

ic
al

 2
4-

ho
ur

 a
ct

iv
it

ie
s,

 a
ss

es
se

d 
vi

a 
a 

m
od

ifi
ed

 P
af

fe
nb

ar
ge

r 
qu

es
ti

on
na

ir
e.

d S
pi

na
ch

, l
et

tu
ce

, k
al

e.

608 Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. 77, No. 3



cognitive function. The highest, versus lowest quintile difference 
was 0.182 Z-score units, p =  .046, and β trend = 0.028; 95%CI 
0.007, 0.049) across quintiles of the MIND diet; p trend = .0098; 
Table 2). Low education was significantly associated with worse 
cognitive function (β = −0.306; 95%CI −0.366, −0.246; p < .0001), 
as was low income to poverty ratio (β = −0.125; 95%CI −0.188, 
−0.062; p = .0001). Higher job complexity score was significantly 
associated with better cognitive function (β = 0.007; 95%CI 0.004, 
0.010; p < .0001).

Similar results were observed in linear mixed models over 
8  years of follow-up, after adjusting for time varying covariates. 
Greater adherence to the MIND diet score was significantly associ-
ated with 3 repeated measures of global cognition score over time. 
After adjustment for the covariates listed above, participants in the 
highest, versus lowest, quintile of MIND diet had significantly better 
cognitive function (β  =  0.098; 95%CI 0.045, 0.150; p  =  .00030, 
β trend  =  0.024; 95%CI 0.012, 0.037; p trend  =  .0002; Table 3, 
Model 1). As in cross-sectional analyses, <= 8th grade, versus higher, 

Table 2. Cross-sectional Association Between MIND Diet Adherence (quintiles) and Global Cognitive Score Among BPRHS Study Participants

MIND Diet Quintile

Q1 Q2 Q3 Q4 Q5 p trend

Model 1a Ref −0.057 0.030 0.093 0.158 <.0001
n = 1 332  (−0.148, 0.034) (−0.045, 0.105) (0.017, 0.169) (0.073, 0.243)
Model 2b Ref −0.030 0.014 0.072 0.116 .002
n = 1 138  (0.127, 0.067) (−0.065, 0.093) (−0.008, 0.152) (0.027, 0.205)
Model 3c Ref −0.094 −0.003 0.057 0.118 .0005
n = 1 260  (−0.186, −0.002) (−0.079, 0.074) (−0.021, 0.134) (0.032, 0.205)
Model 4d Ref −0.065 −0.005 0.047 0.092 .0098
n = 1 081  (−0.162, 0.033) (−0.085, 0.075) (−0.035, 0.129) (0.002, 0.182)

MIND Diet as a Continuous Exposure

    β 95% CI p

Model 5e  
n = 1 081

   0.027 (0.008, 0.046) .0062

Notes: aModel 1 = adjusted for age (y), sex (male, premenopausal female or postmenopausal with estrogen use, postmenopausal without estrogen), BMI (kg/
m2), physical-activity score, diabetes (y/n), hypertension (y/n) education level (<=8th grade vs higher), smoking (current vs no), alcohol use (current vs no), APOE e4 
carrier (y/n), energy intake (kcal).

bModel 2= Model 1 + job complexity score
cModel 3= Model 1 + poverty index
dModel 4= Model 1 + job complexity score + poverty index
eModel 5= adjusted for Model 1 + job complexity score + poverty index n = 1 081

Table 3. Longitudinal Association, Over 8 Years of Follow-up, Between MIND Diet Adherence (quintiles) and Global Cognitive Score Among 
BPRHS Study Participants

MIND Diet Quintile

Q1 Q2 Q3 Q4 Q5 p-trend

Model 1a Ref 0.004 
(−0.05, 0.056)

0.033 
(−0.010, 0.077)

0.053 
(0.006, 0.100)

0.098 
(0.045, 0.150)

.00020

Model 2b Ref 0.013 
(−0.044, 0.071)

0.032 
(−0.016,0.079)

0.045 
(−0.006, 0.096)

0.080 
(0.024, 0.137)

.0047

Model 3c Ref −0.013 
(−0.067, 0.041)

0.012 
(−0.033, 0.057)

0.053 
(0.004, 0.102)

0.110 
(0.056, 0.165)

<.0001

Model 4d Ref 0.005 
(−0.053, 0.064)

0.006 
(−0.043, 0.055)

0.047 
(−0.006, 0.099)

0.093 
(0.035, 0.152)

.0019

MIND Diet as a Continuous Exposure  

    β 95% CI p

Model 5e    0.0213 (0.008, 0.034) .0013

aModel 1= adjusted for age (y), sex (male, premenopausal female or postmenopausal with estrogen use, postmenopausal without estrogen), BMI (kg/m2), phys-
ical activity score, diabetes (y/n), hypertension (y/n) education level (<=8th grade vs higher), smoking (current vs no), alcohol use (current vs no), APOE e4 carrier 
(y/n), energy intake (kcal); AIC:2652.

bModel 2= adjusted for Model 1 + job complexity score; AIC: 2626
cModel 3= adjusted for Model 1 + poverty index; AIC: 2371
dModel 4= adjusted for Model 1 + job complexity score + poverty index; AIC: 2350 (best
model fit)
eModel 5= Model 5= adjusted for Model 1 + job complexity score + poverty index
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education (β  =  −0.339; 95%CI −0.394, −0.286; p < .0001), low 
versus higher income-to-poverty-ratio (β = −0.049; 95%CI −0.092, 
−0.007; p  =  .024), and higher job complexity score, (β  =  0.008; 
95CI% 0.006, 0.011; p < .0001) were each associated with cognitive 
function in linear mixed models over 8 years of follow-up.

Job complexity and income-to-poverty ratio appeared to act as 
confounders of the association between MIND diet and cognitive 
function, in both cross-sectional and longitudinal analyses, changing 
the effect estimate of the MIND diet-cognition association by greater 
than 10%. In model 4 (fully adjusted for all covariates as well as 
income-to-poverty-ratio, education, and job complexity), MIND 
diet remained significantly associated with global cognition function 
over 8 years, with a mean difference of 0.22 Z-score units between 
the highest and lowest quintiles (p = .002, β trend = 0.023; 95%CI 
0.008, 0.037; p trend =  .0019; Table 3). This model also had the 
best fit, based on AIC. We did not observe effect modification of the 
MIND diet on cognitive function by education, income-poverty ratio, 
or job complexity in either cross-sectional or longitudinal analyses 
(cross-sectional P interaction = 0.69, 0.95, and 0.66, respectively).

In linear mixed models examining the impact of baseline MIND 
diet status on 8-year cognitive trajectory, we did not observe inter-
action between baseline MIND diet and time. Further, we did not ob-
serve interaction between education, income to poverty ratio, or job 
complexity and time on cognition (p interaction = .14, .85, and .70, 
respectively). Thus, while higher MIND diet adherence was associ-
ated with better cognitive function throughout follow-up, baseline 
MIND diet did not appear to alter the 8-year trajectory in cognitive 
function; there was no important difference in the rate of change of 
cognition over time by level of MIND diet (Figure 1).

Results of sensitivity analyses restricted to 470 participants who 
completed all 3 waves of follow-up with no missing data were similar 
to the main results (Supplementary Table 1). Those who were lost to 
follow up were somewhat older, more likely to be male, to be current 
smokers, and were less likely to have CES-D >=16% than participants 
who remained for all 3 waves of follow-up. The 2 groups were similar 
on other characteristics (Supplementary Table 2). Likewise, restricting 
analyses to participants who did not have imputed cognitive scores 
did not change our findings (Supplementary Table 3). Finally, using 

the missing indicator method instead of the complete case approach to 
analyses, did not alter out findings, Supplementary Table 4).

Discussion

In this population of older Puerto Rican adults living in the Boston, 
MA metro area, we investigated the relationship of diet with cognitive 
function, using a specifically defined diet score, the Mediterranean-
DASH Intervention for Neurodegenerative Delay (MIND) diet, 
based on foods and nutrients previously shown to prevent dementia. 
Higher adherence to the MIND diet score was significantly associated 
with better cognitive function, both at baseline and over 8 years of 
follow-up. However, baseline MIND diet score did not appear to im-
pact the 8-year cognitive trajectory. These results are consistent with 
another prospective population-based cohort study, which found that 
greater long-term adherence to the MIND diet was associated with 
better verbal memory score in later life (7), but differ from findings 
by Morris et al., where higher MIND diet score was associated with 
lower decline in global cognitive score over time (6).

We further investigated whether the association of the MIND 
diet score with cognitive function varied across social economic fac-
tors such as education, income-to-poverty ratio index or occupation 
complexity score. It is well known that education status is associated 
with cognition. In our study, individuals with >8th grade education, 
with income above 120% of the poverty level or with higher job 
complexity, had significantly better cognition function than those 
with lower measures. Similarly, another study also found that those 
with education >= 12 y, versus lower, annual household income of 
B 33,333 USD, versus lower, or with high versus low demanding 
jobs had less cognitive decline (8). An analysis of the Framingham 
Offspring Cohort also showed that high job strain and low control 
were associated with greater declines in verbal learning and memory 
(16).

We did not find interaction effects between MIND diet and SES 
factors, as previously observed in a study where older individuals 
who were financially disadvantaged had the most cognitive benefit 
from high intake of vegetables (8). This may have been due to the 
limited range of SES in this cohort. Still, within the range available, 
individuals with <=8th grade education, under 120% of the pov-
erty ratio, and with lower employment complexity tended to have 
lower MIND diet score. Other studies have suggested that the ef-
fects of SES on cognition are, in part, due to differences in health 
behaviors, as those socioeconomically disadvantaged tend to have 
poorer dietary quality (18) lower physical activity and to participate 
in other negative health behaviors (17,19).

The MIND diet was based on dietary components of the 
Mediterranean and DASH diets, with emphasis on natural plant-
based foods and limited intake of animal and high saturated fat foods. 
It highlights consumption of berries and green leafy vegetables, but 
does not include overall fruit or dairy consumption, foods previously 
shown to be associated with dementia prevention (35). Several pro-
spective cohort studies have found that higher intake of vegetables, 
particularly green leafy vegetables, was associated with slower cog-
nitive decline (4,36,37). Several biological mechanisms may apply to 
the MIND diet in relation to cognition function. For example, low 
intake of butter and margarine, pastries, and sweets limits exposure 
to saturated and trans fats, which may improve blood-brain barrier 
function and decrease AB aggregation (35). Green leafy vegetables 
are excellent sources of folate, carotenoids, and flavonoids, which 
have been related to lower risk of dementia and cognitive decline 
(6). Vitamin E, which is found in vegetable oils, nuts and whole 

Figure 1. Global cognitive function trajectory over 8  years of follow-up, 
by baseline MIND diet quintile among BPRHS participants. Global 
cognitive function from linear mixed models adjusted for: age (y), sex 
(male, premenopausal female or postmenopausal with estrogen use, 
postmenopausal without estrogen), BMI (kg/m2), physical activity score, 
diabetes (y/n), hypertension (y/n) education level (<=8th grade vs higher), 
smoking (current vs no), alcohol use (current vs no), APOE e4 carrier (y/n), 
energy intake (kcal), job complexity score, and income-to-poverty ratio index.
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grains, has been shown to be protective of cognition (38). Berries 
have been demonstrated to improve memory and learning in animal 
models (39) and to slow cognitive decline in the Nurses’ Health 
Study (7,40). These dietary components appear to protect the brain 
through their antioxidant and anti-inflammatory properties (41) or 
in inhibiting β-amyloid deposition (7,41,42). Fish consumption has 
also been associated with lower risk of dementia (43). Fish is a rich 
source of long-chain n-3 fatty acids, which have been shown to re-
duce oxidative damage and AB formation and increase synaptic pro-
teins and dendritic spine density (7). A recent randomized controlled 
trial with 37 participants suggested that a MIND diet intervention 
may reverse the destructive effects of obesity on cognition and brain 
structure (44). This evidence supports the importance of a healthy 
diet to prevent cognitive decline.

We did not observe an interaction effect between long-term ad-
herence to the MIND diet and time on cognition function, suggesting 
that participants with more/less adherence to the MIND diet did 
not have different trajectories of cognitive function over the time 
observed. There are several possible reasons why we did not observe 
an association with trajectory of cognitive decline, which was ob-
served in a prior study by Morris et  al. (6). First, nondifferential 
misclassification in assessment of MIND diet could have biased our 
results toward the null. However, MIND diet was associated with 
overall better cognition at each time point, while not associated with 
cognitive trajectory in our study. Second, Morris et  al. performed 
annual cognitive evaluations over an average of 4.7 years, while our 
study conducted a total of 3 cognitive assessments, at baseline, 2, 
and 8 years. This difference in the frequency (lower in our study), 
and overall duration of cognitive evaluation (longer in our study) 
may contribute to observed differences in results. A third, and most 
likely, reason for inconsistent results is the difference between the 
population in Morris et al. (mainly older and non-Hispanic white) 
versus our cohort of Puerto Ricans (mainly low SES). Future studies 
with more populations are needed to further elucidate the relation-
ship between MIND diet adherence and cognitive trajectory.

Our study adds to a growing literature on risk factors for cog-
nitive decline and dementia in Latinos. Dietary pattern has been 
examined in relation to cognitive decline with mixed findings. A re-
cent study reported that overall healthier diet quality, including ad-
equate consumption of vegetables and whole fruit, was associated 
with better cognitive function in middle aged and older Latinos (45). 
Another study showed beneficial associations between the MIND 
diet, as well as Alternative Healthy Eating index AHEI-2010 pat-
tern in relation to cognitive function in Spain (46). Previous work 
in the BPRHS showed that adherence to the Mediterranean diet was 
associated with better memory function only in those without type 
2 diabetes (2).

Low education and socioeconomic status are important risk 
factors for cognitive decline in Latinos (47) and may contribute 
to the increased incidence rates among Hispanics compared to 
non-Hispanic whites (47,48). For example, higher language pro-
ficiency and bilingualism was associated with higher performance 
on all cognitive indices (49) among first-generation Americans 
of Hispanic/Latino origin residing in the United States. Among 
participants living in low-income neighborhoods, greater area of 
neighborhood greenness was associated with even greater mental 
health benefits compared to residents of medium and high-income 
neighborhoods (50).

Strengths of our study include a comprehensive battery of cul-
turally appropriate cognitive assessments and a detailed assessment 
of relevant covariates. Dietary intake was assessed with a validated 

FFQ designed specifically for this population and linked to a nu-
trient database that allowed identifying traditional Puerto Rican 
food components within the MIND diet score. Long-term follow-up 
allowed us to assess associations between the MIND diet score and 
cognitive function over time.

A limitation of this study is loss during follow-up. To account 
of this, we conducted additional sensitivity analyses among par-
ticipants who remained in the cohort from baseline through year 
8 of follow-up, and the results of these analyses did not differ 
from our main findings. Assessment of MIND diet via FFQ may 
be subject to recall bias. Further, MIND diet components, char-
acterized by olive oil, nuts, whole grains, green leafy vegetables, 
and berries, may not reflect Puerto Rican food choices. However, 
we identified food components specific to traditional Puerto Rican 
cuisine that fit within the MIND diet categories. MIND diet scores 
ranged from 3 to 13, in our cohort, providing evidence of suffi-
cient variability in scores, to allow us to successfully examine this 
exposure in the BPRHS. Our cross-sectional analyses at baseline 
are subject to potential reverse causation and other biases im-
plicit in cross-sectional design. However, those analyses were sup-
plemented by the longitudinal component, with similar findings. 
Finally, measurement error in dietary assessment cannot be ruled 
out, despite the use of a validated FFQ. This cohort study includes 
Puerto Rican older adults, with lower education than that of the 
general population, limiting generalizability to other ethnicities 
and socioeconomic backgrounds.

In conclusion, adherence to the MIND diet was associated 
with better cognitive function both at baseline and over 8 years of 
follow-up but did not alter the 8-year cognitive trajectory in older 
Puerto Rican adults in Massachusetts. Socioeconomic factors, 
including education, occupation complexity score, and poverty 
ratio were also associated with cognition. Although individually 
important, SES factors did not modify the diet-cognition associ-
ation. These findings have public health implications. Programs to 
encourage healthy dietary habits may be cost-effective in targeted 
disadvantaged groups and may help to reduce dementia and other 
comorbidities. Additional prospective and interventional studies 
are needed to better understand whether the effects of high adher-
ence to MIND diet varies across social economic factors such as 
education, poverty ratio index, and occupation complexity score 
on cognition.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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