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Abstract

Aim: The purpose of this study was to examine the association among body mass, blood pressure (BP), and
cognitive functioning for octogenarians and centenarians.

Methods: A total of 300 participants (221 centenarians and 79 octogenarians) from the Georgia
Centenarian Study were included in this study. Demographic variables included age, gender, and ethnicity.
Body mass was measured with the body mass index (BMI), and systolic and diastolic BP, as well as mean
arterial pressure (MAP) and the Mini-Mental Status Examination (MMSE) were assessed.

Results: Results showed age differences indicating that centenarians had lower BMI and MMSE scores
when compared to octogenarians. Women had lower cognitive functioning scores compared to men. Black
Americans had higher BMI and BP as well as lower MMSE scores. Participants with low BMI values (< 18.5
kg/m?*) and normal BP had a significantly lower MMSE score when compared to those with elevated BMI
values (= 25 kg/m*to < 30 kg/m?) and high BP. Multiple regression analyses determined that age, gender,
ethnicity, and BMI were significantly associated with cognitive function in very late life.

Conclusions: The results suggest that extreme values of body mass (low and high) in combination with
normal BP (< 130 mmHg) are potential risk factors for compromised cognition.
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Introduction

There is no question that excessive body weight and hypertension are not good for optimal health across
the lifespan. Excessive body weight has been related to diabetes, cardiovascular disease, and related
disorders [1]. Similarly, high blood pressure (BP) is a primary risk factor for cardiovascular disease [2].
However, it is unclear to what extent the two biomarkers are similar risk factors or may even turn out to be
protective factors among very old adults. Therefore, the purpose of this study was to explore the
association of BP, body mass, and cognitive functioning among the oldest-old adults.

Maintaining high levels of cognitive function is one of the primary concerns in later life. Cognitive
decline is specifically noticeable in very old age [3]. Inagaki et al. [4] compared cognitive scores across age
groups and reported significantly lower levels of Mini-Mental Status Examination (MMSE) scores among
centenarians when compared to younger age groups. There is conflicting evidence about gender differences
in dementia prevalence among the oldest-old adults and centenarians. A Chinese study reported that the
prevalence of cognitive impairment among women was higher than among men (72.8% and 42.1%,
respectively [5]). Similarly, a Greek centenarian study demonstrated that the proportion of women with
dementia was significantly higher than that of men (22% and 10%, respectively [6]). Other studies,
however, did not reveal gender differences in dementia (e.g., [7]). Ethnic differences have been reported
among centenarians, indicating significantly higher dementia rates for Black centenarians when compared
to their White counterparts (68% and 45%, respectively; [8]). It is important to find risk and protective
factors related to cognitive functioning. Two biomarkers related to cognitive function include body mass
and BP. Excessive weight and elevated BP are two recognized metabolic risk factors [9].

Body mass and cognition

Body weight, relative to height, has been related to a number of diseases. Most often, a high body mass
index (BMI) is related to diabetes, but also to other diseases [10]. However, inconsistent results have been
reported about the association between BMI and cognition when considering age: for younger adults, a high
BMI score is associated with impaired cognition, and overweight and obesity in midlife are linked to
dementia risk in older age. However, in very late life higher BMI scores appear to be associated with better
cognitive function and lower mortality [11].

Therefore, it is not clear to what extent the association between cognitive function and body weight is
also true for very old people. For example, Schmeidler et al. [12] recently noted that whereas BMI was
associated with somewhat poorer performance in executive functions and language performance among
younger old persons, higher BMI values were associated with somewhat better performance among the
oldest-old adults (85 +). The authors discussed a protected survivor model as a possible explanation for
these effects. This was confirmed by a study of Japanese centenarians whose higher BMI levels were
significant predictors of cognitive function, indicating that centenarians with higher BMI levels had higher
cognitive scores [13].

Similar results were reported by Kim et al. [14], suggesting that obesity was associated with a lower
risk of cognitive decline in an older South Korean population. This effect was stronger in women when
compared to men. Similar results were reported by a Chinese study indicating that higher BMI and
overweight were related to slower cognitive decline [15]. However, other research did not show an
association between weight and cognition among women whose weight remained stable or who gained
weight [16].

Using a comprehensive primary care electronic database from family practices in the United Kingdom,
Hazra et al. [17] reported significant gender differences in BMI values for centenarians, indicating that
centenarian women had lower BMI values than men. The association between BMI and cognitive function
has not been studied widely among centenarian groups. However, researchers of the Georgia Centenarian
Study reported that higher body fat was a predictor of survival in centenarians [18].
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Hypertension and cognition

Hypertension is another well-known risk factor for health problems and is associated with myocardial
infarction and premature mortality [19]. Prevalence rates for hypertension vary across centenarian studies,
from 19% among Finnish centenarians and 65% among Hong Kong centenarians [20]. Using data from
community-dwelling predominantly male veterans from the United States, Kheirbek et al. [21] noted that
octogenarians and nonagenarians were more likely to have hypertension than centenarians. Hazra et al.
[17] reported significant gender differences for centenarians, indicating that about 46% of all centenarian
men were diagnosed with hypertension compared to 33% of centenarian women. Studies also indicate that
in older and very frail individuals, a lower systolic BP (SBP) level (defined as 124 mmHg) predicted clinical
events that led to hospitalizations [22].

SBP and diastolic BP (DBP) are important measures of cardiovascular function, but there are age
differences in these BP markers. In midlife, SBP and DBP increase with age, but in individuals who are
60 years and older, SBP increases, whereas DBP either remains stable or decreases over time [23].
Therefore, SBP may be a better indicator of cardiovascular risk in older adults, whereas DBP may be a
better indicator of cardiovascular risk in younger adults [24, 25]. Studies with older adults typically use
high SBP as a marker of hypertension [23].

There is evidence that hypertension relates to cognitive functioning. A meta-analysis of studies
including adults 43 to 91 years of age yielded associations between BP, episodic memory, and global
cognition, suggesting that high BP is a risk for cognitive function [26]. Hypertension has also been noted as
a risk factor for faster cognitive decline in individuals who are at risk for dementia [27]. However, more
recent longitudinal results from the Wisconsin Longitudinal Study indicated that self-reported
hypertension was only minimally associated with cognition in older adults who were in their sixties and
seventies [28].

In very old adults, however, a moderately high level of hypertension may be protective. As some have
pointed out, hypertension in older adults may not have a negative effect on cognitive function [29, 30]. One
study revealed that high BP was associated with a greater risk of cognitive impairment among individuals
who were younger than 75 years, but the effect was reversed with the oldest-old individuals, those 85 years
and older [31, 32]. A longitudinal study on a population 85 years of age and older showed a decline in BP
for individuals who developed dementia, suggesting that low BP could be an effect of dementia in very old
adults [33]. Findings from the Leiden 85-Plus study showed inconsistent results. Some of their findings did
not show an association between BP and change in global cognitive function over three years [34]; other
research reported from the same study showed that an increase in SBP was associated with better cognitive
performance in cognition [31]. Finally, recent findings reported by the Newcastle 85 + study demonstrated
that high BP was associated with better global cognitive function over five years [35].

A recent study by Kabayama et al. [36] indicated that a lower SBP was associated with a higher
prevalence of physical frailty among 80-year-old adults who were on antihypertensive medication.
Whereas SBP was associated with lower cognitive function among 70-year-old study participants, the
reverse was true for 90-year-old participants. The authors suggested that the treatment of hypertension
should be individualized given the conflicting results.

Results from the Tokyo centenarian study revealed that centenarians with higher BP also scored better
on cognitive function than those with lower values. Similar findings were obtained by a study conducted in
Poland suggesting that mildly elevated BP is a marker for better health status among centenarians and that
centenarians who survived another six months had higher SBP and DBP values at baseline [37]. Finally,
Martin et al. [13] reported that centenarians who self-reported high BP levels were more likely to have
higher cognitive scores. Higher DBP, however, was related to lower cognitive functioning.

There are also well-documented gender and ethnic group differences that may also directly influence
cognitive functioning. There is some evidence suggesting that men typically have higher BP levels than
women [38]. However, Evert et al. [39] reported higher prevalence rates of hypertension for female
centenarians. The association between hypertension and cognitive function for ethnic subgroups remains
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unclear. Black Americans show higher prevalence rates and severity of hypertension [40], but Tsang et al.
[41] reported for a sample of cognitively intact older Black Americans that BP variability was not associated
with global cognitive function. Taken together, there is inconclusive evidence about the impact of
hypertension on cognitive function, leading the American Heart Association to conclude that there is
insufficient data to make evidence-based recommendations [42].

The current study examined age, gender, and ethnicity as predictors of cognitive functioning. Based on
current literature, it is hypothesized that centenarians would have lower BP and BMI levels when compared
to octogenarians and that moderate levels of body mass and hypertension would be protective of cognitive
function among the oldest-old adults.

Materials and methods
Participants

Participants of the Georgia Centenarian Study [43] were included in this study. Two participants were
excluded because they did not have global cognitive function (MMSE) scores. Major demographic variables
are summarized in Table 1. A total of 300 participants were included in this study. The average age of the
participants was 96.0 years, and almost 80% were women. About 24% of the sample were Black Americans,
the average MMSE score was 19.48, and the BMI was 23.80 kg/m?. Average BP was 128.76 mmHg (systolic)
and 74.17 mmHg (diastolic). Thirty-nine percent reported to be on medication for hypertension, and most
(75.6%) described their health as “good” or “excellent.”

Table 1. Sample characteristics

Variables Octogenarians (n = 79) Centenarians (n = 221)
M SD n Freq M SD n Freq

Age 84.40 2.86 100.17 1.96
Gender

Male 28 (354) 39 (17.6)

Female 51  (64.6) 182 (82.4)
Ethnicity

White/Caucasian 65 (82.3) 162 (73.3)

Black Americans 14 (17.7) 59 (26.7)
Self-rated health

Poor 2 (2.7) 9 (4.8)

Fair 11 (14.7) 42 (22.5)

Good 44  (58.7) 97 (51.9)

Excellent 18 (24.0) 39 (20.9)
BMI (kg/m?2) 25.92 4.92 22.96 4.79
BP (mmHg)

Systolic 131.76 18.28 127.55 15.54

Diastolic 75.34 10.96 73.70 9.11

MAP 94.15 11.83 91.65 9.14

Hypertension medication

No 43  (54.4) 140 (63.3)
Yes 36 (45.6) 81 (36.7)

Mental status 25.04 713 17.47 8.99

M: mean; SD: standard deviation; n: number; Freq: frequency; MAP: mean arterial pressure. Only means (standard deviations)
or frequencies are shown

Measures

Next to the demographic variables of age group, gender, and ethnicity, the analyses included the BMI, SBP,
DBP, MAP [DBP + (SBP - DBP) x 1/3] and a measure of cognitive function (MMSE). A person was diagnosed
to have hypertension if the SBP was = 130 mmHg, or the DBP was = 90 mmHg, or if he/she reported current
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use of antihypertensive medication. The BMI was calculated as a person’s weight in kilograms divided by
his or her height in meters squared (kg/m?).

To explore different risk group typologies, participants were divided into four different BMI groups:
low BMI (malnourished, < 18.5 kg/m?), normal BMI (18.5-24.9 kg/m?), overweight BMI (25.0-29.9 kg/m?),
and obese BMI (= 30 kg/m?). BP was also separated into two groups: normal BP (SBP < 130 mmHg) and
high BP (SBP = 130 mmHg). Four subgroups were formed: Low BMI & Normal BP, Low BMI & High BP, High
BMI & Normal BP, and High BMI & High BP. However, to obtain a more fine-grained assessment, continuous
data were used for the association analyses.

Cognitive functioning was assessed with the MMSE [44]. The measure includes five components of
cognitive functioning with 30 items: orientation, registration, attention and calculation, recall, and language
(0 = incorrect, 1 = correct). MMSE scores range from 0 to 30. Higher scores indicate higher cognitive
functioning. The reliability for MMSE in this study is a = 0.88.

Analyses

Mean group comparisons using analysis of variance (ANOVAS) with post-hoc subgroup mean comparisons
were computed to examine mean differences. In addition, bivariate correlations and hierarchical regression
analyses were computed. The first block included age group, gender, and ethnicity. The second block
included the BMI score and the squared BMI score. The third block added the SBP score as a continuous
variable. Additional analyses substituting SBP with DBP and MAP were computed. Finally, quadratic terms
for systolic and DBP were added in an additional block. The dependent variable was the MMSE or global
cognitive functioning. Taking hypertension medication was included as a covariate.

Additionally, configural frequency analyses (CFAs) were computed. This person-centered analysis
allows for the examination of underlying configurations (e.g., high BP, high BMI levels, low cognitive
function) that occur significantly more or less than would be expected by chance [45]. CFA [46] detects
underlying configurations by comparing observed to expected frequencies for each combination in a cross-
tabulation [47], resulting in patterns that occur significantly more or less than would be expected by chance
[45]. Configurations that occur more often than would be expected by chance are referred to as “types,”
whereas configurations that occur less often than would be expected by chance are referred to as
“antitypes.” CFAs were conducted with the extension in statistical product and service solutions (SPSS)
version 29. CFAs require variables to be categorized, and participants were divided into high and low BP
groups, with the group division at 130 mmHg SBP, with the four categories of BMI, and with an MMSE
group division at 23.

Results

First, separate age group, gender, and ethnicity analyses of variance were computed for BMI, systolic, DBP,
MAP, and global cognitive function (Table 2). For BMI, age differences, F (1,299) = 18.55, P <0 .05,12=0.07
and ethnicity differences, F (1,299) = 6.25, P< 0.05, r]z = 0.03, were obtained. Centenarians’ BMI was
significantly lower (M = 22.96 kg/m?) than the BMI of octogenarians (M = 25.92 kg/m?). For SBP, DBP, and
MAP, ethnic differences were obtained, F (1,247) = 7.10, P < 0.001, nz =0.03, F(1,247) =5.13, P < 0.05, nz =
0.02, and F (1,247) = 8.62, P< 0.01, n? = 0.03, respectively. All BP measures were higher for Black
Americans (M = 134.37, M = 76.86, and M = 96.03) when compared to White participants (M = 127.07, M =
73.36,and M = 91.27, respectively). Finally, age and ethnic differences were obtained for global cognitive
functioning, F (1,299) = 45.57, P< 0.001, 12 = 0.13 and F (299) = 20.12, P< 0.01, n% = 0.06, respectively.
Centenarians had significantly lower MMSE scores than octogenarians (M = 17.47 and M = 25.04,
respectively) and Black Americans had significantly lower MMSE scores than their White counterparts (M =
15.39 and M = 20.78, respectively).

The mean group differences for the combination of BMI and BP groups are summarized in Table 3. The
lowest BMI group (i.e.,, BMI < 18.5 kg/m?%) with normal BP had significantly lower MMSE scores when
compared to the elevated BMI group with relatively high SBP. Having normal BP in combination with
extremely low values of BMI appears to be a risk factor for low MMSE scores in very late life.
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Table 2. Mean group differences in BMI, BP, MAP, and cognitive function

Variables Age Gender Ethnicity

80s 100s F n> Male Female F n> White Black F n?
BMI (kg/m?2) 2592 2296 18557 0.07 24.86 2353 280 0.01 2337 2525 625  0.03
SBP 131.76 12755 291  0.01 12928 12863 0.16 0.00 127.07 134.37 7.10" 0.03
DBP 7534 7370 1.30 0.01 7350 7434 0.24 0.00 7336 76.86 513"  0.02
MAP 9415 9165 279 0.01 9209 9244  0.01 0.00 9127 96.03 862" 0.03

Cognitive function ~ 25.04 17.47 4557 013 2270 1854  11.08" 0.04 2078 1539 20.12" 0.06

Age, gender, and ethnicity differences for BMI, SBP, DBP, MAP, and cognitive function after controlling for hypertension
medication; * P < 0.10; " P < 0.05; " P < 0.01; ™ P < 0.001; F: F-test; n?: eta-squared

Table 3. Mean group differences in cognitive functioning for body mass and BP groups

BMI (kg/m?) Cognitive score for normal BP Cognitive score for high BP F

<18.5 12.59 (n=22)3 17.80 (n=5) 1.09
18.5-24.9 19.25 (n=73) 20.38 (n = 48) 0.48
25-29.9 21.43 (n = 30) 21.80 (n = 39)° 0.87
230 15.88 (n=8) 20.67 (n=12) 1.79

Total N = 237. Means with different superscripts are significantly different. F: F-test; @ lowest group; P highest group

The results of the CFA are summarized in Table 4. They confirm the ANOVA results by yielding two
specific types. Participants with low BMI and normal SBP were more likely to belong to the low cognitive
functioning group than would have been expected by chance. The second type demonstrated that
participants with moderately high BMI and high SBP were more likely to belong to the high cognitive
functioning group than would have been expected by chance.

Table 4. Configuration of cognition, BP, and BMI

Cognition BMI SBP Count Expected count Test statistic for asymptotic binomial test Type
1 1 1 19 7.98 3.78"™ Type
1 1 2 2 6.46 -1.98

1 2 1 40 36.88 0.56

1 2 2 29 29.86 -0.17

1 3 1 14 20.36 -1.47

1 3 2 13 16.49 -0.89

1 4 1 5.50 0.00

1 4 2 4.46 0.26

2 1 1 5 8.04 -1.27

2 1 2 3 6.51 -1.59

2 2 1 37 37.16 -0.03

2 2 2 28 30.10 -0.41

2 3 1 19 20.52 -0.35

2 3 2 28 16.62 2.89™ Type
2 4 1 2 5.55 -1.74

2 4 2 7 4.49 1.19

Blank spaces in the last column reflect neither types nor antitypes. The corresponding configurations are not different from
expected values; P < 0.01; ™ P < 0.001. Cognition (1: < 23; 2 = 23), BMI (1: < 18.5 kg/mZ; 2: 2 18.5 kg/m? and < 23.0 kg/mZ;
3: 2 23.0 kg/m? and < 30.0 kg/m?; 4: = 30.0 kg/m?2), SBP (1: < 130 mmHg; 2: = 130 mmHg)

Bivariate correlations of all variables are summarized in Table 5. Body mass was significantly
associated with age, ethnicity, BP, and cognitive function. Younger participants, Black Americans, those with
relatively high BP, and participants with higher cognitive function scores were more likely to show higher
BMI values. BP was related to ethnicity, indicating that Black Americans had higher BP levels. Finally,
cognitive function was associated with all variables, except medications, DBP, and MAP. Older participants
and Black Americans had lower cognitive function scores, whereas men and those with higher BMI scores
had higher cognitive function levels.
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Table 5. Bivariate correlations of demographic and health variables

Variables 1 2 3 4 5 6 7 8 9
Age 1.0

Gender (Women) 0.19™ 1.00

Ethnicity (Black Americans) 0.09 0.02 1.00

BMI (kg/m?2) -0.27" -0.11 0.16" 1.00

Medications -0.08 0.08 0.07 0.11 1.00

SBP -0.12 -0.02 0.19" 025" 019"  1.00

DBP -0.08 0.04 0.15" 021" 0.09 041" 1.00

MAP -0.11 0.01 0.20" 027" o016 081" 0877 1.00
Cognitive function -0.37"  -019" -025" 016"  0.10 0.13* -0.06 0.03 1.00

"P<0.05" P<0.01

Table 6. Predictors of cognitive functioning

Variables B SE B F R?
Block 1 0.19
Age —6.45 1.24 -0.31 -5.21™
Gender (women) —-2.96 1.30 -0.14 —2.27"
Ethnicity (Black Americans) —4.86 1.25 -0.23 -3.90™
Hypertension medication 1.94 1.10 0.10 1.77*
Block 2 0.21"
Age -5.81 1.27 -0.28 457"
Gender (women) -2.58 1.30 -0.12 -1.99"
Ethnicity (Black Americans) -5.12 1.26 -0.24 —-4.08™
Hypertension medication 1.48 1.1 0.08 1.34
BMI (kg/m?2) 1.16 0.51 0.63 227"
BMI2 -0.02 0.01 -0.54 -1.96"
Block 3 0.21
Age -5.69 1.27 -0.27 —4.48™
Gender (Women) -2.61 1.30 -0.12 -2.01"
Ethnicity (Black Americans) -5.43 1.27 -0.26 —4.28"
Hypertension medication 1.25 1.1 0.07 1.13
BMI (kg/m?2) 1.02 0.52 0.56 1.98"
BMI2 -0.02 0.01 -0.48 —1.74%
BP (systolic) 0.05 0.03 0.09 1.49

B: unstandardized coefficient; SE: standard error; 8: standardized coefficient; F: F-test value; R2: explained variance; + P <

0.10; " P<0.05; " P<0.01; ™ P <0.001

The results of the hierarchical multiple regression analyses are summarized in Table 6. The first block
contained the three demographic variables age, gender, and ethnicity, as well as medication for
hypertension. Age, gender, and ethnicity were significantly associated with cognitive function, indicating
that older adults, women, and Black American participants had lower scores on cognitive function. The
model predicted 19% of the variance. In block 2, the BMI and its squared value were added to the equation.
The model was a significant improvement over the demographic model, F, (2,233) = 3.23, P < 0.05. Finally,
SBP was added but did not explain any additional variance, F, (2,232) = 2.22, P> 0.05. The analyses were
repeated by exchanging SBP with DBP and then with MAP, but those variables did not explain additional
variance. Finally, the multiple regression analyses were computed once more to assess the influence of
quadratic BP terms, but those analyses did not yield significant results for the additional variables.

Discussion

The purpose of this study was to examine the associations among body mass, BP, and cognitive function.
The study uncovered four important results. First, there were age and ethnicity differences for BMI. Second,
there were ethnic differences in BP. Third, there were age, gender, and ethnic differences in cognitive
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function. Finally, the analyses identified one specific risk group for low levels of cognitive function:
participants with low BMI and normal BP had the lowest cognitive scores compared to the group with
moderately high BMI values and high BP.

Age differences in BMI, BP, and cognitive function have been well documented in past research,
indicating that centenarians are more likely to have lower BP levels, lower BMI [21, 48], and lower
cognitive function [4]. In this study, centenarians showed significantly lower global cognition levels. The
results also indicate that centenarians did not differ from octogenarians when comparing systolic and DBP,
but centenarians did have lower MAP and BMI values than octogenarians did, with the mean value within a
healthy range. It is unclear whether the BMI and MAP values have consistently been low or whether there
were recent changes for centenarians.

That the cognitive function score is significantly lower when compared to octogenarians is not
surprising, as most population-based centenarian studies have reported relatively low cognitive function
scores (e.g., [4]). There is also previous evidence that Black Americans have lower MMSE scores [8] and
higher BP values [40] when compared to White Americans.

Another aim was to examine the combination of BP and BMI values for the oldest-old adults. Elevated
levels for both are components of the metabolic syndrome [9]. The results suggest that there is one specific
risk group for low cognitive functioning. The lowest group includes the oldest-old adults with very low
levels of BMI and normal BP values. The results suggest that BMI values between 23.0 kg/m? and 29.9
kg/m? and with higher BP readings are associated with higher levels of cognitive function. The results were
confirmed with the CFA. Although normal BP by itself was not associated with better or worse cognitive
functioning, the combination of normal BP with very low BMI levels signifies a risk group for cognitive
function. Perhaps elevated BP compensates for low weight in very late life. Unfortunately, the sample was
quite small and some of the cell sizes were marginal. It is difficult to recruit large samples of centenarians,
and most centenarian studies have to rely on small participant numbers.

The results of the multiple regression analyses indicated that the association between BMI and
cognitive function is important to consider. Higher BMI values were associated with better cognitive
function. This result is consistent with previous studies [11, 12] pointing to the importance of maintaining a
healthy weight rather than losing too much weight and becoming a nutritional risk. BP, on the other hand,
was not significantly associated with cognitive function, a result somewhat inconsistent with previous
research. A number of researchers [31, 32] had noted that for people 85 years and older relatively high BP
was associated with a lower risk of cognitive impairment. The results suggest that BP alone may not be
important in predicting cognitive function, but that it is relevant in combination with other biomarkers,
such as BML

Finally, the relationship between BMI and cognitive function appears to be curvilinear. Very low levels
of BMI may be a risk factor for low cognitive function, and with increasing BMI levels, higher levels of
cognitive function were noted. However, extreme BMI values reversed the positive effect of BMI on
cognitive function. These results are consistent with previous research indicating that among very old
persons who were overweight the mortality risk was lower when compared to very old persons who were
of normal weight, even after controlling for weight change and multi-morbidity [49]. The findings are
consistent with the overall classification of BMI values, indicating that values too high or too low may have
negative effects on cognitive function.

The study has a number of limitations. First, the sample is from a small geographic area in the
Southeast of the United States, and centenarians are still very rare. The overall sample size, therefore, is
somewhat compromised. Second, the study included very general measures. As some have argued, the BMI
is a limited anthropometric measure, and additional assessments, such as waist-to-hip ratio and skin folds,
as well as comprehensive nutritional measures, such as the percentage of fat mass or muscle strength
should be considered. For BP, the cutoff value was set to 130 mmHg for SBP. Others might have used higher
or lower cutoffs. Finally, the cognitive measure was only a mental status questionnaire that did not
distinguish different components of cognitive functioning.
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The study also is limited in its cross-sectional design, which does not allow antecedent-consequence
relationship or a causal ordering of variables. For example, it is not clear whether BMI affects cognitive
function or a decline in cognitive function affects BMI. Suemoto et al. [50] reported that greater decline in
BMI over four years was associated with lower memory scores and lower memory scores were associated
with a decline in BMI, pointing to a reverse causation effect.

In spite of these limitations, the current study provides useful information for researchers and
practitioners. Keeping weight and BP in normal range is an important task for older individuals and their
care providers, so that their level of cognitive functioning is maintained at the highest possible levels.
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