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Abstract

Objective: To examine body mass index (BMI) and cognitive decline in subjects diagnosed with

mild cognitive impairment (MCI).

Methods: Neuropsychological testing was conducted of 286 MCI subjects. General estimating
equations (GEE) assessed the relationships of baseline BMI with one-year change in global
cognition. Logistic GEE assessed the relationship of BMI with a clinically significant decline in

assessments of global cognition and conversion to Alzheimer’s disease (AD).

Results: Baseline BMI was associated with a significant decline in cognitive performance in
MCI. We observed that a low baseline BMI as associated with an increased risk of a clinically
significant decline in global cognition. No association between baseline BMI and conversion to

AD was observed.

Conclusions: Lower BMI is associated with a more rapid decline in cognition in MCI. This
relationship suggests changes in metabolism are present in MCI or body composition may

influence the rate of cognitive decline in MCL.



Introduction

In 2006 there were 37.3 million individuals aged 65 or older living in the United States.
This represents an increase of 10.0% in this age group within the last ten years. Additionally, the
number of Americans aged 45-64 who will reach 65 over the next two decades is expected to
increase by 39% during this decade. As a result of this shifting demographic, by the year 2050
the proportion of the total population with Alzheimer Disease (AD) will double (0.24%),
compared to the 1995 population (0.14%).' To address this growing concern, the Alzheimer's
Disease Neuroimaging Initiative (ADNI) was launched in October 2004 to characterize the
earliest clinical signs (imaging and biomarker) of the degenerative process that is likely to
develop into AD.*?

Some of the earliest characterizations of dementia have noted significant weight loss
during the progression of the disease. *” Weight loss is associated with more rapid progression
of AD and increased mortality.® Interestingly, numerous studies have found weight loss to be
associated with dementia many years prior to the emergence of clinically apparent symptoms.”
In fact, atrophy of the brain in areas associated with feeding behavior have been found in AD
subjects with low BML '* Moreover, recent work in mouse models has shown that the obesity
related hormone leptin is negatively related to the hallmark pathological process of AD."” These
studies are in contrast to previous works that have shown an association between midlife obesity
the development of dementia.'®*!

To address this conflict, the primary focus of this study was to explore the relationship
between BMI and cognitive decline. This study is unique in that it examines the role of BMI in
subjects diagnosed with mild cognitive impairment (MCI). MCl is characterized as a transition

phase between normal aging and Alzheimer disease (AD). Most individuals with the amnesic



form of MCI eventually develop AD, suggesting that, in many cases, MCI may be the earliest

2224 While the diagnostic precision of MCI has been questioned,25 the

clinical phase of AD.
clinical utility of MCI remains promising. Given that AD is a degenerative process, the rationale
for this diagnostic construct is to identify individuals early in the disease process who would be

most responsive to intervention. Our a priori hypothesis was that lower BMI would be

associated with a more rapid decline in cognition in the MCI cohort.
Methods

Sample: We compiled demographic, height, weight, and cognitive data on 286 MCI participants
enrolled in ADNI. We restricted our analysis to subjects who had complete one-year follow up
data as of the February 5" 2008. ADNI criteria for MCI include an MMSE score between 24-30
(inclusive), a memory complaint, have objective memory loss measured by education adjusted
scores on Wechsler Memory Scale Logical Memory II, a clinical dementia rating (CDR) of 0.5,
absence of significant levels of impairment in other cognitive domains, essentially preserved
activities of daily living, and an absence of dementia. Baseline, 6 month, and 12-month
psychometric and clinical data was collected from 286 individuals diagnosed with MCI. General
estimating equations were used to assess the relationship between baseline BMI and one-year

cognitive decline in the ADNI Cohort.

Clinical Assessment: ADNI participants were evaluated with standard clinical and psychometric
evaluations at baseline, 6-month and 12-months. The CDR * was performed at each follow up,
a complete battery of clinical and neuropsychological measures were collected. A standardized

clinical evaluation was performed collecting information on demographics, vital signs including

height and weight, concurrent medications, family history, physical exam, neurological exam,



and the Hachinski-ischemic score. BMI was calculated by dividing subject weight in kg by the
square of the subject’s height in meters. Subjects were evaluated with the Hamilton Depression
Rating Scale, Mini Mental State Examination, Alzheimer's Disease Assessment Scale-cognitive
subscale (ADAS-Cog), WMS-R Logical Memory II, Auditory Verbal Learning Test, Boston
Naming Test, Trail Making A & B, Digit Symbol, Clock Drawing Test, and Category Fluency.
Following each clinical assessment, the evaluating clinician determines diagnostic conversion as
well as a “clinically significant” worsening in the ADAS-Cog, MMSE, and the CDR sum of
boxes assessments. Per the ADNI protocol, the threshold for “clinically significant” is left to the

judgment of the ADNI physician.
Measures of Global Cognition:

We used 4 measures to assess global cognitive performance: z-global, ADAS-Cog, the

CDR sum of boxes, and MMSE.

The MMSE is a screening instrument frequently used for Alzheimer’s disease drug
studies. The scale evaluates orientation to place, orientation to time, registration (immediate
repetition of three words), attention and concentration (serially subtracting seven beginning with
100), recall (recalling the previously repeated three words), language (naming, repetition,
reading, writing, comprehension), and visual construction (copy two intersecting pentagons). The

MMSE measures cognitive impairment with a score ranging from 0 (best) to 30 (worst).?’

The ADAS-Cog is a structured scale that evaluates memory (word recall, word
recognition), reasoning (following commands), language (naming, comprehension), orientation,
ideational praxis (placing letter in envelope) and constructional praxis (copying geometric

designs). Ratings of spoken language, language comprehension, word finding difficulty, and



ability to remember test instructions are also obtained. The test is scored in terms of errors, with

higher scores reflecting poorer performance. Scores can range from 0 (best) to 70 (worse).*®

A global cognitive z-score was calculated for the following psychometric tests: (Logical
Memory-Delayed Recall, Digit Span Forward: Total Correct, Digit Span Backward: Total
Correct, Category fluency animals, Category fluency vegetables, Trail Making B, Boston
naming test, and Auditory Verbal Learning test, and Digit Score-Total Correct). The composite
measure was derived as follows: 9 raw scores were transformed into z-scores utilizing the
baseline means and standard deviations for each test calculated from baseline means and
standard deviations from the cognitively normal subjects within the ADNI cohort. Subtest test z-
scores for participants with dementia were averaged to create a z-score for each cognitive test. If
any of the individual test z-scores were missing, the global z-score was considered missing and

was excluded from the analysis.

The CDR describes five degrees of impairment in performance on each of 6 categories of
cognitive functioning including memory, orientation, judgment and problem solving, community
affairs, home and hobbies, and personal care. The ratings of degree of impairment obtained on
each of the 6 categories of function are synthesized into one global rating of dementia (ranging

from O to 3).26

Statistical Analyses: To characterize baseline demographics, continuous variables were
summarized by means and standard deviations while categorical variables were summarized by

frequency and percent.

In the longitudinal analysis, we explored the relationship between baseline BMI as a

continuous variable and four global markers of cognitive decline, global z-score, MMSE, ADAS-



Cog, CDR sum of boxes. Cognitive decline was modeled by linear generalized estimating
equations (GEE) analyses as described by Twisk.” Generalized estimating equations analysis is
analogous to linear regression however, this analysis technique takes into account within-subject
correlations found in longitudinal study designs. In the models tested, the dependent variables
were the global z-score, ADAS-Cog, MMSE, and the CDR sum of boxes assessments. Predictor
variables were baseline BMI, time, and a baseline BMI*time interaction. The interaction
between baseline BMI and time modeled the influence of baseline BMI on the rate of cognitive

decline.

To examine the clinical significance of any association with cognitive decline and BMI,
we modeled relationship between baseline BMI and the determination of a “clinically
significant” decline in ADAS-Cog, MMSE, and CDR sum of boxes. We used logistic
generalized estimating equations to calculate odds ratios to assess the relationship between BMI

and a “clinically significant” progression of MMSE, ADAS-Cog, and CDR box score.

In this analysis, the presence or absence of a clinically significant cognitive decline was
used as a dependent variable. Baseline BMI was fit as a continuous variable to estimate the
likelihood of “clinically significant” cognitive worsening. Similar logistic generalized
estimating equations were used to assess the relationship between baseline BMI and the
likelihood of progression from MCI to AD. All predictive models controlled for age, gender,
and education. We examined the within-subject correlation structure of the continuous outcome
variables and determined that an exchangeable correlation structure would be the most

appropriate for this study. All analyses were conducted using SPSS15 using an a-level of 0.05.



Results

Sample characteristic:

Sample characteristics for the MCI cohort are outlined in Table 1. The MCI cohort had
an average age of 75.0 (SD 7.5) and was 34% female mean baseline BMI of 26.0 (SD 4.0). The

cohort’s baseline mean MMSE was 26.9 (SD 1.8) and ADAS-Cog was 9.5 (SD 3.7).

Relationship of BMI to Cognitive Performance

General estimating equations were used in adjusted regression models to examine
baseline BMI and its association with cognitive decline Table 2. Baseline BMI was not
associated with any of the global tests of cognition. Baseline BMI was associated with a reduced
rate of cognitive decline in ADAS-cog, MMSE, global z-score. A one unit decrease in BMI at
baseline was associated with a 1.3% decline in ADAS-cog performance (p=0.03), a 3.6% decline
in MMSE score (p=<0.001), and a 3.5% decline (p=0.05) in global cognitive performance over a
one year interval. No association was observed between CDR sum of boxes and baseline BMI.
Figure 1 graphically represents the expected values of the prediction models and demonstrates
the relationship between of baseline BMI and cognitive decline. To illustrate the magnitude of
the influence of baseline BMI, the subject’s BMI was ranked into tertiles and plotted against
time. Subjects in the highest baseline BMI tertile show minimal cognitive decline whereas

subjects in the lowest baseline BMI tertile had the most rapid decline.

Baseline BMI and Clinically Significant Cognitive Decline

To assess the clinical significance of the above findings logistic regression models were

fit to estimate the odds of the determination of a subject’s clinically significant decline as
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determined by the evaluating ADNI clinician, Table 2. The event indicator in these models was
coded as a clinically significantly worsening of the ADAS-Cog, MMSE, and the CDR Sum of
Boxes. We observed a protective effect of BMI in reducing the risk of ADAS-Cog decline
(n=54, adjusted OR=0.91; CI 0.83-0.99; p=0.03) and a marginally significant protective effect in
reducing MMSE decline (n=70, adjusted OR=0.93 CI 0.86-1.0; p=0.06). No association was

found between BMI and CDR Box Score (n=86, adjusted OR=0.98 CI 0.91-1.05; p=0.54).

Baseline BMI and Diagnostic Progression

Over the one-year interval, we identified 54 subjects with MCI who converted to AD.
Similar logistic regression models were fit to assess the relationship between BMI and clinical
progression from MCI to AD, Table 3. Baseline BMI was not found to be associated with the

MCI cohort’s progression to AD (adjusted OR=0.98 CI 0.92-1.05; p=0.62).

Discussion

These results suggest a relationship between BMI and cognitive decline in MCI. We
observed that individuals with the lowest levels of BMI were associated with the highest levels
of cognitive decline over a one-year interval. Moreover, these results substantiate a clinical
relevance of this finding. BMI was not found to be protective of diagnostic conversion to AD
although only 52 participants converted to AD over the relatively short time frame of data
analyzed. This would suggest that a one-year analysis is sufficient to model the relationship
between BMI and cognitive decline, but too short to model the relationship between BMI and the

functional decline necessary for the progression from MCI to AD.

These results confirm previous reports which suggest that alterations in body composition

9,10, 13, 30

may occur months or years before the clinical symptoms of dementia. These data imply
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that age differentially modifies the association between BMI and cognitive decline and
seemingly contrast reports that have shown that BMI in midlife represents a risk factor for the

development of dementia.’'*

This phenomenon has been observed in other illnesses. For
instance, while BMI is a risk factor for cardiovascular disease and certain cancers, the link

between obesity and all-cause mortality diminishes with increasing age and is greatly reduced or

absent by the time individuals reach their mid-70s to early 80s.*

While the mechanism of the weight loss in subjects with MCI is unknown, these findings
raise questions about the mechanisms of the weight loss. Body composition change may be
related to behavioral changes such as reduced caloric intake due to forgetting to eat or the
inability to plan and prepare adequate meals. This issue, however, was addressed in previous
work which showed that poor dietary intake alone can not explain weight loss in AD patients.*
A physiologic mechanism may explain the association of BMI and cognitive decline in MCI. For
instance, a higher BMI is associated with higher peripheral insulin which has been found to be
associated with higher whole brain volume and better cognitive performance in the early-AD
population.”” Atrophy of the mesial temporal cortex which is involved in feeding behavior and
memory, has been shown to be associated with low BMI in AD patients.'* Finally, recent work
as shown that increasing levels of obesity-related leptin negatively regulates AP levels in both

. 1
mouse models and primary cultured neurons. >

A major strength of this study is that the sample consisted of well-characterized MCI
subjects that allowed us to explore the earliest stages of cognitive decline. The strict diagnosis
procedure minimizes the potential for misclassification bias that is common in many neruo-
cognitive studies. Other strengths include the use of multiple cognitive assessments and the

longitudinal nature of the study. Additionally, depressive symptoms have been shown to be
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associated with weight changes in the elderly.3 ¥ Since depressed individuals were excluded from

the ADNI study at baseline, this potential confounder did not affect these results.

The primary limitation of the study was the short follow up. We cannot be sure if MCI
subjects lost weight prior to diagnosis or if low BMI in MCI correlates with faster cognitive
decline. Also, BMI does not differentiate between fat and muscle mass. Future studies should
explore the use of more sophisticated measures of body composition to characterize the
individual effects and distribution of lean mass and fat mass on cognitive decline. Finally, the
MCI patients in the ADNI study were highly educated, non-depressed, community dwelling, and
in good general health. These demographic characteristics may influence the generalizability of
these results and may have influenced the true relationship of cognitive impairment with BMI in

MCL.

These findings indicate a negative association between BMI and cognitive decline in
MCI. This suggests systemic alterations occurring some time prior to even the mildest cognitive
disturbances. Low BMI or recent changes in BMI may be indicative of worse cognitive
outcomes. Given these findings, one of two scenarios would seem plausible. First, low body
weight may be a risk factor for the development of cognitive decline, as suggested by previous
studies. ** If so, these data suggest that elderly individuals may be responsive to exercise and
dietary interventions designed to delay the onset of dementia.*’ On the other hand, weight loss
may be a down stream behavioral or neuro-biologic manifestation of AD related brain pathology.
Indeed, there is now increasing evidence that AD related pathology may occur several years
before clinical symptoms are present.*! If this is the case, weight loss may be one of the earliest

clinical indicators of dementia in the elderly.

13



References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hebert LE, Beckett LA, Scherr PA, Evans DA. Annual incidence of Alzheimer disease in
the United States projected to the years 2000 through 2050. Alz Dis Assoc Dis.
2001;15:169-173

Mueller SG, Weiner MW, Thal LJ et al. Ways toward an early diagnosis in Alzheimer's
disease: The Alzheimer's Disease Neuroimaging Initiative (ADNI). Alzheimers Dement.
2005;1:55-66

Mueller SG, Weiner MW, Thal LJ et al. The Alzheimer's disease neuroimaging initiative.
Neuroimaging Clin N Am. 2005;15:869-877, xi-xii

Guyonnet S, Nourhashemi F, ReyesOrtega G et al. Weight loss in Alzheimer's disease.
Revue de Medecine Interne. 1997;18:776-785

Riviere S, Gillette-Guyonnet S, Nourhashemi F, Vellas B. Nutrition and Alzheimer's
disease. Nutrition Reviews. 1999;57:363-367

Poehlman ET, Dvorak RV. Energy expenditure, energy intake, and weight loss in
Alzheimer disease. American Journal of Clinical Nutrition. 2000;71:650S-655S
Wolf-Klein GP, Silverstone FA. Weight loss in Alzheimer's disease: an international
review of the literature. Int Psychogeriatr. 1994;6:135-142

White H, Pieper C, Schmader K. The association of weight change in Alzheimer's
Disease with severity of disease and mortality: A longitudinal analysis. Journal of the
American Geriatrics Society. 1998;46:1223-1227

Johnson DK, Wilkins CH, Morris JC. Accelerated Weight Loss May Precede Diagnosis in
Alzheimer Disease. Arch Neurol. 2006;63:1312-1317

Buchman AS, Wilson RS, Bienias JL et al. Change in body mass index and risk of
incident Alzheimer disease. Neurology. 2005;65:892-897

Grundman M. Weight Loss in the Elderly May Be a Sign of Impending Dementia.
Archives of Neurology. 2005;62:20-22

BarrettConnor E, Edelstein SL, CoreyBloom J, Wiederholt WC. Weight loss precedes
dementia in community-dwelling older adults. Journal of the American Geriatrics Society.
1996;44:1147-1152

Stewart R, Masaki K, Xue QL et al. A 32-Year Prospective Study of Change in Body
Weight and Incident Dementia: The Honolulu-Asia Aging Study. Archives of Neurology.
2005;62:55-60

Grundman M, Corey-Bloom J, Jernigan T et al. Low body weight in Alzheimer's disease
is associated with mesial temporal cortex atrophy. Neurology. 1996;46:1585-1591
Fewlass DC, Noboa KARI, Pi-Sunyer FX et al. Obesity-related leptin regulates
Alzheimer's A{beta}. The FASEB Journal. 2004;18:1870-1878

Whitmer RA, Gunderson EP, Barrett-Connor E et al. Obesity in middle age and future
risk of dementia: a 27 year longitudinal population based study. BMJ. 2005;330:1360
Hendrie HC, Ogunniyi A, Hall KS et al. Incidence of dementia and Alzheimer disease in
2 communities. Journal of the American Medical Association. 2001;285:739-747
Hendrie HC, Hall KS, Ogunniyi A, Gao S. Alzheimer's disease, genes, and environment:
the value of international studies. Can J Psychiatry. 2004;49:92-99

14



19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kivipelto M, Ngandu T, Fratiglioni L et al. Obesity and vascular risk factors at midlife and
the risk of dementia and Alzheimer disease. Arch Neurol. 2005;62:1556-1560

Jagust W, Harvey D, Mungas D, Haan M. Central obesity and the aging brain. Arch
Neurol. 2005;62:1545-1548

Razay G, Vreugdenhil A, Wilcock G. Obesity, abdominal obesity and Alzheimer disease.
Dement Geriatr Cogn Disord. 2006;22:173-176

Petersen RC. Mild cognitive impairment: transition between aging and Alzheimer's
disease. Neurologia. 2000;15:93-101

Petersen RC. Mild cognitive impairment: where are we? Alzheimer Disease &
Associated Disorders. 2005;19:166-169

Portet F, Ousset PJ, Touchon J. [What is a mild cognitive impairment?]. Rev Prat.
2005;55:1891-1894

Voisin T, Touchon J, Vellas B. Mild cognitive impairment: a nosological entity? Curr Opin
Neurol. 2003;16 Suppl 2:543-45

Berg L. Clinical dementia rating. Psychopharm Bull. 1988;24:637-639

Folstein MF, Folstein SE, McHugh PR. Mini-mental State: A practical method for grading
the cognitive state of patients for the clinicians. J.Psychiatr.Res. 1975;12:189-198
Rosen WG, Mohs, R. C., Davis, K. L., et al. A new rating scale for Alzheimer's Disease. .
American Journal of Psychiatry. 1984;141:1356-1364

Twisk J. Applied Longitudinal Data Analysis for Epidemiology — a Practical Guide.
Cambridge,UK:CambridgeUniversity Press. 2003:pp. 225-240

Atti AR, Palmer K, Volpato S et al. Late-life body mass index and dementia incidence:
nine-year follow-up data from the Kungsholmen Project. J Am Geriatr Soc. 2008;56:111-
116

Whitmer RA, Sidney S, Selby J et al. Midlife cardiovascular risk factors and risk of
dementia in late life. Neurology. 2005;64:277-281

Winblad B, Palmer K, Kivipelto M et al. Mild cognitive impairment--beyond controversies,
towards a consensus: report of the International Working Group on Mild Cognitive
Impairment. J Intern Med. 2004;256:240-246

Vanhanen M, Kivipelto M, Koivisto K et al. APOE-epsilon4 is associated with weight loss
in women with AD: a population-based study. Neurology. 2001;56:655-659

Rosengren A, Skoog |, Gustafson D, Wilhelmsen L. Body mass index, other
cardiovascular risk factors, and hospitalization for dementia. Arch Intern Med.
2005;165:321-326

McTigue KM, Hess R, Ziouras J. Obesity in older adults: a systematic review of the
evidence for diagnosis and treatment. Obesity (Silver Spring). 2006;14:1485-1497
Wang PN, Yang CL, Lin KN et al. Weight loss, nutritional status and physical activity in
patients with Alzheimer's disease. A controlled study. J Neurol. 2004;251:314-320

Burns JM, Donnelly JE, Anderson HS et al. Peripheral insulin and brain structure in early
Alzheimer disease. Neurology. 2007;69:1094-1104

Forman-Hoffman VL, Yankey JW, Hillis SL et al. Weight and depressive symptoms in
older adults: direction of influence? J Gerontol B Psychol Sci Soc Sci. 2007;62:543-51
Nourhashemi F, Deschamps V, Larrieu S et al. Body mass index and incidence of
dementia: the PAQUID study. Neurology. 2003;60:117-119

15



40.

41.

Riviere S, Gillette-Guyonnet S, Voisin T et al. A nutritional education program could
prevent weight loss and slow cognitive decline in Alzheimer's disease. J Nutr Health
Aging. 2001;5:295-299

DeKosky S, Marek K. Looking backward to move forward: Early detection of
neurodegenerative disorders. Science. 2003;302 830-838

16



Table 1. Baseline Characteristics of MCI subjects

Variable Mild Cognitive Impairment
n=286
Demographics
Age 75.0 (7.5)
Female Gender n (%) 98 (34.1)
Years of Education 15.8 (3.0)
Baseline BMI 26.0 (4.0)
Cognitive Assessments
MMSE 26.9 (1.8)
ADAS-Cog 9.5@3.7)
CDR Box Score 1.6 (0.9)
Global Z-Score -0.97(0.6)
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Table 2.

Baseline BMI and “Clinically Significant” Cognitive Decline in MCI (n=286)

Assessment Clinically
of Glf)l.)al Slgnlflcz}nt Effect Estimate 95% Confidence Interval P-value
Cognitive Progression (OR)
Decline (n)
ADAS-Cog 54 0.91 0.83-0.99 0.03
MMSE 70 0.93 0.86-1.0 0.06
CDR Box 86 0.98 0.91-1.05 0.54
Score
Table 3.
Baseline BMI and MCI Conversion to AD (n=286)
Diagnostic .
Conversion Effect Estimate 95% Confidence Interval P-value
) (OR)

52 0.98 0.92-1.05 0.62




Figure 1:

Predicted Global Z Score

-0.90+

-0.954

-1.004

-1.05+

B HighBMI
B Medium BMI
B LowBMI

T

Baseline

Month 12

19



Predicted MIMSE Score

30.00

29.00+

28.004

27.00

26.00

25.004

%

B HighBM|
B Medium BMI
B LowBMI

24.00

T

Baseline

T

Month 12

20



Predicted ADAS-Cog Score

16—

14+

12

10+

B High BMI
B Medium BMI
B LowBMI

(=]

Baseline

Month 12

21



