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Summary. The increase in human life expectancy is a world-
wide phenomenon, and the oldest old and centenarians are 
the segment of the elderly population that is increasing the 
fastest. A remarkable gender difference in life expectancy 
and mortality, including survival to extreme age, has been 
demonstrated by many studies. In a population who is get-
ting older, dementia is one of the major age-related dis-
eases that cause disability and dependency. Thus, the study 
of the oldest old and centenarians might help evaluate 
whether cognitive impairment is an inevitable event that 
occurs in ageing. Indeed, although the prevalence of cogni-
tive impairment in centenarian studies varies widely, some 
of them (about 20%) preserve cognitive function and, even 
among those who show cognitive impairment at 100 years 
of age, approximately 90% delay the onset of clinically evi-
dent dementia. Moreover, considering that among the old-
est old and centenarians the number of women is greater 
than that of men, the study of gender differences regarding 
the cognitive status in these subjects could help identify 
protective and/or non-protective biological, social and be-
havioral factors. This review summarizes the gender differ-
ences in cognitive impairment in the oldest old and the 
centenarians, focusing on some of the factors involved in 
the onset of dementia, such as inflammaging, apolipoprotein 
E (APOE) genotype, and depression.
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Differenze di genere nel declino cognitivo dei centenari e 
dei grandi anziani
Riassunto. L’aumento dell’aspettativa di vita è un fenomeno 
mondiale, che vede soprattutto il rapido aumento del nu-
mero dei grandi anziani e dei centenari. Molti studi hanno 
dimostrato che c’è un’importante differenza di genere sia 
nella mortalità sia nell’aspettativa di vita, inclusa la soprav-
vivenza fino a un’età estrema. Nel contesto di una popola-
zione che sta invecchiando, la demenza è una delle princi-
pali malattie legate all’età che causano disabilità e dipen-
denza. Pertanto, lo studio dei grandi anziani e dei centenari 
potrebbe aiutare a valutare se il deterioramento cognitivo 
è un evento che si verifica inevitabilmente durante l’invec-
chiamento. Infatti, anche se negli studi sui centenari la pre-
valenza del deterioramento cognitivo varia ampiamente, si 
nota che alcuni di essi (circa il 20%) preservano la funzione 
cognitiva, e che anche tra coloro che mostrano deficit co-
gnitivi, circa il 90% riesce a ritardare l’insorgenza di una de-

menza clinicamente evidente. Inoltre, considerando che il 
numero di donne tra i grandi anziani e i centenari è maggio-
re rispetto a quello degli uomini, lo studio delle differenze 
di genere in merito allo stato cognitivo di questi individui 
potrebbe portare all’identificazione di fattori biologici, so-
ciali e comportamentali protettivi e/o non protettivi. Questa 
revisione riassume le differenze di genere nel deterioramen-
to cognitivo dei grandi anziani e dei centenari, focalizzan-
dosi su alcuni fattori coinvolti nell’insorgenza della demen-
za, come il genotipo dell’apolipoproteina E (APOE), l’inflam-
maging e la depressione.    

Parole chiave. Centenari, stato cognitivo, genere, grandi 
anziani.

Introduction

The increase in human life expectancy and the consequent 
ageing of the population are two of the main socio-eco-
nomic burdens that will have to be managed over the next 
years. The increase in the number of elderly subjects who 
are potentially affected by major age-related diseases – 
together with the scarcity of public resources to be allo-
cated to social security and public health – are already 
creating a socio-political problem. As of January 1, 2019, 
13.8 million of Italians were over 65 years of age (22.8%), 
and 2.2 million were over 85 (3.6%). These numbers will 
continue to increase, and it is estimated that in twenty 
years the over 65s will represent 31.6% of the Italian pop-
ulation. In particular, the percentage of over-85 subjects 
has grown by 1.1 percentage points compared to 2009, 
and it is estimated that in the next twenty years it will 
increase by 147%. Furthermore, Italy – together with 
France – holds the European record of the largest number 
of centenarians alive: over 14,000 in 2019, compared to 
11,100 in 2009.1 It is also well known that, among the 
elderly, women are the most represented.2,3 In Italy, men 
are only 32.3% of the over 85s population (the oldest 
old), and 17% of the centenarians2. A similar condition 
is observed in Europe,3 as showed in Figure 1. 

Women’s life expectancy at 65 years of age is greater 
than men’s (22.4 and 19.3 years, respectively),1 although 
in advanced age their quality of life is worse, due to 
increased disability and degenerative diseases.4 The pat-
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tern observed in Italy is very similar to that found in the 
other European countries: women have a survival ad-
vantage, but the average life span free from disability is 
practically the same with respect to men (64.2 and 63.5 
years, respectively).5 This means that the longer life ex-
pectancy gained by women consists of more years of 
disease and disability, the so-called female-male 
health-survival paradox.6 This remarkable gender differ-
ence in life expectancy and mortality, including survival 
to an extreme age, is a worldwide phenomenon. The 
basic biological mechanisms responsible for gender dif-
ferences in ageing and longevity are quite complex, and 
still poorly understood. 

In the context of a population that is getting older, 
one of the major age-related diseases is dementia, which 
causes disability and dependency, also with a strong 
impact on families. Dementia is a general term to indi-
cate all the syndromes involving a progressive decline 
of the cognitive functions, which leads to a reduced abil-
ity to perform everyday activities. This definition in-
cludes a wide variety of diseases that primarily or sec-
ondarily affects the brain, like Alzheimer’s disease (AD) 
or vascular dementia.7 Globally, it has been observed 
that the prevalence of dementia increases from 2-3% 
among 70/75-year-old subjects to 20-25% among the 
over 85s.8 Moreover, in 2016, dementia became the 5th 
cause of death, while in 2000 it had been the 14th.9 In 
Italy, AD or other types of dementia affect 4.7% of the 

elderly, and to a greater extent over-80 women (14.2% 
vs 7.1% of their male peers).10

Since advanced age is the main risk factor for demen-
tia,11,12 studying the oldest old – and the centenarians in 
particular – might help evaluate whether cognitive im-
pairment is an inevitable event occurring with ageing. 
In addition, considering that among the oldest old and 
the centenarians the number of women is greater than 
that of men,13,14 analyzing the gender difference regard-
ing the cognitive status in these subjects can help iden-
tify the gender protective and/or non-protective biolog-
ical, social and behavioral factors which may be relevant 
in cognitive impairment and dementia. In this context, 
we will analyze the gender differences in some of the 
most significant factors that could affect the onset of 
dementia in the oldest old and the centenarians, such 
as inflammaging, apolipoprotein E (APOE) genotype, 
and depression.

Cognitive status and gender differences  
in the centenarians and the oldest old 

The studies on human longevity show that lifespan tra-
jectories are influenced by gender, due to a combination 
of sexual/biological/behavioral features, social role, and 
life experiences.15 Thus, the biological mechanisms un-
derlying gender differences in ageing are the result of a 
mutual interaction between genetics/epigenetics, the 
environment and the anthropological culture character-
izing the role of men and women within society.15,16 In 
Italy, the data published by ISTAT in 2018 reported a 
positive life expectancy trend, compared with the previ-
ous years; life expectancy reached 80.8 years for men, 
and 85.2 years for women.1 Moreover, centenarians and 
the oldest old represent the fastest-growing segment of 
the older population. Since age is the major risk factor 
for the development of dementia,11,12 due to the lifespan 
increase the number of subjects affected by cognitive 
impairment is growing. In addition, women are more 
affected by dementia (AD and vascular dementia) than 
men, showing a more frequent and rapid decline of their 
cognitive function with ageing.15 In 2018, in the EU (28 
countries) the prevalence of dementia among the over 
60s increased in an age-dependent manner, always main-
taining the female rate higher than the male, with the 
gender gap becoming wider with ageing,17 as shown in 
Figure 2.

Although the age increase is the strongest indicator of 
the risk for cognitive decline and dementia, these condi-
tions do not seem an inevitable consequence of ageing. 
The mere existence of cognitively healthy individuals over 
the age of 110 (mostly females)18-21 leads to the intriguing 
idea that the incidence of dementia might decelerate in 
late life. Although the prevalence of cognitive impairment 
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Figure 1. Gender ratio by age in Italian and EU28 European popu-
lation over 60. The data reported for Italy is based on the age of 
the resident population as of January 1, 2018, according to ISTAT2. 
The data available for the EU28 countries is based on the age of 
the population as of January 1, 2018, according to EUROSTAT.3
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in centenarian studies varies widely,11 some of the subjects 
(15-20%) preserve their cognitive function and, even 
among those who show cognitive impairment at 100 years 
of age, in approximately 90% of the onset of clinically 
evident dementia is delayed until the average age of 92.22 
In addition, systematic reviews of studies with large sam-
ples of centenarians, including supercentenarians (>110), 
indicate that males are more likely to be cognitively un-
affected than females.11,20 It may seem a paradox that 
male centenarians are more mentally healthy than fe-
males, whereas females have a much greater probability 
of surviving to an extreme old age. A possible explana-
tion is that women, having a major capability of remod-
eling, are much better equipped to survive with age-re-
lated diseases than men, and the mortality associated 
with these conditions is higher in men. The result is a 
select survivor effect by which, with respect to women, 
men who survive to extreme ages tend not to suffer from 
the diseases and the associated impairments that cause 
mortality at younger ages.20 

The studies on the dementia prevalence rate in the 
oldest old and the centenarians are more complex, and 
the results are frequently conflicting. We can speculate 
that the reasons could depend on the reduced number 
and the heterogeneity of the subjects analyzed, for in-
stance the inclusion of only healthy volunteers, and/or 
the exclusion of the unhealthiest, or on the difficulty in 
enrolling subjects who live in nursing homes.23 Further-
more, not all the studies demand adequate proof of age, 
a problem particularly relevant for the researches who 
deal with centenarians and supercentenarians.24 In ad-
dition, there are some methodological biases due to the 
lack of standardized and validated tests to assess the 
cognitive function of these individuals, who have 

reached extreme ages.11 Furthermore, the accumulation 
of age-related comorbidities – such as visual deficits, 
hearing loss, reduced resilience and illiteracy – could 
make it difficult to carry out the Mini-Mental State Ex-
amination (MMSE), one of the most commonly used 
test for the assessment of the cognitive function, as re-
ported in many studies.25-27 This is a difficult topic, due 
to the heterogeneity of the subjects, which increases with 
age, as well as to the recently accepted opinion that brain 
ageing is characterized by a continuum between a ‘nor-
mal/physiological’ decline of the cognitive ability with 
age and severe dementia.28 For all these reasons, the 
study of the cognitive status in the oldest old and the 
centenarians has not received all the attention this sub-
ject deserves.

However, several studies on the centenarians and the 
oldest old29-34 have been conducted, and they seem to 
confirm the aforementioned male-female health-surviv-
al paradox, showing a prevalence of women, albeit pre-
senting worse physical and cognitive conditions. Table 
1 summarizes the main studies evaluating the gender 
differences in the cognitive status of the centenarians 
and the oldest old. 

On the whole, available data has shown that women 
are the most represented among the oldest old and the 
centenarians. However, they are significantly more prone 
than men to have physical dysfunction and dementia, 
presenting a more severe cognitive impairment, and a 
worse quality of life.29-31,34 An interesting cross-sectional 
study on 699 Chinese oldest old and centenarians 
showed that the prevalence of cognitive impairment in 
women was higher than in men (72.8% and 42.1%, re-
spectively). Furthermore, the Authors demonstrated that 
the individuals with cognitive impairment were usually 
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Figure 2. Prevalence of dementia among the over 60s and impact of gender in age groups, based on OECD 2018 data.17
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older, and were more likely to come from families with 
lower functioning scores, underlining that severe family 
dysfunction was an important determinant factor for 
cognitive impairment.32 A study conducted on 489 Greek 
centenarians showed that dementia affected only 19% 
of participants, but the proportion of women with de-
mentia was significantly higher than that of men (22% 
and 10%, respectively). Overall, Greek centenarian wom-
en showed to be less autonomous, with less social life, 
and only 5% of them were classified as being “in an 
optimal condition”, vs 9% of men.33 Finally, a popula-
tion-based study on the prevalence of dementia showed 
that women obtained a significantly higher Global De-
terioration Scale (GlobDetScale) score compared to men 
(4 and 3.5, respectively), which indicated a higher sever-

ity of dementia.26 However, it is interesting to note that 
when men and women were divided into 3 groups by 
dementia severity, gender difference – where present – 
became marginal and non-significant.26 Also, in other 
studies a gender difference in dementia prevalence did 
not even emerge.35,36

In conclusion, the majority of the studies suggest that 
women with increasing age present worse health condi-
tions, which seems to be a worldwide phenomenon. 

Inflammaging and cognitive status

One of the main characteristics of ageing is an inflam-
matory response called ‘inflammaging’ (or inflamm-
ageing).

Table 1. Main studies evaluating the prevalence of cognitive impairment by gender in the centenarians and the oldest old

Study Age range 
(years)

No. of subjects Prevalence of cognitive 
impairment

Assessment 
method

Total Women Men Total
(%)

Women
(%)

Men
(%)

Tokyo study29 100-107 304 239 65 61.8 67.4* 41.5 CDR
(score 1-5)

MMSE

Mugello study30 90-95 486 354 132 56.2 62.7* 38.6 MMSE

Leisure World  
Cohort Study31

90-106 911 701 210 41.2 45.2* 27.6 MMSE, 
CASI-short, 
DQ, DSRS/
FAQ/ADL

Dujiangyan study32 ≥ 90 699 471 228 62.8 72.8%* 42.1 MMSE 
(score < 18)

Greece study33 ≥ 100 489 376 113 19 22%* 10 Unspecified 
questionnaire 

The Chinese 
Longitudinal Healthy 
Longevity Survey 
(CLHLS)34

65-79
80-116

4063
9523

1906
5533

2157
3990

2.04
25.7

2.2#

32.9*
1.9

15.7
CMMSE

Georgia study  
phase III26

98-108 241 198 43 77.6 77%# 79% GlobDetScale

Rotterdam study35 55-106
85-106

7528
709

4589
573

2939
136

6.3
34.8

7.9#

35.6#
3.8
31.6

DSM III-R

Northern Italy 
study36

100-107 92 56 36 61.9 69.6# 50 DMS-IV 
MMSE

* indicates a significant difference (p <0.01) between women and men with regard to the prevalence of cognitive impairment.
# indicates a non-significant difference.
A review of the literature was conducted using PubMed database with the following keywords: “centenarians, oldest old, dementia and gender 
or sex differences”. The search included articles published in the English language between January 1998 and December 2019.
Abbreviations: Clinical Dementia Rating (CDR); Mini-Mental State Examination (MMSE); Cognitive Assessment Screening Instrument-Short 
Version (CASI-short); Dementia Questionnaire (DQ); Informant Questionnaire that combines information from Dementia Severity Rating Scale 
(DSRS), Functional Activities (FAQ), and Activities of Daily Living (ADL); Chinese Mini-Mental State Examination (CMMSE); Global Deterioration 
Scale (GlobDetScale); Diagnostic and Statistical Manual of Mental Disorders Third Edition, Revised (DSM III-R); Diagnostic and Statistical Manual 
of Mental Disorders (DSM-IV).
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This condition progressively worsens in an age-de-
pendent manner, and in the elderly is related to the 
onset of age-associated diseases and mortality.13,37 This 
low-grade, chronic, sterile and persistent inflammation 
is supported by several processes, such as cellular senes-
cence, immunosenescence and others,38 and leads to 
slow tissue degeneration. It has also been shown that 
neurodegenerative diseases, as well as AD and Parkin-
son’s disease (PD), have an inflammatory pathogene-
sis.39 However, it is interesting to note that also cente-
narians, despite having reached the extreme limits of 
life avoiding – or recovering from – major age-related 
diseases (such as diabetes, cancer, and cardiovascular 
disease),13 do not evade inflammaging, showing elevat-
ed levels of proinflammatory molecules.40 Recently, it 
has been evidenced that the centenarians and the oldest 
old are able to induce, as an adaptive strategy, an an-
ti-inflammatory response to compensate the damage 
accumulated over time, and the consequent age-related 
physiological decline.41,42 Hence, they probably present 
a slower and more limited inflammaging compared 
with the general population.13 In this context, centenar-
ians represent a valid model to investigate the risk fac-
tors and gender differences in relation to cognitive im-
pairment. Several pieces of evidence show that, albeit 
with gender differences, inflammatory biomarkers, such 
as IL-6 or C-reactive protein (CRP), undergo more phe-
notypic and genotypic alterations in older subjects com-
pared with the younger.15 In a context where the inflam-
matory status may affect the onset and development of 
cognitive impairment, Kravitz et al. evaluated in the 
oldest old (90-105) the association between the C-re-
active protein (CRP) level (a nonspecific marker of in-
flammation) and the risk of dementia.43 The Authors 
found that, in subjects with undetectable CRP levels, 
the MMSE score was unusually higher compared with 
subjects with elevated CRP levels. Moreover, a greater 
proportion of people with elevated CRP levels suffered 
from severe cognitive impairment. The association be-
tween detectable or elevated level of CRP and an in-
crease in the odds for all-cause dementia reached the 
statistical significance, particularly in women.43 A study 
on Danish centenarians showed that the plasma level 
of proinflammatory Tumour Necrosis Factor α (TNFα) 
was significantly higher in these subjects than in the 
younger ones.44 The TNFα concentration positively cor-
related with plasma concentration of IL-6, Tumor Ne-
crosis Factor Receptor 2 (TNFR2), and CRP.44 In addi-
tion, the Authors have also shown that the increase in 
the plasma level of TNFα correlated with cognitive im-
pairment. In fact, subjects with moderate or severe de-
mentia had a significantly higher level of TNFα vs 
non-demented individuals.44

Lio et al. studied in a group of Italian centenarians, 
the relations between -1082 GG genotype, which is 

associated with and increased production of anti- 
inflammatory cytokine IL-10, and the genotypic fre-
quencies of the TNF-α promoter SNPs 308G, which is 
associated with a low TNF-α production.45 The Authors 
found that there were no differences between centenar-
ians and younger controls with respect to the frequen-
cies of the TNF-α promoter SNPs 308G, while the num-
ber of male centenarians homozygous for the -1082 
GG genotype was significantly higher compared with 
the younger controls. Moreover, the study showed that 
in male centenarians there was a significant increase of 
the “anti-inflammatory” genotype combination (IL-10-
1082 GG/TNF-α-308 GG) with respect to the controls, 
while female centenarians showed a pattern resembling 
their younger controls.45 The proinflammatory cytokine 
IL-6 is considered the main cytokine of the central ner-
vous system46 related to the progression and severity of 
AD.47 Adriaensen et al. evaluated in subjects aged 80 
or older the serum levels of 14 inflammatory proteins 
considered risk factors for functional decline.48 The 
study showed that only the serum level of  IL-6 in-
creased significantly with the severity of the functional 
decline, although no significant gender differences were 
found.48

Bonafè et al. studied the IL-6 promoter genetic vari-
ability at the -174 C/G locus and its effect on IL-6 serum 
levels in elderly people, including centenarians, and 
demonstrated that the subjects who are genetically pre-
disposed to produce high levels of IL-6 during ageing, 
i.e. C- men at the IL-6 -174 C/G locus, have a reduced 
ability to reach the extreme limits of the human life-
span. On the other hands, the ability to produce low 
levels of IL-6 throughout the life span (C+ individuals) 
appears to be beneficial for longevity, at least in men.  
Compared to men, women experience high IL-6 serum 
levels later in life, and the age-related increase in the 
IL-6 serum levels in women is quite independent of 
the -174 C/G locus activity.49 This gender difference 
could be due to the estrogen inhibitory tone on the 
IL-6 gene expression,50 but an effect on so long a term 
is rather questionable. These data were supported by 
the analysis of the whole-genome peripheral blood 
mononuclear cell gene expression in nonagenarian 
men and women. The study identified 62 transcripts 
whose expression levels were significantly correlated 
with the plasma IL-6 levels in men, whereas no cor-
relations were observed in women, suggesting that in-
flammaging could occur differently in nonagenarian 
men and women.51

Thus, it is intriguing that the presence of an “anti-in-
flammatory” genotype is significantly increased in male 
centenarians. However, more studies are needed to clar-
ify and investigate the role of inflammatory gender dif-
ferences – especially in the oldest subjects – in promot-
ing or protecting through the instauration of a harmful 
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environment, leading to worse cognitive functions and 
dementia. 

Apolipoprotein E, gender, and cognitive impairment 

The apolipoprotein E gene (APOE)52 has been recog-
nized as the most important gene associated with lon-
gevity, and it is also widely studied in relation to the 
prevalence of dementia. The APOE gene presents three 
functional alleles, ε2, ε3, and ε4. The ε3 allele is the 
most common, and accounts for 60-90% of allelic vari-
ations, while ε2 and ε4 are rarer, with a frequency of 
0-20% and 10-20%, respectively. In AD or in mild cog-
nitive impairment (MCI), as well as in healthy subjects, 
carriers of APOEε4 display worse cognitive performance 
compared to non-carriers.53,54 It is known that APOEε4 
is a susceptibility factor for dementia55, and in particu-
lar for the early and late onset of AD,56 and its impact 
differs according to age.57 A negative effect of APOEε4 
is observed in the middle age,58,59 while some evidence 
showed that it is not present in the young and the old-
est old subjects.60-63 The oldest old are ‘selected survi-
vors’, characterized by both a lower presence of risk 
factors and a larger presence of protective factors, or due 
to the fact that other causes of impairment during age-
ing may mask the effect of the APOE genotype.53 A 
long-lasting controversy in the literature concerns the 
possible antagonistic pleiotropic effects of the ε4 allele 
of the APOE gene, thus conferring to the individual 
advantages on cognitive tasks early in life, but cognitive 
and neural disadvantages at a more advanced age.64,65 
Recently, Ferri et al.66 studied a large number of cente-
narians versus well-characterized controls and AD pa-
tients, all from the same geographical area. The results 
indicate that the APOE gene seems to affect the risk of 
developing AD, but not the chance to become a cente-
narian.66 In the European project Genetics of Healthy 
Aging (GEHA), which includes a large group of Italian 
nonagenarian sibling pairs, the variants of the APOE 
gene locus were closely associated with longevity.67 Con-
versely, the APOE gene did not show a significant asso-
ciation with the longevity trait in data generated by the 
means of a genome-wide analysis of 333 centenarians 
and 773 geographically-matched healthy individuals.68 
Several studies did not find any association between 
APOEε4 itself and the incidence of dementia in initial-
ly non-demented oldest-old women and men,61,69-72 nor 
with mortality after the age of 90.70,71,73 The study on 
Finnish centenarians suggested that, in the extreme lim-
its of life, having an allele ε4 does not necessarily lead 
to dementia, but it could accelerate the dementia pro-
cess.72 In addition, several studies did not find any gen-
der differences while evaluating the association between 
APOEε4 and the incidence of dementia.69-71 On the 
contrary, it was shown that the presence of APOEε4 was 

significantly associated with the prevalence – and not 
the incidence – of dementia in women only,70 and that 
female APOEε4 carriers with dementia achieved a low-
er MMSE score than those without the allele.61 In Japa-
nese centenarian women, the APOEε4 allele and a low 
education seem to be associated with a more severe 
cognitive impairment versus male centenarians, sug-
gesting that a gender effect can also be present with 
regard to APOE genetics.74

All these studies suggest that the analysis of the ge-
netic risk/protective factors that might influence the 
development of dementia and AD in the oldest old and 
the centenarians is quite difficult, and produces con-
troversial results, due to the presence of confounding 
factors. Indeed, social status,32,33 life experiences,33,75,76 
geographical origin,77,78 as well as ageing itself,12 and 
the biological features79-82 – that are peculiar in these 
subjects – can interact with each other, thereby affect-
ing  the onset of the disease, and possibly masking or 
emphasizing the influence of genetic factors. The gen-
der difference in the association between genetic risk 
factors and dementia need to be clarified, with the in-
tent to identify and minimize the influence of any con-
founding factor.    

Depression, gender and cognitive impairment

Over the last years, scientists have evaluated a possible 
association between gender and depression in relation 
to the incidence of dementia and AD in the oldest old. 
Depression symptoms and cognitive impairment are 
common in older adults, and often coexist within the 
same individual. Furthermore, late-life depression is 
now a recognized risk factor for cognitive decline and 
dementia, in particular for AD and vascular dementia.83

Depression is one of the major mental disorders that 
affect the health and quality of life of older adults, as 
well as of young subjects. In Italy, the prevalence of this 
disorder increases in an age-dependent manner, from 
5.8% in subject aged 34 to 65, to 14.9% among the over 
65s, and to 19.5% among the over 80s. In addition, 
depression – as well as dementia – also shows a higher 
prevalence in women than in men, especially in the over 
65s (19.2% and 9.5%, respectively).10 This gender gap 
is even more evident among the over 80s, where female 
prevalence reaches 23.5% vs 12.7% in men.10 The rela-
tion between depression symptoms and dementia or 
cognitive impairment is not still clear, and needs to be 
further investigated. The majority of the studies indicates 
as a risk factor the presence of depression symptoms in 
older people; others consider them as part of the pre-
clinical phase of AD.84-86 Furthermore, gender differenc-
es are controversial in the oldest old.87 

Studies performed by Ribeiro on Portuguese cente-
narians showed that subjects in an early dementia stage 
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had an increase in the odds of depression compared to 
the control. It is worth noting that no gender difference 
emerged.88

Moreover, a longitudinal study on older American 
subjects showed that the oldest old are more likely to 
suffer from persistent or worsened depression symp-
toms. Additionally, it is important to point out that the 
subjects presenting a very low risk of developing depres-
sion symptoms are mostly men with a high education-
al level, no social isolation, and no dementia.89 Studies 
by Dal Forno et al. proved that a history of depression 
symptomatology is a significant risk factor for dementia, 
but only for men.90 Instead, a prospective study in old-
est old women indicated that only 19% of women with 
a Geriatric Depression Scale (GDS)91 score of 6 or more 
had a normal cognitive status 5 years later, compared 
with 46% of those with a GDS score lower than 6.92 In 
the oldest old women, the presence of elevated depres-
sion symptoms is an important risk factor for the devel-
opment of cognitive impairment. 

Conclusion

The increase in human life expectancy is a worldwide 
phenomenon, and the number of oldest old and cente-
narians has been growing tremendously over the past 
few decades. Numerous studies have shown a remark-
able gender difference in life expectancy and mortality, 
including survival up to an extreme age. In an ageing 
population, dementia is one of the major age-related 
diseases causing disability and dependency. In this con-
text, we have critically reviewed the literature on the 
gender differences in cognitive impairment in the oldest 
old and centenarians, focusing on some of the factors 
involved in the onset of dementia, such as inflammag-
ing, apolipoprotein E (APOE) genotype, and depression, 
reaching the following main conclusions:
I. the cognitive assessment of the oldest old and the 

centenarians is methodologically complex. Indeed, 
most of the data available in the literature have been 
obtained using tools which are not validated for such 
growing segment of the human populations, and 
which often do not take into due account their par-
ticular characteristics, as well as fatigue, a sensory 
impairment that could interfere with the outcomes 
of the cognitive tests. There is an urgent need to iden-
tify new tools for the study of this population;

II. centenarians are extremely heterogeneous with regard 
to their cognitive status, dementia is not inevitable in 
the oldest old, and cognitive capabilities show remark-
able gender differences. Centenarian women outnum-
ber centenarian men, who however usually benefit 
from a better physical and cognitive health. This ob-
servation is a gender paradox still difficult to explain. 

One of the possible explanation is that women are 
much better able to survive with age-related diseases 
than men, having a superior ability to remodel and 
adapt. Men have the capacity to cope with the chal-
lenges of old age up to a breaking point, whereupon 
they die, while women are more flexible and are able 
to adapt and survive. The result is a select survivor 
effect by which, in comparison with women, men who 
survive to an extreme age tend to not suffer from the 
diseases and the associated impairments that cause 
mortality at younger ages;

III. despite having reached the extreme limits of life 
avoiding – or recovering from – major age-related 
diseases,13 centenarians do not evade inflammaging.  
Recently, it has been demonstrated that centenarians 
have also elevated levels of anti-inflammatory cyto-
kines,93 which counterbalance the negative effects of 
inflammaging. Moreover, gender differences in se-
creted pro- and anti-inflammatory cytokines have 
also been evidenced. In the oldest old, a significant 
association between the markers of inflammation 
and the risks of dementia has been demonstrated,43 
and such association reaches a significance particu-
larly in women.43 Male centenarians present a signif-
icant increase in the ‘anti-inflammatory’ genotype 
combination (IL-10 -1082GG/TNF-α -308GG); in 
addition, the capability of producing low levels of 
IL-6 throughout their life span (C+ individuals, at 
-174 C/G locus IL-6 promoter) appears to be bene-
ficial for longevity, at least in men;45

IV. APOE has been recognized as the most important 
gene associated with longevity:52 the analysis of its 
impact on successful ageing has produced controver-
sial results, and its effects on gender-related longev-
ity and the onset and development of dementia still 
have to be clarified. Nevertheless, some pieces of 
evidence show that, only in oldest old women, 
APOEε4 was significantly associated with the preva-
lence of dementia,70 as well as with a worse cognitive 
performance versus female non-carriers.61 However, 
several studies did not show any association nor any 
gender difference between APOEε4 and the incidence 
of dementia in oldest old women and men,70-73 un-
derlining the fact that the debate on the role of APOE 
in longevity and dementia is still open. The sexual 
dimorphism of APOEε4 in subjects over the age of 
90 would also be a major problem to address, espe-
cially in a society with a high number of elderly in-
dividuals. However, it is very difficult to evaluate the 
effects of APOEε4 independently from other factors, 
such as a low education level, whose interaction with 
the APOEε4 gene appear to be associated with a 
greater cognitive impairment in centenarian women 
than in men. The current findings suggest that the 
effects of cultural and living conditions can interact 
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with each other, thereby affecting  the onset of the 
disease possibly masking or emphasizing the influ-
ence of genetic factors, and should be carefully ana-
lyzed, in order to better understand the impact of 
the gene on the cognitive function in the centenari-
an and the oldest old;

V. depression is an important personality-related men-
tal disorder, to be taken into account when evaluat-
ing the cognitive status of the oldest old, especially 
in relation to gender differences. Depression shows 
a higher prevalence in women than in men, espe-
cially in the over 80s, and the presence of elevated 
depression symptoms is an important risk factor for 
the development of cognitive impairment. 

Overall, data from the literature suggest that a low edu-
cation level, APOEε4, and the symptoms of depression 
play a key role in the cognitive decline of the oldest old 
women. Furthermore, a variety of evidence indicates 
that, with increasing age, women present a worse health 
status than men, and that the interaction of many factors 
– such as genetics/epigenetics, environment and the an-
thropological culture that characterize the role of men 
and women within society – is crucial (Figure 3). 

In conclusion, it would be advisable to include gender 
medicine in the researches on the oldest old and cente-
narians, in order to complete our understanding of the 
main mechanisms of ageing, as well as the differences in 
prevention, care, treatment, evolution and outcomes of 
non-communicable diseases in both genders. References 
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Key messages

nn Human life expectancy and the number of the oldest 
old are rapidly increasing worldwide. Several studies 
suggest that women present a worse health condition 
with increasing age.

nn An advanced age is the main risk factor for dementia. 
Alzheimer’s and other cognitive impairments are more 
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nn The studies on the prevalence rate of dementia in the 
oldest old and the centenarians are more complex, 
and the results are frequently conflicting. Method-
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viduals, have been identified.
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nn Inflammaging could play a role in the higher suscep-
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