
Introduction

It has long been known that obesity is associated with 
numerous health risks including metabolic and cardiovascular 
(CV) diseases. In particular, fat accumulation in the abdomen is 
a key factor associated with the development of such conditions 
even in normal weight individuals, particularly in women 
(1-4). This seems to be due to the greater metabolic activity 
of visceral fat relative to subcutaneous fat. Such metabolic 
activity is linked with the production of adipocytokines 
and the development of systemic inflammation linked with 
cardiometabolic diseases (5, 6). 

Research has also consistently associated obesity with poor 
general cognition across the lifespan (5, 7, 8) and increased 
risk of developing dementia and Alzheimer’s disease at older 
ages (6). This negative association also specifically applies to 
higher-level cognition, the executive functions (9-11) which are 
responsible for flexibility and adaptability in daily living and 
therefore crucial in aging (12). The accumulation of visceral fat 
seems a key determinant in cognitive deterioration at all ages, 
possibly mediated by “negative” metabolic and CV conditions 
(5, 13, 14). However, for older age groups, results are not so 
clear-cut. Some authors report the attenuation of the negative 
relationship between body fat and cognition with advancing age 

(15), and some studies have observed an association between 
cognitive decline and low levels of body fatness (BMI and 
small waist size) (5, 14, 16) particularly in women (17, 18), 
with weight loss unequivocally preceding the onset of dementia 
in both men and women (19, 20). Over the age of 70 years, 
women’s executive functions seem to benefit from being 
overweight, while for men a positive fat-cognition relationship 
seems to be true only within a middle range of body fatness 
(20). 

Such contradictory results may be explained by the fact that 
the association between body fat and cognitive dysfunction is 
complex, and is moderated by gender and age and their effect 
on body composition. With respect to gender, body fat has been 
shown to protect women against cognitive decline, CV and 
metabolic diseases (at least at a younger old age; 17). It is well 
known that body fat accumulates differently in the two genders 
due to the influence of sex hormones. In normal conditions, 
estrogens lead to higher gynoid fat accumulation at the hip in 
women, and testosterone to android fat accumulation at the 
abdomen in men (22). With aging, however, fat is redistributed 
from the lower body to the abdomen, thus reducing sex 
differences in android fat accumulation (23). Adipose tissue 
is known to contribute to the maintenance of estrogen levels, 
possibly through endogenous conversion (24). Estrogens, in 
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turn, are reported to have a stimulating effect on areas of the 
brain such as the hippocampus and the frontal cortex (25). On 
the other hand, higher testosterone levels have been suggested 
to interfere with cognitive task performances, particularly 
in women (26). Given the above, it is unclear if, in older 
individuals, the body fat-cognition relationship is linked more 
to whole or regional (android/gynoid) body fat accumulation, 
or to the joint influence of gender and gender-specific fat 
localization. 

The matter is further complicated by the methodological 
differences across the studies in both anthropometric 
and cognitive measurement, which make generalization of 
results difficult. Regarding body fat assessment, BMI, waist 
circumference and waist to hip ratio are the most commonly 
used proxy measures. However, due to the typical loss of 
muscle mass with aging (27), these measures are likely to 
underestimate true body fat content, with the result that lower 
BMI may not reflect reduced body fat, but rather reduced lean 
mass (28, 29). Similarly, different cognitive domains have 
been assessed across the studies including general intellectual 
abilities or memory and attention (16-18, 30). Among the 
different domains of cognitive function, executive functions 
appear to be of special significance in the body fat-cognition 
relationship (7, 9, 11, 31) both for their role in regulating 
behaviour (i.e., eating, physical activity; 32, 33) and for their 
likely susceptibility to the deleterious effect of fat produced 
adipocytes (31). Consequently, our understanding of the role 
of whole and regional body fat accumulation on executive 
functions in healthy older individuals is currently incomplete 
(7).  

To address the above issues, the present study examined 
the relationship between accurately measured (using DXA) 
whole and regional body fat accumulation and core executive 
functions (inhibition, working memory and cognitive 
flexibility) fundamental for effective day to day living (12). 
To the best of our knowledge, no studies have assessed the 
relationship between regional (android/gynoid) body fat and 
the different facets of core executive functions in healthy older 
individuals. Two studies examined this issue in relation to 
android fat only and reported inconsistent findings of a negative 
(30) or no relationship (21).

Crucially, given the known negative relationship between 
whole body or abdominal (android) fat accumulation and 
executive function, and the presence of gender differences 
in age-related changes in fat deposition, it seems plausible 
to hypothesize a differential body fat-cognition relationship 
depending on fat localization. It was therefore hypothesized 
that in older individuals, higher body fat accumulation in the 
abdomen and at the hip would be associated with poorer and 
better executive functions respectively, and that this association 
might be moderated by gender. 

Methods

Participants
Participants were 78 healthy men and women aged between 

65 and 75 years (mean 69.7 ± 3.2) recruited through a 
consumer list database. The exclusion from our sample of older 
individuals, who may be “selected survivors”, made the sample 
a better representation of the majority of the still sufficiently 
healthy older population who can benefit from interventions 
targeted at prevention and compression of morbidity. To further 
this aim, they were also medically screened through blood 
pressure measurement and administration of a functional ability 
questionnaire (34) and a medical history questionnaire (35) 
to meet the criteria of “medically stable”. In brief, they had 
to be free from cardiovascular and respiratory illness, severe 
obesity (BMI > 35) or lower limb arthritis, musculoskeletal 
or neurological diseases, uncontrolled metabolic disease (i.e., 
diabetes, metabolic syndrome)  or other pathological conditions 
potentially influencing study outcomes, with blood pressure 
within 199/99 mmHg, and not on medication such as beta-
blockers. Moreover, they had to be sedentary (not practicing 
any structured physical activity or exercise more than once a 
week), non-smokers and fully functional for daily living.   

Following approval by our institutional ethics board and 
participant consent, tests for anthropometry, body composition 
and cognitive functions were carried out. 

Measurements

Anthropometry and Body composition 
Stature and body mass were measured following standard 

procedures with a stadiometer and a balance scale, respectively. 
Total, android and gynoid body fat were measured via dual 
energy x-ray absorptiometry (DXA, GE Healthcare Diagnostic 
Imaging, UK) to obtain percentage of body fat (%). As an 
additional measure, the ratio between android and gynoid body 
fat was calculated dividing android by gynoid fat percentage. 
At the start of each measurement day, the system was calibrated 
using a phantom spine following the manufacturer guidelines. 
For the measurement, participants were asked to wear loose, 
comfortable clothes and to remove all metal objects. To ensure 
the correct position, the participant laid inside the marked 
space on the measuring table with their spine aligned with the 
centre line. The head was about 10 cm from the top line, the 
feet relaxed but not flexed or extended; legs were positioned 
slightly apart with feet a few cm distant from the centre line on 
either side. Participants were asked to lie still for the duration 
of the procedure; a strap was placed around the ankles so 
that the participant could relax their feet against it. Analysis 
of total body fat and proportions of android and gynoid fat 
were performed using Lunar IDXA Prodigy enCORE software 
(version 12.30.00 GE medical systems, GE Healthcare, UK). 
Briefly, the programme automatically delimits the areas just 
below the rib cage and above the pelvis, completely within 
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the trunk region, as android, and that of the hips and upper 
thighs, overlappping the leg and trunk regions, as gynoid. 
For determining the android fat region of interest, the upper 
boundary was above the pelvis cut by 20% of the distance 
between the pelvis and the femoral neck cuts. For the gynoid 
fat region of interest the upper boundary was below the pelvis 
line by 1.5 times the height of the android region of interest. 
The total height of the gynoid region was twice the height of the 
android region. 

Executive Functions
Cognitive flexibility was assessed using the Trail Making 

test, which tests attention, speed and mental flexibility (36). For 
this test the participant is required to make a trail with a pencil 
joining 25 circles distributed over a sheet of paper.

The test is composed of two parts (A and B). In part A 
the circles are numbered 1 to 25; in part B the circles 
include numbers (1 to 12) and letters (A to L). For both parts 
participants are asked to draw lines as quickly as possible, to 
connect the circles in an ascending order, using numbers only 
for part A and alternating between numbers and letters in part 
B (i.e., 1-A-2-B-3-C etc.). Time taken in seconds was recorded. 

As correction of errors forms part of the completion 
time for the task, any errors were pointed out immediately 
to participants by reminding them of the correct sequence 
(i.e. number, or letter). They were then asked to revert to the 
last correct number/letter reached and continue from there. A 
composite score (Δ trail) was calculated by subtracting time 
taken to complete part B from time for part A, and used for 
analysis.

Inhibition and working memory updating were assessed 
through the Random Number Generation (RNG) test (37, 38). 
During this test, participants vocally produced a sequence 
of 100 numbers, chosen between 1 and 9 in random order, 
speaking at a frequency paced by a metronome set at 40 bpm. 
Participants were seated in a quiet room, and once instructions 
were given they performed two trials: one familiarization 
and one test. The produced numbers were manually and 
electronically recorded by the examiner. If more than three 
mistakes were made (i.e. no production of number at one or 
more beats, the production of numbers smaller than 1 or greater 
than 9) the trial was repeated (39).

The obtained lists of numbers were subsequently processed 
using RGCalc software (40). Six indices of specific sub-
groups of executive control functions were obtained, three 
for inhibition (adjacency, turning point index, runs) and three 
for working memory-updating function (redundancy, mean 
repetition gap and coupon). In brief, Adjacency reflects the 
ability to inhibit counting; this score may range between 0%, 
for absence of contiguous pairs, and 100%, for complete 
sequence of such pairs. The Turning Point Index indicates the 
use of “arithmetic chains” to produce responses rather than 
randomness, as assessed by the change between ascending 
and descending sequences. It is a percentage score reflecting 

the proportion between observed and expected values. Values 
higher than 100% indicate the presence of too many turning 
points than expected and vice-versa for values less than 100%. 
The Runs, a further measure of randomness, describes the 
variability in the phase lengths (distance between turning 
point indices). From the produced sequence, the ascending 
phase length is determined and then the variance of these 
sequences lengths is calculated. The lower the value the better 
is the performance. The Redundancy score reflects the ability 
to avoid repetition of numbers. It is the ratio of ideal and 
observed frequencies expressed as a percentage where 0% 
indicates no redundancy, and 100% complete redundancy. The 
Coupon measures the mean number of responses given before 
all the response alternatives are used. Using the complete set 
of alternatives constantly will produce low coupon scores, 
therefore the lower the value the better the performance. The 
Mean Repetition Gap is the mean number of responses given 
until each digit reoccurs in the sequence; therefore the higher 
the score, the better the performance. 

From these individual scores, two separate composite 
indices were calculated for the separate inhibition and memory 
updating functions to be used for statistical analysis. First, 
raw data of all six indices were z standardised ((score-x,-) /
sd). Then, measures for which a smaller number meant a better 
performance (redundancy, coupon, adjacency and runs) were 
reverse-scored by multiplying them by -1. The average of the 
three indices of each function was next calculated to obtain a 
combined score for updating (mean updating) and for inhibition 
(mean inhibition).

	
Statistical Analysis
Data were analyzed using IBM SPSS version 20. The level 

of statistical significance was set at p<0.05 for all computations. 
Preliminary analyses included the calculation of descriptive 
statistics and unpaired Student’s t-tests for differences between 
genders on all the measured variables with additional Levene’s 
test for unequal variances. 

To explore the relationship between core executive 
functions (inhibition, working memory updating, cognitive 
flexibility) and regional body fat distribution (android, gynoid, 
and android/gynoid ratio), first-order partial correlations were 
computed partialling out the effects of whole body fat on the 
whole sample. Given the well-known differences between men 
and women in body fat distribution, data were also analyzed 
separately for the two genders. 

Given the sex differences in regional body fat accumulation, 
sex might also influence the prediction of executive functions 
accrued by regional body fat. Therefore, moderation analysis 
was performed to explore whether gender enhanced, buffered 
or antagonized such prediction and whether one gender was 
more susceptible than the other to such effects. To test for 
moderation, interaction variables (i.e. body fat measures x 
gender) were therefore created to be included in a model 
of multiple regression for all cognitive outcome indices 
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(inhibition, working memory updating, cognitive flexibility).

Results

Characteristics of the participants and results of unpaired 
Student’s t-tests are reported in Tables 1 and 2. For the whole 
sample average height and weight were 1.65 m ± 0.08 and 
71.56 kg ± 11.12, respectively. Average percentage (%) of 
total, android and gynoid body fat were 33.21 ± 7.50; 41.91 
± 10.62 and 40.25 ±10.25, respectively. Average scores of 
working memory, inhibition and cognitive flexibility were 
0.02 (std) ± 0.85, -0.51 (std) ± 0.65 and 44.89 (s) ± 32.20. 
More detailed data divided by gender are reported in Tables 1 
and 2. Compared with men, women had significantly higher 
total body fat (p <0.001), due to higher android (p = 0.029) 
and particularly gynoid fat (p < 0.001) and therefore lower 
android/gynoid ratio (p < 0.001) (Table 1). Also, women had 
significantly higher working memory updating performance 
(p = 0.017) (Table 2). Levene’s test did not show significant 
between-groups differences in the variances of all variables, 
except for inhibition (p = 0.003), that might affect the following 
main outcomes of correlational analyses.

Table 1
Descriptive statistics for anthropometric and body fat 

characteristics of participants. Significant differences between 
genders are reported

Women (n = 54) Men (n = 24)
Age (years) 69.45 ± 3.27 70.00 ± 3.26
Weight (kg) 67.28 ± 8.90 81.18 ± 9.59***
Height (m) 1.62 ± 0.06 1.73 ± 0.05***
BF (%) 38.13 ± 6.48*** 28.65 ± 5.17
Android fat (%) 43.65 ± 11.11* 37.99 ± 8.37
Gynoid fat (%) 45.69 ± 6.02*** 28.00 ± 6.51
Android/Gynoid Ratio 0.94 ± 0.20 1.38 ± 0.26***
Statistically significant difference between males and females at * p < 0.05, ** p < 0.01, 
*** p < 0.001

Results of partial correlation between executive functions 
and regional body fat distribution controlled for total body fat 
(Table 3) showed statistically significant relationship between 
working memory updating and: android fat (p = 0.042), gynoid 
fat (p = 0.003) and android/gynoid ratio (p = 0.017). The 
correlation with the other executive functions (inhibition and 
cognitive flexibility) was non-significant and therefore these 
were excluded from further analyses. 

Given these results, and because men and women differed 
significantly in android and gynoid fat composition, partial 
correlation computations were recalculated on working memory 
updating separately for males and females. Results (Table 3) 
showed in males non-significant relationships with android (p = 

0.837), gynoid (p = 0.276) and android/gynoid ratio (p = 0.709). 
In women the relationship was positive and significant with 
gynoid (p = 0.045) and almost significant with android/gynoid 
ratio (p = 0.075). That with android fat was non significant (p = 
0.313). 

Table 2
Descriptive statistics for executive functions (composites 

scores) of participants

Women 
(n = 54)

Men 
(n = 24)

Working Memory Updating (std) 0.17 ± 0.68* -0.32 ± 1.07
Inhibition (std) -0.46 ± 0.75 -0.07 ± 0.83
Cognitive flexibility (s) 39.05 ± 29.46 52.90 ± 34.66
* Statistically significant difference between males and females at p<0.05

Regarding the analysis of moderation by gender on the 
prediction of executive functions by body fat, no regression 
models showed any interactive prediction of cognitive 
performances by gender with body fat composition, therefore 
results are not reported here. 

Figure 1
Graphic representation of partial correlation between percentage 
of gynoid body fat and working memory updating controlled for 
percentage of whole body fat. R values and significance for the 

two genders are reported

Discussion

The present study investigated the relationship between 
executive functions and regional body fat accumulation in 
healthy older individuals. Results support the notion of an 
association between executive functions and body fat 
accumulation, and contribute to filling a gap in previous 
literature by relating the efficiency of core executive functions 
needed for independent living with body fat accumulation in 
specific body regions. 

The importance of body fat in many human functions, 
including the cognitive, is becoming more apparent. In general, 
overall obesity is linked to cognitive difficulties and has a 
negative effect on decision-making, planning and problem-
solving in individuals aged 18 and over (7) as well as on several 
cognitive domains such as inhibition and attention, learning 
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and memory across the life-span (6, 13, 41). The literature 
also suggests an attenuation of such negative relationship after 
the age of 70 years (15, 42) preceded by an inverted U-shaped 
relationship between 55 and 65 years, as both underweight and 
overweight individuals demonstrate cognitive impairment with 
respect to normal weight people (20). 

In particular the complex relationship between cognitive 
executive functions and body fat is being revealed by extensive 
research. In the literature, positive, negative or non-significant 
results can be found, due partly to differences in body fat 
and cognition measurement protocols, but also to the many 
factors known to determine or influence the relationship. 
Cognitive aging and age-related body fat changes, as well 
as their relationships, may be interactively influenced by a 
number of factors that range from the organic domain, such as 
cardiovascular, metabolic (5), hormonal  factors (43) including 
vitamin D deficiency (44, 45), to the lifestyle domain, including 
education, diet, exercise, social engagement (46, 47) and daily 
living abilities (20). Also, gender seems to affect the direction 
and shape of the relationship between body fat and executive 
function: women with higher body fat show better executive 
function than those with lower, while this seems to hold for 
men only up to a certain point (21). 

The present study furthers our understanding of the body 
fat-cognition relationship, suggesting a possible differential link 
depending on fat localization (gynoid) and type of cognitive 
function (working memory). This represents a novel result 
which has not been previously reported. In fact, research has 
either combined measures of whole body fat with specific 
cognitive functions including the executive 11, 16, 31), or 
of regional (mainly central) body fat, with general cognitive 

measures (15, 17, 18, 48), while only rarely have studies 
employed both specific executive functions and regional 
body fat assessments (21, 30, 47), thus overlooking potential 
associations with gynoid body fat. 

There is evidence that being overweight has positive effects 
on cognition and specifically on executive function (21). 
In contrast, greater adiposity, specifically localized in the 
abdomen, seems to be associated with cognitive impairment 
in older adults (14, 15, 47). It should not be forgotten that 
localized body fat of android type is a known risk factor for 
cardiovascular, metabolic and cognitive impairment even 
in the absence of high overall body fat (15). Our findings 
support this negative association of cognition with android fat, 
highlighting a selective link to one core executive function, 
working memory updating (Table 3). Given that factors such 
as insulin resistance, hypercholesterolaemia, triglyceridaemia 
are associated with android body fat (49), they might represent 
biomedical mechanisms underlying the negative association 
between android fat and working memory updating observed in 
the present study.

While information on the negative role of android fat 
accumulation is generally accepted, a potential protective effect 
on cognition can only be indirectly evinced from research 
on gynoid fat protection against CVD (50). Reflective of 
higher estrogen levels, gynoid fat has long been suggested as 
protective against harmful cardiovascular conditions in women 
(50, 51) particularly before the menopause, after which estrogen 
levels decrease, gynoid fat is reduced and abdominal fat 
accumulates (23). Estrogens have been reported to protect from 
cognitive decline (17) through a stimulating effect on specific 
areas of the brain such as the hippocampus and the frontal 

Table 3

Controlled for % body fat Working memory updating Inhibition
% Android fat  
total sample -0.279* 0.121 0.052
males 0.045 -0.014 -0.108
females -0.141 0.158 -0.101
% Gynoid fat 
total sample 0.368** -0.037 -0.103
males 0.237 0.232 -0.190
females 0.280* 0.009 0.175
Android/Gynoid ratio 
total sample -0.303* 0.065 0.139
males -0.082 -0.023 0.174
females -0.247 0.061 -0.166
* p<0.05, ** p<0.01
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cortex, areas rich in receptors for estrogens and implicated in 
working memory (25). As a consequence, a positive effect of 
gynoid fat on cognitive performance at an older age may be 
inferred. The protective role of estrogens on the brain is further 
supported by research showing that postmenopausal women 
with higher remaining circulating oestradiol levels appear less 
likely to suffer from cognitive impairment independent of age 
at menopause (52) and by studies on menopausal women on 
hormone replacement therapy which suggest a diminished 
risk of dementia (53). The present study is suggestive of such 
a protective effect. However, the notion of a positive link 
between greater adiposity and executive function was limited to 
the gynoid fat accumulation and the core executive function of 
working memory updating (Table 3).

Moreover in the present sample, women showed higher 
values of both gynoid and android fat with respect to men, 
and lower values of android/gynoid ratio, due to the more 
pronounced amount of accumulated gynoid fat. When 
correlations between body fat and cognitive performance were 
calculated separately for gender, gynoid fat was significantly 
related to working memory in women only and the android/
gynoid ratio almost reached significance. The ratio, as a 
measure relating android to gynoid body fat deposits, reflects 
the potential “risk” linked to android fat accumulation 
independent of the “protection” linked to gynoid fat. In women 
accumulating android fat may be particularly detrimental, while 
accumulating gynoid fat may compensate for these negative 
effects. Both adolescent (10) and older females (30) have been 
reported to be particularly sensitive, compared with males, to 
the detrimental effects of central (e.g., android) adiposity on 
cognition, hippocampal volume and verbal memory. 

Although mechanisms explaining this phenomenon 
are not yet fully understood, a possible role of excessive 
testosterone in women has been suggested (26). Conversely, 
adipose tissue contributes, through testosterone conversion, 
to the maintenance of estrogens levels, which may reduce 
the risk of cognitive decline in overweight individuals (24, 
25). Particularly in women following the menopause, adipose 
tissue becomes the major source of estrogens (54). Possibly 
because of this role, significant weight loss in older women, 
in whom the menopause considerably reduces estrogen levels, 
is associated with a greater risk of developing cognitive 
dysfunction (48). Moreover, some authors suggested that 
gynoid fat is a source of a long-chain polyunsaturated fatty 
acid (as omega-3 DHA) which makes up about 20% of the dry 
matter of neurons and seems to positively affect cognition (55). 

The importance of maintaining a balanced body composition 
and a “healthy” amount of body fat in aging is also supported 
by the observation of pathologies such as the lipodystrophies 
which are characterized by a localized deficit of adipose tissue 
(56). In these cases, paradoxically, the affected individuals 
show disorders similar to those of the metabolic syndrome (56) 
which may also lead to a greater risk of developing dementia or 
cognitive deterioration (57). 

The present findings may be of practical relevance 
for objective body fat monitoring and the development of 
guidelines for optimal body composition maintenance for the 
elderly. As the more common body mass index (BMI) in older 
individuals does not reflect true body composition and may 
underestimate lean and fat composition, body fat localization 
as well as weight need to be kept under control. The possibility 
has to be considered that the body-fat /cognition relationship 
may be circular in nature. Therefore, proposing interventions 
aimed at improving body composition may preserve cognitive 
functions, or alternatively, proposing interventions aiming at 
improving cognitive functions may stimulate healthy lifestyle 
and positively affect obesity. Clearly, recommendations for 
healthy aging cannot include being overweight, given the 
well-known detrimental effects obesity has on general health. 
However, it seems reasonable to support the notion that 
maintaining a certain proportion of body fat may help prevent 
cognitive decline. Physical exercise is known to have positive 
effects on weight maintenance, body fat/lean mass control, 
CVD risk factors and maintenance of cognitive functions. 
Therefore, it seems reasonable to recommend exercise of a 
multi-component nature, including strengthening to keep lean 
mass, mild aerobic exercise to keep weight under control, as 
well as exercise to improve cognitive functions such as that 
proposed by Forte et al. (58).

Limitations of the study include the correlational nature 
of the analyses and the cross-sectional design of the study, 
so that causality could not be inferred, and the lack of 
measurements of hormonal levels, so that the relationships 
between estrogen, gynoid fat and cognition could only be 
presumed. Also, the relatively small number of participants, 
especially men, does not allow more robust conclusions. 
Larger and gender balanced samples of participants could have 
enhanced the generalizability of the measured associations 
allowing a better understanding of the effects of body fat on 
cognition. Limiting the age range to healthy well-functioning 
young old (65-75 years) enabled the exclusion of ill-health 
as an influence on the variables of interest (e.g. hypertension, 
diabetes, hypercholesterolaemia, hypertriglyceridaemia) but 
reduced the representativeness of the sample. Furthermore, 
information regarding health was mainly self-reported, 
hence liable to errors, and the possibility can not be excluded 
that such conditions accounted for some of the effects on 
cognition.  Future studies should employ direct measurements 
of these factors. Applying a prospective cohort design with a 
larger sample might allow the estimation of risk of cognitive 
deterioration in relation to body fat accumulation or changes. 
Other variables known to affect health and cognition, such 
as education, social engagement and marital status were not 
verified and their potential influence on the present results can 
not be excluded. The authors are aware of the fact that DXA 
is an indirect technique which cannot distinguish between 
visceral and subcutaneous fat. However, the advantages of 
using DXA include measures of subcutaneous fat, bone and 
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fat-free tissue in the whole body or in specific regions, e.g. 
android and gynoid, with less radiation exposure to patients 
compared with direct measures such as CT scanning, and is 
less expensive than MRI. Furthermore, DXA has been found 
to be as valid as direct measurements in the elderly (59), and 
highly correlated with abdominal visceral fat in older subjects 
(4). Future studies might also take advantage from rapid and 
noninvasive measurements of body fat by means of three-
dimensional photonic scanning (60). Finally, as regards the 
analysis of whether gynoid fat and gender jointly predicted 
working memory updating, the absence of significant results 
cannot be interpreted univocally, as a type II error could not be 
excluded because of the relatively small sample size for such 
type of analysis. 

In conclusion, the present results, by showing an 
association between gynoid fat and the executive function 
of working memory, suggests a possible protective role of 
gynoid fat particularly in older women. They contribute to 
the understanding of the body fat-cognition relationship by 
drawing attention to the importance of fat localization in 
relation to specific aspects of high-level cognition relevant 
in aging. Further studies should verify this role in larger 
cohort population samples and, due to the complexity of 
the relationship, through interdisciplinary research to better 
understand the mechanisms behind this relationship.
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