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Abstract
Background and Objectives
Dementia cases are expected to triple during the next 30 years, highlighting the importance of
finding modifiable risk factors for dementia. The aim of this study was to investigate whether
adherence to conventional dietary recommendations or to a modified Mediterranean diet are
associated with a subsequent lower risk of developing all-cause dementia, Alzheimer disease (AD),
vascular dementia (VaD), or with future accumulation of AD-related β-amyloid (Aβ) pathology.

Methods
Baseline examination in the prospective Swedish population-based Malmö Diet and Cancer
Study took place in 1991–1996 with a follow-up for incident dementia until 2014. Non-
demented individuals born 1923–1950 and living in Malmö were invited to participate. Thirty
thousand four hundred forty-six were recruited (41% of all eligible). Twenty-eight thousand
twenty-five had dietary data and were included in this study. Dietary habits were assessed with a
7-day food diary, detailed food frequency questionnaire, and 1-hour interview. Main outcomes
were incident all-cause dementia, AD, or VaD determined by memory clinic physicians. Sec-
ondary outcome was Aβ-accumulation measured using CSF Aβ42 (n = 738). Cox proportional
hazard models were used to examine associations between diet and risk of developing dementia
(adjusted for demographics, comorbidities, smoking, physical activity, and alcohol).

Results
Sixty-one percent were women, and the mean (SD) age was 58.1 (7.6) years. One thousand nine
hundred forty-three (6.9%) were diagnosed with dementia (median follow-up, 19.8 years).
Individuals adhering to conventional dietary recommendations did not have lower risk of de-
veloping all-cause dementia (hazard ratio [HR] comparing worst with best adherence, 0.93, 95%
CI 0.81–1.08), AD (HR 1.03, 0.85–1.23), or VaD (HR 0.93, 0.69–1.26). Neither did adherence
to the modified Mediterranean diet lower the risk of developing all-cause dementia (HR 0.93
0.75–1.15), AD (HR 0.90, 0.68–1.19), or VaD (HR 1.00, 0.65–1.55). The results were similar
when excluding participants developing dementia within 5 years or those with diabetes. No
significant associations were found between diet and abnormal Aβ accumulation, conventional
recommendations (OR 1.28, 0.74–2.24) or modified Mediterranean diet (OR 0.85, 0.39–1.84).

Discussion
In this 20-year follow-up study, neither adherence to conventional dietary recommendations
nor to modified Mediterranean diet were significantly associated with subsequent reduced risk
for developing all-cause dementia, AD dementia, VaD, or AD pathology.
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The estimated number of dementia cases was globally 47
million in 2015 and is expected to triple during the next 30
years.1 Because effective treatment is lacking, effectively tar-
geting modifiable risk factors for cognitive impairment and
dementia could provide great benefits for this population and
reduce societal costs. In addition to a large burden for patients
and relatives, there is a tremendous burden for the health care
system, with a global cost of US$1 trillion annually.2 As ac-
knowledged by the 2020 report of the Lancet Commission on
Dementia prevention, intervention, and care, modifiable risk
factors account for 40% of worldwide dementia cases.2

A modifiable and controversial risk factor for cognitive im-
pairment and dementia is dietary habits. Several studies have
examined how dietary habits affect incidence in dementia
disorders, with inconsistent results. Systematic reviews and
meta-analyses conclude that adhering to Mediterranean diet
may contribute to a slowing of cognitive decline and a lower
incidence in dementia.3-5 However, there are several impor-
tant methodological weaknesses in many of the previous
studies, including (1) exclusively relying on data from retro-
spective food frequency questionnaires (FFQs) with possible
report biases; (2) insufficient follow-up time; (3) inclusion of
participants older than 70 years, with a possible cognitive
impairment already affecting diet (i.e., reversed causality); and
(4) usage of all-cause dementia as outcome, missing the
possibility of diet being differently associated with specific
dementia diseases, such as Alzheimer disease (AD), which is
the most common accounting for 60%–70% of all dementia
cases, and the second most common caused by cerebrovas-
cular disease vascular dementia (VaD), which exhibit different
genetic and lifestyle risk factor patterns.

To further understand the mechanisms between a potential
dietary influence on the incidence of specific dementia dis-
orders, it would be an advantage to examine the association
between diet and the underlying disease pathology. Accu-
mulation of amyloid-β (Aβ) in the brain is the cause of AD,
and it can be detected using CSF analysis of Aβ42 or Aβ PET
imaging.1 However, large-scale longitudinal studies evaluating
potential associations between midlife diet and amyloid pa-
thology are lacking.

In this observational study, we prospectively collected de-
tailed dietary data in midlife from a large population-based
study of more than 28,000 individuals. The aim was to ex-
amine the association between adherence to general dietary
guidelines and Mediterranean diet of dementia incidence.
Development of any kind of dementia during 20 years was

used as primary outcome. Secondary outcomes were de-
velopment to specifically AD dementia or VaD, respectively.
In a convenience subsample (n = 738), we performed an
exploratory analysis studying the association between dietary
components and future accumulation of AD-related pathol-
ogy measured using CSF analysis of Aβ42.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
All participants received information about the study and gave
written consent to participate. Ethical approval was given by
the Ethical Committee of Lund University, Lund, Sweden
(LU 90-51).

Study Population
Data were obtained from the Malmö Diet and Cancer study
(MDCS), which is a population-based prospective cohort
study from the city of Malmö, Sweden. Between 1991 and
1996, men born in 1923–1945 and women born 1923–1950
living in Malmö were deemed eligible and invited to partici-
pate. Exclusion criteria were language problems and mental
incapacity, which could preclude participants from fulfilling
the questionnaires properly. In all, 30,446 individuals atten-
ded at least a part of the baseline examination, which included
a self-administrated questionnaire that assessed education,
occupation, physical activity, social network, use of tobacco
and alcohol, current health, medical history, current medica-
tion, and family history of disease in close relatives, along with
body composition measurements and dietary assessments.
Participation reached 40.8% of the eligible population.6

A subpopulation of the study participants underwent lumbar
puncture with analyses of CSF Aβ42 when referred to the
Memory clinic at Skåne University Hospital, Malmö, after de-
veloping clinical signs of cognitive impairment. This represents
a convenience subsample of the MDCS and should not be
regarded as a representative subsample of the whole study.

Dietary Assessments and Method
Information on dietary habits was obtained from all
participants at baseline through (1) a diet diary and (2) a self-
administered FFQ, which provided complementary in-
formation, and (3) a 45–60 minute interview with trained
personnel.7 Detailed information on the dietary data collection
procedure, including administration of the FFQ and diary, was
given at the first visit by trained research nurses. In the 7-day
food diary, participants recorded cooked meals, cold beverages,

Glossary
Aβ = AD-related β-amyloid; AD = Alzheimer disease; FFQ = food frequency questionnaire;mMDS = modified Mediterranean
diet score; IQR = interquartile range; METhh/week = metabolic equivalent hours/week; NPR = National Patient Register;
PREDIMED = Prevención con Dieta Mediterránea; SDGS = Swedish dietary guidelines score; VaD = vascular dementia.
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drugs, natural remedies, and dietary supplements. In the 168-
item FFQ participants stated, with reference period last year,
regularly consumed foods not covered by the food diary
(i.e., breakfast and snacks), portion size (based on pictures of 4
portion sizes for 48 food items), and frequency of food con-
sumed. In addition, participants underwent a 1-hour interview
with trained personnel collecting additional information on
cooking methods, food choices, and portion sizes and to make
sure the information from the diary and FFQ was correct.
Halfway through the baseline data collection (in 1994), the
interview routines changed to reduce interview time to 45
minutes.8 Average daily food intake (g/d) was calculated by
combining the data from the food diary and the FFQ. Energy
and nutrient intakes were calculated by combining the data on
average food intake with the MDCS database originating from
the Swedish National Food agency database. The combined
dietary method used in MDCS has been validated against 18
days of weighted food records with correlation coefficients for
men/women of 0.60/0.74 for sugar, 0.74/0.69 for fiber, 0.65/
0.58 for vegetables, 0.60/0.77 for fruits, 0.35/0.65 for fish, 0.82/
0.91 for meat, and 0.50/0.65 for wine.7,9

Swedish Dietary Guidelines Score andModified
Mediterranean Diet Score
A Swedish dietary guidelines score (SDGS), designed to
portray a healthy dietary pattern, based on Swedish nutrition
recommendations and dietary guidelines,10 which are in line
with dietary recommendations in the United States11 and
United Kingdom,12 was calculated for each participant based
on average daily food intake. The SDGS is based on con-
sumption of 5 dietary domains: dietary fiber ≥2.4 g/MJ from
nonalcohol energy; added sugar ≤10% of nonalcohol energy;
fish and shellfish ≥300 g/wk; fruit and vegetables ≥400 g/d;
and red and processed meat ≤500 g/wk. Reaching recom-
mendations yielded 1 point/domain, with a maximum SDGS
of 5 points. A similar index has previously been developed
within MDCS.13 In the modified index, we included added
sugar (instead of sucrose) and red and processed meat (in-
stead of saturated and polyunsaturated fat). Based on the
SDGS, participants were divided into the following groups:
low adherence (0–1 points), moderate adherence (2–3
points), and high adherence (4–5 points).

A modified Mediterranean diet score (mMDS) was created
based on the original 14-item score used for the Prevención con
Dieta Mediterránea (PREDIMED) study.14 The mMDS con-
sists of 10 dietary domains: (1) Vegetable oils (≥54 g/d); (2)
Vegetables including legumes (≥300 g/d); (3) Fruits (≥300 g/
d); 4) Red and processed meat (<125 g/d); (5) Butter, mar-
garine, cream (<12 g/d); (6) Soda (<200 g/d); (7)Wine (≥100
g/d); (8) Fish and seafood (≥53.6 or ≥85.7 g/d, respectively);
(9) Pastries and candy (<21.4 or <12.8 g/d, respectively); and
(10) Nuts and seeds (≥12.8 g/d). Reaching recommendations
yielded 1 point/domain with a maximum mMDS of 10 points
(meets all recommendations). Domain “legumes” was in-
corporated in the vegetable domain. In addition, “sofrito,” a
typicalMediterranean sauce, was excluded in themMDSbecause

of low consumption in Nordic countries and the lack of in-
formation from the food records. Two domains were further
excluded from the index (olive oil as main culinary lipid and
poultry more than red meats) because of lack of questions re-
ferring to this in the present FFQ.14 However, the consumption
of olive oil was added to the intake of other vegetable oils because
the consumption of these oils is usually low in the Nordic
population. Based on the mMDS, participants were divided into
the following groups: low adherence (0–1 points), moderate
adherence (2–4 points), and high adherence (5–10 points). The
regrouping was performed to have enough discrepancies be-
tween groups regarding dietary habits and to avoid too small
groups (eTable 1, links.lww.com/WNL/C345).

A Mediterranean diet score according to a study15 was cal-
culated scoring 0–50 (poor to good adherence to Mediter-
ranean diet recommendations). The original score is from 0 to
55, but here, the domain legumes was incorporated in the
domain “vegetables” because of low consumption in Nordic
population. As in the case of mMDS, all vegetable oils were
considered rather than olive oil alone (eTable 2, links.lww.
com/WNL/C345).

Covariates
Sociodemographic factors included age, sex, and education. At
baseline, participants completed a questionnaire including
lifestyle factors and health status. Education level was divided
into 3 subgroups as per study design: primary/elementary
school (≤8 years), secondary school/high school (9–12
years), or higher education/university (≥13 years), based on
information from the questionnaire. From the questionnaire
smoking status was divided into 3 groups (smokers, former
smokers, and never smokers) and physical activity as meta-
bolic equivalent hours/week (METh/week). One METh is
defined as the metabolic intensity when a person is at rest.
METh/week was computed by multiplying time (hours)
spent on each activity by the respective MET (intensity)
factor.2 Information on alcohol consumption was derived
both from the questionnaire and the 7-day record. Zero
consumers had reported no consumption during the past
year. The other participants were stratified in quintiles sepa-
rately in men and women (because of alcohol consumption
and daily recommendations differ between men and women),
with the following spans: 0–3.4, 3.4–9.1, 15.7, and 25.7 g/
d (men) and 0–0.9, 4.3, 8.1, and 14.0 g/d (women). APOE-ɛ4
interaction analysis was performed to investigate a potenti-
ating effect of this well-established genetic risk factor for AD.
Owing to possible seasonal variations in dietary intake, and
that dietary interview was shortened in 1994, season and diet
assessment method were included in the analyses.

Outcomes
The primary outcome was progression to all-cause dementia
disorders. The secondary outcomes were progression to AD
dementia and VaD. The exploratory outcome was abnormal
Aβ status measured as increased levels of CSF Aβ42 (see
Exploratory outcome CSF Aβ42 below).
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The primary and secondary diagnostic outcomes were based
on registered dementia diagnoses from the Swedish National
Patient Register (NPR) throughout 2014. The NPR covers
both the Swedish Inpatient Register and the hospital-based
outpatient register. Diagnoses included AD dementia (ICD-10
and ICD-9 codes F00, G30, 331A/331.0), VaD (F01, 290E/
290.4), Parkinson disease dementia (F023), dementia with
Lewy bodies (F028, G318A), frontotemporal dementia (F020,
G310, 331B/331.1), or unspecified dementia (F03, 290, 294B/
294.1, 331C/331.2). After the register data delivery, trained
physicians with special interest in dementias, but not yet board-
certified specialists, at the Memory Clinic at Skåne University
Hospital reviewed and validated all registered dementia di-
agnoses based on symptoms, results of cognitive tests, brain
imaging (CT or magnetic resonance imaging reviewed by ra-
diologists), and CSF concentrations of Aβ42 and tau phos-
phorylated at Thr181 (p-tau, when available) in accordance
with the specific major neurocognitive disorders in DSM-5
(Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition). In uncertain cases, 2 specialists in Neurology and
Geriatrics, (O.H. and K.N.), respectively, with more than 10
years of experience in the field of dementia were involved. In
cases where CSF was available, AD diagnosis was based on the
NIA-AA criteria.16 Of the 1,943 cases with dementia, 1,507
(77.6%) were diagnosed at a specialized Memory Clinic.

The secondary outcomes were defined as pure AD, mixed AD
and vascular pathology, and VaD. Information from neuro-
imaging was used to validate VaD and to differentiate between
pure AD and ADwith cerebrovascular disease (mixed AD and
vascular pathology). Presence of significant cerebrovascular
disease on neuroimaging led to a mixed AD diagnosis if AD
was considered the primary cause.

Exploratory Outcome—CSF Aβ42
CSF data were available for participants with signs of cognitive
decline who had been referred to the Memory Clinic at Skåne
University Hospital for further investigation. With lumbar
puncture, CSF was collected between 1995 and 2015
according to a structured protocol.19 CSF concentrations of
Aβ42 were measured using INNOTEST ELISA (Fujirebio
Europe, Ghent, Belgium).

Cut-off values for CSF Aβ42 were established using mixture
modeling.17-22 Because of a slight, assay-dependent drift in levels
of CSF Aβ42 during the collection period 1995–2015, 2 dif-
ferent cutoffs were established for the period 1995–2003 (Aβ42
< 484.8 pg/mL) and 2004–2015 (Aβ42 < 577.1 pg/mL). This
drift in INNOTEST CSF Aβ42 values during this period is well
known.19

Statistical Analyses
Demographic data are presented as means (SDs) or numbers
(n) and percent (%). Cox proportional hazard models, with
years between baseline and event as time variable, were used to
examine associations between SDGS and mMDS and risk of
developing dementia. Event was defined as all-cause dementia

(primary outcome) or specific dementia disorder (secondary
outcome). Censoring occurred at the recorded date of de-
mentia, time of death, or at time of register data delivery
(December 31, 2014). By using this approach, the competing
risk of death was assessed by estimating cause-specific hazard
ratio (HR) for dementia, in accordance with recommendations
when the study objective is etiologic.23 All analyses were ad-
justed for age, sex, education, season, dietary sampling method,
and total energy intake (kJ) in model 1. In model 2, the fol-
lowing lifestyle variables were also included: smoking (current,
former, never), alcohol consumption (sex-specific quintiles),
body mass index, and physical activity (METh/week). In
model 2, a total of 243 cases had missing data in any of these
lifestyle variables and were thus excluded. Logistic regression
analysis was used to examine the association between SDGS
and Aβ42 accumulation, using CSF Aβ42 status as outcome.

In sensitivity analyses, participants diagnosed with de-
mentia <5 years from baseline were excluded, to reduce the
possible bias of cognitive impairment affecting dietary in-
take24 (i.e., a preclinical or prodromal dementia disorder).
A total of 73 were excluded in this analysis. In another
sensitivity analysis, participants with prevalent and incident
diabetes mellitus were excluded to investigate the dietary
association without being influenced by diabetes and the
dietary restrictions that may accompany that disease.25 A
total of 5,221 participants with diabetes were excluded; of
which, 405 developed dementia. Sensitivity analysis was
also performed excluding participants that had made sub-
stantial changes in their dietary habits at any time before
the baseline examination. In addition, another sensitivity
analysis was performed only including individuals di-
agnosed at the Memory Clinic. Using the Mediterranean
diet score according to a study15 was used in another sen-
sitivity analysis.

All statistical analyses were performed using R (version 3.6.3).
A p-value <0.05 was considered significant.

Data Availability
The data that support the findings of this study are available
from the Malmö Population-Based Cohorts Joint Database,
but restrictions apply to the availability of these data, which
were used under license for the current study, and so are not
publicly available. Data are however available from the authors
on reasonable request and with permission of the Malmö
Population-Based Cohorts Joint Database.

Results
Baseline Characteristics
Individuals who underwent dietary assessments were included
(n = 28,098) in this study. Participants with incomplete data on
education (n = 71) and where time to event was zero, meaning
present dementia (n = 2), were excluded, resulting in a com-
plete data set of 28,025 individuals, which was used for themain
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analysis. See Figure 1 for an enrollment flowchart. Of the
28,025 dementia-free participants at study recruitment in
1991–1994, a total of 1,943 (6.9%) were diagnosed with de-
mentia during a median of 19.8 (interquartile range [IQR] 4.8)
years of follow-up. Comparison of baseline characteristics be-
tween complete data set and excluded group is shown in eTable 3
(links.lww.com/WNL/C345). Table 1 presents characteristics of
participants who subsequently developed any type of dementia
(all-cause dementia) compared with those who did not develop
dementia. The individuals who subsequently developed de-
mentia were significantly older at baseline and had a lower level of
the education. There was no difference in sex, 61% were women
in both groups. Neither SDGS nor mMDS differed between
groups. Median time from baseline to any dementia diagnosis
was 15.5 (IQR 6.7) years. Baseline characteristics across dietary
adherence levels are shown in eTables 4–5 (links.lww.com/
WNL/C345).

Association Between Diet and Risk of
Developing All-Cause Dementia
Associations between SDGS and development of all-cause
dementia, AD dementia, and VaD are presented in Table 2.
Individuals who adhered to the dietary recommendations did
not show a significantly lower risk of developing all-cause
dementia in model 1 (HR 0.98, 95% CI: 0.95–1.02) or model
2 (HR 0.99, 95% CI: 0.95–1.03) using SDGS as a continuous
variable (0–5, poor to good adherence). Furthermore,

individuals adhering to dietary recommendations (SDGS
4–5) did not have lower risk of developing dementia in either
model 1 (HR = 0.93; 95% CI: 0.81–1.08) nor in model 2 (HR
0.95; 95% CI: 0.82–1.10) compared with those with low
(SDGS 0–1), Table 2.

Neither did adherence to the modified Mediterranean diet
lower the risk of developing all-cause dementia inmodel 1 (HR
0.93, 95% CI: 0.75–1.15) or model 2 (HR 1.00, 95% CI:
0.96–1.04) when using mMDS as a continuous variable. Indi-
viduals adhering to the modified Mediterranean diet (mMDS
5–10) did not have lower risk of developing all-cause dementia
(HR 0.93, 95% CI 0.75–1.15) in model 1 and (HR 0.95 95%
CI: 0.76–1.18) in model 2 (Table 3).

Association Between Diet and Risk of
Developing Alzheimer Disease or VaD
As shown in Table 2, no significant associations between SDGS
as continuous variable and development of AD dementia (HR
0.99, 95% CI: 0.95–1.04) or VaD (HR 0.98, 95% CI: 0.91–1.06)
were found. Individuals adhering to dietary recommendations
(SDGS 4–5) did not have lower risk of developing AD dementia
(HR 1.03, 95% CI: 0.85–1.23) or VaD (HR 0.93, 95% CI:
0.69–1.26) compared with those with low SDGS (0–1), AD
dementia (HR 0.90, 95%CI: 0.68–1.19), or VaD (HR 1.00, 95%
(CI: 0.65–1.55) (Table 2).

Neither did adherence to modifiedMediterranean diet lower
the risk of developing AD dementia (HR 0.99 95% CI:
0.94–1.05) or VaD (HR 1.04 95% CI: 0.96–1.12) when
analyzing mMDS as a continuous variable. Individuals with
the highest adherence to the modified Mediterranean diet
(mMDS 5–10) did not have lower risk of developing AD
dementia (HR 0.90 95% CI: 0.68–1.19) or VaD (HR 1.00
95% CI: 0.65–1.55) (Table 3). Adjusted Kaplan-Meier
curves displaying no effects of diet quality and incidence in
all-cause dementia, ADD, or VaD are shown in eFigure 1
(links.lww.com/WNL/C345).

Sensitivity Analyses
In sensitivity analyses, we excluded participants with incident
dementia diagnosis within 5 years after baseline and partici-
pants with prevalent or incident diabetes, respectively. As for
the main results, no significant effect of lowering the risk of
dementia was found between SDGS or the mMDS with de-
velopment of all-cause dementia, AD dementia, or VaD
(eTables 6–9, links.lww.com/WNL/C345).

Furthermore, in sensitivity analyses excluding participants
indicating a substantial change in their dietary habits before
baseline, no significant effect of lowering the risk of dementia
was found between SDGS or the mMDS with development of
all-cause dementia, AD dementia, or VaD (eTables 10–11,
links.lww.com/WNL/C345).

In sensitivity analysis using the Mediterranean diet score
according to a study,15 no significant effect of lowering the risk

Figure 1 Flowchart Describing the MDCS Population at
Baseline and Follow-up
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of all-cause dementia, AD dementia, or VaD was found
(eTable 12, links.lww.com/WNL/C345).

Furthermore, there were no significant interaction effects
between SDGS or the mMDS and the AD risk genotype
APOE e4 (eTables 13–14, links.lww.com/WNL/C345).

Excluding participants not diagnosed at a Memory Clinic did
not change the results (data not shown).

Diet and Deposition of CSF β-Amyloid
A total of 777 participants underwent lumbar puncture.
Participants with missing CSF Aβ42 data were excluded (n =
39), resulting in a sample of 738 participants with available
CSF Aβ42 data. Median time from baseline to CSF collec-
tion was 12.9 (IQR 7.4) years. Associations between SDGS
and CSF Aβ42 status (normal/abnormal) are shown in the
eTable 15 (links.lww.com/WNL/C345). No significant as-
sociation between SDGS and CSF Aβ42 at follow-up was
found. Individuals with the highest adherence to dietary
recommendations (SDGS 4–5) did not have lower risk of
having abnormal Aβ42 in CSF (OR 1.10, 95% CI:
0.66–1.84).

Associations between mMDS and CSF Aβ42 status
(normal/abnormal) are shown in eTable 16 (links.lww.
com/WNL/C345). No significant associations between
mMDS and CSF Aβ42 at follow-up were found. Individuals
with the highest adherence to the mMDS (5–10) did not
have lower risk of having abnormal Aβ42 in CSF (OR 0.82,
95% CI: 0.37–1.79; p = 0.69). In addition, adjusting for
time between baseline and CSF collection did not change
the results. No significant association was found between
Mediterranean diet score measured according to another
study,15 and abnormal Aβ42 in CSF (eTable 17, links.lww.
com/WNL/C345).

Table 1 Baseline Characteristics of the Study Population
in 1991–1996

No incident
dementiaa

(N = 26,082)

Incident all-
cause dementiaa

(N = 1,943)
p
value

Age, mean, (SD), y 57.6 (7.5) 64.3 (5.9) <0.001

Sex, women 15,806 (61%) 1,186 (61%) 0.70

Education level, n (%)

Elementary school

<8 y 10,739
(41.2%)

1,037 (53.4%) <0.001

9–12 y 9,185 (35.2%) 638 (32.8%) 0.034

≥13 y 6,158 (23.6%) 268 (13.8%) <0.001

Total energy intake,
mean (SD), (kJ/d)

9,540 (2,730) 9,380 (2,760) 0.005

Swedish Dietary Guidelines
Score 0–5, mean (SD)

1.94 (1.29) 1.98 (1.26) 0.08

Swedish Dietary Guidelines
Score Groups, n (%)

0–1 points 10,647
(40.8%)

745 (38.3%) <0.05

2–3 points 12,006
(46.0%)

941 (48.4%) <0.05

4–5 points 3,429 (13.1%) 257 (13.2%) 0.92

Modified Mediterranean
Score 0–10, mean (SD)

2.65 (1.25) 2.65 (1.20) 0.87

Modified Mediterranean
Score Groups, n (%)

0–1 points 4,514 (17.3%) 319 (16.4%) 0.31

2–4 points 19,560
(75.1%)

1,501 (77.3%) <0.05

5–10 points 2,008 (7.7%) 123 (6.3%) <0.05

Smoking, n (%)

Current smoker 7,509 (28.8%) 413 (21.3%) <0.001

Former smoker 8,812 (33.8%) 671 (34.5%) 0.051

Never smoker 9,750 (37.4%) 859 (44.2%) <0.001

Physical activity (METh/
week)b, mean (SD)

3.34 (1.20) 3.38 (1.20) 0.14

Alcohol consumption, g/d,
mean (SD)

10.90 (12.80) 8.86 (10.90) <0.001

Bodymass indexc,mean (SD) 25.72 (3.97) 26.08 (3.96) <0.001

History of coronary event
or stroke, n (%)

739 (2.8%) 80 (4.1%) <0.01

Diabetes at baseline,
n (%)

4,816 (18.5%) 405 (20.8%) <0.001

Hypertension at baseline,
n (%)

4,387 (16.8%) 452 (23.3) <0.001

Time of follow-up, mean
(SD), y

18.5 (4.88) NA

Table 1 Baseline Characteristics of the Study Population in
1991–1996 (continued)

No incident
dementiaa

(N = 26,082)

Incident all-
cause dementiaa

(N = 1,943)
p
value

Time from baseline to
event, mean (SD), y

NA 14.6 (4.72)

Incident coronary event or
stroked, n (%)

4,879 (18.7%) 571 (29.4%) <0.001

Incident diabetes at re-
examinatione, n (%)

711 (2.7%) 43 (2.2%) 0.18

a End of follow-up on December 31, 2014, or death.
b Physical activity as metabolic equivalent hours/week (METh/week). One
METh is defined as the metabolic intensity when a person is at rest. METh/
week was computed by multiplying time (hours) spent on each activity by
the respective metabolic equivalent task (intensity) factor (MET).
c Calculated as weight in kilograms divided by height in meters squared.
d Until end of follow-up December 31, 2014.
e Re-examination 2007-2012.
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Discussion
Midlife self-reported diet quality according to dietary recom-
mendations or according to the modified Mediterranean diet
were not associatedwith a subsequent reduced risk of developing
all-cause dementia, AD dementia, or VaD over a median follow-
up time of 19.8 years in this population-based prospective cohort
study of 28,025 individuals. Furthermore, diet was not associated
with presence of Aβ pathology at follow-up.

The main strengths of this study were the prospective study
design, the large sample size, the long follow-up time of almost
20 years, and the dietary assessment method of high quality,
where FFQ was complemented by interviews, which improves
the validity of the dietary data.13 In addition, the dementia
diagnoses were validated by trained physicians at a Memory
Clinic and are not merely register-based as in several previous
publications.26 Another strength is the mMDS specifically
created for the MDCS based on the Med Diet Score used for
the PREDIMED study, which has been validated as an accurate
measurement of adherence to Mediterranean diet.14

Previous studies on diet quality and incidence of dementia
disorders have shown varying results. In a large prospective
cohort study (n = 10,308), with a median follow-up time of
24.8 years, neither the quality of midlife diet nor the
Mediterranean diet was associated with incident all-cause
dementia,26 which was confirmed by another prospective
and longitudinal study with 20 years of follow-up including
13,588 participants showing no association of diet quality
and further development of dementia or cognitive de-
cline.27 Another study28 found no associations between the

Mediterranean diet and cognitive decline or dementia; they
could however show an association between MIND
(Mediterranean-DASH Intervention for Neurological De-
lay) diet and cognitive decline as well as dementia, in 1,220
participants over a 12-year period. A systematic review3

including 32 studies, concluded that adherence to a Med-
iterranean diet may contribute to better cognitive perfor-
mance and decreased risk of developing dementia. This
review reflects the current state of knowledge because the
studies included are very heterogeneous in their designs. A
majority of them used retrospective FFQs, which may be
associated with misreporting by the participants consider-
ing difficulties to remember historical details about food
intake many years or even decades back in time.29 In ad-
dition, a majority of the studies included in the review are
based on dietary habits in older populations (older than 65
years). Considering the relatively high prevalence of pro-
dromal dementias in such populations, there is a risk of
reversed causality. Early cognitive decline with possible
mood changes could also affect dietary lifestyle habits.30

Hence, inclusion of an older population may bias the corre-
lation between diet quality and cognitive decline. In addition,
the varying follow-up time between studies might be one rea-
son of the heterogeneous study results regarding dietary habits
and incidence of dementia disorders. However, the authors of
the systematic review concluded and emphasized the impor-
tance of confirmation based on large longitudinal epidemio-
logic studies with prospective registration of dietary habits, thus
highlighting the value of this study. As expected, known car-
diovascular risk factors such as coronary event or stroke, di-
abetes, and arterial hypertension were all more common at
baseline in the group with incident dementia (Table 1).

Table 2 Association Between Swedish Dietary Guidelines Score and Incident All-Cause Dementia, Alzheimer Disease
Dementia, and Vascular Dementia

All-cause dementia Alzheimer disease dementia Vascular dementia

Age, mean (SD) 64.3 (5.9) 64.4 (5.8) 65.0 (5.7)

No. of cases/total no. 1,943/28,025 1,137/28,025 461/28,025

Adjusted hazard ratio (95% CI)a Adjusted hazard ratio (95% CI)a Adjusted hazard ratio (95% CI)a

Model 1b Model 2c Model 1b Model 2c Model 1b Model 2c

Swedish Dietary Guidelines
Score 0–5d

0.98 (0.95–1.02) 0.99 (0.95–1.03) 0.99 (0.95–1.04) 0.99 (0.95–1.04) 0.98 (0.91–1.06) 1.00 (0.93–1.08)

Swedish Dietary Guidelines
Score 0–1 (worst)e

[Reference] [Reference] [Reference] [Reference] [Reference] [Reference]

Swedish Dietary Guidelines
Score 2–3 (intermediate)e

1.00 (0.90–1.10) 1.02 (0.92–1.12) 1.07 (0.94–1.21) 1.06 (0.94–1.21) 0.93 (0.76–1.13) 0.97 (0.79–1.18)

Swedish Dietary Guidelines
Score 4–5 (best)e

0.93 (0.81–1.08) 0.95 (0.82–1.10) 1.03 (0.85–1.23) 1.01 (0.84–1.22) 0.93 (0.69–1.26) 1.00 (0.73–1.35)

a Estimated using Cox proportional hazard models. Participants were followed from baseline (1991–1996) until December 31, 2014, or date of death.
b Model 1 adjusted for sex, age, education, dietary assessment method, season, and total calorie intake.
c Model 2 adjusted for model 1 and in addition adjusted for smoking, physical activity, alcohol consumption, and body mass index.
d Swedish Dietary Guidelines score examined as continuous measure, 0–5 points (poor to good adherence to dietary recommendations).
e Swedish Dietary Guidelines score examined as 3 different groups, poor to good adherence to dietary recommendations (0–1 (reference), 2–3, and 4–5
points).
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This study does not exclude a possible association between diet
quality and subsequent development of dementia. However, the
present Swedish dietary recommendations, which are in line with
those in the United Kingdom and United States, or according to
the Mediterranean dietary pattern, could not be confirmed to be
associatedwith prevention of dementia. There is however a risk of
self-reported dietary and lifestyle habits being misreported to
some extent. There is also a possible risk of alteration in dietary
habits, although dietary habits remain relatively stable during life.
Previous studies on diet and CSF Aβ measures are either cross-
sectional31,32 or have short follow-up time (4 weeks–1.2 years).33

This further highlights the importance of this study examining the
association between dietary habits and later CSF Aβ-pathology,
with 13 years of follow-up. However, 1 review, including 7 RCTs,
7 cross-sectional studies, and 1 longitudinal study on diet and
biomarkers of AD, concludes that adherence to Mediterranean
diet and reduction of AD biomarkers, as well as high-glycemic
and high saturated fat diet, were all associated with an increase in
biomarker levels of AD.34 A study showed that adherence to the
Mediterranean diet was associated with better cognitive perfor-
mance in midlife.35 However, we emphasize using dementia di-
agnoses as outcome is the most clinically relevant.

Considering that no systematic cognitive testing was available
during follow-up (only available in medical records for those
undergoing dementia workups according to routine clinical
practice), and that the reviewed dementia diagnoses were re-
trieved from the NPR, there could be an underestimation of the
number of dementia cases. The advantage, however, is that all
surviving participants were under risk for dementia during the
study period and only those completing follow-up visits. Note
also that to improve the quality of the dementia diagnoses,

fulfillment of diagnostic criteria was validated retrospectively by
trained physicians at the memory clinic. Dietary data were only
collected at baseline, and there is a risk of alterations in dietary
habits during follow-up. This was however somewhat accounted
for by excluding participants who reported a substantial alter-
ation in dietary habits at any time before baseline in sensitivity
analysis, with the same results as in the main analyses. Although
participants were followed for a median period of 19.8 years, we
cannot rule out that even longer follow-upmight have resulted in
a slightly different result. Using vegetable oils instead of olive oil
could be a limitation of the mMDS; however, the vegetable oils
in the mMDS are all of vegetable origin, with a high proportion
of monosaturated and polyunsaturated fatty acids. Furthermore,
participants with CSF samples were not randomized but
recruited based on clinical indications, which is a limitation of
this study. Although multiple baseline characteristics were ad-
justed for, additional possible confounding factors cannot be
ruled out, such as health selection bias. Randomized controlled
trials are needed to provide additional evidence regarding the
potential role of diet in relation to AD pathology. However, it is
probably not feasible to design a 20-year randomized controlled
trial with strict dietary habits to adhere to.

Adherence to conventional dietary recommendations or to a
modified Mediterranean diet during midlife were not associ-
ated with a lower incidence in all-cause dementia over a 20-year
period, nor was the diet associated with AD dementia, accu-
mulation of Aβ pathology, or to VaD. Large intervention
studies are needed to clearly understand whether diet quality
can affect incidence of dementia disorders, even if the results
from this study together with other large prospective longitu-
dinal studies26,27 implicate this will not be the case.

Table 3 Association Between Modified Mediterranean Diet Score and Incident All-Cause Dementia, Alzheimer Disease
Dementia, and Vascular Dementia

All-cause dementia Alzheimer disease dementia Vascular dementia

Age, mean (SD) 64.3 (5.9) 64.4 (5.8) 65.0 (5.7)

No. of cases/total no. 1,943/28,025 1,137/28,025 461/28,025

Adjusted hazard ratio (95% CI)a Adjusted hazard ratio (95% CI)a Adjusted hazard ratio (95% CI)a

Model 1b Model 2c Model 1b Model 2c Model 1b Model 2c

Modified Mediterranean
Diet Score 0–10d

0.99 (0.96–1.03) 1.00 (0.96–1.04) 0.99 (0.94–1.05) 0.99 (0.94–1.04) 1.04 (0.96–1.12) 1.06 (0.98–1.15)

Modified Mediterranean
Diet Score 0–1 (worst)e

[Reference] [Reference] [Reference] [Reference] [Reference] [Reference]

Modified Mediterranean
Diet Score 2–4 (intermediate)e

0.92 (0.81–1.04) 0.94 (0.83–1.06) 0.91 (0.77–1.07) 0.91 (0.77–1.07) 0.91 (0.71–1.16) 0.95 (0.74–1.22)

Modified Mediterranean
Diet Score 5–10 (best)e

0.93 (0.75–1.15) 0.95 (0.76–1.18) 0.90 (0.68–1.19) 0.87 (0.66–1.16) 1.00 (0.65–1.55) 1.09 (0.70–1.70)

a Estimated using Cox proportional hazard models. Participants were followed from baseline (1991–1996) until December 31, 2014, or date of death.
b Model 1 adjusted for sex, age, education, dietary assessment method, season, and total calorie intake.
c Model 2 adjusted for Model 1 and in addition adjusted for smoking, physical activity, alcohol consumption, and body mass index.
d ModifiedMediterraneanDiet Score examined as continuousmeasure 0–10 points (poor to good adherence tomodifiedMediterranean dietary recommendations).
e Modified Mediterranean Diet Score examined as 3 different groups: Modified Mediterranean Diet Score 0–1 points reflect poor adherence (reference), 2–4
points (intermediate adherence), and 5–10 points (best adherence).
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General Medicine at the Department of Neurobiology, Care
Sciences and Society, at Karolinska Institutet (KI), for the
discussion initiating the present study. The authors also thank
participants and research staff of the MDCS.

Study Funding
Work at the authors’ research center was supported by the
Swedish Research Council (2016-00906, #2018-02052),
the Knut and Alice Wallenberg foundation (2017-0383), the
Marianne andMarcusWallenberg foundation (2015.0125), the
Strategic Research Area MultiPark (Multidisciplinary Research
in Parkinson’s disease) at Lund University, the Swedish Alz-
heimer Foundation (AF-939932, #AF-940046), the Swedish
Brain Foundation (FO2021-0293, #FO2020-0271), The Par-
kinson foundation of Sweden (1,280/20), the Konung Gustaf
V:s och Drottning Victorias Frimurarestiftelse, the Skåne
University Hospital Foundation (#2020-O000028), Regionalt
Forskningsstöd (2020-0314, Projekt-2020-0383) and the
Swedish federal government under the ALF agreement (2018-
Projekt0279, #2018-Projekt0226).

Disclosure
S. Palmqvist has served on scientific advisory boards and/or
given lectures in symposia sponsored by F. Hoffmann-La
Roche, Biogen, and Geras Solutions. O. Hansson has ac-
quired research support (for the institution) from AVID
Radiopharmaceuticals, Biogen, Eli Lilly, Eisai, GE Health-
care, Pfizer, and Roche. In the past 2 years, he has received
consultancy/speaker fees from Roche, Genentech, Sie-
mens, Biogen, Alzpath, and Cerveau. The remaining au-
thors have no disclosures relevant to the manuscript. Go to
Neurology.org/N for full disclosures.

Publication History
Received by Neurology January 26, 2022. Accepted in final form
August 16, 2022. Submitted and externally peer reviewed. The handling
editor was Linda Hershey, MD, PhD, FAAN. References

1. Hansson O. Biomarkers for neurodegenerative diseases.Nat Med. 2021;27(6):954-963.
2. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention, intervention, and

care: 2020 report of the Lancet Commission. Lancet. 2020;396(10248):413-446.
3. Petersson SD, Philippou E. Mediterranean diet, cognitive function, and dementia: a

systematic review of the evidence. Adv Nutr. 2016;7(5):889-904.
4. Yusufov M, Weyandt LL, Piryatinsky I. Alzheimer’s disease and diet: a systematic

review. Int J Neurosci. 2017;127(2):161-175.
5. Singh B, Parsaik AK, Mielke MM, et al. Association of mediterranean diet with mild

cognitive impairment and Alzheimer’s disease: a systematic review and meta-analysis.
J Alzheimer’s Dis. 2014;39(2):271-282.

6. Manjer J, Carlsson S, Elmståhl S, et al. The Malmö diet and cancer study: repre-
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CORRECTION 

Association Between Dietary Habits in Midlife With Dementia Incidence Over a 20-Year 

Period 

In the printed short form version of the Research Article “Association Between Dietary Habits in Midlife 
With Dementia Incidence Over a 20-Year Period” by Glans et al.

1
, the third sentence of the Results and 

Study Limitations section should read: “Adherence to the modified Mediterranean diet did not lower the 
risk of developing all-cause dementia (HR 0.93 0.75–1.15), AD (HR 0.90, 0.68–1.19), or VaD (HR 1.00, 
0.65–1.55).” The editorial office regrets the error. 
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