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Objective: In cognitively normal adults, nutritional parameters are related to cognitive decline and
incidence of dementia. Studies on the role of nutrition in predementia stages subjective cognitive decline
and mild cognitive impairment, and mild stages of Alzheimer’s disease (AD) dementia in a clinical setting
are lacking. In the absence of a curative treatment, this evidence is important for targeting nutritional
factors to potentially prevent or delay further cognitive decline. Our aim is to investigate associations of
nutritional parameters with clinical progression in patients ranging from those who are cognitively
normal to those who have AD dementia.
Design: Longitudinal.
Setting and Participants: Memory clinic, 551 patients (219 with subjective cognitive decline, 135 with mild
cognitive impairment, and 197 with AD dementia), mean age 64  8 years.
Measurements: We assessed body mass index, fat-free mass, Mini-Nutritional Assessment, and dietary
intake with the Dutch Healthy Diet food frequency questionnaire and the 238-item healthy life in an
urban setting (HELIUS) food frequency questionnaire at baseline. Cox proportional hazard models were
used to evaluate associations of nutritional parameters with clinical progression. Additional analyses
were restricted to patients who were amyloid positive.
Results: We observed clinical progression in 170 patients (31%) over 2.2  0.9 years. Poorer MiniNutritional Assessment score [hazard ratio (95% conﬁdence interval) 1.39 (1.18e1.64)], lower body
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mass index [1.15 (0.96e1.38)], lower fat-free mass [1.40 (0.93e2.10)], and a less healthy dietary pattern
[1.22 (1.01e1.48)] were associated with a higher risk of clinical progression. Similar effect sizes were
found in patients who were amyloid positive.
Conclusions and Implications: Poorer nutritional status and a less healthy dietary pattern are associated
with a higher risk of clinical progression. This study provides support for investigating whether
improving nutritional status can alter the clinical trajectory of AD.
Ó 2020 AMDA e The Society for Post-Acute and Long-Term Care Medicine. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Studies in cognitively normal samples show that nutritional parameters are related to cognitive decline and incidence of dementia.1
Weight loss often precedes the onset of Alzheimer’s disease (AD)
dementia2e6 and older adults with poorer nutritional status [ie, lower
body mass index (BMI)] show more cognitive decline and have a
higher risk of dementia.7,8 Moreover, dietary intake has been related
to cognition [eg, a dietary pattern with relatively high caloric intake
from carbohydrates and low caloric intake from fat and proteins may
increase the risk of mild cognitive impairment (MCI) or dementia in
older adults].9 Furthermore, a healthier dietary pattern with higher
intakes of fruit and vegetables has been associated with less cognitive
decline and a lower risk of MCI and AD dementia.10e14
Fewer studies on the role of nutrition in predementia and mild
stages of AD have been performed in a clinical setting. In the absence
of a curative treatment, this evidence is important for targeting
nutritional factors to potentially prevent or delay further cognitive
decline. Three studies have shown that malnourished patients with
AD dementia show a steeper rate of cognitive decline and clinical
progression within 1 year compared with those with a normal
nutritional status.15e17 Furthermore, low baseline BMI has been
associated with clinical progression over 1 or 2 years in patients with
MCI.18e20 One study in patients with MCI suggests that poorer
adherence to the Mediterranean dietary pattern was associated with a
higher risk of progression to AD dementia.21 These previous studies
focused on MCI or AD dementia, and did not take into account patients
with subjective cognitive decline, who may be in the earliest stages of
AD. Therefore, we investigated the associations of nutritional status as
well as dietary intake with clinical progression in a memory clinic
cohort of patients with subjective cognitive decline (SCD), MCI, and
AD dementia.

Methods
Patients
The Nutrition, the unrecognized determinant in Alzheimer’s disease (NUDAD) study is a prospective cohort study on nutritional determinants of disease progression in the clinical continuum of AD.
NUDAD is a subsample of the Amsterdam Dementia Cohort, existing of
patients who visited our Alzheimer center between September 2015
and August 2017 and were diagnosed with AD, MCI, or SCD and had a
Mini-Mental State Examination (MMSE) score of >16.22,23 All patients
underwent standardized dementia screening, including general
medical examination, extensive neuropsychological assessment,
magnetic resonance imaging, and laboratory tests.24 Patients with SCD
presented with memory complaints but performed normal on all
clinical and cognitive examinations (ie, did not meet the criteria for
MCI, dementia, or any psychiatric diagnosis).25 MCI and probable AD
were diagnosed according to the core clinical criteria of the National
Institute on Aging-Alzheimer’s Association criteria.26,27 Informed
consent was obtained from all patients and the local Medical Ethics
Committee approved the study. For the current study, we excluded 1
patient whose initial diagnosis of AD was retracted after 3 months,
leaving 551 patients for analysis, 219 with SCD, 135 with MCI, and 197

with AD dementia. Descriptive characteristics included baseline age,
sex, and MMSE score.
Clinical Progression
At annual follow-up visits to our memory clinic, neuropsychological
testing and medical examination were repeated, and diagnosis was reevaluated. If a patient was unable or did not want to visit the memory
clinic, a short telephone interview was performed with the patient and/
or partner to report changes in diagnosis, living situation (ie, admission
to nursing home), and self-reported course of cognitive symptoms
(dichotomized into progressive vs stable/improved/ﬂuctuating). Clinical
progression was operationalized when at least 1 of the following 3
criteria was met: (1) progression to MCI or dementia (for patients with
SCD); progression to dementia (for patients with MCI); an increase of 1
point on Clinical Dementia Rating scale (for patients with AD dementia);
(2) passed away or admitted to a nursing home; or (3) self-reported
progressive course of cognitive symptoms during the telephone interview. The ﬁrst report of progression was used to calculate time to event.
When none of the criteria was met, a patient was censored at the date of
last contact. Of 25 patients (4%), we did not have any information upon
follow-up, these patients were censored at baseline (time ¼ 0).
Baseline Nutritional Parameters
At ﬁrst presentation at the Alzheimer center in Amsterdam, the
following nutritional parameters were assessed. Body mass index
(BMI, kg/m2) was calculated by dividing the measured body weight by
the squared measured height. Fat-free mass (FFM, kg) was estimated
using multifrequency bioelectrical impedance analysis (50 KHz
Quadscan 4000[Bodystat, British Isles]) and the formula of Kyle.28 Risk
of malnutrition was evaluated with the Mini-Nutritional Assessment
(MNA).29 To avoid that differences in MNA score were driven by differences in cognitive performance, we excluded the item on neuropsychological problems. Scores ranged from 0 to 28 with a higher
score indicating better nutritional status. Diet quality was assessed
using the Dutch Healthy Diet Food Frequency Questionnaire.30
Adherence to the Dutch guidelines for a Healthy Diet was assessed
for the following components: vegetables, fruit, ﬁbers, ﬁsh, saturated
fat, trans fat, salt, and alcohol.31 Component scores ranged from 0 (no
adherence) to 10 (complete adherence), and the total diet quality
ranged from 0 to 80. The healthy life in an urban setting (HELIUS) food
frequency questionnaire (FFQ) was used to assess the intake of energy,
protein, carbohydrate, fat and alcohol.32 The HELIUS FFQ is a selfadministrated questionnaire asking for the frequency, amount, and
type of 238 food items consumed in the past month. Daily energy
(kcal) and macronutrient intake in energy percentages were calculated using the Dutch food composition table 2013.33
Amyloid Status
Amyloid status, as determined by either positron emission tomography (PET) scans or cerebrospinal ﬂuid (CSF) measurements, was
available for 444 patients (80%; PET n ¼ 202, CSF n ¼ 242). Amyloid

A.S. Doorduijn et al. / JAMDA xxx (2020) 1e7

PET scans were assessed for amyloid positivity by an experienced
nuclear medicine physician.34 CSF was obtained by lumbar puncture
using a 25-gauge needle and collected in 10 mL polypropylene tubes
(Sarstedt, Nümbrecht, Germany).35 b-amyloid 42 (Ab42) levels were
determined with sandwich Innotest ELISAs (Fujirebio, Ghent,
Belgium).36 Patients were classiﬁed as having a positive amyloid status if they had a positive amyloid PET scan or CSF Ab42 drift corrected
values lower than 813 pg/mL.37

Statistical Analysis
We compared baseline characteristics and baseline nutritional parameters between patients with and without clinical progression using t
tests and c2 tests where appropriate. Analyses with FFM were adjusted
for body height. Time to progression was visualized and compared according to the clinical cut-off points for BMI, FFM index, MNA score, and
diet quality using Kaplan-Meier curves and log-rank tests. Based on BMI,
patients were classiﬁed as underweight (<70 years of age: <18.5 kg/m2,
70 years of age: <20 kg/m2), normal weight (<70 years: 18.5e24.9 kg/
m2, 70 years of age: 20e26.9 kg/m2), overweight (<70 years of age:
25e29.9 kg/m2, 70 years of age: 27e29.9 kg/m2), or obese (30 kg/
m2).38,39 FFM index (FFMI, kg/m2) was calculated by dividing the FFM by
the squared measured body height. Using sex-speciﬁc cut-off points
FFMI was dichotomized into low (female: <14.6 kg/m2, male: <17.6 kg/
m2) or normal (female: 14.6 kg/m2, male 17.6 kg/m2).40 Because of a
small number of patients with a MNA score below 15, patients were
classiﬁed as malnourished/at risk of malnutrition (score <22) or wellnourished (score  22). Diet quality was classiﬁed as poor (score <53)
or normal (score 53).30 For each nutritional parameter, the association
with time to clinical progression was tested using a Cox proportional
hazards regression model. To allow comparison of the different nutritional parameters in their relationship with clinical progression, the
parameters were converted into z scores using the baseline mean and
standard deviation of the total study population. Furthermore, nutritional parameters were inverted; herewith hazard ratios (HRs) present
the risk of clinical progression per lower SD of the nutritional parameters. The proportional hazard assumption was checked for all parameters by visual inspection of the Kaplan-Meier curves and log minus log
plots, and tested by creating a time-dependent determinant; evidence of
nonproportionality was not found. Associations were adjusted for age,
sex, and baseline diagnosis in the total sample and adjusted for age and
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sex when stratiﬁed by baseline diagnosis. For each nutritional parameter, events per person-year of follow-up were calculated by dividing the
sum of events by the sum of at-risk time. To evaluate whether associations were AD pathology speciﬁc, the Cox proportional hazard models
were repeated restricted to amyloid positive patients only (n ¼ 261).
Two sensitivity analyses were performed for all nutritional parameters
to examine to what extent alternative combinations of the criteria used
for the clinical progression deﬁnition inﬂuenced the results. In a ﬁrst
analysis, patients who met the criterion “passed away or admitted to a
nursing home” but did not meet the other criteria, were censored
(n ¼ 24). In a second analysis, patients with self-reported progression
and not meeting the other 2 criteria were censored (n ¼ 72). If selfreported progression preceded other progression criteria, time of progression was placed at that event. Signiﬁcance was set at P value of < .05.
All analyses were performed with SPSS v 22 (released 2013, IBM SPSS
Statistics for Windows, Armonk, NY).

Results
Table 1 shows the baseline characteristics of the total study sample. Information from 771 follow-up visits and 264 telephone interviews were used. During follow-up, clinical progression was
observed in 25 (11%) patients with SCD, 45 (33%) patients with MCI,
and 100 (51%) patients with AD dementia. Patients with progression
were older, had a lower baseline MMSE, and were more often amyloid
positive. Furthermore, they had lower baseline BMI, FFM, and modiﬁed MNA score and consumed more energy from fat compared with
patients without progression.
Figure 1 shows how nutritional parameters are related to risk of
clinical progression. Cox proportional hazard models, adjusted for age,
sex, and baseline diagnosis, showed that a lower BMI [HR (95% conﬁdence interval) 1.15 (0.96e1.38)] and lower FFM [1.40 (0.93e2.10)]
tended to be associated with a higher risk of progression, albeit not
statistically signiﬁcant (Table 2). A lower modiﬁed MNA score was
statistically signiﬁcant associated with a higher risk of clinical progression [1.39 (1.18e1.64)]. Furthermore, a poorer diet quality was
associated with a higher risk of progression [1.22 (1.01e1.48)].
Adjusting the models of MNA and diet quality additionally for BMI or
FFM (in separate models) did not change the HRs. The associations
between individual components of diet quality and risk of clinical
progression are shown in Supplementary Table 1. Lower fat intake was

Table 1
Baseline Characteristics of Total NUDAD Sample
All

Stable

N
Age (y)
Sex, female
MMSE score
Follow-up (y)
Amyloid status, positive
Nutritional parameters
BMI (kg/m2)
FFMy (kg)
MNAz
Diet quality
Energy intake (kcal/d)
Protein intake (EN%)
Carbohydrate intake (EN%)
Fat intake (EN%)
Alcohol intake (EN%)

Progression

n

n

551
551
551
551
444

64.4  8.3
255 (46.3)
25.8  3.3
2.2  0.9
261 (58.8)

381
381
381
381
308

63.6  8.2
175 (45.9)
26.6  2.9
2.2  0.9
149 (48.4)

170
170
170
170
136

66.4  8.3*
80 (47.1)
24.0  3.6*
2.1  0.8
112 (82.4)*

551
432
357
357
218
218
218
218
218

25.8  4.1
52.8  10.7
24.0  2.6
53.9  11.5
2051  601
15.2  2.6
40.9  6.9
34.4  5.5
9.5  5.1

381
298
250
250
157
157
157
157
157

26.2  4.2
53.4  10.6
24.3  2.4
54.3  11.4
2036  607
15.2  2.5
41.0  7.0
33.9  5.3
9.9  5.5

170
134
107
107
61
61
61
61
61

25.0  3.9*
51.7  10.9*
23.3  3.1*
53.0  11.8
2087  590
15.2  2.7
40.7  6.6
35.7  5.9*
8.4  3.9

EN%, energy percentage; SD, standard deviation.
Data in mean  SD; n (%).
*Statistically signiﬁcant different from stable.
y
FFM additionally adjusted for body height.
z
MNA without item on neuropsychological problems.

4

A.S. Doorduijn et al. / JAMDA xxx (2020) 1e7

Fig. 1. Kaplan-Meier curves for progression according to parameter speciﬁc cut-off points. BMI: light gray ¼ underweight, gray ¼ normal weight, darkest gray ¼ overweight,
black ¼ obese. FFM index: gray ¼ low, black ¼ normal. Modiﬁed MNA: gray ¼ malnourished/risk of malnutrition, black ¼ well-nourished. Diet quality: gray ¼ poor, black ¼ normal.
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Table 2
Adjusted Associations Between Lower Baseline Nutritional Parameters and Clinical Progression in the Total Sample and Stratiﬁed for Baseline Diagnosis
Per SD Lower

BMI
FFM*
MNAy
Diet quality
Energy intake
Protein intake
Carbohydrate
intake
Fat intake
Alcohol intake

All

SCD

N

Events

HR (95% CI)

551
432
357
357
218
218
218

0.151
0.151
0.139
0.139
0.134
0.134
0.134

1.15
1.40
1.39
1.22
0.86
0.99
1.01

218
218

0.134
0.134

0.74 (0.59e0.93)
1.34 (1.02e1.76)

(0.96e1.38)
(0.93e2.10)
(1.18e1.64)
(1.01e1.48)
(0.67e1.10)
(0.78e1.26)
(0.79e1.29)

MCI

N

Events

HR (95% CI)

219
166
133
133
96
96
96

0.053
0.054
0.060
0.060
0.058
0.058
0.058

1.10
2.09
1.30
1.15
1.11
0.64
1.20

96
96

0.058
0.058

AD Dementia

N

Events

HR (95% CI)

N

Events

(0.72e1.68)
(0.77e5.68)
(0.77e2.17)
(0.75e1.77)
(0.63e1.93)
(0.38e1.09)
(0.64e2.28)

135
98
91
91
52
52
52

0.163
0.169
0.136
0.136
0.151
0.151
0.151

1.18 (0.83e1.68)
1.52 (0.64e3.62)
1.49 (1.10e2.02)
1.25 (0.85e1.84)
1.19 (0.69e2.07)
0.89 (0.50e1.59)
1.08 (0.69e1.68)

197
152
133
133
70
70
70

0.262
0.268
0.227
0.227
0.232
0.232
0.232

1.13
1.10
1.59
1.28
0.66
1.18
0.92

0.77 (0.44e1.35)
1.47 (0.64e3.40)

52
52

0.151
0.151

HR (95% CI)

0.86 (0.52e1.42)
1.14 (0.58e2.23)

70
70

0.232
0.232

0.67 (0.49e0.92)
1.34 (0.97e1.87)

(0.87e1.46)
(0.63e1.92)
(1.09e1.70)
(0.99e1.65)
(0.48e0.92)
(0.85e1.63)
(0.65e1.31)

CI, conﬁdence interval; SD, standard deviation.
Data are presented as HR (95% CI), adjusted for age and sex, additionally for baseline diagnosis in the total sample. Events are expressed per person-year. Bold value indicates
statistical signiﬁcant.
*FFM additionally adjusted for body height.
y
MNA without item on neuropsychological problems.

Table 3
Adjusted Associations Between Lower Baseline Nutritional Parameters and Clinical Progression; Sensitivity Analyses
Per SD Lower

Amyloid positive
patients
BMI
FFM*
MNAy
Diet quality
Energy intake
Protein intake
Carbohydrate
intake
Fat intake
Alcohol intake
Censoring patients
who passed
away or were
admitted to
nursing home
BMI
FFM*
MNAy
Diet quality
Energy intake
Protein intake
Carbohydrate
intake
Fat intake
Alcohol intake
Excluding
self- reported
progression
from the
progression
deﬁnition
BMI
FFM*
MNAy
Diet quality
Energy intake
Protein intake
Carbohydrate
intake
Fat intake
Alcohol intake

All

SCD
n

Events

MCI

N

Events

HR (95% CI)

HR (95% CI)

261
204
178
178
104
104
104

0.212
0.209
0.191
0.191
0.198
0.198
0.198

1.17 (0.91e1.50)
1.61 (0.92e2.82)
1.34 (1.07e1.67)
1.24 (0.99e1.55)
0.72 (0.51e1.02)
1.03 (0.76e1.41)
1.23 (0.90e1.68)

49
45
33
33
30
30
30

0.131
0.121
0.137
0.137
0.123
0.123
0.123

1.14
1.80
0.56
1.41
1.01
0.59
1.99

(0.61e2.11)
(0.51e6.30)
(0.15e2.05)
(0.81e2.46)
(0.49e2.10)
(0.34e1.02)
(0.78e5.05)

104
104

0.198
0.198

0.64 (0.47e0.86)
1.20 (0.85e1.71)

30
30

0.123
0.123

0.66 (0.22e1.96)
1.08 (0.30e3.84)

551
432
357
357
218
218
218

0.130
0.133
0.122
0.122
0.121
0.121
0.121

1.07 (0.89e1.30)
1.15 (0.75e1.76)
1.26 (1.04e1.53)
1.21 (0.99e1.49)
0.84 (0.65e1.10)
0.98 (0.76e1.26)
1.06 (0.82e1.37)

219
181
133
133
96
96
96

0.045
0.046
0.053
0.053
0.053
0.053
0.053

1.12
1.77
1.32
1.09
0.99
0.67
1.18

218
218

0.121
0.121

0.72 (0.56e0.91)
1.29 (0.98e1.71)

96
96

551
432
357
357
218
218
218

0.084
0.081
0.083
0.083
0.085
0.085
0.085

1.53 (1.16e2.01)
2.61 (1.47e4.63)
1.47 (1.20e1.80)
1.20 (0.94e1.53)
0.91 (0.68e1.23)
0.88 (0.65e1.18)
0.96 (0.71e1.31)

218
218

0.085
0.085

0.82 (0.62e1.09)
1.43 (0.99e2.08)

n

AD Dementia

Events

HR (95% CI)

n

Events

64
44
45
45
25
25
25

0.202
0.207
0.173
0.173
0.250
0.250
0.250

25
25

(0.71e1.77)
(0.62e5.05)
(0.79e2.21)
(0.68e1.74)
(0.55e1.76)
(0.38e1.16)
(0.62e2.28)

0.053
0.053

219
181
133
133
96
96
96
96
96

HR (95% CI)

1.25 (0.73e2.15)
4.46 (0.95e20.93)
2.00 (1.20e3.34)
1.34 (0.84e2.16)
0.81 (0.34e1.92)
1.04 (0.52e2.10)
1.04 (0.56e1.93)

148
115
100
100
49
49
49

0.248
0.249
0.218
0.218
0.219
0.219
0.219

1.17
1.36
1.29
1.24
0.59
1.44
1.19

0.250
0.250

0.75 (0.41e1.40)
1.39 (0.57e3.37)

49
49

0.219
0.219

0.54 (0.35e0.83)
1.19 (0.79e1.79)

135
99
91
91
52
52
52

0.138
0.144
0.126
0.126
0.132
0.132
0.132

1.16 (0.80e1.69)
1.18 (0.48e2.92)
1.46 (1.06e2.00)
1.15 (0.76e1.75)
1.36 (0.73e2.54)
0.84 (0.46e1.54)
1.03 (0.64e1.65)

197
152
133
133
70
70
70

0.229
0.240
0.195
0.195
0.213
0.213
0.213

1.00
0.90
1.15
1.33
0.66
1.16
1.05

0.79 (0.44e1.42)
1.40 (0.62e3.17)

52
52

0.132
0.132

0.87 (0.51e1.49)
1.35 (0.62e2.93)

70
70

0.213
0.213

0.63 (0.45e0.87)
1.25 (0.90e1.74)

0.033
0.035
0.040
0.040
0.038
0.038
0.038

1.20 (0.65e2.22)
2.68 (0.71e10.13)
1.08 (0.47e2.51)
1.34 (0.81e2.23)
1.70 (0.79e3.63)
0.44 (0.26e0.77)
2.02 (0.92e4.43)

135
99
91
91
52
52
52

0.113
0.111
0.099
0.099
0.123
0.123
0.123

1.31 (0.85e2.03)
2.15 (0.68e6.75)
1.48 (1.03e2.11)
1.21 (0.76e1.92)
1.04 (0.59e1.86)
0.89 (0.48e1.68)
1.06 (0.65e1.73)

197
152
133
133
70
70
70

0.123
0.118
0.119
0.119
0.124
0.124
0.124

1.88
2.63
1.61
1.16
0.61
1.28
0.61

0.038
0.038

0.52 (0.24e1.14)
1.72 (0.50e5.94)

52
52

0.123
0.123

0.93 (0.53e1.64)
1.02 (0.51e2.03)

70
70

0.124
0.124

0.83 (0.54e1.28)
1.54 (0.94e2.53)

(0.84e1.62)
(0.68e2.75)
(1.00e1.68)
(0.92e1.67)
(0.36e0.96)
(0.88e2.36)
(0.76e1.84)

(0.77e1.30)
(0.50e1.62)
(0.88e1.50)
(1.01e1.75)
(0.46e0.93)
(0.83e1.62)
(0.73e1.50)

(1.22e2.92)
(1.17e5.92)
(1.23e2.11)
(0.82e1.65)
(0.40e0.94)
(0.83e1.97)
(0.37e1.03)

CI, conﬁdence interval; SD, standard deviation.
Data are presented as HR (95% conﬁdence interval), adjusted for age and sex additionally for baseline diagnosis in the total sample. Events are expressed per person-year. Bold
value indicates statistical signiﬁcant.
*FFM additionally adjusted for body height;
y
MNA without item on neuropsychological problems.
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associated with a lower risk of progression [0.74 (0.59e0.93)],
whereas a lower alcohol intake was associated with a higher risk of
progression [1.34 (1.02e1.76)]. No associations were found for energy,
protein, or carbohydrate intake.
After stratiﬁcation by baseline diagnosis, the effect sizes for BMI
and FFM remained comparable for all 3 diagnosis groups (Table 2).
Effect sizes for the associations of lower modiﬁed MNA score with
clinical progression also remained similar and were signiﬁcant in
patients with MCI and AD dementia. For diet quality, effect sizes of the
3 groups were similar to the effect size of the total sample, albeit
signiﬁcance was lost. Analyzing the individual components, poorer
adherence to the vegetable guidelines was associated with higher risk
of progression in patients with SCD (Supplementary Table 1). In patients with AD dementia, a lower energy and lower fat intake were
associated with a lower risk of progression.
When restricting the analyses to patients who were amyloid positive (n ¼ 261), effect sizes remained comparable. Associations for
MNA and fat intake remained statistical signiﬁcant, whereas the associations of diet quality and alcohol intake lost statistical signiﬁcance
(Table 3). Stratiﬁed by baseline diagnosis, associations for modiﬁed
MNA score were mostly attributable to patients with MCI and to lesser
extent to patients with AD dementia. Similar to the nonrestricted
analyses, a lower energy and fat intake were associated with lower
risk of progression in patients with AD dementia.
Subsequently, we performed 2 sensitivity analyses to evaluate the
impact of using different deﬁnitions of progression. Censoring patients who passed away or were admitted to a nursing home did not
change the effect sizes (Table 3). The association of diet quality with
progression was comparable in effect size in the total group and
stratiﬁed for baseline diagnosis. Excluding self-reported progression
from the progression deﬁnition resulted in larger effect sizes for BMI
[1.53 (1.16e2.01)] and FFM [2.61 (1.47e4.63)], other effect sizes
remained comparable.
Discussion
The main ﬁnding of this study is that poorer nutritional status and
less healthy dietary pattern were associated with a higher risk of
clinical progression in a memory clinic cohort. Our ﬁndings extend on
the results of previous studies in cognitively normal adults, by
showing that nutritional parameters are determinants of clinical
progression in a sample of patients with SCD, MCI, and AD dementia.
In line with and in addition to former studies in patients with
moderate AD dementia,7,8,18e20 we showed that a poorer MNA score,
indicative of a poorer nutritional status, was associated with a higher
risk of clinical progression across the complete spectrum of AD.15e17
Furthermore, a lower BMI tended to be associated with a higher risk
of clinical progression. In addition, we showed that a lower FFM
tended to be associated with a higher risk of clinical progression, with
comparable effect sizes as BMI. FFM is rarely assessed in memory clinic
patients, although we show that this important indicator of malnutrition41 provides relevant information in relation to the risk of clinical
progression. HRs for MNA, BMI, and FFM were comparable across
diagnosis groups, including SCD, indicating that these associations are
present for each of these disease stages.
Our ﬁnding that a less healthy dietary pattern was associated with a
higher risk of clinical progression is in line with former studies in patients with MCI21 and cognitively normal adults.10e14,42 In patients with
SCD, a lower vegetable intake was associated with higher risk of clinical
progression, which is complementary to our previous ﬁnding that
patients with SCD reporting the lowest vegetable intake had the most
cognitive complaints.43 Previous multidomain lifestyle interventions
including dietary advice showed beneﬁcial effects on cognition in individuals at risk of cognitive decline.44,45 Our study provides further
evidence that a healthy dietary pattern is related to a slower rate of

clinical progression across the complete AD spectrum, and this could be
further evaluated in dietary intervention studies.
Poorer nutritional status is a result of a prolonged disbalance between energy intake and energy expenditure. We did not ﬁnd an association of energy intake with clinical progression in the total sample,
although stratiﬁcation by baseline diagnosis revealed an association
between a lower energy intake and a lower risk of progression in
patients with AD dementia. This ﬁnding seems paradoxical, although
it has been reported that underweight patients with AD dementia
have a higher energy intake than patients with a normal weight.46 We
cannot exclude that a higher energy intake in patients with AD dementia might be an active response to previous weight loss to
normalize body weight. In line with this notion, we recently found a
higher resting energy expenditure in patients with AD dementia
compared with controls.47 Future studies should further examine the
potentially higher energy needs of patients with AD dementia.
There is an increasing interest in cardiovascular risk factors and
lifestyle as determinants of cognitive decline and dementia.11 Recent
evidence suggests that these factors do not directly inﬂuence Alzheimer pathology, but rather exert their beneﬁcial inﬂuence through
other pathways.48e50 A crucial question is whether, once the accumulation of AD pathology has started, vascular risk management and
lifestyle intervention could still be beneﬁcial to postpone the onset of
cognitive decline and dementia. Our results in patients who are amyloid positive showed associations between poorer nutritional status
and higher risk of clinical progression remained similar in patients
with Alzheimer pathology, providing support for the notion that even
when the AD pathologic process has started, lifestyle interventions
could still be useful to ameliorate the trajectory of decline.
Among the strengths of this study is the prospective design with
the use of different nutritional parameters, including measures of
nutritional status and dietary intake. Furthermore, we had a wellcharacterized and large study population covering patients from the
complete AD continuum: cognitively normal (SCD), MCI, and dementia. This study also has some limitations. First, we did not have an
annual clinical visit of all patients to assess progression, and deﬁned
passing away and nursing home admission as events. Evaluation of
whether patients experienced progression of cognitive symptoms was
determined asking 1 question; this may not have been reliable. It
could be argued that these events might not be classiﬁed as clinical
progression. Results of our sensitivity analyses, however, showed
comparable effect sizes, indicating that the results are not driven by
these events. Second, a follow-up time of 2 years is relatively short in
the view of a disease process that may take up to 20 years. Especially
in patients with SCD 2 years is short, which is also shown by the lower
event rates in this group compared with patients with MCI or AD
dementia. However, effect sizes were largely comparable across
diagnosis groups. Lastly, energy and macronutrient intakes from the
FFQ were available for 40% of our sample. Although the group that
completed the FFQ was representative for the total sample regarding
age, sex, MMSE, and BMI, future studies with data on dietary intake
from larger clinical samples are needed to conﬁrm our results.
Moreover, we did not have information on physical or social activity or
chronic condition, which might confound the relationships.

Conclusions and Implications
In conclusion, in our memory clinic cohort, poorer nutritional
status, indicated by a poorer MNA score, lower BMI, and lower FFM,
and a less healthy dietary pattern were associated with a higher risk of
2-year clinical progression. The results were largely comparable in
patients with SCD, MCI, and AD dementia. This study provides support
for investigating whether improving nutritional status can alter the
clinical trajectory of AD.
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Appendix

Supplementary Table 1
Adjusted Associations Between Lower Adherence of Diet Quality Components and Progression in the Total Sample and Stratiﬁed for Baseline Diagnosis
Per SD Lower

Vegetables
Fruit
Fibers
Fish
Saturated fat
Trans fat
Salt
Alcohol

All
N

Events

357
357
357
357
357
357
357
357

0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.139

SCD
HR (95% CI)

1.17
1.17
1.03
1.07
1.06
1.09
1.17
1.02

(0.95e1.43)
(0.98e1.41)
(0.85e1.25)
(0.88e1.31)
(0.87e1.29)
(0.90e1.32)
(0.97e1.42)
(0.85e1.22)

n

Events

133
133
133
133
133
133
133
133

0.060
0.060
0.060
0.060
0.060
0.060
0.060
0.060

MCI
HR (95% CI)

1.57
1.00
1.21
0.93
0.82
1.01
1.18
1.23

(1.02e2.42)
(0.60e1.67)
(0.77e1.88)
(0.59e1.46)
(0.50e1.33)
(0.63e1.61)
(0.73e1.91)
(0.82e1.93)

n

Events

91
91
91
91
91
91
91
91

0.136
0.136
0.136
0.136
0.136
0.136
0.136
0.136

AD Dementia
HR (95% CI)

1.22
1.19
0.84
0.93
1.28
1.10
1.44
0.71

(0.77e1.92)
(0.83e1.70)
(0.55e1.26)
(0.63e1.38)
(0.88e1.88)
(0.74e1.63)
(1.00e2.08)
(0.41e1.24)

n

Events

133
133
133
133
133
133
133
133

0.227
0.227
0.227
0.227
0.227
0.227
0.227
0.227

HR (95% CI)
1.07
1.22
1.04
1.24
1.10
1.16
1.06
1.06

(0.80e1.42)
(0.96e1.54)
(0.80e1.35)
(0.94e1.65)
(0.84e1.42)
(0.90e1.49)
(0.81e1.38)
(0.85e1.31)

CI, conﬁdence interval; SD, standard deviation.
Data are presented as HR (95% CI), adjusted for age and sex, additionally for baseline diagnosis in the total sample. Events are expressed per person-year. Bold value indicates
statistical signiﬁcant.

