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Abstract. - OBJECTIVES: Diabetes mellitus
and dementia, two of the most common disor-
ders in the elderly, are posing a tremendous bur-
den on public health in the society. Moreover, the
absolute number and the proportion of older
people who are affected by diabetes, borderline
diabetes and dementia are expected to further
increase over the next few decades. The aim of
this study was to determine if a relationship ex-
isted between type 2 diabetes and dementia by
performing a meta-analysis of published cross-
sectional and prospective studies.

MATERIALS AND METHODS: Comprehensive
literature search was performed and the extract-
ed data was analyzed.

RESULTS: Our findings highlight the need to
detect borderline diabetes and undiagnosed dia-
betes in order to effectively prevent dementia, as
previous studies have shown that prediabetes
and diabetes could be improved by interventions
addressed towards lifestyle changes and antidi-
abetic treatment.

CONCLUSIONS: As far as clinical practice is
concerned, it is important to bear in mind that
prevention, timely diagnosis, and the optimum
treatment of diabetes and borderline diabetes
may help to reduce the occurrence of dementia.
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Introduction

The aging of populations has become a world-
wide phenomenonl. In 1990, 26 nations had
more than two million elderly citizens aged 65
years and older, and the projections indicate that
an additional 34 countries will join the list by
2030. In 2000, the number of old people (65+
years) in the world was estimated to be 420 mil-
lion and it is projected to be nearly one billion by
2030, with the proportion of old people increas-

ing from 7 to 12%. The largest increase in ab-
solute numbers of old people will occur in devel-
oping countries; it will almost triple from 249
million in 2000 to an estimated 690 million in
2030. The developing regions’ share of the
worldwide aging population will increase from
59 to 71%?>. Developed countries, which have al-
ready shown a marked increase in people over 65
years of age, will experience a progressive aging
of the elderly population. Underlying global pop-
ulation aging is a process known as the “demo-
graphic transition” in which mortality and then
fertility decline®. Decreasing fertility and length-
ening life expectancy have together reshaped the
age structure of the population in most regions of
the planet by shifting relative weight from
younger to older groups.

Consequently, both developed and developing
countries will face the challenge of coping with a
high frequency of chronic conditions, such as de-
mentia, which are characteristic of aging soci-
eties. These conditions impair the ability of older
persons to function optimally in the community
and reduce well-being among affected individu-
als and their families. Further, these conditions
are associated with significant health care costs
that must be sustained by the society at large.
Thus, the global trend in the phenomenon of
population aging has a dramatic impact on public
health, healthcare financing and delivery systems
throughout the world*.

A clustering of interrelated metabolic risk fac-
tors such as diabetes mellitus, obesity, hyperten-
sion and dyslipidemia has received increasing at-
tention in the past few years. Several components
of the metabolic syndrome have been individual-
ly related to cognitive outcomes. A prospective
study found that the metabolic syndrome con-
tributed to cognitive decline*>. But this finding
was not confirmed in a population of the oldest
old. The concept of the metabolic syndrome may
be less valid in this age group’. Finally, a cross-
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sectional study showed that metabolic syndrome
was associated with an increased risk of
Alzheimer’s disease (AD)°.

A potential link between diabetes and cogni-
tive impairment was first reported more than 80
years ago. The association of diabetes with these
cognitive changes is now well established’. There
is substantial evidence suggesting that type 2 dia-
betes is associated with cognitive impairment in-
volving both memory and executive function®°.
Several large longitudinal population-based stud-
ies have also shown that the rate of cognitive de-
cline is accelerated in elderly people with type 2
diabetes'!. With regard to more profound degrees
of cognitive impairment, namely dementia, both
cross-sectional and prospective studies suggest
that diabetes is associated with an increased risk
of dementia, but the issue whether this concerns
only vascular dementia (VaD) or also AD is de-
bated. Since diabetes is strongly related to vascu-
lar disease, the association between diabetes and
VabD is expected.

The current study was carried out to deter-
mine if a relationship existed between type 2 di-
abetes and dementia by performing a meta-analy-
sis of published cross-sectional and prospective
studies.

Materials and Methods

Data Sources and Searches

Clinical literatures were identified via Ovid
MEDLINE, Ovid EMBASE, SCOPUS, and
Cochrane Database (source, 1950 to 2011s).
Both database-specific controlled vocabulary and
general free text terms were used to maximize re-
trieval. MeSH terms used were “type 2 diabetes”,
“dementia”, “Alzhiemer’s disease”, “vascular de-
mentia”, and “geriatric patients”. Searches were
limited to literatures available in full text and hu-
mans within a valid limit within the database.
Hand searching of key article reference lists was
used to locate additional relevant articles. Eligi-
bility assessment and data abstraction were both
performed independently in an unblended stan-
dardized manned by 2 independent reviewers.

Data Extraction and Analysis

Results from all searches were combined and
duplicates were removed. Inclusive criteria were
studies describing general data (study design),
patients (number of included patients, mean age,
gender), type of diagnostic criteria and/or inter-

vention strategy used, timing of determination.
The outcomes of the collected manuscripts were
synthesized and formed the basis for further
analysis and description, which was done follow-
ing recommendations from the Cochrane Collab-
oration and the Quality of Reporting of Meta-
analyses guidelines. Exclusion criteria were (1)
initial diagnosis in reported patients was more
than 12 months from entry date into the study,
and (2) history of tumorigenesis in included pa-
tients that can severely confound conclusions. A
meta-analysis of the present and published stud-
ies was performed using R Gui version 2.2.1
(available at HYPERLINK “http://www.r-pro-
ject.org” http://www.r-project.org). The quality
of the evidence for a specific outcome was based
on the study design, risk of bias, consistency of
results, directness (generalizability), precision
(sufficient data) and potential bias for the report-
ing of results across all studies that measured that
particular outcome.

Results

Cross-Sectional Studies

As early as 1984, a case-control study was
performed to determine the role of prior illness,
including diabetes, in the development of AD.
The results showed a non-significant association
of diabetes with AD. This was followed by sever-
al studies which have yielded conflicting results
about the association of diabetes with VaD and
AD. Table I summarizes 20 cross-sectional stud-
ies that have investigated this issue'>!.

The Rotterdam study is the first population-
based cross-sectional study to have used édemen-
tia’ as a variable in association with diabetes, and
it found an association of diabetes with VaD, and
with AD only in subjects treated with insulin'®.
Most studies have instead examined subjects
with either AD or VaD and compared them with
each other or with control subjects. A major
problem with these first reports is that the most
commonly used diagnostic criteria for AD em-
phasized the exclusion of underlying disorders,
particularly cerebrovascular disease. It is not sur-
prising therefore that these studies have tended to
report an excess of cerebrovascular risk factors,
including diabetes, in VaD group compared to
non-demented control or AD groups. Another
problem is that cases have been drawn from sec-
ondary or tertiary dementia referral centers,
which may have introduced some selection bias.
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In addition, cross-sectional investigation of the
association of diabetes with prevalent dementia
cases will generally underestimate or even detect
an inverse association due to the raised mortality
in later life related to diabetes, probably higher in
combination with dementia.

Prospective Studies

Population-based longitudinal studies that
compared the incidence of dementia between
patients with and without diabetes provide more
reliable risk estimates than studies on patients
with prevalent dementia. Over the last decade,
many population-based longitudinal studies
have revealed a relationship between diabetes
and an increased risk of dementia and VaD, al-
though the results concerning the association of
diabetes with the Alzheimer type of dementia
are inconsistent. In fact, some prospective stud-
ies showed the association between diabetes and
an increased risk of AD, or observed such an as-
sociation only in specific subgroups, and others
did not. Nineteen population- based longitudi-
nal studies have examined the relation of dia-
betes and dementia (Table I1)3>3°. The incidence
of any dementia was approximately two-to-
three-fold higher in people with diabetes than in
those without diabetes in seven of the ten stud-
ies reporting this aggregate outcome. This high
risk included both AD (eight of fifteen studies
including two studies that showed the associa-
tion of diabetes with AD only in APOE p4 non-
carriers) and VaD (five of seven studies). The
limitation of clinical diagnostic criteria in the
classification of dementia by pathological sub-
types should be considered, especially in a com-
plex disorder such as diabetes. Among these
studies, detailed data on modulating or mediat-
ing effects of glycemic control, microvascular
complications, and comorbidities were general-
ly absent.

Post-Stroke Dementia Studies

The risk of dementia increases after stroke’'.
Diabetes is a major risk factor for cerebrovas-
cular disease. It is likely that the association
between diabetes and dementia is mediated or
modulated by cerebrovascular disease. Little
progress has been made in understanding the
role of diabetes in the development of dementia
in stroke patients. Studies which have exam-
ined the role of diabetes in the development of
dementia after stroke have produced conflicting
results. Among the ten studies, six showed that

diabetes was related to post-stroke dementia
(Table IIT)*>¢!. It has been suggested that if dia-
betes has an effect on dementia after stroke, it
may accelerate the dementia onset rather than
increase the longer term risk of the disorder®.
Another consideration is that the raised mortal-
ity associated with stroke in the presence of di-
abetes may mask the association of diabetes
with post-stroke dementia®.

Borderline Diabetes and
Cognitive Impairment

The hypothesis that impaired glucose regula-
tion is related to decrements in cognitive perfor-
mance is verified by several studies that evaluat-
ed the neuropsychological performance in pre-di-
abetic adults. In 1995, the relationship between
impaired glucose tolerance and reduced Mini-
Mental State Examination (MMSE) score was
first reported®. To date, there are few studies that
have examined the impact of impaired glucose
regulation on cognitive functions. Collectively,
five studies have demonstrated the presence of
mild cognitive deficits in people with pre-dia-
betes (Table IV)%%, To the best of our knowl-
edge, no studies have so far investigated the ef-
fect of early stage diabetes on the risk of demen-
tia and its major subtypes.

Discussion

Before drawing any conclusions from this
meta-analysis, some points need to be taken into
account. First, the characteristics of the study
populations are different from study to study, es-
pecially regarding age and gender. Mortality risk
is elevated in diabetes and diabetes-associated
diseases. In a higher age range, selected survival
might result in milder forms of diabetes being
examined with respect to potential dementia.
Therefore, it should be emphasized that these re-
sults from elderly populations cannot be general-
ized to younger persons.

Second, different methods of assessment have
been used in different studies to identify diabetic
patients. A number of studies defined diabetes
only based on the information from self-reports,
medical records, or the use of anti-diabetic med-
ications, and they did not assess blood glucose
concentration. As diabetes is often undiagnosed
among elderly people, in these studies, a substan-
tial proportion of people with diabetes might
have been erroneously assigned to the non-dia-
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Table IV. Major population-based prospective studies concerning the association of prediabetes with cognitive impairment. The odds ratios (OR) refer to cognitive decline or cog-

nitive impairment, when not otherwise specified.

6

Prediabetes:
ascertainment

Age
(y)

Author,

of cases

Study population

year

Not reported

Subjects with glucose
5.9-11.0 mmol/l

Memory, attention,
developed more

Fasting blood glucose

65+

Finland, 22 fasting blood
glucose 5.9-11 mmol/l, 26

Vanhanen
controls

et al,
1997

visuomotorspeed,
verbal fluency

5.9-11 mmol/l (median)

associated cognitive

deficits than controls
OR1.2 (1.0-1.4)

Age,occupation,
and smoking

Age

MMSE < 26

OGTT

69-89

The Netherlands, 462

men

Kalmijin et
al, 1995

47 (9.8%) prediabetes
Fasting blood glucose

OR1.6 (1.0-2.6) for
cognitive decline

USA, 7027 postmenopause 66 5 standard cognition tests
(Z scores change < 0)

Yaffe et al, 2006

297 (4.6%) prediabetes

women, followed 4 years
Finland, 1300 subjects,

followed 3.5 years

Age and

Prediabetes was associated

with mild impaired
cognitive function

MMSE and 6 cognitive

tests

OGTT and fasting blood
glucose 80 (6.2%)

prediabetes

73

Vanhanen et al,

1998

education

betic group, which might have led to an underes-
timation of the disease risk attributable to dia-
betes. In addition, the diabetes-related cognitive
deterioration may be attenuated by effective
glycemic control®*%, but studies that addressed
the relation of diabetes to dementia generally did
not take into account the effect of glycemic con-
trol and diabetes duration.

Third, different criteria used in the diagnosis
of dementia and its subtypes can have a large
impact on the frequency of dementia. Most of
the longitudinal studies have used similar crite-
ria for dementia and AD. Yet the criteria for
VaD differed among the studies. These criteria
are not interchangeable, with the California cri-
teria being more sensitive but less specific than
the (NINDS-AIREN) criteria®. Within individ-
ual studies the reliability of these diagnostic
criteria will be affected by the nature of the di-
agnostic work-up. The diagnosis of VaD is dif-
ficult in epidemiological studies, and the
boundaries between AD and VaD remain con-
troversial®’. Recently, a validated a set of ten
lipids from peripheral blood were defined that
could that predict phenoconversion to either
amnestic mild cognitive impairment or
Alzheimer’s disease within a 2-3 year time-
frame with over 90% accuracy®. This panel re-
flects cell membrane integrity, and may thus be
sensitive to early neurodegeneration of preclini-
cal Alzheimer’s disease®®.

Fourth, an in-depth analysis of the modulating
effect of comorbid disorders was generally not
provided. Stroke, cardiovascular disease, and hy-
pertension are known risk factors for dementia,
and they should be taken into account when the
relation between diabetes and dementia is exam-
ined®".

Conclusions

There is an increasing interest in the scientif-
ic world towards the suggested diabetes-de-
mentia association due to the high relevance of
the topic, not only from a public health per-
spective, but also from a scientific point of
view. In fact, exploring this association may
help in clarifying some new pathways leading
to neurodegeneration.
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