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Abstract

Nutritional status may be a modifiable factor in the progression of dementia. We examined the
association of nutritional status and rate of cognitive and functional decline in a U.S. population-
based sample. Study design was an observational longitudinal study with annual follow-ups up to
6 years of 292 persons with dementia (72% Alzheimer’s disease, 56% female) in Cache County,
UT using the Mini-Mental State Exam (MMSE), Clinical Dementia Rating Sum of Boxes (CDR-
sb), and modified Mini Nutritional Assessment (MMNA). mMNA scores declined by
approximately 0.50 points/year, suggesting increasing risk for malnutrition. Lower mMNA score
predicted faster rate of decline on the MMSE at earlier follow-up times, but slower decline at later
follow-up times, whereas higher mMNA scores had the opposite pattern (NMNA by time p =
0.22, p=0.017; mMMNA by time? p = -0.04, p= 0.04). Lower mMNA score was associated with
greater impairment on the CDR-sb over the course of dementia (f = 0.35, p< 0.001). Assessment
of malnutrition may be useful in predicting rates of progression in dementia and may provide a
target for clinical intervention.
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INTRODUCTION

Although the number of people affected by dementia is growing exponentially, viable
treatment options are scarce; therefore, many researchers have investigated the role of
sociodemographic and environmental factors in the risk of developing dementia and
influencing its progression after onset. Diet and nutritional factors have been studied
extensively as modifiable risk factors for dementia and cognitive decline in late life [1-4].
Malnutrition, characterized by insufficient caloric intake, weight loss, deterioration of
muscle mass, and poor appetite, is a frequent problem among older adults [5] and has been
associated with more severe symptoms of dementia [6, 7]. Previous research indicates that
specific aspects of nutritional status such as diet, weight, and body mass index (BMI) across
the lifespan are associated with risk for dementia and its severity after onset. In particular,
higher midlife BMI is associated with a 75% increase in risk for the development of
Alzheimer’s disease (AD) or dementia [8, 9]; in later years, weight loss has been associated
with dementia onset [10] and the development of severe dementia [11, 12]. Diets high in
fruits and vegetables, whole grains, nuts, fish, and legumes reportedly decrease risk for
cognitive impairment and development of AD [2, 13], though null findings have also been
reported [14, 15].

In older adults with dementia, nutritional status has been found to predict cognitive,
functional, and neuropsychiatric symptoms [6, 7, 12, 16, 17]. Using the multi-dimensional
measure of malnutrition, the Mini-Nutritional Assessment (MNA) [18], many investigators
have reported significant associations between degree of malnutrition and dementia
outcomes. A large multi-center French study reported that malnourished AD patients
declined more rapidly on the Mini-Mental State Exam (MMSE) in a two-year follow-up [7].
Malara and colleagues [16], with the Italian National Association of Third Age Structures
(Calabria) Study, found a significant correlation between the MNA and MMSE in patients
with dementia at both baseline and 6-month follow-up. Several cross-sectional studies have
found significant associations between poor nutritional status and behavioral disturbances
[6, 12], worse cognitive status [12], and more impaired functioning in adult daily living
activities [6, 12]. While these studies have demonstrated an association between nutritional
status and dementia symptoms, very few have examined /ongitudinal associations beyond
one or two years, and the majority of the studies have been conducted in clinical samples.
The current study examines the association of nutritional status and the progression of
dementia in cognitive and functional domains in a population-based sample of persons with
incident dementia from Cache County (Utah).

MATERIALS AND METHODS

Participants were diagnosed with dementia via the Cache County Study on Memory in
Aging (CCSMA) and, together with their caregivers, were followed in the Cache County
Dementia Progression Study (DPS). The recruitment and dementia ascertainment procedures
have been described elsewhere [19]. Briefly, the CCMSA is a population-based, longitudinal
study located in Cache County, Utah. In 1995, the CCSMA enrolled 5,092 older residents of
Cache County. Through an intensive screening and assessment process conducted over four
triennial waves, the study identified 942 total participants with dementia (see Fig. 1). Of the
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576 with incident dementia (identified within approximately 3 years of onset), 328
participants and their caregivers were enrolled in the DPS, a longitudinal, population-based
study of the determinants of the rate of progression in dementia [20]. Thus, the DPS had an
87% enrollment rate when excluding those deceased at recruitment. Home visits with care-
recipient and caregiver dyads occurred approximately every 6 months for up to 7.7 years. All
methods complied with the ethical and legal standards of the Institutional Review Boards at
Utah State University and the Johns Hopkins University.

Each DPS visit with the subject (person with dementia) and his/her caregiver was conducted
by a research nurse and trained neuropsychological technician. Visits consisted of
neuropsychological testing, clinical interview in which measures of dementia severity were
completed, and a nurse’s health interview and physical examination [20]. Among the
measures, the MMSE and Clinical Dementia Rating Sum of Boxes (CDR-sb; see below)
were used to assess cognitive status and severity of dementia, respectively. The nurse’s
health interview and examination included a general health inventory, medication use,
activities of daily living, neuropsychiatric symptoms, physical and cognitive activities, and
nutritional intake (administered on alternating visits). Directly measured were blood
pressure, height and weight to determine BMI, and neurological status. Based on the health
inventory, medication usage and the medical and neurological exam, the nurse completed the
General Medical Health Rating (GMHR), an indicator of overall health status [21].

Measures of cognition, function, and nutritional status

Mini-mental state exam—The MMSE [22] is an 11-item measure of global cognitive
function with documented reliability and validity. The test assesses orientation to place and
time, memory, attention, ability to follow verbal instructions and produce written language,
and visuospatial skills with a maximum score of 30. As reported previously, an adjusted
score was calculated for persons whose performance was adversely affected by sensory-
motor impairments, up to a maximum of 10% of the total items affected [20].

Clinical dementia rating scale-sum of boxes—The CDR [23] is a numeric rating
scale used to estimate the severity of cognitive and functional impairments of dementia
across six domains: memory, orientation, judgment & problem solving, community affairs,
home & hobbies, and personal care. Based on a semi-structured interview of clinical
symptoms administered to the caregiver and participant, the nurse rated each domain on a
scale ranging from 0 = no impairment, 0.5 = questionable impairment, 1 = mild impairment,
2 = moderate impairment, 3 = severe impairment, 4 = profound impairment, and 5 =
terminal status [23]. The CDR-Sum of Boxes (CDR-sb) was calculated by adding the
domain scores together to create a total score ranging from 0 to 30. With approximately 94%
accuracy in diagnosing dementia stages, the CDR-sb allows for greater precision in
representing dementia severity than the Global Score method [24].

Modified mini-nutritional assessment score—Nutritional status was assessed using
the MNA [18], adapted for the current study. The MNA is a well-established and widely
used 18-item, multidimensional measure of nutritional status in older adults. These items are
categorized into four domains to quantify global nutritional status: anthropometric
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assessment (four items capturing BMI, weight loss, and arm and calf circumferences),
medical assessment (six items related to mobility, medication use, lifestyle, and psychiatric
symptoms), short dietary assessment (eight items about type (e.g., protein, fruits, and
vegetables), frequency, and mode of food and fluid intake), and subjective assessment (two
items related to self-view of nutritional and health status). With a total of 30 points possible,
the MNA uses the following validated cut-offs to indicate malnourishment, risk for
malnutrition, and well-nourished: less than 17, 17-23.5, and 24-30, respectively. These cut-
offs were created based on validation studies against clinical status as judged by physicians
using a comprehensive evaluation of anthropomorphic, dietary, and biological markers of
malnutrition [18]. For the current study, the MNA score was determined from data gathered
from the health, nutrition, daily functional status and physical examinations in the DPS. The
modified version of the MNA (mMMNA) used here excludes the subjective view of nutritional
and health status due to questionable reliability and validity of responses from participants
with dementia. Psychiatric items were excluded in order to avoid redundancy with the
cognitive and dementia outcomes. Furthermore, presence of skin ulcers (medical rubric) and
calf-circumference (anthropomorphic rubric) were not available. New threshold values for
the modified scale (now 22 pt maximum) can be calculated using percentage equivalent
scores for the original cut-off scores as: <12.5=malnourished, 13-17.5 = at risk for
malnutrition, >17.5 = well-nourished.

Data analysis

To examine change in nutritional status over the course of dementia, we ran a linear mixed
effects model where mMMNA score was the outcome and time (in years) and other risk
factors for nutritional status were examined as predictors. To examine the association
between mMNA score with cognitive and functional decline in dementia, we ran separate
linear mixed effects models using the MMSE and CDR-sb as outcomes. In all models,
MMNA was treated as a continuous variable due to scarcity of individuals that scored in the
“malnourished” category at latter time points. Maximum Likelihood (ML) estimation was
used in all linear mixed models to allow for missing data and maximum inclusion of
participant data over time. However, because of the small number of participants who
completed longer follow-ups (e.g., 16 participants had follow-ups of six or more years and
only six participants had follow-ups of seven or more years), we restricted the current
analyses to follow-ups of up to six years duration. In addition to mMNA score (time
varying), we also tested the following covariates: gender, dementia type (AD, vascular
dementia, other dementia), age of dementia onset, presence of the apolipoprotein (APOE)
E4 allele, education, and dementia duration at baseline. Linear mixed models with random
slopes and intercepts estimated the trajectories of best fit by adding covariates sequentially
and comparing nested models using negative-2 log likelihood (-2LL) values for the chi-
square test of independence. Linear and quadratic terms for time were also tested for
significance in each model using this method. Data were analyzed using SPSS version 21.
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RESULTS

Sample characteristics

Of the persons diagnosed with dementia during the CCSMA, 328 were enrolled in the DPS
with 292 having completed the mMMNA at least once over the course of the study. Those with
follow-up mMNA scores (A= 189) had mean (SD) visit number and follow-up times of 3.22
(1.16) visits and 3.01 (1.45) years, respectively. The mean time interval between visits
ranged from 1.09 to 1.40 years. Table 1 displays baseline characteristics of those included in
the MMNA analyses while Table 2 indicates the number of participants at follow-up years
from baseline. The most common reason for lack of follow-up was due to participant death
across all visits (13-28%). Other reasons for drop-outs included refusals (1-2%), or break-
off (1-3%).The majority of the sample was female (56%) and had AD (72%). Dementia
severity at baseline was generally mild as indicated by the baseline CDR and MMSE. The
majority was also residing at home and rated in ‘good health’ on their GMHR. Mean (SD)
MMNA score at baseline was 16.54 (2.96), which is in range of “at risk for malnutrition.”
Persons missing the mMMNA and excluded from the present analyses were more likely to be
female, live with professional assistance in either a residential care facility or nursing home,
have longer dementia duration at baseline, and worse cognitive and functional ability. Table
1 shows the differences in baseline characteristics between persons with and without mMNA
scores.

mMNA trajectory

The trajectory of mMMNA scores declined significantly over time by approximately half a
point for each year of observation. Those who were older at the time of dementia onset as
well as those with longer disease duration at baseline had significantly worse nutritional
status, while males scored approximately 1 point higher on the mMNA. Additionally, those
in the “other” category of dementia (non-AD and nonvascular dementia) had a 2-pt lower
mMNA score compared to an AD diagnosis. Linear mixed model results are shown in Table
3.

MMSE trajectory

In modeling the MMSE trajectory, a quadratic time (time?) term was statistically significant
(as previously demonstrated in this cohort [20, 25]), indicating a nonlinear rate of decline in
MMSE. Additionally, there was a significant interaction between time and time?2 with
mMNA score. MMNA score was associated with the rate of MMSE decline over time such
that lower mMNA scores predicted more rapid decline during the first several years of
follow-up before slowing whereas higher mMMNA scores were associated with slower decline
during the first several years of follow-up before accelerating (see Fig. 2, which displays the
association of mMMNA score and rate of MMSE decline for selected values of the mMNA).
Results remained significant after the inclusion of significant covariates (dementia duration
at baseline and presence of the APOE E4). Table 4 displays the model results. As an
illustration of effect sizes, Table 5 shows estimated values of the MMSE by selected mMMNA
score at years of follow-up. Both the figure and table illustrate the complex relationship
between mMMNA and MMSE scores over time. For example, in persons with an mMNA
score of 22, the difference in estimated MMSE score differs by 0.23 between baseline and
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year 1 and 0.93 between years 1 and 2, but gradually /ncreasesto 3.02 between years 4 and
5, thus showing an acceleration in the rate of decline in MMSE over time. Contrast this
pattern with those who score 6 on the mMMNA where the difference in estimated MMSE
score differs by 3.14 between baseline and year 1 and 2.48 between years 1 and 2, but
gradually decreasesto 0.52 between years 4 and 5, thus showing a deceleration in the rate of
decline in MMSE over time.

CDR-sb trajectory

Unlike the MMSE trajectory, a non-linear (time2) term was not significant in modeling the
CDR-sb. With the inclusion of covariates, mMMNA was associated with overall CDR-sb
trajectory, such that each additional point on the mMNA was associated with a 0.35 lower
score on the CDR-sb, indicating that better nutritional status is associated with less severe
dementia across time. Significant covariates included dementia duration at baseline (o<
0.001) and type of dementia (p < 0.05). Table 4 displays model results and Fig. 2 illustrates
mean differences in CDR-sb for selected mMNA values.

DISCUSSION

As the prevalence of dementia increases world-wide and in the absence of a cure, research
on factors associated with the rate of progression of dementia is critically important.
Previous research in clinic-based dementia samples had demonstrated that those who are
malnourished or at risk for malnutrition display worse cognitive and functional outcomes
compared to those who are well-nourished [12, 17]. The current study confirms and extends
these findings in a population-based sample with longitudinal follow-up for up to 6 years.
Nutritional status was associated with dementia severity as measured by the CDR-sb and the
rate of cognitive decline as assessed by the MMSE in persons with dementia. Although at
longer follow-up times, the rate of decline slowed in those with low mMNA scores and
accelerated in those with high mMMNA scores, over the short term, there was greater
maintenance of MMSE scores for those with higher mMNA. Added to the differences in
baseline MMSE scores, this finding suggests those with higher mMNA scores would likely
experience higher overall cognitive abilities over the course of dementia than those with
lower mMMNA scores. Nonetheless, with the rate of MMSE change over time, the mean
difference in MMSE was less at baseline and at later years of follow-up; the latter may
reflect the possible differential drop out (mortality) of those with the poorest nutritional
status or floor effects of measuring cognitive impairment in persons with severe dementia. In
overall dementia severity, each point higher on the mMMNA predicted an approximately 1/3
point better score on the CDR-sh. This translates to an approximate 6-point difference when
comparing a person with a score of 6 to an individual with a score of 22. The current results
imply that monitoring nutritional status and possibly intervening in those with poor
nutritional status may improve both cognitive and overall dementia severity in persons with
dementia.

While older adults in general are at greater risk for malnutrition and its consequences,
individuals with dementia are especially vulnerable. Significant weight loss, an indicator of
malnutrition, has been associated with greater dementia severity and mortality in persons
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with AD [26]. In fact, the risk for mortality increases exponentially as 8% or more body
weight is lost [26]. Oral nutritional supplements have been shown to significantly increase
body weight and BMI in nursing home residents with and without dementia [27].
Alternatively, personalized nutritional counseling without supplements was found to be
beneficial for community-dwelling, cognitive-healthy older adults. This intervention led to
maintenance and improvements in nutritional status (weight, BMI, MNA, and albumin
levels) over two years in the group that received counseling compared to those in the control
group [28]. The Health and Nutrition Promotion Program for Patients with Dementia
(NutriAlz) researchers pioneered a similar dietary educational approach with community
dwelling persons with mild-moderate AD and their caregivers [29]. While they found an
improvement in nutritional status over 1 year compared to controls, they did not see
associated group differences in independence (ADLs and IADLS), dementia severity (CDR),
or cognitive function (MMSE); however, there were trends for the intervention group to have
less change in measures of behavioral disturbances (NPI) and caregiver burden. It is possible
that with longer follow-up, greater effects of the nutritional intervention may emerge. Our
data suggest that the greatest effects of nutritional status may be early in the course of
dementia, arguing for early monitoring and intervention.

We identified several factors associated with nutritional status in dementia. Persons with
non-AD and non-vascular forms of dementia, females, and those with older onset ages and
longer dementia duration may be especially at risk for declining nutritional status. For each
additional year of dementia duration, there was an associated loss of 1/3-pt on the mMMNA,
and those with a non-AD and non-vascular dementia scored 2 points lower on the mMNA
than those with AD. Previous research in older adults with and without dementia indicates
that nutritional status declines with age and that women are more likely to be malnourished
[12, 17, 30, 31]. While some have speculated that women may have worse nutritional status
because they were older [12], others have suggested that this may reflect gender role
differences with women having higher financial dependency and in an Indian sample, less
purchasing power over food decisions [30]. Though differences between male and female
caregiver coping have been documented [32], it is unclear how the adequacy of caregiving
tasks (such as nutrition) compares between genders. Male caregivers often take on an
unfamiliar role (with respect to traditional gender roles) when completing domestic tasks,
such as cooking, for their female spouses with dementia [33], and male caregivers are less
likely to utilize community or government support for caregiving activities [32], thus
nutritional quality of meals may differ depending on the care-giver gender. Furthermore,
Rullier et al. reported that the nutritional status of the person with dementia is positively
associated with the nutritional status of the caregiver [34]. Nutritional monitoring and/or
interventions should take place early at the identification of dementia with the hope of
affecting dementia outcomes. In as much as the mMMNA assesses nutritional status across a
number of domains, identifying specific areas (e.g., nutrient intake, mobility, etc.) related to
dementia outcomes is an important next step as is the development of and test of nutritional
interventions.

The current sample was comprised of a relatively homogenous sample of Caucasian older
Americans with low prevalence of health-risk behaviors such as drinking and smoking.
While this may reduce the generalizability to more diverse populations, past research on
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factors influencing dementia outcomes with this cohort have been broadly consistent with
the literature. A strength of the present study is the population-based sample that was
followed for up to 6 years, with high participation rates at follow-up. This longitudinal
design allowed us to conduct time-varying analyses to determine the specific roles of factors
over time. Including all-cause dementia cases increased the relevance of this research, while
including dementia type as a variable in statistical models enabled us to control for and
examine differences between forms of dementia.

In summary, the present study offers evidence that nutritional status is an important factor
associated with cognitive health and functional abilities over the course of dementia. The
findings discussed here are based on significant associations and cannot confirm a cause and
effect relationship between nutritional status and dementia progression, as it is also possible
that declining nutritional status represents a characteristic feature of the advancing dementia
syndrome. Further investigation is warranted, particularly with research designs that involve
random assignment to nutrition intervention versus no-intervention control to examine
subsequent effects on dementia progression. Understanding the specific aspects of
nutritional status that potentially affect dementia progression and the efficacy of
interventions targeting malnutrition may hold promise in reducing the degree of disability,
costs and caregiver burden associated with dementia.
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with dementia
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cognitive status

|
359 prevalent 7 determined at 576 incident
dementia autopsy dementia
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prior to DPS
recruitment
| 1 | |
7 Refused 41 Refusal due to 77 Deceased 2 Moved 328 Enrolled
poor health
36 did not 292 with
complete the
mMMNA complete mMNA
Fig. 1.

Enrollment flow-chart. Identification of persons with dementia in the Cache County Study
on Memory in Aging (CCSMA) and subsequent recruitment for the Dementia Progression
Study (DPS). Only participants with incident (onset within approximately 3 years) dementia
were recruited for DPS. Of those who enrolled in DPS, 292 completed the mMNA at least
once and were included in the present analyses.
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Fig. 2.
Nutritional Status is associated with cognitive (MMSE?) decline and functional (CDR-sh®)

status. The left-most figure shows the association between mMNA and rate of cognitive
decline (MMSE) for selected values of the mMNA (range of 6 through 22). The figure on
the right shows the association between mMNA values and dementia severity (CDR-sb).
Note, there is no differential rate of change in dementia severity by mMNA scores. 2MMSE,
Mini-Mental State Exam, 30-pt max where higher scores indicate better cognitive

status. PCDR-sb, Clinical Dementia Rating-Sum of Boxes, 30-pt max where higher scores
indicate more severe dementia.
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Table 1

Sample Characteristics of mMMNAZ Completers versus Non-completers?

mMMNA (n = 292)

No mMNA (n = 36)

Chi2or t value

Female N (%)
Dementia Type N (%)
AD
Vascular dementia
Other dementia

Baseline Place of residence N (%)

Home/Outpatient
Assisted Living
Nursing Home
Missing
Baseline GMHR @ N (%)
Fair-Poor
Good
Excellent
Missing
Baseline mMMNA M (SD)
Education M (SD)
Onset Age M (SD)

Baseline Dementia duration M (SD)

Baseline MMSEZM (SD)

Baseline CDR-sb4 M (SD)
Baseline mMMNA M (SD)

164 (56.2)

210 (71.9)
36 (12.3)
46 (15.8)

206 (70.5)

56 (19.2)
29 (9.9)
1(0.3)

58 (19.9)
192 (65.8)
41 (14.0)
1(0.3)
16.54 (2.96)
13.3 (3.0)
82.2 (6.0)

3.5(1.9)
20.5 (6.8)
6.9 (4.8)

16.54 (2.96)

26 (72.2)

26 (72.2)
3(8.3)
7 (19.4)

14 (38.9)

10 (27.8)

10 (27.8)
2(5.6)

6 (16.7)
26 (72.2)
2(5.6)
2(5.6)
NA
13.3 (2.6)
84.2 (6.0)

4.4(1.8)
17.2 (7.9)
9.3(6.2)

NA

3.39
0.70

*

15.09

2.13

NA
-0.03

-1.96"

-27
25

-2.28%
NA

*
p<0.05;

Ak
p<0.01.

Page 13

lamMNA, modified Mini-Nutritional Assesment; GMHR, General Medical Health Rating; MMSE Mini-Mental State Exam; CDR-sb, Clinical

Dementia Rating-Sum of Boxes.

b . .
corrected for Levene’s Test for Equality of Variances.
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Table 2

Page 14

Follow-up Summary of Cache County Dementia Progression Participants with completed mMMNAZ scores? by

year
Years Participants
Baseline 257
1-2 156
2-3 99
3-4 69
4-5 38
5-6 24

a e - - . - -
mMNA: modified Mini-Nutritional Status, 22-pt max where higher scores indicate better nutritional status.

35 participants were missing mMMNA scores at baseline, but contributed to subsequent time-points and were included in the linear mixed models.
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