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OBJECTIVEdType 2 diabetes in midlife or late life increases the risk of Alzheimer disease
(AD), and type 1 diabetes has been associated with a higher risk of detrimental cognitive out-
comes, although studies from older adults are lacking. We investigated whether individuals with
AD were more likely to have a history of diabetes than matched controls from the general aged
population.

RESEARCH DESIGN AND METHODSdInformation on reimbursed diabetes medica-
tion (including both type 1 and 2 diabetes) of all Finnish individuals with reimbursed AD
medication in 2005 (n = 28,093) and their AD-free control subjects during 1972–2005 was
obtained from a special reimbursement register maintained by the Social Insurance Institute of
Finland.

RESULTSdThe prevalence of diabetes was 11.4% in the whole study population, 10.7% (n =
3,012) among control subjects, and 12.0% (n = 3,372) among AD case subjects. People with AD
were more likely to have diabetes than matched control subjects (unadjusted OR 1.14 [95% CI
1.08–1.20]), even after adjusting for cardiovascular diseases (OR 1.31 [1.22–1.41]). The asso-
ciations were stronger with diabetes diagnosed at midlife (adjusted OR 1.60 [1.34–1.84] and
1.25 [1.16–1.36] for midlife and late-life diabetes, respectively).

CONCLUSIONSdIndividuals with clinically verified AD are more likely to have a history of
clinically verified and medically treated diabetes than the general aged population, although the
difference is small.
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The prevalence of both type 2 diabetes
and Alzheimer disease (AD) is higher
in aged populations, and a recent

meta-analysis, based on cohort studies,
showed that diabetes in midlife or late life
increases the risk of AD, independent of
obesity and other vascular risk factors (1).
Furthermore, impaired glucose regula-
tion predisposes one to cognitive impair-
ment and AD (2–4), and insulin
resistancemay indicate a higher predispo-
sition to AD (5). Still, it is important to

acknowledge that among people with di-
abetes, cognitive dysfunction may not be
due to AD but a consequence of diabetes-
related long-term complications and/or
long-term hyperglycemia, recurrent hy-
poglycemic episodes, or disorders of lipid
metabolism (6,7).

Previous studies have focused on the
role of type 2 diabetes, and the associa-
tions between type 1 diabetes and AD
have been studied less. Although learning
and memory impairments and deficits in

problem solving and mental flexibility
have been found to be more common in
individuals with type 1 diabetes than in
the general population (8,9), to our
knowledge, no data on older individuals
or in a longitudinal life-course perspec-
tive have been reported. Possible explan-
ations include the involvement of insulin
in AD pathogenesis (10). Although mem-
ory functions are improved immediately
after an intravenous insulin dose, chronic
hyperinsulinemia and insulin resistance
may have negative effects on cognition
(11,12). The severity of dementia and
cognitive decline seem to be more related
to decreased insulin secretion than
changes in glucose concentrations in pa-
tients with early-stage AD (13). Other
suggested mechanisms linking type 2 di-
abetes and AD include inflammatory cy-
tokines, oxidative stress, amyloid-b
deposits, and microvascular disease re-
sulting fromT2D (14,15). The association
between diabetes and cognitive decline
among people who already have AD
seems to be more complex, as indicated
by inconsistent findings showing a faster
(16), slower (17,18), and similar rate (19)
of cognitive decline among AD patients
with diabetes compared with those with-
out diabetes.

The association between vascular
risk factors, including diabetes and AD/
dementia, has been suggested to be age
dependent, i.e., midlife risk factors
have a stronger association than late-
life risk factors (20). However, many
previous studies are limited by the
length of follow-up time (21–26), with
only a few studies including a follow-up
of .10 years (27–29). Furthermore,
self-reported measures of diabetes have
been used in many previous studies (21–
23,25).

We conducted a nationwide case-
control study in order to assess whether
the findings from previous smaller, pos-
sibly selected cohorts are generalizable
to a population level. We investigated
whether individuals with AD were more
likely to have a history of clinically veri-
fied and medically treated diabetes, in-
cluding both type 1 and type 2 diabetes
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in a register-based study containing all
community-dwelling persons with a veri-
fiedADdiagnosis, residing inFinlandon31
December 2005. We also assessed whether
the associations were similar with diabetes
diagnosed at midlife and late life.

RESEARCH DESIGN AND
METHODS

Data sources
Data were obtained from the Finnish Na-
tional Prescription Register and Special
Reimbursement Register, maintained by
the Social Insurance Institution (SII) of
Finland. TheNational Prescription Register
contains records of all reimbursed drug
purchases of all Finnish residents living in
noninstitutionalized settings. The Special
Reimbursement Register includes informa-
tion on all individuals who are entitled to
reimbursement of medication for certain
chronic diseases, such as AD or diabetes.
To be included in the Special Reimburse-
ment Register, the diagnosis must be based
on explicit predefined criteria and written
documentary evidence, including results
of a diagnostic test, such as imaging or
blood biochemistry, must be provided to
the SII by a physician. Data from these
registers have previously been applied in
nationwide drug utilization studies (30). In
Finland (population, 5.3 million), all citi-
zens are covered by a tax-supported public
health system and have access to health
services, regardless of age, ethnic back-
ground, or socioeconomic status, and in-
dividual-level data on purchases of
reimbursed prescription medicines and
hospital visits are collected and updated
continuously on statutory registers (31).
Thus, these data are available on all indi-
viduals, provided that they have a social
security number (i.e., all citizens and non-
citizens living in Finland for at least 2 years
but excluding persons who were living
abroad for.1 year at the timeof the study).
Each resident of Finland is assigned a
unique social security number, and this
identification number was used to track in-
formation from registers. Changes in social
security numbers in the 1970s mean that
reliable automated linkagewithout individ-
ual checking and recoding of PINs is pos-
sible from 1972 onwards, and thus we
included data from 1972 onwards only.
Data linkage was performed by SII, and
all data were de-identified before sub-
mission to the research team. No ethics
committee approval was required as de-
identified data were used and participants
were not contacted.

Identification of cases with AD
All community-dwelling people with a ver-
ified AD diagnosis, residing in Finland on
31December 2005 (n = 28,093) were iden-
tified from the Special Reimbursement Reg-
ister, and a single age-, sex-, and region of
residence–matched control subject per AD
case subject (n of matched case-control
pairs = 28,093) was identified. The age
range was 42–101 years. AD diagnosis
was based on the National Institute of Neu-
rological and Communicative Disorders
and Stroke and the Alzheimer’s Disease
and Related Disorders Association
(NINCDS-ADRDA) and the DSM-IV crite-
ria for AD (32,33). In brief, the main di-
agnostic criterion is progressive memory
loss, supported by abnormalmagnetic res-
onance imaging or cerebrospinal fluid bio-
marker findings. Alternative explanations
for memory impairment, such as severe
depression, metabolic disturbances (in-
cluding hyperglycemia per se), and other
forms of dementia, such as vascular de-
mentia, needed to be excluded. The diag-
noses were confirmed by a neurologist or
geriatrician. Thus, our study population
was restricted to clinically verified AD ca-
ses. The Finnish Current Care Guidelines
recommend that all people with AD are
treated with memantine or acetylcholines-
terase inhibitors unless there is a specific
contraindication (including gastric ulcer/
intestinal tract operation ,6 months pre-
viously or severe asthma) (34). Patients
with mild or moderate AD are entitled to
reimbursed AD medication, but the reim-
bursement is not withdrawn if/when the
disease progresses.

Extraction of diabetes diagnoses
Information on reimbursed diabetes med-
ication during 1972–2009 was retrieved
from the Special Reimbursement Register.
Diabetes is diagnosed on the basis of fasting
capillary blood glucose concentration (SII
reimbursement criterion cutoff is 7.0
mmol/L) or 2-h glucose concentration if
an oral glucose tolerance test has been per-
formed (cutoff 11.1mmol/L) (35). Individ-
uals with type 1 diabetes have been entitled
to reimbursed insulin since 1964, whereas
the criteria for reimbursed type 2 diabetes
medication have varied over time. Type 2
diabetes was first mentioned in 1981 crite-
ria stating that medication for those with
type 2 diabetes is reimbursed if they have
not benefited from lifestyle modification
lasting at least 3 months. In 1994, the cri-
teria for type 2 diabetes was updated to
recommend 6-month dietary intervention
as a first-line therapy and requesting that

the pharmacotherapy for type 2 diabetes be
used for at least 6 months, including a
report of outcomes, before applying
for special reimbursement. People with
gestational diabetes have not been entitled
to reimbursement, unless the need for
pharmacotherapy is prolonged.

The reimbursement register does not
contain information on the type of di-
abetes. Thus, we applied a robust age-
based classification so that people who
were ,40 years of age when they were
diagnosed with diabetes were classified
as having type 1 diabetes and those who
were at least 40 years of age were classified
as having type 2 diabetes. This cutoff has
been suggested as a simple and relatively
reliable method for differentiating people
with type 1 and type 2 diabetes (36). Peo-
ple with diabetes diagnosed at,65 years
of age were categorized as having diabetes
in midlife, and those who were at least 65
years of age when diabetes was diagnosed
were classified as having late-life diabetes.

Statistical analyses
Statistical analyses were performed with
Stata 12.0 (Stata Corp LP, College Station,
TX). The difference in the mean age of AD
diagnosis between those with and with-
out diabetes was compared with the
Student t test, and differences in the du-
ration of diabetes and age at diabetes di-
agnosis between case and control subjects
were compared with the Kruskal-Wallis
test. The association of diabetes with AD
was assessed in a case-control study in-
cluding all 28,093 matched pairs. Crude
ORs and pooled ORs according to the his-
tory of cardiovascular disease groups (no/
yes) were calculated. Matching was taken
into account by the Mantel-Haenszel
method. Information on cardiovascular
conditions (hyper-/hypotension, ische-
mic heart disease, familial hypercholes-
terolemia, embolisms and thrombosis,
myocardial infarctions, heart failure and
cardiac arrests, atherosclerosis, and
aneurysms) was obtained from the Spe-
cial Reimbursement Register and Finnish
National Hospital Discharge Register (de-
tails available from A.-M.T.).

RESULTSdThe sample is described in
Table 1. The prevalence of diabetes with
reimbursed medication in 2005 was
11.4% in the whole study population,
10.7% (n = 3,012) among control subjects
(i.e., those without AD), and 12.0% (n =
3,372) among AD cases. The prevalence
of cardiovascular diseases was higher in
control subjects than AD case subjects.
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A history of cardiovascular diseases was
more common among those with diabetes
than those who did not have diabetes (OR
2.91 [95% CI 2.66–3.18], n = 5,159,
80.8%, andn=27,941, 56.1%, respectively,
including those with and without AD).

Associations between diabetes and AD
are shown in Fig. 1. People with AD were
more likely to have a history of clinically
verified and medically treated diabetes
(either type 1 or type 2 diabetes) in the
unadjusted analysis (OR 1.14 [95% CI
1.08–1.20]), and the association was
strengthened after adjusting for cardio-
vascular diseases (adjusted OR 1.31
[1.22–1.41]). The association between di-
abetes and AD was similar in individuals
with no history of cardiovascular dis-
eases (n = 23,086, OR 1.39 [1.23–1.57])
and those with cardiovascular diseases

(n = 33,100,OR 1.29 [1.21–1.37]). The asso-
ciationswere similar in both sexes (adjusted
OR 1.27 [1.17–1.39] and 1.40 [1.23–1.59]
in women and men, respectively).

Both midlife and late-life diabetes
were more common among those with
AD (Table 1 and Fig. 1). Midlife diabetes
was more strongly associated with AD
than diabetes diagnosed in late life (crude
OR 1.42 [95% CI 1.28–1.60] and 1.05
[1.00–1.12] for midlife and late-life dia-
betes, respectively). The associationswere
strengthened after adjusting for cardio-
vascular diseases (pooled OR 1.60
[1.34–1.84] and 1.25 [1.16–1.36] for
midlife and late life, respectively).

The median age at diabetes diagnosis
was 71.4 years (interquartile range 64.6–
77.0 years), ranging from 15.4 to 98.9
years. Those with AD were younger
when diabetes was diagnosed (Table 1)
and thus the duration of diabetes was lon-
ger in case subjects than control subjects
(Fig. 2). There was also more variation in
the diabetes duration among case sub-
jects. Only 54 people were ,40 years of
age when they were diagnosed with dia-
betes, suggesting that the majority had
type 2 diabetes. The exclusion of these
54 people who putatively had type 1 di-
abetes had no effect on the association
(data not shown). Age at AD diagnosis
between those with and without diabetes
was similar (mean age 78.0 years, SD 0.1
for both groups).

Altogether, 757 (22.4%) of those with
AD and diabetes received the entitlement
of reimbursed diabetes medication after

AD diagnosis. The median time interval
was 2.0 years (interquartile range 0.7–3.9
years), and 35.9% (n = 272) of AD cases
with diabetes received the decision on re-
imbursed medication within 1 year of AD
diagnosis.

CONCLUSIONSdIn this nationwide
case-control study, people with clinically
verified AD were more likely to have a
history of clinically verified and medically
treated diabetes than the general aged
population. The association between di-
abetes and AD was similar in individuals
with or without a history of cardiovascular
disease, and adjustment for cardiovascular
diseases strengthened the association. Our
findings also showed that in Finland, AD
patients who receive a diagnosis of diabetes
often do so within 1–2 years of AD diagno-
sis. This is likely due to the exclusion of
alternative diagnoses, which is required be-
fore receiving reimbursed AD medication.

Our findings and estimates are consis-
tent with a previous meta-analysis on type
2 diabetes and AD (1). People with type 1
diabetes have also been suggested to have
an increased risk of cognitive dysfunction
(9). In our study, the mean age at diabetes
diagnosis was;70 years, and only 52 of all
6,384 people with diabetes were,40 years
of age when they were diagnosed, suggest-
ing that the majority had type 2 diabetes.
Considering the high average age (79.7
years), it is not surprising that only a small
minority of the sample were ,40 years of
age when diagnosed with diabetes. Mortal-
ity among people with type 1 diabetes in
Finland was significantly higher in the
1970s (37), so these individuals were less
likely to survive to an older age than they
would be today.

According to the hypothesis that mid-
life vascular risk may be more strongly
associated with AD than late-life risk
factors (20), we found a stronger associa-
tion with midlife diabetes than late-life di-
abetes. This is in line with previous
studies showing that long-term diabetes
is more strongly associated with cognitive
impairment and dementia (38) and that
diabetes inmidlife increases the risk of AD
(29). Although this previous study found
no association between late-life diabetes
and AD (29), another recent study inves-
tigating the midlife and late-life vascular
risk factors concluded that the association
of diabetes was of similar magnitude in
both age groups (39). The age-dependent
effect may be due to smaller effects of the
AD disease process onmidlife factors than
on factors assessed in late life. Midlife

Table 1dSample description

No AD AD P

Age (years) 79.7 (6.8) 79.7 (6.8) 0.94
Age at diabetes diagnosis (years) 70.9 (9.4) 69.3 (10.3) ,0.001
Sex 1
Men 9,050 (32.3) 9,050 (32.2)
Women 19,043 (67.8) 19,043 (67.8)

Reimbursed diabetes medication
before 2005 ,0.001

No 25,081 (89.3) 24,721 (88.0)
Yes 3,012 (10.7) 3,372 (12.0)

Age category at diabetes diagnosis ,0.001
No diabetes 25,081 (89.3) 24,721 (88.0)
Midlife 621 (2.2) 873 (3.1)
Late life 2,391 (8.5) 2,499 (8.9)

History of cardiovascular disease
before 2005 ,0.001

No 9,774 (34.8) 13,312 (47.4)
Yes 18,319 (65.2) 14,781 (52.6)

Data are given as mean (SD) for age and n (%) for other variables.

Figure 1dAssociation between diabetes and
incident AD in the whole study population,
according to previous cardiovascular disease
(CVD), sex, and onset age of diabetes. *Ad-
justed for cardiovascular diseases.
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vascular risk factors may also be a more
accurate reflection of the vascular load
during adulthood (40).

The estimates from our study (unad-
justed 95% CI 1.08–1.20) are comparable,
although lower than in the meta-analysis
by Profenno et al. (1) (95% CI 1.33–
1.79), although our adjusted estimates
(1.22–1.41) are consistent with the previ-
ous findings. This could be due to differ-
ences in the definition of diabetes. In half of
the studies included in that meta-analysis,
the diabetes diagnosis was based on self-
report or use of diabetes medication (21–
23,25), whereas in our study, all diabetes
diagnoses were performed in healthcare
settings and based on the assessment of
blood glucose concentrations, which is
mandatory for reimbursed diabetes medi-
cation in Finland. There were also differ-
ences in sample size: the conclusions of
Profenno et al. (1) were based on 21,560
individuals, including 1,306 AD case sub-
jects, whereas our sample included 28,093
AD case subjects. However, our study is
limited in the sense that individuals with
type 2 diabetes are underrepresented, as
approximately one-third of type 2 diabetes
is treated by lifestyle modifications only
(36). Our sample would cover all individ-
uals with type 1 diabetes (who were able to
survive to their 70s or 80s), as the insulin
replacement therapy is necessary, and the
majority of people with advanced type 2
diabetes or those who did not benefit
from lifestyle modification.

Our nationwide register-based study
has some further limitations. We were not
able to adjust for lifestyle or socioeconomic
confounders, such as obesity, smoking, or
education as these data were not available
from the registers we used. However, we
attempted to capture some variation in
these factors by adjusting for cardiovas-
cular diseases. Since there was no data on

glycosylated hemoglobin concentrations or
glucose concentrations after the reimburse-
ment was accepted by SII, we could not
assess whether those with better control of
blood glucose concentrations had a differ-
ent risk of AD. Diabetes is commonly
undiagnosed, especially among older indi-
viduals (41), so themisclassification of peo-
ple with undetected diabetes or diabetes
treated with lifestyle modifications as not
having diabetes is likely. This would lead
to an underestimation of the association
between diabetes and AD. This has impli-
cations for the interpretation of the results:
our findings are not as informative on the
association of all stages of diabetes as they
are on the association of clinically verified
and medically treated diabetes. Due to the
lack of a systematic cognitive assessment of
each person included in this study, it is
likely that people with cognitive impair-
ment and AD or other dementias were in-
cluded in the control group. Thus, our
results are likely an underestimation of
the true association between diabetes and
AD, although they are consistent with pre-
vious studies that were able to adjust for
confounders or systematically assess the
blood glucose concentrations of partici-
pants (1).

The strengths of the study are sample
size, representativeness, length of follow-
up, and verified diagnosis of AD. The
study sample includes all community-
dwelling individuals with AD residing in
Finland in 2005. We included only non-
institutionalized people, but it is unlikely
that the association between diabetes and
AD would be different among institution-
alized individuals. We had access to data
collected over 30 years, whereas previous
studies on type 2 diabetes (21–26), apart
from a few exceptions (27–29), have in-
cluded,10 years of follow-up. Since the
information on diabetes medication, age
at diabetes diagnosis, AD, and cardiovas-
cular diseases was extracted from the reg-
istries, the results are not affected by recall
bias. Although the register-based diagno-
ses of AD likely underestimate the true
prevalence, these diagnoses are more re-
liable than AD diagnoses extracted from
other sources of routine healthcare data,
e.g., National Hospital Discharge Regis-
ter, as the diagnoses in the Special Reim-
bursement Register are based on DSM-IV
and NINCDS-ADRDA criteria whereas
the accuracy of diagnoses from the Na-
tional Hospital Discharge Register may
vary considerably, depending on the fa-
cility (e.g., specialized geriatrics unit vs.
general healthcare visit).

In conclusion, results from this unique
nationwide case-control study show that
individuals with AD are more likely to
have a history of medically treated diabetes
than the older population in general and
that the association is independent of
cardiovascular diseases.
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