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Background. The association between body adiposity at older ages and the development of cognitive impairment is
unclear.

Methods. The association of body mass index (BMI) and waist circumference in late life with incidence of cognitive
impairment was prospectively examined in a cohort study of 1,351 Latinos, aged 60-101 and residents of the Sacramento,
CA, area at study baseline. The status of dementia and “cognitive impairment but not demented”” (CIND) was determined
at baseline and at each of five follow-up examinations by a multistage assessment protocol. Incident cases of dementia
and CIND were combined (dementia/CIND) for more than 8 years of follow-up. BMI was categorized as less than 25.0,
25.0-29.9 (overweight), and 30 kg/m? or greater (obese). Waist circumference was categorized into sex-specific tertiles.

Results. Dementia/CIND was diagnosed in 110 (8.2%) participants. Compared with the lowest BMI category, over-
weight participants had a 48% decreased rate of dementia/CIND (adjusted hazard ratio [HR] = 0.52, 95% confidence
interval [CI]: 0.30-0.91) and obese participants had a 61% decreased rate of dementia/CIND (HR = 0.39, 95% CI:
0.20-0.78). Rates of dementia/CIND for the middle and high tertile of waist circumference, compared with the low ter-
tile, were 80% and 90% higher, respectively (adjusted HR = 1.8, 95% CI: 1.1-3.1, and adjusted HR = 1.9, 95% CI:
0.91-3.8).

Conclusions. Abdominal fat in late life appears to confer an increased risk for dementia/CIND, whereas overall obe-
sity appears to be protective. This may reflect age-related changes in body composition and the association of visceral fat

with metabolic dysregulation.
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T is well known that aging is associated with changes in

body composition, including an increase of fat mass and
a decline in lean mass. Abdominal fat, largely caused by the
accumulation of visceral fat, increases proportionally more
with age than peripheral fat (1-4). Many epidemiological
and clinical studies have shown that excess abdominal
visceral fat correlates with increased risk for hypertension,
dyslipidemia, and hyperglycemia (5-7).

Measurement of body mass index (BMI) in older indi-
viduals may not adequately reflect abdominal fat accumula-
tion because of the concurrent decrease in muscle mass. In
older individuals particularly, waist circumference is a more
accurate indicator of abdominal visceral fat level than BMI,
percent body fat, or waist-to-hip ratio (8) and provides good
correlation with the gold standard, computed tomography
or magnetic resonance imaging (MRI) of the abdomen (9).

Because overweight and obesity increase the risk for vas-
cular and metabolic disorders, body fat, particularly central
body adiposity, may be a risk factor for age-related cogni-
tive impairment or dementia. Several reports demonstrate
an association between high BMI at midlife and increased
risk for dementia in older ages (10—12); however, the asso-
ciation between adiposity at older ages and the development

of dementia or cognitive impairment is less clear (13—16).
The prevalence of central and general obesity is rapidly
increasing in the United States, and prevalence of these con-
ditions in Mexican Americans is disproportionately higher
than in non-Hispanic whites and other Hispanic groups
(17). We prospectively evaluated the associations of waist
circumference and BMI with incident dementia or cognitive
impairment in a cohort of older Mexican Americans.

METHODS

Study Population

Data are from the Sacramento Area Latino Study on Ag-
ing (SALSA), a cohort of community-dwelling Latinos,
aged 60 or older at baseline in 1998—1999. Participants were
residents in the Sacramento Metropolitan Statistical Area in
California. Details of the sampling frame and recruitment
have been previously published (18). At baseline, 1,789
individuals were enrolled in the study. Five follow-up
cognitive evaluations were completed between the baseline
evaluation (in 1998-1999) and 2006. More than 80%
percent of participants had at least three follow-up visits,
and the median years of follow-up were 4.5 in this analysis.
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The study population comprised 1,351 SALSA participants
who were free of dementia or cognitive impairment but not
demented (CIND) at baseline, had baseline anthropometric
measurements, and had at least one follow-up cognitive
evaluation during the follow-up period.

All field staff were bilingual in Spanish and English, and
all interviews and clinical evaluations of participants (with
the exception of MRI) were done at their homes in their
language of choice. The study was approved by the Univer-
sity of California at Davis and the University of Michigan
institutional review boards. Written informed consent was
obtained from all participants.

Outcomes

The status dementia and CIND was determined at base-
line and at each follow-up evaluation. Classifications of
cognitive status were based on a multistage assessment pro-
tocol. At each evaluation, the Modified Mini-Mental State
Examination (3MSE) and a verbal delayed word list recall
test (DelRec) from the Spanish and English Verbal Learning
Test (19) were administered to participants. The 3MSE is a
widely used screening tool for dementia that tests a broad
variety of cognitive functions including memory, orienta-
tion, language, and abstract reasoning (20). The 3MSE score
ranges from O to 100, with higher scores indicating better
global cognitive performance. The DelRec has been shown
to be particularly useful in the early detection of abnormal
short-term memory decline in older persons (21). The Del-
Rec scores range from O to 15, with higher scores indicating
better performance. At baseline, a participant was referred
for neuropsychological evaluation if age- and education-
adjusted screening scores fell below the 20th percentile on
either test (3MSE < 84 or DelRec < 7). At each follow-up
evaluation, a participant was referred for neuropsychologi-
cal evaluation if there was a decline from the baseline 3MSE
score by more than 8§ points and the current 3MSE score was
less than 20th percentile or there was a decline from the
baseline DelRec score by more than 3 points and the current
DelRec score was less than 20th percentile. The neuropsy-
chological test battery (Spanish English Neuropsychologi-
cal Assessment Scales) was constructed with five scales to
provide psychometrically matched English- and Spanish-
language measures of cognitive functioning in older persons
(22). These scales included measures of semantic memory,
verbal attention span, verbal abstraction, and visual percep-
tual ability. The neuropsychological evaluation also con-
sisted of the Informant Questionnaire on Cognitive Decline
in the Elderly (IQCODE) (23). Participants were referred
for a neuroclinical examination if they scored below the
10th percentile on one or more of the neuropsychological
tests and 3.40 or greater on the IQCODE, scored below the
10th percentile on four or more neuropsychological tests
regardless of IQCODE, or scored greater than 4.0 on the
IQCODE. Dementia was diagnosed using Diagnostic and

Statistical Manual of Mental Disorders 3rd edition and
National Institute of Neurologic Disorders and Stroke-AD
and Related Disorders Association criteria (24). CIND was
diagnosed if the participant did not meet diagnostic criteria
for dementia but had clinically significant impairment in
one or more cognitive domains. Diagnoses of dementia,
were adjudicated by a neurologist, a geriatrician, and a neu-
ropsychologist. Seven dementia cases that were not diag-
nosed by the study were identified from death certificates
and were assigned a dementia diagnosis after case review;
for these, age at death was assigned as the age at diagnosis.
For the present study, prevalent cases of dementia and CIND
at baseline were excluded and incident cases of all-cause
dementia and CIND were combined (dementia/CIND).

Anthropometric Measurements

Baseline body weight in kilograms, height in meters, and
waist circumference (cm) were measured using standard
tapes, stadiometers, and scales. Weight and height were
measured without shoes. Waist circumference was taken at
the level of the umbilicus at mid-respiration with the
participant standing erect. BMI was calculated as weight in
kilograms divided by height in meters squared.

Covariates

Age in years, education in years, and self-report of physi-
cian’s diagnosis of stroke were assessed by interview at the
baseline home visit. Baseline type 2 diabetes status was
determined by a fasting glucose greater than 125 mg/dL,
self-report of a physician’s diagnosis, or use of a diabetes
medication ascertained by a medicine chest inventory.
Baseline low-density lipoprotein (LDL)-cholesterol was
measured from a fasting blood sample.

Statistical Analysis

Waist circumference was categorized into sex-specific
tertiles, and tertile values for men and women were
combined. Waist circumference tertiles for women were
43.3-88.9, 91.44-101.6, and 104.14-142.24 cm, and for
men, 40-88.9, 91.4—-101.6, and 102—-147.32 cm.

BMI was categorized as less than 25.0, 25.0-29.9 (over-
weight), and 30 kg/m? or greater (obese). BMI categories
for adults traditionally include an underweight category of
less than 18.5, but because only four study participants had
a BMI less than 18.5, the lowest BMI category for this
analysis was categorized as less than 25.0.

Multicollinearity among waist circumference, BMI, and
height was evaluated using standard diagnostic statistics.
Spearman correlation coefficients ranged from —.15 to .65
and the tolerances were between .52 and .91, suggesting the
absence of multicollinearity (25).

Descriptive statistics for participants at baseline were
computed by waist circumference tertile and BMI category.
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Incidence rates were obtained for each waist circumference
tertile and BMI category by dividing the number of cases by
the number of person-years at risk, which was calculated by
summing each participant’s follow-up time from the study
baseline. Confidence intervals for the incidence rates were
calculated assuming a Poisson distribution.

Cox proportional hazards regression was used to examine
the association between baseline waist circumference and
BMI and rate of dementia/CIND during the follow-up
period. Age at diagnosis of dementia/CIND (or censoring)
was used in the models as the time scale as it was expected
to have a larger effect on the hazard than time in study (26,27).
The models were fit with each participant contributing time
at risk starting from the participant’s age at the baseline visit
of the study. Participants who did not return for follow-up
were censored at the age of their last cognitive evaluation.
Participants who died during the follow-up period were cen-
sored at their age of death. Death certificates were sought
for every participant and obtained for 90% who died during
the study period.

Hazard ratio (HRs) with 95% confidence intervals were
obtained for waist circumference tertiles and BMI catego-
ries with the lowest tertile as the reference group for waist
circumference and less than 25.9 kg/m? category as the ref-
erence group for BMI. Regression models were adjusted for
age (as the time scale), sex, and education as these variables
are risk factors for dementia/CIND and are also associated
with body fat. To explore the effect of body fat distribution
on the association between BMI and dementia/CIND, the
HR was further adjusted for waist circumference. Height, as
a measure of body stature and a possible marker of early life
exposures, has been shown to have an independent and
inverse association with late-life cognitive impairment
(28,29); thus, models were additionally adjusted for height
to control for the potential effect of body stature on cognitive
impairment that is not accounted for by BMI (30). Analysis
was done with and without adjustment for baseline diabetes
status, stroke, and LDL-cholesterol level as these may be on
the causal pathway between body fat and cognitive impair-
ment. Tests for trend were evaluated fitting waist circumfer-
ence tertiles and BMI categories as continuous variables.
Interactions between sex and waist circumference, sex and
BMI, age and waist circumference, and age and BMI were
tested. Stratified analyses by sex and age at baseline (<75 vs
>75 years) were also performed to evaluate heterogeneity of
the associations by sex and age. Statistical analyses were
performed using PC-SAS (version 9).

Because weight loss is common in dementia and often
occurs before the onset of clinical symptoms (31,32), all
dementia/CIND cases that were diagnosed at the first two
follow-up visits of the study were excluded in a separate
analysis. This was done to exclude any participants who
might have had clinically undetectable dementia/CIND
early in the study and were experiencing weight loss as a
result of the cognitive impairment.

RESULTS

Participants were followed for an average of 5.6 years
(range 1-8 years). During this period, 110 (8.2%) of the par-
ticipants eligible for this analysis were diagnosed with either
incident dementia (n = 57) or CIND (n = 53). The average
BMI at baseline was 29.8 (standard deviation [SD] = 5.9).
The mean waist circumference among women was 94.8 cm
(8D =13.6) and among men 100.1 cm (SD = 12.3).

The Spearman correlation coefficient (r) was .65
(p < .0001) for waist circumference tertiles and BMI catego-
ries, r=.02 (p = .42) for waist circumference tertiles and height,
and r=—.15 (p < .0001) for BMI categories and height.

Baseline demographic, anthropometric, and health-
related characteristics and cognitive screening test scores by
waist circumference tertiles and BMI categories are shown
in Table 1. With increasing tertile of waist circumference,
education and LDL-cholesterol decreased and the preva-
lence of diabetes increased. With increasing BMI, there was
a decrease in mean age, education, and height. The preva-
lence of diabetes increased with increasing BMI. There was
little difference in average baseline 3MSE or DelRec scores
by waist circumference tertile or BMI category. More than
40% of men and 60% of women fell above the National
Heart, Lung, and Blood Institute cut points of 101.6 cm for
men and 88.9 cm for women.

Table 2 shows the number of dementia/CIND cases, per-
son-years at risk, and incidence rates for participants by
waist circumference tertile and BMI category. The overall
crude incidence rate was 14.6 per 1,000/y. Among BMI
categories, the lowest rate was in the obese category. Among
waist circumference tertiles, the lowest rate was in the low
waist circumference tertile. Table 3 shows the HRs relating
waist circumference to the rate of incident dementia/CIND
in sequentially adjusted models. In Model 1, with no adjust-
ment for BMI, there was little association of waist circum-
ference with dementia/CIND rate. Model 2 shows an increase
in the rate for participants in the middle and high tertiles of
waist circumference compared with the participants in the
low tertile after adjustment for BMI. Further adjustment for
height (Model 3) strengthened the positive association
between waist circumference and dementia/CIND. Exclu-
sion of cases that were identified early in the study (Model 4)
resulted in a 29% increase in the HR relating the highest
waist circumference tertile to dementia/CIND. Figure 1
shows survival to dementia/CIND by waist circumference
tertile adjusted for BMI category, sex, education, and height.

Table 4 shows the HRs relating BMI to the rate of in-
cident dementia/CIND in sequentially adjusted models.
There was an inverse effect of BMI on dementia/CIND
rate without adjustment for waist circumference (Model 1).
Model 2 shows a stronger inverse association between
BMI and dementia/CIND after adjustment for waist
circumference. Further adjustment for height (Model 3)
strengthened the inverse association between BMI and
dementia/CIND. After excluding dementia/CIND cases
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Table 1. Baseline Characteristics by Waist Circumference Tertile and Body Mass Index Category for 1,351 Study Participants

Waist Circumference (cm), Tertiles

Low Tertile (women: 43.2-88.9; men:

Middle Tertile (women: 91.44-101.6; men:

High Tertile (women: 104.14—142.24; men:

Characteristic 40-88.9) 91.4-101.6) 104.14-147.32)
N (% of total) 436 (32.3) 512 (37.9) 403 (29.8)
Age,y 70.0 (6.6) 70.0 (6.9) 69.8 (6.1)
Education, y 8.0(5.3) 7.7(5.4) 7.5(5.5)
Height, cm 159.1 (9.6) 159.6 (10.4) 160.3 (10.7)
LDL-cholesterol, mg/dL 216 (38) 214 (40) 208 (39)
Diabetes, % 19.7 32.0 42.7
Stroke, % 53 9.0 8.2
3MSE score 87.4 (9.7) 87.0 (10.5) 87.0 (10.9)
DelRec score 8.9(2.9) 8.7(2.9) 8.9 (2.7)
Characteristic Body mass index, kg/m?

<25.0 (n =249) 25.0-29.9 (n=521) >30.0 (n = 581)
Age, y 71.3(6.7) 70.1 (6.7) 69.2 (6.3)
Education, y 8.0(5.2) 7.8(5.4) 7.6 (5.4)
Height, cm 161.4 (10.9) 161.1 (10.0) 157.6 (10.0)
LDL-cholesterol, mg/dL 211 (40) 217 (39) 210 (39)
Diabetes, % 16.5 32.4 36.5
Stroke, % 72 6.3 8.8
3MSE score 87.4(9.5) 86.7 (10.4) 87.3 (10.8)
DelRec score 8.7 (2.8) 8.7(2.9) 9.0 (2.8)

Note: Data are means (standard deviation) unless otherwise indicated. LDL = low-density lipoprotein; 3MSE = Modified Mini-Mental State Examination;

DelRec, delayed word list recall test.

that were identified early in the study (Model 4), the
adjusted HRs for BMI and dementia/CIND remained
essentially unchanged. Among those in the highest BMI
category, dementia/CIND rates were 76% lower com-
pared with the lowest BMI category in Model 4. Figure 2
shows survival to dementia/CIND by BMI category
adjusted for waist circumference tertile, sex, education,
and height.

Although there was little evidence of interactions of sex or
age with BMI or waist circumference (p > .10 for all
interaction tests), stratified analysis by sex and age revealed
moderately stronger associations of body adiposity and CIND/
dementia rate among women and among older participants.
Among women, the adjusted HRs were 2.1 and 3.6 for the
middle and highest waist circumference tertile, respectively,
compared with the lowest tertile (p for trend = .009), and
among men, the adjusted HRs were 2.2 and 1.0, respectively

Table 2. Dementia and Cognitive Impairment but not Demented
Incidence Rates (per 1,000/y) by Waist Circumference Tertile and
Body Mass Index (BMI) Category

Incidence Rate

Person—Years (95% Confidence
Number of Cases at Risk Interval)

Waist tertile

Low 30 2,439.1 12.3 (7.9-16.7)

Middle 50 2,864.2 17.5 (12.6-22.3)

High 30 2,234.4 13.4 (8.6-18.2)
BMI category (kg/m?)

<25.0 27 1,381.5 19.5 (12.2-26.9)

25.0-29.9 42 2,967.8 14.2 (9.9-18.4)

>30 41 3,188.4 12.9 (8.9-16.8)

(p for trend = .82). The adjusted HR relating the overweight
and obese categories to the rate of CIND/dementia among
women were 0.41 and 0.22 compared with the lowest BMI
category (p for trend = .001). Among men, these adjusted HRs
were 0.52 and 0.54, respectively (p for trend = .39).

In stratified analysis by baseline age (<75 vs >75 years),
adjusted HRs in the older age group for middle and high ter-
tiles of waist circumference were 3.3 and 4.3 (p for trend =
.01), and were 1.5 and 1.4 (p for trend = .50), respectively,
compared with the lowest waist circumference tertile in the
younger group. Among older participants, the adjusted HRs
were 0.57 and 0.30 for the overweight and obese BMI catego-
ries, respectively, compared with the lowest category (p for
trend = .03); among younger participants, the adjusted HRs
were 0.43 and 0.40 for the overweight and obese categories,
respectively, compared with the lowest BMI category, p for
trend = .06.

The addition of diabetes, stroke, and LDL-cholesterol to
the fully adjusted models attenuated the association of waist
circumference with dementia/CIND (HR for middle tertile
compared with low tertile = 1.5; HR for high tertile compared
with low tertile = 1.3; p for trend = .47). The effect of BMI
category did not diminish after the addition of these variables
(HR for the overweight category compared with the reference
category = 0.55 and HR for the obese category compared
with the lowest category = 0.44; p for trend = .01).

DiscussIoN
In this cohort study of older persons, BMI at baseline was
inversely associated with rate of dementia/CIND during the
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Table 3. Hazard Ratios Relating Waist Circumference Tertiles to Incident Dementia and Cognitive Impairment but not Demented (Dementia/
CIND) During 8 Years of Follow-up From Cox Proportional Hazards Regression Models

Hazard Ratio (95% Confidence Interval)

Measure Model 12 Model 2P Model 3¢ Model 44
Waist circumference

Low tertile (ref) 1.0 1.0 1.0 1.0

Middle tertile 1.3 (0.83-2.1) 1.7 (1.0-3.0) 2.1 (1.2-3.5) 1.9 (1.0-3.4)

High tertile 1.0 (0.62-1.7) 1.6 (0.79-3.2) 2.1(1.0-4.4) 2.7 (1.2-6.0)
p for trend .86 17 .03 .02

Notes: *Adjusted for age, sex, and education.
b Adjusted for age, sex, education, and body mass index category.
¢Adjusted for age, sex, education, body mass index category, and height.

dAfter exclusion of dementia/CIND cases identified during first two follow-up evaluations and adjusted for age, sex, education, body mass index category,

and height.

follow-up period. In contrast, large waist circumference at
baseline was associated with an increased rate of dementia/
CIND. Adjustment for the presence of the vascular and met-
abolic risk factors of diabetes, stroke, and LDL-cholesterol
attenuated the relationship between waist circumference
and risk of dementia/CIND but had no effect on the associa-
tion of BMI with risk of dementia/CIND.

The association of BMI with dementia/CIND rate was
sequentially strengthened after adjustment for waist
circumference and height. Similarly, the association of
waist circumference with dementia/CIND rate was strength-
ened after sequential adjustment for BMI and height. These
results suggest that the effects of generalized obesity and
central obesity in late life on rate of cognitive impairment
may be masked without complete adjustment for body size
and stature.

Cross-sectional studies show that older individuals with
dementia have a lower BMI than those without dementia
(33-35) and longitudinal findings suggest that weight loss
may be a precursor to dementia (31,32). To reduce the
possibility of low BMI related to the weight loss that can
accompany preclinical cognitive impairment, we performed
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Figure 1. Survival to dementia and cognitive impairment but not demented
by tertile of waist circumference at baseline, adjusted for body mass index cat-
egory, sex, education, and height.

an additional analysis after excluding all incident CIND and
dementia cases that occurred during the first 2 years in the
follow-up period. Results from this analysis revealed no
change in the inverse relationship between BMI and rate of
dementia/CIND. Exclusion of these early cases strength-
ened the association between large waist circumference and
dementia/CIND.

Considerable evidence exists to support a relationship
between central obesity and vascular and metabolic abnor-
malities that are risk factors for dementia/CIND. In this
study, inclusion of baseline diabetes status, stroke, and
LDL-cholesterol levels attenuated the association between
waist circumference and dementia/CIND suggesting that
metabolic and vascular abnormalities may mediate the
association.

Reports from other longitudinal studies relating BMI
in older persons to cognitive function are conflicting (36).
Mechanisms relating BMI, independent from central
obesity, to cognitive impairment or dementia are unclear.
A higher BMI can be the result of more lean body mass
as well as more fat mass. It is possible that higher lean
body mass may be involved in reducing the risk of de-
mentia/CIND in an older population. In a large cross-
sectional study on older women, participants in the
highest quartile of fat-free soft tissue mass had decreased
risk for cognitive impairment compared with the lowest
quartile group (37). Increased BMI may also result from
increased accumulation of fat in regions other than the
abdominal area. Larger leg fat mass in older individuals
has been associated with improved glucose metabolism
(38), which could potentially have implications for re-
ducing risk of development of cognitive impairment. A
recent publication (39) reported increased risk of demen-
tia associated with sagittal fat. It may also be possible
that loss in muscle and gain in central fat may act syner-
gistically to increase risk for dementia/CIND in older
populations.

The present study has several strengths including a
longitudinal assessment of dementia/CIND. Dementia or
CIND was diagnosed with a standard battery of cognitive
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Table 4. Hazard Ratios Relating Body Mass Index (BMI) to Incident Dementia and Cognitive Impairment but not Demented (Dementia/CIND)
During 8 Years of Follow-up From Cox Proportional Hazards Regression Models

Hazard Ratio (95% Confidence Interval)

Measure Model 12 Model 2P Model 3¢ Model 44
BMI, kg/m?

<25.0 (reference) 1.0 1.0 1.0 1.0

25.0-29.9 0.71 (0.43-1.2) 0.55 (0.32-0.95) 0.47 (0.27-0.82) 0.46 (0.25-0.86)

>30.0 0.69 (0.42-1.1) 0.49 (0.25-0.95) 0.34 (0.17-0.70) 0.24 (0.10-0.54)
p for trend 18 .05 .004 .001

Notes: *Adjusted for age, sex, and education.
b Adjusted for age, sex, education, and waist circumference tertile.
¢Adjusted for age, sex, education, waist circumference tertile, and height.

dAfter exclusion of dementia/CIND cases identified during first two follow-up evaluations and adjusted for age, sex, education, waist circumference tertile, and

height.

tests and clinical evaluation. Baseline weight, height,
and waist circumference were measured by the investiga-
tors, and the potentially confounding variables of age,
sex, education, and height were controlled for in the
analyses.

A limitation of this study is the relatively low frequency
of dementia or CIND that prohibited the examination of the
effect of body adiposity on risk of specific classifications of
dementia or cognitive impairment such as Alzheimer’s
diease or vascular dementia. Also, we were unable to inves-
tigate the effect of weight history of study participants on-
risk of dementia/CIND. Additionally, we were unable to
explicitly differentiate lean and fat components of the an-
thropometric measurements.

Accumulation of abdominal fat, but not total body fat,
may confer an increased risk for age-related cognitive
impairment in late life. The possible inverse effect of BMI
on rate of dementia/CIND has relevance to ongoing discus-
sions regarding guidelines for ideal body weight in older
populations.
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by body mass index category, adjusted for waist circumference tertile,
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