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OBJECTIVE

To determine associations of a Mediterranean diet score (MeDS) with 2-year change
in cognitive function by type 2 diabetes and glycemic control status and contrast
it against other diet quality scores.

RESEARCH DESIGN AND METHODS

We used data from the longitudinal Boston Puerto Rican Health Study (n = 913;
42.6% with type 2 diabetes at 2 years). Glycemic control at baseline was categorized
as uncontrolled (hemoglobin A1c ‡7% [53 mmol/mol]) versus controlled. Two-year
change in glycemic control was defined as stable/improved versus poor/declined.
We defined MeDS, Healthy Eating Index, Alternate Healthy Eating Index, and Dietary
Approaches to Stop Hypertension scores. Adjusted mixed linear models assessed
2-year change in global cognitive function z score, executive andmemory function,
and nine individual cognitive tests.

RESULTS

Higher MeDS, but no other diet quality score, was associated with higher 2-year
change in global cognitive function in adults with type 2 diabetes (b 6 SE = 0.0276
0.011; P = 0.016) but not in those without (P = 0.80). Similar results were noted for
Mini-Mental State Examination, word recognition, digit span, and clock drawing
tests. Results remained consistent for individuals under glycemic control at baseline
(0.062 6 0.020; P = 0.004) and stable/improved over 2 years (0.053 6 0.019; P =
0.007), but not for individuals with uncontrolled or poor/declined glycemic control.
All diet quality scores were associated with higher 2-year memory function in
adults without type 2 diabetes.

CONCLUSIONS

Both adhering to a Mediterranean diet and effectively managing type 2 diabetes
may support optimal cognitive function. Healthy diets, in general, can help improve
memory function among adults without type 2 diabetes.

Consuming a healthy diet, such as fruit and vegetables rich in antioxidants and
vitamins and healthy fats, protects against cognitive decline and Alzheimer disease
(1–3), whereas diets high in saturated fat and sugar have been related to poor
cognitive function (3,4). As nutritional epidemiology emphasizes the overall intake of
foods as a contributing factor to disease, rather than single food groups or nutrients,
various scores that comprise diet quality as a whole have been defined to assess the
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relationship with cognitive function.
In particular, consuming foods and
nutrients characteristic of the Medi-
terranean dietary pattern has been
consistently associated with better cog-
nitive function among adults and older
adults (5–7). Other diet quality scores
have also been assessed for association
with cognitive outcomes, for example,
the Healthy Eating Index (HEI), the Al-
ternate Healthy Eating Index (AHEI), and
the Dietary Approaches to Stop Hyper-
tension (DASH); however, the evidence
with these scores has been inconsistent
(6,8–10), and the bulk of the evidence
rests on the Mediterranean diet (11).
Adults with prevalent type 2 diabetes

are more likely to have lower cognitive
function than those without (12). Glycemic
control in type 2 diabetes may further
influence this, asahigher concentrationof
hemoglobin A1c has been associated with
decline in global cognitive function and
with lower memory and executive func-
tion (13,14). Vascular damage and meta-
bolic disturbances in type 2 diabetes have
been proposed as contributors to these
negative outcomes (12). As consuming a
Mediterranean diet has been associated
with prevention and control of type 2
diabetes (15,16), this dietary pattern
may have dual benefits for both type 2
diabetes and cognition. However, it is
unclear if the pathways linking the Med-
iterranean dietary components to cogni-
tive function are similar for individuals
with versus without type 2 diabetes or by
level of glycemic control, given the differ-
ent vascular and metabolic underlying
states. Furthermore, it is also unknown
if the Mediterranean diet definition cap-
tures the dietary components associated
with better cognitive function by type 2
diabetes status or if other diet quality
scores comprise foods and nutrients that
are also important for cognition depending
on type 2 diabetes status.
We aimed to determine associations

of a Mediterranean diet score (MeDS)
with 2-year change in cognitive function
by type 2 diabetes and glycemic control
status and to contrast it against other diet
quality scores.Wehypothezised that diet
quality is associated differentially with
2-year cognition, according to diet qual-
ity score, cognitive function test, and
status of type 2 diabetes and glycemic
control, as the dietary components of
each score may operate differently on
each cognitive function outcome, and

underlying physiology may have further
influence. Based on the evidence, we also
hypothesized that the MeDS includes
dietary components more relevant for
cognitive function changes than the
other diet quality scores.

We conducted this analysis in a cohort
of middle-aged and older Puerto Rican
adults living on the mainland U.S., for
which both high prevalence of type 2
diabetes and cognitive impairment have
been reported (17). In this population,
the prevalence of cognitive impairment
was higher in individuals with type 2
diabetes than without (18). Moreover,
Puerto Ricans on the mainland U.S. have
been shown to have poorer diet quality
(19) and to be less likely to achieve
glycemic control (20) than non-Hispanic
whites or other U.S. Hispanics/Latinos.
We have previously reported cross-
sectional positive associations between
MeDS and HEI and better cognitive func-
tion in this cohort (21), but we have also
reported variations in association of diet
quality scores with 2-year changes in
cardiometabolic factors (22), with the
MeDS being more strongly associated
with these factors than other scores.
Thus, contrasting diet quality scores in
association with change in cognitive
function may help us identify the most
relevant diets associated with cognition,
specifically by type 2 diabetes status.

RESEARCH DESIGN AND METHODS

Study Participants
The Boston Puerto Rican Health Study is a
longitudinal observational study of diet,
psychosocial factors, and health among
Puerto Rican adults at baseline visit (2004–
2007) and follow-up at 2 and 5 years.
Detailed recruitment strategies and pro-
tocols have been previously published
(17). Recruitment was conducted using
door-to-door enumeration in Hispanic-
dense census blocks, supplemented
with community recruitment strategies.
The study recruited 1,499 adults aged 45–
75 years who self-identified as Puerto
Rican, lived in the Boston metro area at
the time of enrollment, and were able to
answer interview questions indepen-
dently. Individuals were excluded if they
were deemed to have severe cognitive
impairment, as assessed with a screening
Mini-Mental State Examination (MMSE)
score #10. Participants provided written
informed consent before having measure-
ments and questionnaires obtained at

their home by a trained interviewer.
The study protocols were approved by
the institutional review board at Tufts
Medical Center and Northeastern Univer-
sity. The study has ClinicalTrials.gov regis-
tration no. NCT01231958.

Dietary Assessment
A validated food frequency question-
naire (FFQ) was used to assess traditional
foods and beverages habitually con-
sumed by Puerto Ricans, using portions
and foods appropriate for this population
(23). We excluded participants with en-
ergy intakes ,600 or .4,800 kcal/day
(,2,510 or .20,083 kJ/day), as these
were deemed implausible, and/or .10
questions blank on the FFQ. The four diet
quality scores analyzed were previously
described in this cohort (21,22).

The MeDS measured adherence to
nine dietary components typical of a
Mediterranean diet (21,24). One point
was assigned to individuals above the
population- and sex-specific median cut-
off, adjusted for total energy by using
the residual method, and no points
were assigned to individuals at or below
the median cutoff for the components
of vegetables, fruits, nuts and legumes,
whole grains, fish, and monounsaturated-
to-saturated fats ratio. The components
of meat and meat products and dairy and
dairy products were reverse coded. For
the alcohol component, one point was
assigned to men with alcohol intake of
two or less drinks per day and zero for men
with either no alcohol intake or intake of
more than two drinks per day; one point
was assigned for women with alcohol
intake of one or less drinks per day
and zero for women with no intake or
more than one drink per day. Points were
summed, and total MeDS ranged from
0 (low adherence) to 9 (high adherence).

In brief, the HEI 2005 definition, cor-
responding to the dietary guidelines in
place at the time of baseline data col-
lection, includes 12 food and nutrient
components, expressed per 1,000 kcal/day,
according to procedures from the U.S.
Department of Agriculture Center for
Nutrition Policy and Promotion (25).
The sum of the 12 components ranged
from 0 to 100, with higher scores indicative
of better adherence to the guidelines.
The AHEI 2010 score included 11 food
groups or nutrient components with
consistent evidence of association with
lower risk of chronic diseases (26). Each
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component was given a continuous
score between 0 for minimal observance
of the recommended intake and 10 points
for maximal observance; intermediate
values were prorated. The total added
AHEI score for all components ranged
from 0 (lowest diet quality) to 110 (high-
est diet quality). The DASH score was
defined according to the definition from
Fung et al. (27) by including eight food
and nutrient components categorized
into quintiles of intake. A point was as-
signed for each higher quintile of intake
of healthful food groups (1–5). Unfavor-
able food groups were reverse coded.
Components were added, and the overall
DASH score ranged from 8 to 40.

Type 2 Diabetes Status
Participants were asked to fast for the
previous 12 h before the morning blood
draw in their home. Blood was drawn by
a trained phlebotomist. Serum glucose
wasmeasured using an enzymatic, kinetic
reaction on the Olympus AU400e with
Olympus glucose reagents (Olympus
America Inc., Melville, NY). Hemoglobin
A1c was analyzed in a two-step process
where the final value was determined by a
ratio of hemoglobin A1c to hemoglobin
along with a conversion factor. A whole
blood hemolysate was analyzed by latex-
enhanced immunoturbidimetric assay to
determine hemoglobin A1c, and by col-
orimetric end point method for hemo-
globin, on the Cobas FARA using the
Roche Unimate hemoglobin A1c kit
(Roche Diagnostics, Indianapolis, IN).
Type 2 diabetes was defined as having

fasting plasma glucose $126 mg/dL
(7.0 mmol/L) or self-reported use of
diabetes medication (including insulin)
(28). At baseline, glycemic control was
defined as uncontrolled (hemoglobin
A1c $7% [53 mmol/mol]) versus controlled
(hemoglobin A1c ,7% [53 mmol/mol])
(28). We defined 2-year change in gly-
cemic control as those with stable or
improved values (a reduction of #0.5%
in hemoglobin A1c) versus poor or de-
clined values (an increase in .0.5%
hemoglobin A1c).

Cognitive Function
Specific areas of cognitive function were
assessed using a comprehensive battery of
seven neuropsychological examinations,
administered in the participant’s preferred
language by a neuropsychologist-trained
research assistant. Tests included 1) the

MMSE for general function (29) with
a score ranging from 0 to 30 (lowest
to highest function), 2) the 16-word
list learning test (30) for verbal memory,
3) the Stroop test (30) (reading the
color rather than the text of the words)
for mental processing speed, 4) the
digit span forward and backward test
(30) for attention and working memory,
5) verbal fluency (30) (name as many
words as possible that start with a given
letter) for executive function with lan-
guage, and 6) clock drawing (31) and
7) figure copying (32) for visuospatial
(executive) function. Scores for the figure
copying test were weighted for the com-
plexity of the figure copied, one point
for easy figures and four points for the
most difficult.

We calculated a global cognitive func-
tion score by averaging the z scores for
each of the 10 cognitive scores generated
from the seven tests: MMSE, word list
learning, word list recognition, percent
retention, Stroop, letter fluency, digit
span forward, digit span backward, clock
drawing, and weighted figure copying.
Additionally, cognitive function factors
were derived through principal compo-
nents analysis using the PROC FACTOR
procedure in SAS (version 9.4; SAS Institute,
Cary, NC) (33). Two factors were identified
and labeled “executive” and “memory”
functions. A score for each factor was
calculated by summing the test scores
weighted by the factor loading.

Assessment of Covariates
Trained research interviewers asked par-
ticipants for information on age, sex,
marital status, years of education, house-
hold income, and smoking history. A
questionnaire on psychological attach-
ment to U.S. or Puerto Rican culture was
used to measure psychological accultur-
ation. Physical activity was estimated as
a physical activity score, based on a mod-
ified Paffenbarger questionnaire of the
Harvard Alumni Activity Survey. Income-
to-poverty ratio was computed using
the poverty guidelines released each year
by the U.S. Department of Health and
Human Services (http://aspe.hhs.gov/
poverty/index.shtml). Depressive symp-
tomatology was assessed with the Center
for Epidemiologic Studies Depression
(CES-D) Scale. We used the U.S. Depart-
ment of Agriculture 10-item adult food
security survey module to assess food
security, for the past 12 months, of the

respondent and other adult household
members. Affirmative responses were
summed to create a food security score
that corresponds with one of the follow-
ing four categories of food security
among adults: high, marginal, low, and
very low.

Blood pressure was measured in du-
plicate at three time points during the
interview with an electronic sphygmo-
manometer; the average of the last two
measures was considered as the final
value. Hypertension was defined as mean
systolic blood pressure of $140 mmHg
and/or mean diastolic blood pressure
of $90 mmHg, or use of blood pressure
medication. Body weight and standing
height were measured in duplicate, ac-
cording to standard protocol. BMI was
calculated as weight (kg)/height (m)2.
Total homocysteine in plasma was mea-
sured using an adaptation of themethod
described by Araki and Sako (34). The
coefficient of variation for this assay in
our laboratory is 6.0%. Serum hs-CRP was
measured using the Immulite 1,000 High
Sensitive CRP Kit (LKCRP1) on the Immu-
lite 1,000 (Seimens Medical Solutions
Diagnostics, Los Angeles, CA).

Statistical Analysis
Of the 1,499 Puerto Rican adults who
completed the baseline visit, 1,246
(83.1%) completed the 2-year visit. We
excluded from analysis participants with
implausible energy intake (,600 kcal/day
or.4,800 kcal/day) at baseline (n = 72),
with incomplete cognitive tests at base-
line (n = 185) or 2-year visit (n = 183), or
with missing glucose values for type 2
diabetes classification at baseline (n = 52)
or 2 years (n = 49). At baseline, there were
711 participants without type 2 diabetes
and 465 with type 2 diabetes; at the
2-year visit, there were 657 participants
without type 2 diabetes and 488 with
type 2 diabetes. From the participants
with type 2 diabetes, 457 had hemo-
globin A1c data at baseline and 443 at
2 years. Final sample size for analysis of
change in global cognitive function (pri-
mary outcome) as predicted by MeDS
(primary exposure) by type 2 diabetes
status was 913 participants and by glyce-
mic control status was 334 participants.

Descriptive statistics were assessed
for participants with versus without
type 2 diabetes and for glycemic control
versus no control at baseline using
Student t test or ANOVA for continuous
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variables or x2 for categorical variables.
Repeated-measures linear mixed-effects
models were fitted to assess 2-year change
in global cognitive function z score, exec-
utive and memory function composite
scores, and individual cognitive test scores.
Exposures were the individual diet quality
scores as continuous values. Models were
adjusted for sex, age, marital status,
income-to-poverty ratio, educational attain-
ment, food security status, smoking status,
psychological acculturation, physical activ-
ity score, depressive symptomatology
score, hypertension status, homocysteine,
CRP, BMI, baseline cognitive test score
value, and time between measurements
to evaluate change in outcomes by base-
line dietary score. Models for AHEI and
DASH were additionally adjusted for en-
ergy intake (MeDS and HEI are already
energy-adjusted as part of the definition).
Further adjustment for ApoE genotype,
season of interview, or 2-year change in
hemoglobin A1c, systolic blood pressure,
or homocysteine did not change results
(data not shown). Crude models ad-
justed for age, sex, baseline cognitive
test score value, and time between
measurements were also run. Based
on a priori hypotheses, all models
were stratified by type 2 diabetes sta-
tus as well as by glycemic control sta-
tus for the analysis of the primary
exposure (MeDS) and primary outcome
(global cognitive function). Adjustment
for multiple comparisons was not con-
ducted due to distinct a priori hypoth-
eses. SAS version 9.4 was used for all
analyses. P , 0.05 was deemed signif-
icant.

RESULTS

At baseline, 39.5% of participants had
type 2 diabetes, and at 2 years, 42.6% had
type 2 diabetes. Of the participants with
type 2 diabetes, 74.2% were not under
glycemic control at baseline, and 67.9%
had poor or declined hemoglobin A1c
values at 2 years (vs. stable or improved)
(data not shown). Participants with
type 2 diabetes (vs. without) were older,
had lower educational attainment and
physical activity score, and had higher
hypertension prevalence, BMI, CRP, glu-
cose, and hemoglobin A1c at baseline
(Table 1). They also had higher HEI score
at baseline and lower cognitive function
scores at 2 years. Participants with un-
controlled (vs. controlled) type 2 di-
abetes had higher CRP, glucose, and

hemoglobin A1c at baseline and lower
executive memory function at 2 years.

Among participants without type 2
diabetes, the MeDS was significantly
and positively associated with 2-year
change in memory function (b 6 SE =
0.047 6 0.020; P = 0.016), after adjust-
ment for covariates, but was not asso-
ciated with any other cognitive function
score (Fig. 1A). MeDS explained 0.5% of
the variability of the association with
2-year change in memory function
among those without type 2 diabetes.
In comparison, age at baseline explained
0.6% of the variability in the model. For
participants with type 2 diabetes, higher
MeDS was significantly associated with
higher 2-year change in score of global
cognitive function (0.027 6 0.011; P =
0.016), MMSE (0.156 6 0.072; P = 0.031),
word recognition (0.365 6 0.152; P =
0.017), digit span forward (0.106 6
0.046; P = 0.023), and clock drawing
(0.0666 0.028; P = 0.022) (Fig. 1B), after
adjusting for baseline score. The MeDS
was not significantly associated with
remaining cognitive tests. MeDS ex-
plained 1.4% of the variability of the
association with 2-year change in global
cognitive function among participants
with type 2 diabetes. In comparison,
age at baseline explained 0.22% of the
variability in the model.

Crudemodels, adjusted for age and sex,
showed similar results as the fully adjusted
model, except for significant associations
betweenMeDSand2-year change inword
list learning (0.47660.222;P=0.032)and
figure copying (0.3066 0.135; P = 0.024)
among participants without type 2 diabe-
tes (Supplementary Fig. 1A); these asso-
ciations were attenuated after covariate
adjustment. Among participants with
type 2 diabetes, 2-year change in word
recognitionwas not significantly predicted
by MeDS in the crude model (0.257 6
0.153; P = 0.09) (Supplementary Fig. 1B).

The HEI was significantly associated
with higher 2-year memory function
(0.011 6 0.003; P = 0.002) and word
recognition (0.063 6 0.020; P = 0.002)
among participants without type 2 di-
abetes, as well as with higher word
recognition (0.074 6 0.030; P = 0.014)
but with lower digit span forward score
(20.016 6 0.007; P = 0.023) among
participants with type 2 diabetes, after
adjustment for baseline score (Table 2).
The AHEI and DASH scores were sig-
nificantly associated with cognitive

outcomes among participants without
type 2 diabetes only, but not in partic-
ipants with type 2 diabetes. Specifically,
higher AHEI was associated with higher
2-year memory function (0.0126 0.004;
P = 0.001) and word recognition (0.062 6
0.021; P = 0.004), and higher DASH score
was associated with higher 2-year mem-
ory function (0.024 6 0.008; P = 0.003),
word list learning (0.224 6 0.097; P =
0.021), and Stroop test score (0.271 6
0.091; P = 0.003) among participants
without type 2 diabetes, after adjusting
for baseline measures. No other cogni-
tive tests showed significant associations
with the dietary indices evaluated.

We stratified analysis of the MeDS and
global cognitive function by glycemic
status at baseline and for 2-year change.
The significant associations observed for
all participants with type 2 diabetes
remained for individuals under glycemic
control at baseline (0.062 6 0.020; P =
0.004) or with stable/improved control
over 2 years (0.053 6 0.019; P = 0.007),
but not for those uncontrolled at baseline
(0.017 6 0.012; P = 0.16) or with poor/
declined glycemic control (0.021 6
0.012; P = 0.10). MeDS explained 3.6%
of the variability for participants under
glycemic control at baseline and 3.3%
for participants with stable/improved
control over 2 years.

CONCLUSIONS

In a cohort of middle-aged and older
Puerto Rican adults, adhering to a Med-
iterranean diet was associated with
higher 2-year cognitive function among
those with type 2 diabetes. Glycemic
control further sustained these benefits,
suggesting that both a healthy Mediter-
ranean diet and effective diabetes man-
agement may help preserve optimal
cognitive function. Other definitions of
diet quality were not associated with
cognitive function in adults with type
2 diabetes. Among adults without type
2 diabetes, following any healthy dietary
pattern was associated with better mem-
ory function, including word list learning
and recognition, stressing the impor-
tance of a healthy diet for memory
functioning. Dietary recommendations
for cognitive health may need to be
tailored for individuals with versus with-
out type 2 diabetes.

The observed associations between
the Mediterranean diet and cognition
were expected, given the strong evidence
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for this relationship (11). Furthermore, in
this particular cohort of Puerto Ricans, we
previously reported that the MeDS was
cross-sectionally associated with higher
MMSE score and lower likelihood of cog-
nitive impairment (odds ratio 0.87 [95%
CI 0.80, 0.94] for each additional point
of MeDS) (21). A systematic review of

longitudinal studies and prospective trials
showed that the Mediterranean diet im-
proved the specific cognitive domains of
memory (delayed recognition and long-
term and working memory), executive
function, and visual constructs (7). That
review did not stratify by diabetes status,
but ameta-analysis of randomizedcontrol

trials of Mediterranean diet among healthy
adults only showed that the diet im-
proved delayed recall, working memory,
and global cognition, but not other cog-
nitive function domains (5).

Contrary to our results, the Reasons for
Geographic andRacial Differences in Stroke
(REGARDS) Study showed that higher

Table 1—Characteristics of mainland U.S. Puerto Rican adults by type 2 diabetes and glycemic control status

Type 2 diabetes status

Without type 2
diabetes* (n = 711)

With type 2 diabetes*
(n = 465)

Controlled type 2
diabetes† (n = 118)

Uncontrolled type 2
diabetes† (n = 339)

Baseline
Age (years) 56.0 6 7.7 58.9 6 7.2# 58.2 6 6.8 59.1 6 7.3
Sex (% female) 73.6 72.5 69.5 73.5
Education #8th grade 44.6 52.5# 48.3 53.7
Married/with partner 34.6 31.0 31.4 31.1
Under poverty line 57.1 60.5 54.4 62.0
Food insecure 12.1 15.7 17.8 15.0
Current smoker 25.7 20.2 25.4 18.6
Hypertension 58.4 85.3# 76.3 88.2
Use of diabetes medication 0 32.7# 6.8 25.4¶
Season of interview
Winter 18.6 18.1 20.3 17.4
Spring 24.3 21.1 26.3 19.5
Summer 30.4 35.3 28.8 37.2
Fall 26.7 25.6 24.6 26.0

Physical activity score‡ 31.8 6 4.8 30.9 6 4.3# 31.1 6 4.7 30.8 6 4.1
Psychological acculturation score‡ 18.4 6 6.6 18.0 6 6.9 17.8 6 7.3 18.1 6 6.8
Depressive symptomatology score‡ 20.0 6 13.3 20.0 6 12.8 20.6 6 13.1 19.8 6 12.6
BMI (kg/m2) 31.2 6 6.3 33.7 6 6.9# 33.4 6 7.7 33.8 6 6.7
Homocysteine 8.9 6 4.7 9.2 6 4.1 9.4 6 5.3 9.1 6 3.6
C-reactive protein (mg/L) 5.6 6 7.2 7.2 6 10.0# 5.2 6 5.8 7.9 6 11.1¶
Glucose (mg/dL) 97.0 6 10.9 154.6 6 63.8# 124.7 6 46.5 165.1 6 65.8¶
Hemoglobin A1c (%) 6.1 6 0.7 8.3 6 1.9# 6.4 6 0.4 9.0 6 1.8¶
MeDS§ 4.4 6 1.7 4.4 6 1.6 4.2 6 1.5 4.5 6 1.7
HEI-2005§ 71.3 6 9.7 73.2 6 8.8# 71.6 6 8.5 73.9 6 8.7
AHEI-2010§ 53.8 6 9.1 54.4 6 8.5 53.8 6 7.9 54.6 6 8.7
DASH§ 23.9 6 4.1 24.2 6 3.8 23.7 6 3.8 24.4 6 3.9

2-Year cognitive factors
Global cognitive function| 0.16 6 0.54 20.06 6 0.51# 20.004 6 0.44 20.08 6 0.52
Executive function| 0.19 6 1.0 20.21 6 0.94# 0.04 6 0.89 20.29 6 0.94¶
Memory function| 0.31 6 0.88 0.03 6 0.92# 20.07 6 0.92 0.06 6 0.91
MMSE 23.6 6 3.3 22.8 6 3.4# 22.7 6 3.2 22.8 6 3.4
Word list learning 39.0 6 11.6 35.6 6 10.6# 35.5 6 9.7 35.7 6 10.9
Word recognition 30.9 6 5.1 30.0 6 5.9# 30.1 6 5.6 30.0 6 6.1
Stroop 24.7 6 11.2 20.8 6 9.3# 20.8 6 9.6 20.9 6 9.1
Letter fluency 26.3 6 12.0 22.6 6 10.2# 24.1 6 10.0 22.2 6 10.2
Digit span (forward) 7.2 6 1.9 7.0 6 1.8# 7.3 6 1.9 6.9 6 1.8
Digit span (backward) 3.4 6 1.5 3.0 6 1.5# 3.2 6 1.5 3.0 6 1.4
Clock drawing 2.3 6 1.0 2.0 6 1.1# 2.1 6 1.1 1.9 6 1.1
Figure copying 10.6 6 8.0 8.0 6 7.6# 8.6 6 7.7 7.8 6 7.6

Data are mean 6 SD or percent. *Type 2 diabetes was defined as having fasting plasma glucose $126 mg/dL (7.0 mmol/L) or self-reported use of
diabetes medication (including insulin). †Glycemic control was defined as uncontrolled (hemoglobin A1c $7% [53 mmol/mol]) vs. controlled
(hemoglobin A1c ,7% [53 mmol/mol]). ‡Psychological acculturation was assessed with a questionnaire on psychological attachment to U.S. or Puerto Rican
culture; scores ranged from 0 to 50. Physical activity was estimated as a physical activity score, based on a modified Paffenbarger questionnaire of the
Harvard Alumni Activity Survey. Depressive symptomatology was assessedwith the CES-D Scale; scores ranged from 0 to 60. §TheMeDSwas assessed
based on adherence to nine foods or nutrients using sex-specific population-basedmedian cutoffs; score ranges 0–9. The HEI-2005 was assessed based on
dietary guideline recommendations for 12 foods or nutrients; score ranges 0–100. The AHEI-2010 was defined based on 11 food groups or nutrients
components for chronic disease prevention; score ranges 0–110. DASH was defined based on eight food groups or nutrient components for
hypertension prevention; score ranges 8–40. For all indices, a higher score is indicative of better diet quality. |Global cognitive function score was
calculated by averaging the z scores for each of the 10 cognitive scores. Cognitive function factors were derived through principal components analysis
that identified “executive” and “memory” functions. #Significantly different from individuals without type 2 diabetes at P , 0.05 using
Student t test or ANOVA for continuous variables or x2 for categorical variables. ¶Significantly different from individuals with controlled
type 2 diabetes at P , 0.05 using Student t test or ANOVA for continuous variables.
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adherence to theMediterranean dietwas
associated with a 20% lower likelihood of
incident cognitive impairment in par-
ticipants without type 2 diabetes, but
the association was not significant in
individuals with type 2 diabetes (35).
The authors explained the different re-
sults by possible noncerebrovascular
mechanisms linking type 2 diabetes to
dementia, repeat episodes of hypogly-
cemia, and different dietary patterns
between the groups. Our findings sug-
gest that the Mediterranean diet benefits
cognition among both individuals with-
out type 2 diabetes and patients with
type 2 diabetes, with the latter obtaining
the most benefits. Furthermore, being
under glycemic control (vs. uncontrolled)
seems to amplify the benefits, which may
explain null results in other studies if
participants had uncontrolled diabetes.
For all individuals, the Mediterra-

nean diet’s abundant antioxidants, vi-
tamins, and unsaturated fatty acids

may improve neurovascular health
and reduce oxidative stress, metabolites,
and chronic inflammation (5). Yet, for
individuals with type 2 diabetes, an ad-
ditional mechanism for improved cogni-
tion may be the favorable effects of the
Mediterranean diet on glycemic control
(36); hemoglobin A1c has been associated
with multiple domains of cognitive func-
tion in individuals with type 2 diabetes in
theMemory in Diabetes substudy of the
Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial (37). The authors
suggested that poor glycemic control
may lower cognitive function through
higher occurrence of cardiovascular
risk factors, metabolic oxidation prod-
ucts associated with hyperglycemia, or
insufficient action or effect of insulin that
has a role on cognitive processes.

Of note, the Mediterranean diet ex-
plained as much or more of the variability
predicting changes in cognitive function
in our study as age, especially for

participants with type 2 diabetes un-
der glycemic control. Furthermore, the
associations did not change after adjust-
ment for 2-year changes in hemoglobin
A1c, blood pressure, and homocysteine,
suggesting that changes in these bio-
markers do not mediate improvements
in cognitive function from the Mediter-
ranean diet. Clinical and public health
recommendations to follow this dietary
pattern may provide more cognitive
benefits than other modifiable and non-
modifiable factors.

The evidence of association between
the other three diet quality indices tested
here (HEI, AHEI, and DASH) and cognitive
function remains inconsistent (6,8–10).
We showed that among participants
without type 2 diabetes, only the HEI
was significantly associated with word
recognition and was inversely associated
with digit span. In African American older
adults, lower HEI was associated with
poorer verbal learning and memory (9).

Figure 1—b-Coefficients for association of baseline MeDS and 2-year change in cognitive function for Puerto Rican adults with vs. without type 2
diabetes. Repeated-measures linearmixed-effectsmodelspredicting2-year change ineach cognitive function test by continuousMeDSwere adjusted for sex,
age,marital status, income-to-poverty ratio, educational attainment, food security status, smoking status, psychological acculturation, physical activity
score, depressive symptomatology score, hypertension status, homocysteine, CRP, BMI, baseline value, and time. Results for participants without
type 2 diabetes (n = 557) (A) and for participants with type 2 diabetes (n = 356) (B), defined as having fasting plasma glucose$126mg/dL (7.0mmol/L)
or self-reported use of diabetes medication (including insulin). The MeDS was assessed based on adherence to nine foods or nutrients using sex-specific
population-basedmedian cutoffs; score ranges 0–9, with a higher score indicative of better diet quality. Global cognitive function scorewas calculated
by averaging the z scores for each of the 10 cognitive scores. Cognitive function factors were derived through principal components analysis
that identified “executive” and “memory” functions. a, significant change from baseline at P , 0.05.
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AHEI and DASH showed null associations
with cognitive outcomes in participants
without type 2 diabetes. The Women’s
Health Initiative Memory Study of post-
menopausal older women also showed
no associations between the four diet
quality scores and cognitive function (8).
Yet, consistent positive associations be-
tween HEI, AHEI, and DASH were ob-
served in our study for memory function
and word and Stroop tests only among
individuals without type 2 diabetes.
Higher adherence to the AHEI was asso-
ciated with lower risk of cognitive decline
among middle-aged and older adults
from 40 countries (38), but not among
predominantly white community-dwelling
adults (39). In the Memory and Aging
Project, the DASH score was associ-
ated with a slower rate of global cog-
nitive decline to a similar extent as the
Mediterranean diet (40). Furthermore,

a combined Mediterranean-DASH diet
(MIND) was associated with slower de-
cline in global cognitive score and with five
cognitive domains, including three func-
tions of memory (41). Discrepancies
across studies may be explained by spe-
cific types of foods (i.e., fish, meat, and
fruit) consumed by a population, which
may contribute different nutrient com-
position that influences cognition, or
differences in cognitive testing.

As an observational study, our analysis
is prone to residual confounding from
factors not assessed in our models. Al-
though we believe that the results are
pertinent to other populations, the spe-
cific dietary and cultural context of the
Puerto Rican participants may limit gen-
eralizability. Our study is strengthened by
the use of a comprehensive and thor-
oughly measured battery of cognitive
tests that assess various function areas,

as well as the use of an FFQ developed
and validated for the Puerto Rican
population. Our statistical models were
adjusted for multiple sociodemographic,
economic, anthropometric, and biological
confounders of the association between
diet and cognition. Notably, we have
previously shown that theMeDS defined
here captures traditional foods of the
Puerto Rican cuisine, such as vegetables
and meats in homemade soups, orange
juice, oatmeal, beans and legumes, fish,
whole milk, corn oil, and beer (22). Thus,
promoting a healthy Mediterranean diet
for cognitive health for this population
can be culturally accessible by using
these familiar foods.

Funding. This study was funded by the National
Heart, Lung, and Blood Institute (grant P50-
HL105185), the National Institute on Aging
(grants P01-AG023394 and R01-AG055948 to

Table 2—b-Coefficients for association of baseline diet quality scores and 2-year change in cognitive function for Puerto Rican
adults with versus without type 2 diabetes*

HEI† AHEI† DASH†

b 6 SE P value b 6 SE P value b 6 SE P value

Without type 2 diabetes‡
Global cognitive function§ 0.001 6 0.001 0.74 0.002 6 0.002 0.25 0.002 6 0.004 0.53
Executive function§ 20.287 6 0.030 0.39 0.002 6 0.003 0.42 0.003 6 0.006 0.68
Memory function§ 0.011 6 0.003 0.002 0.012 6 0.004 0.001 0.024 6 0.008 0.003
MMSE 20.012 6 0.010 0.24 0.001 6 0.011 0.94 0.003 6 0.024 0.91
Word list learning 0.049 6 0.042 0.25 0.066 6 0.043 0.13 0.224 6 0.097 0.021
Word recognition 0.063 6 0.020 0.002 0.062 6 0.021 0.004 0.081 6 0.048 0.09
Stroop 20.004 6 0.039 0.92 0.078 6 0.041 0.06 0.271 6 0.091 0.003
Letter fluency 0.002 6 0.039 0.95 20.034 6 0.042 0.42 20.064 6 0.092 0.48
Digit span forward 20.011 6 0.007 0.11 0.001 6 0.007 0.89 20.012 6 0.015 0.44
Digit span backward 20.003 6 0.005 0.56 0.002 6 0.006 0.73 0.012 6 0.013 0.34
Clock drawing 20.001 6 0.003 0.76 0.002 6 0.004 0.51 0.001 6 0.008 0.92
Figure copying 0.017 6 0.025 0.50 0.026 6 0.025 0.32 0.059 6 0.058 0.31

With type 2 diabetes‡
Global cognitive function§ 0.003 6 0.002 0.18 0.001 6 0.002 0.57 0.002 6 0.005 0.65
Executive function§ 0.001 6 0.004 0.74 0.002 6 0.004 0.54 20.001 6 0.008 0.90
Memory function§ 0.007 6 0.005 0.19 0.007 6 0.005 0.17 0.020 6 0.012 0.09
MMSE 0.023 6 0.014 0.09 0.003 6 0.014 0.85 0.047 6 0.032 0.14
Word list learning 0.012 6 0.054 0.82 0.080 6 0.054 0.14 0.128 6 0.119 0.25
Word recognition 0.074 6 0.030 0.014 0.033 6 0.030 0.27 0.039 6 0.067 0.56
Stroop 20.052 6 0.046 0.26 20.021 6 0.045 0.64 0.029 6 0.100 0.78
Letter fluency 0.018 6 0.041 0.67 20.019 6 0.042 0.65 20.100 6 0.092 0.28
Digit span forward 0.014 6 0.009 0.13 0.008 6 0.009 0.36 20.024 6 0.020 0.23
Digit span backward -0.016 6 0.007 0.023 0.0001 6 0.007 0.98 0.007 6 0.016 0.65
Clock drawing 0.007 6 0.006 0.20 0.004 6 0.006 0.50 0.006 6 0.013 0.62
Figure copying 20.010 6 0.031 0.74 20.040 6 0.031 0.20 20.049 6 0.071 0.49

Statistically significant associations at P, 0.05 are shown in boldface type. *Repeated-measures linearmixed-effectsmodels predicting 2-year change
in each cognitive function test by continuous diet quality score, adjusted for sex, age, marital status, income-to-poverty ratio, educational attainment,
food security status, smoking status, psychological acculturation, physical activity score, depressive symptomatology score, hypertension status,
homocysteine, CRP, BMI, baseline value, and time.Models for AHEI andDASHwereadditionally adjusted for energy intake.†TheHEI-2005was assessed
based on dietary guideline recommendations for 12 foods or nutrients; score ranges 0–100. The AHEI-2010 was defined based on 11 food groups or
nutrient components for chronic disease prevention; score ranges 0–110. DASH was defined based on eight food groups or nutrient components for
hypertension prevention; score ranges 8–40. For all indices, a higher score is indicative of better diet quality. ‡Type 2 diabetes defined as having fasting
plasma glucose$126mg/dL (7.0mmol/L) or self-reported use of diabetesmedication (including insulin) (n = 557) vs. without type 2 diabetes (n = 356).
§Global cognitive function score was calculated by averaging the z scores for each of the 10 cognitive scores. Cognitive function factors were derived
through principal components analysis that identified “executive” and “memory” functions.
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