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Few studies have analized the effect of vascular risk factors and lifestyle 
habits affecting the middle age of postmenopausal women on later cognitive 
performance in old age. We have carried out an observational study to identify 
those factors and whether they differ from those acting in men. Postmenopausal 
women and males, both aged 40–60  years old at recruitment, from a community 
dwelling cohort were included. Data for this study were collected from the 
first visit at recruitment (2001 to 2005). Participants were interviewed with a 
questionnaire on their health-related antecedents and underwent a physical 
exam. The cohort was contacted again for a new presential visit between 2014 
and 2015. A semantic verbal fluency test was included in this new visit protocol as 
a brief measure of cognition. Besides educational attainment, Mediterranean diet 
adherence 20th percentile (OR = 1.93; 95%CI = 1.07–3.47) and waist to hip ratio 
80th percentile (OR = 1.81; 95%CI = 1.10–2,98) were the main factors associated 
to low semantic fluency performance in postmenopausal women, while declared 
diabetes mellitus (OR = 2.24; 95%CI = 1.16–4,33), HOMA 2 insulin resistance index 
(OR = 1.77; 95%CI =1.04–3,02), light physical activity in leisure time (OR = 0.41; 
95%CI =  0.19–0,93) and recommended moderate to vigorous physical activity 
(OR =  2.09; 95%CI =  1.23–3.56) did in men. Factors in middle age that explain 
semantic verbal fluency in old age are different between postmenopausal women 
and men. Menopause related fat redistribution may be a precondition for other 
vascular risk factors. The effect of Mediterranean diet on cognition deserves new 
specific studies centered on postmenopausal women as group.
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Background

In recent years, research in dementia has focused on the 
characterization of risk factors associated with the disease that can 
be modified and that could contribute to the design of primary and 
secondary prevention interventions (1). Cognitive decline and 
dementia are processes that start early in life, many years before 
clinical symptoms became evident. Observational studies have 
linked the influence of vascular risk factors and lifestyle habits in 
mid-life years on later risk of cognitive decline and dementia. 
Participants from community-based cohorts, initially recruited in 
middle age for the study of cardiovascular diseases, have been 
re-examined later, in the old age, including cognitive measures (2, 
3). In the case of women, this vital stage also overlaps with 
menopause, a process that involves fundamental physiological 
changes, mediated by the drop in estrogen levels and the loss of the 
cyclical pattern of female sex hormones. These changes are associated 
with increased risk and prevalence of obesity, diabetes, hypertension, 
ischemic heart disease as well as cognitive impairment and dementia 
(4). So far, few studies have analyzed the influence of vascular risk 
factors and lifestyle habits in middle-aged postmenopausal women 
and their influence on cognitive performance later in life. However, 
some recent data obtained from brain imaging indicate sex 
differences in development of the Alzheimer’s disease (AD) 
endophenotype, suggesting that the preclinical phase is early in the 
female aging process and coincides with the endocrine transition of 
perimenopause (5). To effectively preserve cognitive abilities 
throughout life, it is imperative to consider sex-specific risk 
trajectories and identify biological mechanisms that may degrade or 
protect relevant brain network integrity.

The semantic verbal fluency test (VFS) is a brief cognitive test 
related to semantic memory integrity (6). It has been reported to 
be predictive of the incidence of cognitive impairment and dementia 
(7) and the risk of conversion from the former to the latter. It is also 
a sensitive measure of clinical progression of dementia and pathology 
burden, both vascular and AD type (8). The accuracy of VFS is 
similar to Folstein’s Mini Mental State Examination test (9), but is free 
of charge and the levels of resistance or refusal to participate are low 
because listing words for 1 min is not particularly intimidating. It 
does not require any materials other than a device to keep track of 
the time and a means for recording the number of words produced 
(10). VFS also has been used previously as single cognitive measure 
in large population based studies (11). The aim of this study was to 
identify which vascular risk factors and lifestyle habits that intervene 
in midlife on postmenopausal women are related to cognitive 
performance later in ageing and whether these factors differ from 
those acting in men.

Methods

The “CDC de Canarias” (CDC is the acronym for Cardiovascular, 
Diabetes and Cancer) is a general population cohort study launched 
to analyze the prevalence and incidence of ischemic heart disease, 
diabetes and cancer rates in Canary Islands and the exposure to their 
risk factors (12).

CDC cohort was selected randomly during the years 2000 to 2005 
from the general population in the Canary Islands aged between 18 

and 75 years. The study was approved by the Bioethics Committee of 
Nuestra Señora de la Candelaria University Hospital, and all 
participants provided their informed consent in writing.

The methodology for CDC Cohort and data obtained in the 
enrolment visit has been described previously in detail (12). In 
brief, CDC participants were interviewed to obtain responses to a 
questionnaire on their health-related antecedents, and they also 
underwent a physical examination. The following anthropometric 
variables and indices were recorded: mass, height, waist and pelvic 
circumference (in cm), and body mass index (BMI, in kg/m2); waist 
to height (WHeR) and waist to hip (WHR) circumference ratios, 
were also calculated. Abdominal obesity was defined on the basis of 
WHR equal to or greater than 0.9 in females and 1 in males (13), 
and also based on the basis of WHeR, considering as obese those 
subjects with an WHeR equal to or higher than 0.55  in both 
sexes (14).

Heart rate and blood pressure (mmHg) were measured following 
standardized protocols. Pulse pressure was also calculated as difference 
between systolic and diastolic blood pressure. A sample of venous 
blood was obtained after the participant had abstained from food or 
drink for at least 10 h. All samples were centrifuged in situ at room 
temperature (2000 rpm for 10 min) and transported daily to the 
laboratory. Glucose and lipid levels were measured with a Hitachi 917 
autoanalyzer, and the results were recorded as the serum concentration 
in mg/dL. C-peptide concentrations were also determined by enzyme-
immunoassay (Biosource®, ng/ml, intra-assay coefficient of variation 
6.3% and inter-assay coefficient of variation 4.7%), and HOMA2 was 
calculated as a measure for insulin resistance, with the formula: total 
C peptide x glucose x 0.0555 / 22.5. HOMA2 was also categorized with 
80th percentile (15).

As socio-demographical variables: education degree, total 
incomes and number of family members living together were 
recorded. Education degree was classified in categories: primaries 
completed or uncompleted, secondaries or university. The ICE index 
for social class, that included per-capita family income, home 
overcrowding index and education degree was also calculated and 
results were grouped in tertiles (16).

Data on physical activity (PA) during leisure time were also 
recorded with the Spanish version of the Minnesota Leisure Time 
Physical Activity Questionnaire (17), and data on PA during work 
were obtained with a validated questionnaire for the Canary 
Islands population (daily hours of PA equivalent to or more 
vigorous than brisk walking). Each activity reported by the 
participants was assigned a metabolic equivalent level (MET). One 
MET reflects an individual’s energy consumption at rest, equivalent 
to approximately 1 kcal per kg body weight per hour, or 4.184 kJ 
per kg body weight per hour according to the Compendium of 
Physical Activities of Ainsworth et al. (18). Passive leisure PA was 
considered any activity in which MET consumption was less than 
4, and active leisure PA was considered any activity with a MET 
level equal to or higher than 4. Measurements of MET during 
leisure time did not consider usual housework activities. Leisure 
PA was classified in three categories designated light (MET <3.5), 
moderate (MET 3.5–6) or vigorous (MET >6). Leisure time were 
also categorized according to two additional criteria: daily MET for 
leisure time (<4.6, 4.6–18, and >18) and the daily amount of 
moderate or vigorous PA (MVPA, with categories: none, low 
or recommended).
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Mediterranean diet was evaluated using a food frequency 
questionnaire validated for our study population (19). Briefly, the 
following food groups: cereals, fruits and nuts, vegetables, potatoes 
and legumes, olive oil, fish, dairy products, meat, sugar and sweets 
and alcoholic beverages, were considered. A value of 0 or 1 was 
assigned to each of the 10 indicated components using the sex-specific 
median as the cut-off value, assigning a value of 0 or 1 for the 
beneficial components below and above the median, respectively. The 
total adapted score ranged from 0 (minimal adherence to the 
traditional Mediterranean diet) to 10 (maximal adherence). For 
categorical comparisons and logistic regression models, values below 
the 20th percentile, were considered low adherence to the 
Mediterranean diet.

The cohort was contacted again between 2014 and 2015 and 
participants were asked to come to their health care center for a new 
face-to-face examination. During this revisit, individuals were 
assessed with a questionnaire and physical examination similar to that 
provided during the recruitment visit and VFT was included as a 
general measure of cognition. Participants were asked to name as 
many animals as they could in 60s and the total number of generated 
words was recorded. Percentile 20 was also calculated, as indicative of 
low SFT performance.

The participants for this study were drawn from CDC cohort 
database records. Data from postmenopausal women (as declared at 
first visit) and men, both between 40 and 60 years of age at recruitment, 
who had completed both visits were selected for this study. Data about 
risk factors and lifestyle habits for this study were those collected from 
recruitment visit.

Statistical analysis

Continuous variables were summarized as the mean ± standard 
deviation and nominal variables were showed as percentages. 
Number of animals in semantic fluency was transformed to typified 
z-values to approximate it to a normal distribution. The bivariate 
associations of VFT performance with continuous variables were 
analyzed with Spearman’s correlation index. All the numerical 
variables that reached statistical significance or were near to 
significance were categorized with their 20th and 80th percentile. 
The associations of these categorical variables were analyzed with 
Pearson’s chi-square tests; also, reported antecedent of diabetes, 
high blood pressure, and declared antecedent of smoking, 
were analyzed.

For multivariate analysis, linear regression models were generated, 
separately for postmenopausal women and men, to adjust significative 
bivariate correlations found; the standardized regression coefficients 
(SRC) and p values are offered. Models were generated by backward 
method, so only factors that remained statistically significative, or 
were close to signification in the last step were shown in tables. In 
addition, logistic regressions models were adjusted, separately for 
postmenopausal women and men, with VFS (percentile 20) as 
dependent variable and with categorical variables that reached 
significance (p < 0.05) or near significance (p < 0.1) at the bivariate 
analysis as independent factors. The goodness of fit for logistic models 
was assessed with Hosmer and Lemeshow tests, and odds ratios (OR) 
and 95% confidence intervals (95%CI) are shown. All calculations 
were done with SPSS version 21 software.

Results

The original CDC cohort was composed by 6.729 participants 
from Canary Islands: 57% women and the call for the review visit 
was attended by 2,595 individuals: 56.7% women (p = 0.348). There 
were differences by age between participants that attended only the 
recruitment visit: 42.32 ± 13.45 years and those that also came to the 
call back: 43.83 ± 11.92 years (p < 0.001). The selected sample for the 
present analysis comprised 323 postmenopausal women and 584 
men, both with ages between 40 to 60 years at recruitment. Time 
between recruitment initial visit and third contact visit was 
11.80 ± 1.1 years. The mean age at recruitment was 54.01 ± 4.25 
years for women and 49.65 ± 6.36 years for men (p < 0.001). There 
were differences in education degree: 80.9% of postmenopausal 
women had primary or no studies vs. 64.8% of men (p < 0.001), and 
only 5.9% reached university studies vs. 14.7% in men (p < 0.001); 
the ICE for social class index was higher for men than for 
postmenopausal women: 16.50 ± 4.69 vs. 14.30 ± 3.54, respectively 
(p  < 0.001); and also VFS performance was better in men: 
16.38 ± 5.62 animals in a minute, than in women: 13.97 ± 4.71 
(p < 0.001).

Table 1 shows bivariate nonparametric Spearman’s correlations for 
VFS, calculated separately for men and postmenopausal women. Only 
education degree (R = 0.399 in men and R = 0.297 in women) and 
social class (R = 0.312 and R = 0.207) correlated positively with verbal 
fluency for both sexes, while age (R = −0.346 and R = −0.160), BMI 
(R = −0.123 and R = −0.148), WHeR (R = −0.223 and R = -−221) and 
WHR (R = −0.263 and R = −0.278) ratios correlated negatively. HDL 
cholesterol (R = 0.098), METs for sleeping time (R = 0.114), weekly 
alcohol intake (R  = 0.159), smoking history (R  = 0.095), and 
Mediterranean diet adherence (R = 0.118) correlated positively with 
verbal fluency only in women while daily METs in leisure time 
(R = −0.106), and passive leisure time (R = −0.128) did negatively. 
Light physical activity for leisure time (R = 0.142) correlated positively 
with verbal fluency in men’s group, but negatively in postmenopausal 
women (R = −0.106). Bivariate associations of categorical variables are 
showed in Table 2.

Linear regression models for VFS as dependent variable and 
significative bivariate associations, as independent factors for men and 
postmenopausal women, are showed in Table 3. Education degree 
(SRC = 0.310 in men and 0.312 in women) and WHR (SRC = −0.111 
and −0,154) remained as the two only common factors for both men 
and postmenopausal women. Mediterranean diet adherence 
(SRC = 0.106), years since menopause (SRC = −0.094) and passive PA 
in leisure time (SRC = −0.094) remained also in the model for 
postmenopausal women, while age (SRC = −0.264), moderate PA in 
leisure time in METs (SRC = −0.387) and weekly PA in leisure time 
(SRC = 0.273) did in men.

Table  4 shows logistic regression models for men and 
postmenopausal women. Besides education degree, that correlated 
inversely with SVF in both groups, waist to hip ratio greater than 0.9 
(OR = 1.81; 95%CI = 1.10–2.98) and Mediterranean diet adherence 
(OR = 1.93; 95CI = 1.07; 3.46) were independent factors related to low 
verbal fluency in postmenopausal women. Declared antecedent of 
diabetes (OR = 2.24), recommended MVPA (OR = 2.09) and HOMA 
2 insulin resistance index (OR = 1.77) were associated to low VFS 
performance in men, while association with light PA in leisure time 
(OR = 0.41) was inversely related.
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Discussion

As hypothesized, midlife factors associated to VFS performance 
differ between men and postmenopausal women. Only education 
degree and waist-to-hip ratio remained as independent common 

factors for both groups. Mediterranean diet adherence and waist to 
hip ratio were the main factors associated to low semantic fluency 
performance in postmenopausal women.

The association between VFS performance and years of education 
has been widely reported (20). In fact, the bivariate association of 
fluency with social class is attributable to the educational component 
of this index, and it disappeared in the multivariate analysis when 
adjusting for education level as an independent factor.

WHR is a marker of central obesity and its effect was 
independent from BMI in linear regression models, which suggest 
that this association between VFS 20th percentile and WHR could 
be related mainly to body fat redistribution effect, rather than a 
global body mass increase. Abdominal fat is a recognized factor for 
metabolic syndrome (21). Menopause is linked to estrogens 
decrease and testosterone increase and this hormonal change is 

TABLE 1 Spearman’s correlation coefficients between semantic fluency 
and the continuous variables.

Men Postmenopausal 
women

Semantic fluency Semantic fluency

Age at third visit −0.346** −0.160**

Level of education 0.399** 0.297**

Socio-economic class 0.312** 0.207**

Systolic BP −0.149** −0.002

Diastolic BP −0.004 −0.041

Pulse pressure −0.199** −0.006

Total cholesterol −0.033 0.040

HDL cholesterol −0.027 0.098$

Triglycerides −0.029 −0.086

Fasting glucose −0.194** −0.091

BMI −0.123** −0.148**

Waist to height ratio −0.223** −0.221**

Waist to hip ratio −0.263** −0.278**

HOMA index −0.087* −0.036

Weekly MET in leisure time −0.093* −0.076

Daily MET in leisure time −0.059 −0.104$

Active leisure time (>4 MET/ 

day)

−0.055 −0.037

Passive leisure time (<4 MET/ 

day)

0.056 −0.128*

Light PA in leisure time (<3 

MET/ day)

0.142** −0.106$

Moderate PA in leisure time 

(>3 < 6 MET/day)

−0.140** −0.043

Vigorous PA in leisure time (>6 

MET/ day)

0.010 −0.059

Weekly MET in working time −0.135** −0.057

MET for active PA in working 

time

−0.097* −0.075

MET for passive PA in working 

time

0.014 −0.004

MET for sleeping time 0.018 0.114*

MET for the remaining time 0.139** 0.055

Weekly alcohol intake −0.046 0.159**

Smoking history 0.020 0.095$

Mediterranean diet adherence −0.009 0.118*

Years since menopause −0.121*

Reproductive period (years) 0.045

$p < 0.1; **p < 0.05; ***p < 0.01.

TABLE 2 Bivariate association between categorical variables and 
semantic fluency (20th percentile =11).

Men Women

≤11% >11% ≤11% >11%

Level of 

education

Basic 88.5** 58.2 91.6** 75.9

Secondary 9.7** 23.5 7.5** 16.7

University 1.8** 18.3 0.9** 7.4

Socio-economic 

class

1st tertile 50.0** 31.5 37 36.3

2nd tertile 34.3** 33.7 36 27.5

3rd tertile 15.7** 34.8 27 36.3

Diabetes mellitus 16.8** 8.3 15.0 11.6

Hypertension 72* 62 72.9* 61.2

Pulse pressure (80th percentile) 25.0$ 17.5 21.5 19.2

HOMA index (80th percentile) 30.1** 17.4 18.9 20.5

METs for light PA in leisure time (Cat) 8** 18.9 75.7 72.7

METs for moderate PA in leisure time 

(Cat)

69.9* 58.2 52.3 51.4

METs for vigorous PA in leisure time 

(Cat)

31.9 27.8 24.3 21.3

Null moderate to vigorous PA 26.5** 39.5 46.7 47.7

Low moderate to vigorous PA 46.0 42.7 31.8 36.6

Recommended moderate to vigorous PA 27.4* 17.8 21.5 15.7

METs in leisure time (80th percentile) 21.2 15.3 17.8 14.8

METs in passive leisure time (80th 

percentile)

4.4 9.3 19.6 14.8

Smoking 

history

Never 26.5 37.8 89.6 81.0

Smoker in the past 48.7** 31.8 5.7 11.1

Smoker 24.8 30.4 4.7 7.9

Weekly alcohol intake (80th percentile) 18.6 20.3 11.4* 21.9

Mediterranean diet adherence (20th 

percentile)

15.9 14.0 29.0* 17.6

Waist to Hip ratio categorized for men 

and women

42** 25.5 45.8** 30.4

Waist to height ratio recode (>55) 75.5** 62.5 77.1** 61.9

*P < 0.05; **P < 0.01.
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accompanied by a redistribution of body fat from a female to a 
male type with an accumulation in the abdominal compartment 
(22). In terms of the factors that were shown to be  specifically 
associated with VFS in postmenopausal women’s group, adherence 
to the Mediterranean diet emerged as a positive factor, while years 
since menopause was a negative one. Traditional Mediterranean 
diet is rich in flavonoids from grapes and wine, is low in saturated 
fat, as the main source for fat is from olives and nuts, and also is 
characterized by frugality due to austerity periods (23). It has been 
suggested that nutrients and phytochemicals which are major 
components of the Mediterranean diet enhances cognitive 
performance by slowing brain aging (24). In relation to clinical 
relevance, a large prospective cohort study found that long-term 
adherence to a Mediterranean diet pattern was linearly associated 
with overall cognitive status but not cognitive decline (25). 
However, this study was conducted in women over 70 years of age 
and we could not found any other study regarding this topic in 
midlife postmenopausal women. The impact of diet on cognition 
has always been a controversial issue with some studies reporting 
a significant positive relationship between adherence to various 
“healthy” dietary patterns and neurocognition, but others 
reporting no such relationship (26). Anyway, if the association 
found in our study is confirmed, the differential effect of adherence 
to the Mediterranean diet according to sex should be considered, 
with special emphasis on the midlife years in the group of women 
with menopause.

All included female participants had not menstruated for more 
than 10 years at the time of the VFS was recorded and were therefore 
beyond the late postmenopausal period cutoff (27); however, the time 
in years since last menstruation was inversely correlated with VFS 
performance and remained as independent variable in the 
age-adjusted linear regression model. This suggests that the effects of 
menopause on cognition are time-dependent and exert some effect 
even beyond the late postmenopausal period limit. Previous work had 
suggested that the length of the reproductive period was positively 
associated with cognitive performance (28). Since reproductive period 
and years since last menstruation are inversely related variables, the 
former was also calculated and no such association could 
be demonstrated, so this potential confounder factor was ruled out.

Passive PA in leisure time was also negatively associated to VFS in 
postmenopausal women, and no other PA measure remained in the 
regression models. In fact, this variable can be considered a marker of 
sedentary behavior, so that the models would be highlighting more 

the detrimental effect of physical inactivity than beneficial effect of 
PA. On the other hand, VFS in men was positively related to weekly 
PA in leisure time and negatively related to age and moderate PA in 
leisure time. Although there is consistent evidence that PA in mid-life 
is associated with lower risk of dementia or better cognitive function 
in later life (29), in our study the results on the association between 
PA and VFS were different between men and postmenopausal women. 
Possible explanations for these findings include sex differences 
between PA and its association to cognitive domains. It is possible that 
VFS as a cognitive measure does not maintain a good association with 
PA in women, while measures of other cognitive domains such as 
episodic memory would maintain a better association (30). On the 
other hand, most studies on PA included men and women and very 
few have provided sex-specific cognitive outcome data that would 
allow an examination of possible interactions by sex (31). The inverse 
association found for moderate PA in males with VFS performance 
may also be puzzling. A recent Meta-analysis reported that the effect 
of PA on all-cause dementia incidence was greatest when moving from 
extreme sedentariness to some PA (29). However given that the 
recording of PA was based on a self-reported questionnaire, we cannot 
rule out a misreporting effect on declared level of PA (32).

Pulse pressure is a marker of arterial stiffness and have been 
associated with stroke, lowered levels of cognitive function and 
dementia (33). In our sample, pulse pressured correlated inversely with 
VFS in men. We  have not been able to find sufficient theoretical 
support in the literature to explain absence of the association in 
postmenopausal females. A small study comparing arterial stiffness 
and cognitive performance in two groups of pre- and post-menopausal 
women found that arterial stiffness and performance on cognitive tests 
did not differ between both groups. However, post-menopausal females 
had lower performance on a working memory task, and this difference 
in working memory was not explained by the increase in arterial 
stiffness (27). There is a paucity of data regarding sex differences in the 
effects of large artery stiffness on cognitive or dementia outcomes and 
as causes have been pointed out, the historical exclusion of females 
from studies and the treatment of sex as a confounding variable rather 
than an important contributor to physiology (34).

Regarding the results of the logistic model, low adherence to 
Mediterranean diet and a waist-to-hip ratio higher than 0.9 in 
postmenopausal women were associated with worse VFS 
performance, while a higher educational level showed an inverse 
association. Those results are similar to that found on linear 
regression model and reinforces the strength of the association 

TABLE 3 Lineal regression model, for semantic fluency as dependent variable generated by backward method.

Men Postmenopausal women

Independent factors Std. coefficients beta p Independent factors Std. coefficients beta p

Age −0.26 <0.001 Years since menopause −0.094 0.081

Education degree 0.31 <0.001 Education degree 0.31 <0.001

Pulse pressure −0.06 0.107 Mediterranean diet 0.11 0.050

Waist to hip ratio (WHR) −0.11 0.003 Waist to hip ratio (WHR) −0.15 0.005

METs for moderate PA in leisure time −0.39 <0.001 METs for passive PA in leisure time −0.094 0.086

Weekly METs PA in leisure time 0.27 0.009

Factors that reached or were near statistical signification, are shown. Model for men was also adjusted by: Social class, fasting glucose, BMI, METs for moderate physical activity in leisure time, 
weekly MET in working time, MET for active PA in working time, and METs for the remaining time. Model for postmenopausal women was also adjusted by: Age, Social class, HDL, BMI, 
Waist to hip ratio, Daily METs in leisure time and METs for sleeping time.
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of these factors with VFS in postmenopausal women. In 
comparison, low performance in men was associated with 
reported history of diabetes mellitus, 80th percentile HOMA-2 
insulin resistance, waist-to-hip ratio greater than 1, and history 
of smoking in the past, in addition to recommended moderate to 
vigorous PA; and was inversely correlated with educational 
attainment, and with METs categorized as light leisure-time 
PA. Tobacco is a well known risk factor associated to all-cause 
dementia (35), and sex differences have not been reported 
previously. The high percentage of postmenopausal women that 
never smoked in the VFS 20th percentile group: 85.3%, 
comparing to men: 32.15% may explain this lack of association 
with smoking in postmenopausal women.

By the other hand, only hypertension defined by a history of 
reported arterial hypertension or a measured systolic pressure > = 130 
mmHG or diastolic > = 85 mmHG, was correlated to VFS 20th 
percentile in postmenopausal females, but that association did not 
remain in the logistic model. This suggests that body fat redistribution, 
associated to menopause transition, precedes the shift from a 
protective to a risky vascular profile and the onset of other systemic 
factors such hypertension. In fact has been reported that 
cardiovascular disease affects women up to 10 years later than men, 
although later on, the prognosis is worse and the mortality rate is 
higher in women (21). Regarding association between PA and VFS 
20th percentile in men, light PA in leisure time was inversely 
associated while recommended moderate to vigorous PA showed a 
positive association. Possible causes of these seemingly unexpected 

associations have been discussed above, however, in an earlier study 
with the same cohort, the recommended level of PA was not associated 
with the prevalence of metabolic syndrome, although those 
participants who supplemented some moderate- vigorous PA with 
light PA, up to a level of 3 MET-h/day in total PA, were less likely to 
have metabolic syndrome (36).

The first limitation is that this is an observational study, so 
causal relationships cannot be established. The second limitation is 
that only a single measure of VFS was available 12 years after 
recruitment. More measures of verbal fluency at longitudinal 
follow-up and the inclusion of a detailed neuropsychological battery 
exploring other cognitive domains would probably have allowed for 
more complete results and would have eliminated some of the 
outstanding questions, for example about the lack of association 
between verbal fluency and PA in postmenopausal women. Still, 
we believe that the associations described are strong enough for 
their influence to have been detected over such a long period of 
time, and a strength of our study is that it is based on a randomized 
sample from the general population.

In sum, factors influencing postmenopausal women midlife 
and associated to performance in SFT as a brief cognitive 
measure, are different to those acting in men. Mediterranean diet 
adherence and body fat redistribution have emerged as the main 
factors linked to semantic fluency later in life. As a hypothesis for 
further studies, it could be suggested that the redistribution of 
body fat is a phenomenon primarily associated with the 
menopausal transition and that it would be  prior to the 

TABLE 4 Logistic regression models, for men and postmenopausal women, with semantic fluency (20th percentile) as dependent variable generated by 
backward conditional method.

Men Postmenopausal women

OR (CI95%) p OR (CI95%) p

Education degree 1 Education degree 1

Education degree (1) 0.33 (0.17; 0.67) 0.002 Education degree (1) 0.12 (0.02; 0.89) 0.038

Education degree (2) 0.04 (0.005; 0.293) 0.002 Education degree (2) 0.34 (0.04; 3.00) 0.329

Diabetes mellitus 2.15 (1.11; 4.22) 0.024 Waist to hip ratio (WHR) > 0.9 1.81 (1.10; 2.98) 0.020

Light PA in leisure time 0.46 (0.21; 0.99) 0.046 Mediterranean diet (20th percentile) 1.93 (1.07; 3.46) 0.028

Recommended MVPA 2.20 (1.29; 3.75) 0.004

HOMA index (80th percentile) 1.61 (0.94; 2.76) 0.084

Smoking history 1

Never 0.93 (0.50; 1.73) 0.835

Smoker in the past 1.80 (1.02; 3.17) 0.042

Model excluding smoking history

Education degree 1

Education degree (1) 0.04 (0.01; 0.29) 0.002

Education degree (2) 0.13 (0.02; 1.08) 0.059

Diabetes mellitus 2.24 (1.16; 4.33) 0.016

Light PA in leisure time 0.41 (0.19; 0.93) 0.032

Recommended MVPA 2.09 (1.23; 3.56) 0.006

HOMA index (80th percentile) 1.77 (1.04; 3.02) 0.034

Factors that reached or were near statistical signification, are shown. Models for men were also adjusted by Social class, Hypertension, Pressure pulse (80th percentile), Null moderate or 
vigorous physical activity, Waist to hip and Waist to height ratios. Model for postmenopausal women was adjusted by Hypertension, Weekly alcohol intake (80th percentile), Waist to hip and 
Waist to height ratios.
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appearance of other vascular risk factors such as diabetes 
or hypertension.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Bioethics Committee of Nuestra Señora de la Candelaria 
University Hospital. The patients/participants provided their written 
informed consent to participate in this study.

Author contributions

NR-E, AM, and AC contributed to conception and design of the 
study. MR-P and DA-G planned and organized Database. All authors 

contributed to manuscript revision, read, and approved the 
submitted version.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The handling editor JR declared a shared affiliation with the 
author AC at the time of review.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al. 

Dementia prevention, intervention, and care: 2020 report of the lancet commission. 
Lancet. (2020) 396:413–46. doi: 10.1016/S0140-6736(20)30367-6

 2. Singh-Manoux A, Czernichow S, Elbaz A, Dugravot A, Sabia S, Hagger-Johnson G, 
et al. Obesity phenotypes in midlife and cognition in early old age: the Whitehall II 
cohort study. Neurology. (2012) 79:755–62. doi: 10.1212/WNL.0b013e3182661f63

 3. Sindi S, Kåreholt I, Solomon A, Hooshmand B, Soininen H, Kivipelto M. Midlife 
work-related stress is associated with late-life cognition. J Neurol. (2017) 264:1996–2002. 
doi: 10.1007/s00415-017-8571-3

 4. Scheyer O, Rahman A, Hristov H, Berkowitz C, Isaacson RS, Diaz Brinton R, et al. 
Female sex and Alzheimer’s risk: the menopause connection. J Prev Alzheimers Dis. 
(2018) 5:1–6. doi: 10.14283/jpad.2018.34

 5. Mosconi L, Id AR, Diaz I, Wu X, Scheyer O, Hristov W, et al. Increased Alzheimer’s 
risk during the menopause transition: A 3-year longitudinal brain imaging study. PLoS 
One. (2018) 13:e0207885. doi: 10.1371/journal.pone.0207885

 6. Henry JD, Crawford JR, Phillips LH. Verbal fluency performance in dementia of 
the Alzheimer’s type: a meta-analysis. Neuropsychologia. (2004) 42:1212–22. doi: 
10.1016/j.neuropsychologia.2004.02.001

 7. Sutin AR, Stephan Y, Terracciano A. Verbal fluency and risk of dementia. Int J 
Geriatr Psychiatry. (2019) 34:863–7. doi: 10.1002/gps.5081

 8. Frank B, Ally M, Tripodis Y, Puzo C, Labriolo C, Hurley L, et al. Trajectories of 
cognitive decline in brain donors with autopsy-confirmed Alzheimer disease and 
cerebrovascular disease. Neurology. (2022) 98:E2454–64. doi: 10.1212/
WNL.0000000000200304

 9. Hemmy LS, Linskens EJ, Silverman PC, Miller MA, Talley KMC, Taylor BC, et al. 
Brief cognitive tests for distinguishing clinical Alzheimer-type dementia from mild 
cognitive impairment or normal cognition in older adults with suspected cognitive 
impairment: a systematic review. Ann Intern Med. (2020) 172:678–87. doi: 10.7326/
M19-3889

 10. Feichtenberger PRP, Laureano Rocha MR, Puga MEDS, Martinez JE. Screening 
for cognitive impairment among individuals aged 60 years or over: scoping review. Sao 
Paulo Med J. (2021) 139:520–34. doi: 10.1590/1516-3180.2020.0635.150321

 11. Llewellyn DJ, Matthews FE. Increasing levels of semantic verbal fluency in elderly 
English adults. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. (2009) 16:433–45. 
doi: 10.1080/13825580902773867

 12. De LC, Pérez R, Cristo M, González A, Jaime A, Díaz B, et al. Presentation of the 
“CDC de Canarias”. Cohort. (2008) 82:519–34. doi: 10.1590/s1135-57272008000500007

 13. Dobbelsteyn CJ, Joffres MR, MacLean DR, Flowerdew G. A comparative evaluation 
of waist circumference, waist-to-hip ratio and body mass index as indicators of 
cardiovascular risk factors. The Canadian heart health surveys. Int J Obes Relat Metab 
Disord J Int Assoc Study Obes. (2001) 25:652–61. doi: 10.1038/sj.ijo.0801582

 14. Del CRPM, Cabrera De León A, Aguirre-Jaime A, Domínguez Coello S, Brito 
Díaz B, Almeida González D, et al. The waist to height ratio as an index of 
cardiovascular risk and diabetes. Med Clin (Barc). (2010) 134:386–91. doi: 10.1016/j.
medcli.2009.09.047

 15. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function from fasting 
plasma glucose and insulin concentrations in man. Diabetologia. (1985) 28:412–9. doi: 
10.1007/BF00280883

 16. De León AC, Pérez MCR, Coello SD, Díaz CR, Álvarez CR, Jaime AA, et al. 
Validation of the ICE model to assess social class in the adult population. Rev Esp Salud 
Publica. (2009) 83:231–42.

 17. de León AC, del Rodríguez-Pérez M, Rodríguez-Benjumeda LM, Anía-Lafuente 
B, Brito-Díaz B, de Fuentes MM, et al. Sedentarismo: Tiempo de ocio activo frente a 
porcentaje del gasto energético. Rev Esp Cardiol. (2007) 60:244–50. doi: 
10.1157/13100275

 18. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-
Locke C, et al. 2011 compendium of physical activities: a second update of codes 
and MET values. Med Sci Sports Exerc. (2011) 43:1575–81. doi: 10.1249/
MSS.0b013e31821ece12

 19. de León AC, González DA, Hernández AG, Coello SD, Marrugat J, Sánchez JJA, 
et al. Relationships between serum resistin and fat intake, serum lipid concentrations 
and adiposity in the general population. J Atheroscler Thromb. (2014) 21:454–62. doi: 
10.5551/jat.22103

 20. Iñesta C, Oltra-Cucarella J, Sitges-Maciá E. Regression-based normative data for 
independent and cognitively active Spanish older adults: verbal fluency tests and Boston 
naming test. Int J Environ Res Public Health. (2022) 19:1445. doi: 10.3390/
ijerph191811445

 21. Gulbahar A, Caglar GS, Arslanca T. Evaluation of visceral adiposity index with 
cardiovascular risk factors, biomarkers in postmenopausal women to predict 
cardiovascular disease: a 10 year study. Exp Gerontol. (2022) 170:111986. doi: 10.1016/j.
exger.2022.111986

 22. Fenton A. Weight, shape, and body composition changes at menopause. J Midlife 
Health. (2021) 12:187–92. doi: 10.4103/jmh.jmh_123_21

 23. Cano A, Marshall S, Zolfaroli I, Bitzer J, Ceausu I, Chedraui P, et al. The 
Mediterranean diet and menopausal health: an EMAS position statement. Maturitas. 
(2020) 139:90–7. doi: 10.1016/j.maturitas.2020.07.001

 24. Elsayed MM, Rabiee A, El Refaye GE, Elsisi HF. Aerobic exercise with 
Mediterranean-DASH intervention for neurodegenerative delay diet promotes 
brain cells’ longevity despite sex hormone deficiency in postmenopausal women: a 
randomized controlled trial. Oxidative Med Cell Longev. (2022) 2022:1–8. doi: 
10.1155/2022/4146742

https://doi.org/10.3389/fnut.2023.1106629
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1212/WNL.0b013e3182661f63
https://doi.org/10.1007/s00415-017-8571-3
https://doi.org/10.14283/jpad.2018.34
https://doi.org/10.1371/journal.pone.0207885
https://doi.org/10.1016/j.neuropsychologia.2004.02.001
https://doi.org/10.1002/gps.5081
https://doi.org/10.1212/WNL.0000000000200304
https://doi.org/10.1212/WNL.0000000000200304
https://doi.org/10.7326/M19-3889
https://doi.org/10.7326/M19-3889
https://doi.org/10.1590/1516-3180.2020.0635.150321
https://doi.org/10.1080/13825580902773867
https://doi.org/10.1590/s1135-57272008000500007
https://doi.org/10.1038/sj.ijo.0801582
https://doi.org/10.1016/j.medcli.2009.09.047
https://doi.org/10.1016/j.medcli.2009.09.047
https://doi.org/10.1007/BF00280883
https://doi.org/10.1157/13100275
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.5551/jat.22103
https://doi.org/10.3390/ijerph191811445
https://doi.org/10.3390/ijerph191811445
https://doi.org/10.1016/j.exger.2022.111986
https://doi.org/10.1016/j.exger.2022.111986
https://doi.org/10.4103/jmh.jmh_123_21
https://doi.org/10.1016/j.maturitas.2020.07.001
https://doi.org/10.1155/2022/4146742


Rodriguez-Espinosa et al. 10.3389/fnut.2023.1106629

Frontiers in Nutrition 08 frontiersin.org

 25. Samieri C, Okereke OI, Devore EE, Grodstein F. Long-term adherence to the 
Mediterranean diet is associated with overall cognitive status, but not cognitive decline, 
in women. J Nutr. (2013) 143:493–9. doi: 10.3945/jn.112.169896

 26. Gauci S, Young LM, Arnoldy L, Lassemillante AC, Scholey A, Pipingas A. Dietary 
patterns in middle age: effects on concurrent neurocognition and risk of age-related 
cognitive decline. Nutr Rev. (2022) 80:1129–59. doi: 10.1093/nutrit/nuab047

 27. Debray A, Bherer L, Gagnon C, Bosquet L, Hay E, Bartlett AA, et al. A cross-
sectional comparison of arterial stiffness and cognitive performances in physically active 
late pre- and early post-menopausal females. Brain Sci. (2022) 12:901. doi: 10.3390/
brainsci12070901

 28. Ryan J, Carrière I, Scali J, Ritchie K, Ancelin M-L. Life-time estrogen exposure and 
cognitive functioning in later life. Psychoneuroendocrinology. (2009) 34:287–98. doi: 
10.1016/j.psyneuen.2008.09.008

 29. Iso-Markku P, Kujala UM, Knittle K, Polet J, Vuoksimaa E, Waller K. Physical 
activity as a protective factor for dementia and Alzheimer’s disease: systematic review, 
meta-analysis and quality assessment of cohort and case-control studies. Br J Sports Med. 
(2022) 56:701–9. doi: 10.1136/bjsports-2021-104981

 30. Tierney MC, Moineddin R, Morra A, Manson J, Blake J. Intensity of recreational 
physical activity throughout life and later life cognitive functioning in women. J. 
Alzheimers Dis. (2010) 22:1331–8. doi: 10.3233/JAD-2010-101188

 31. Lehert P, Villaseca P, Hogervorst E, Maki PM, Henderson VW. Individually 
modifiable risk factors to ameliorate cognitive aging: a systematic review and meta-
analysis. Climacteric. (2015) 18:678–89. doi: 10.3109/13697137.2015.1078106

 32. Rasmussen LB, Matthiessen J, Biltoft-Jensen A, Tetens I. Characteristics of 
misreporters of dietary intake and physical activity. Public Health Nutr. (2007) 10:230–7. 
doi: 10.1017/S136898000724666X

 33. Waldstein SR, Rice SC, Thayer JF, Najjar SS, Scuteri A, Zonderman AB. Pulse 
pressure and pulse wave velocity are related to cognitive decline in the Baltimore 
longitudinal study of aging. Hypertension. (2008) 51:99–104. doi: 10.1161/
HYPERTENSIONAHA.107.093674

 34. Kehmeier MN, Walker AE. Sex differences in large artery stiffness: implications 
for cerebrovascular dysfunction and Alzheimer’s disease. Front Aging. (2021) 2:1–7. doi: 
10.3389/fragi.2021.791208

 35. Zhong G, Wang Y, Zhang Y, Guo JJ, Zhao Y. Smoking is associated with an increased 
risk of dementia: a meta-analysis of prospective cohort studies with investigation of 
potential effect modifiers. PLoS One. (2015) 10:1–23. doi: 10.1371/journal.pone.0118333

 36. Serrano-Sánchez JA, Fernández-Rodríguez MJ, Sanchis-Moysi J, del Cristo R-PM, 
Marcelino-Rodríguez I, de León AC. Domain and intensity of physical activity are 
associated with metabolic syndrome: a population-based study. PLoS One. (2019) 
14:9798. doi: 10.1371/journal.pone.0219798

https://doi.org/10.3389/fnut.2023.1106629
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3945/jn.112.169896
https://doi.org/10.1093/nutrit/nuab047
https://doi.org/10.3390/brainsci12070901
https://doi.org/10.3390/brainsci12070901
https://doi.org/10.1016/j.psyneuen.2008.09.008
https://doi.org/10.1136/bjsports-2021-104981
https://doi.org/10.3233/JAD-2010-101188
https://doi.org/10.3109/13697137.2015.1078106
https://doi.org/10.1017/S136898000724666X
https://doi.org/10.1161/HYPERTENSIONAHA.107.093674
https://doi.org/10.1161/HYPERTENSIONAHA.107.093674
https://doi.org/10.3389/fragi.2021.791208
https://doi.org/10.1371/journal.pone.0118333
https://doi.org/10.1371/journal.pone.0219798

	Adherence to the Mediterranean diet and waist-to-hip ratio in middle-aged postmenopausal women are the main factors associated with semantic verbal fluency 12  years later
	Background
	Methods
	Statistical analysis
	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	 References

