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Abstract

Aims The association between type II diabetes (T2D) and increased all-cause dementia risk is well established. However,
to date, there is no definite proof that a specific therapy for diabetes can halt a progress of cognitive decline. Therefore,
we analyzed a large longitudinal random sample of German health claims data to focus on associations between T2D and
dementia and to elucidate the role of different treatment forms of T2D on the risk for dementia.

Methods We used a longitudinal random sample (n=250,000) of claims data of the largest public sickness fund in Germany,
the Allgemeine Ortskrankenkasse (AOK). Dementia was defined as ICD-10 codes G31.0, G31.82, G23.1, F00, FO1, F02,
FO03, and F05, and T2D was defined as E11-E14. We performed Cox proportional hazard models to explore the transition
into dementia and to calculate the relative risk of dementia dependent on T2D and different T2D treatment forms.

Results All models were adjusted for sex, age, and each patient’s history of depression, renal insufficiency, and cardio-
vascular comorbidities. Non-pharmacologic-treated diabetics showed a 23% increased dementia risk (p <0.001) and oral
ADM-treated diabetics showed a 16% increased risk (p <0.001). Insulin-dependent diabetics is still the highest dementia
risk (40%; p <0.001) and obesity additionally attenuated this risk (75%; p <0.001) increased risk.

Conclusions We found that diabetes is an independent risk factor for all-cause dementia. An increased risk for dementia
in insulin-dependent and obese subjects with diabetes was evident. Longitudinal studies on the effect of different forms of
therapy and weight reduction are needed to verify the results of this study.
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Brain atrophy has been observed in T2D, which can occur
independently of arteriosclerotic alterations [11-13].

With regard to possible pathophysiological mechanisms,
hyper- and hypoglycemic conditions are believed to serve
as potential candidates linking T2D with dementia, which
could drive the joint appearance of these diseases in a bidi-
rectional manner [13—-15]. In addition, obesity seems to
play an important role as a consequence of intensive insulin
therapy and/or associated with physical inactivity [14].

To date, there is no definite proof for a specific therapy of
diabetes to halt a progress of cognitive decline [16]. It is even
assumed that, in some cases, especially when cognitive decline
has progressed, medication may even have negative conse-
quences, possibly due to more frequent episodes of hypoglyce-
mia [17-19]. There are still sparse data on this state of affairs,
although current research provides first hints that specific treat-
ment forms may be beneficial in some patients [20-22].

Here, we analyzed a large longitudinal random sample
of German health claims data (data of the Allgemeine Ort-
skrankenkasse AOK health insurance) to elucidate a pos-
sible role of different treatment forms of T2D on the risk of
dementia. We studied the possible role of obesity, cerebro-
vascular diseases, arterial hypertension, hyperlipoproteine-
mia, micro- and macrovascular diseases, renal insufficiency,
and depression in this relationship.

Data and methods
Sample and study design

We used a longitudinal sample of claims data of the largest pub-
lic sickness fund in Germany, the Allgemeine Ortskrankenkasse
(AOK). A random sample (N=250,000) of insured persons
aged 50 years or above with at least 1 insured day in the first
quarter of 2004 was drawn. The data represent outpatient care
information, and include information on sex, year, and month of
birth, year, and month of death if applicable, a diagnosis part of
all inpatient and outpatient diagnoses coded by ICD-10 as well
as all filled prescriptions of medications on a quarterly basis.
The study was partially funded by the “Deutsches Zentrum fiir
Neurodegenerative Erkrankungen .V’ (DZNE).

Definition of incident dementia cases

Incidence dementia cases were determined in the 5-year period
from the first quarter of 2006 through the last quarter of 2010
for all subjects who did not have any dementia diagnosis in the
years 2004 and 2005. Dementia was defined as having one of
the ICD-10 codes G31.0, G31.82, G23.1, F00, FO1, F02, FO3,
and F05. We did not differentiate by subtype of dementia as
over 50% of all incident diagnoses were coded as “unspecified
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dementia” (F03). All cases without a valid dementia diagnosis
(see section “Validation of dementia diagnoses” below) in 2004
and 2005 and a first valid dementia diagnosis in 2006 or later
are assumed to represent incident dementia cases.

Definition of diabetes mellitus and treatments

We defined a time-dependent variable distinguishing between
person-times without a diabetes diagnosis, person-times with
a diabetes diagnosis but without a prescription of oral antidia-
betic medication (ADM) whom we labeled as “non-pharma-
cologic treated”, person-times with a diabetes diagnosis and
a treatment with oral ADM, and person-times with a diabetes
diagnosis and treatment with insulin. Type 2 Diabetes (T2D)
was defined as having one of the ICD-10 codes E11-E14. All
patients ever having an E10 (type 1 diabetes) diagnosis in their
medical history between 2004 and 2010 were excluded from
our analyses. Information on medical drug use was obtained
from the documented filled prescriptions of the outpatient sec-
tor. Active ingredients were coded by the German version of
the Anatomical Therapeutic Chemical (ATC) classification
system. Diabetes patients with prescriptions of oral ADM
(ATC code: A10B) and insulin (ATC code: A10A) were dif-
ferentiated. The treatment status of the diabetes patients was
entered as time-dependent variable.

Definition of obesity

We defined obesity as having the ICD-10 code E66. This
variable was treated as time-dependent variable.

Covariates

All models were adjusted for sex, age, and each patient’s his-
tory of depression (F32, F33, and F34.1), renal insufficiency
(N17-N19), and cardiovascular comorbidities, such as cer-
ebrovascular diseases (160-169), hypertension (I110-115),
ischemic heart diseases (I20-125), atrial fibrillation (I48),
and hypercholesterolemia (E78.0). The variables take the
value of one from the first time, comorbidity was noted in
the data, and zero otherwise. With the exception of sex, all
covariates were defined as time-dependent variables.

Validation of dementia diagnoses

Since large data of public sickness funds are created for the
purpose of cost calculation and reimbursement and are sub-
ject to legal changes and data-handling procedures of the
health insurers, a two-stage validation procedure was applied
to internally validate the dementia diagnoses. This procedure
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excluded false-positive diagnoses of dementia which, other-
wise, would lead to an overestimation of the true dementia
incidence [23]. First, diagnoses from the outpatient sector
were taken into account only if the physician had indicated
them as verified. Diagnoses from the inpatient sector had
to be either discharge or secondary diagnoses. Second,
dementia diagnoses had to be confirmed by co-occurrence.
Diagnoses were considered valid if they occurred simulta-
neously in the inpatient and outpatient sectors, or if at least
two physicians made a diagnosis of dementia in the same
quarter. Furthermore, dementia diagnoses were considered
valid by a co-occurrence over time, with all 5 study years
being used as the validation period. If the quarter with the
first dementia diagnosis was the last observational quarter
(due to death or end of the study), the case was considered
valid, even though the initial diagnosis could not be con-
firmed by a second diagnosis.

Statistical analyses

We performed Cox proportional hazard models to explore
the transition into dementia and to calculate the risk of an
incident dementia diagnosis dependent on the diabetes sta-
tus, the presence of obesity, and the other covariates. As
the proportional hazard assumption was not fulfilled for two
control variables in the full model, we performed a strati-
fied model with cerebrovascular diseases and depression as
strata variables.

The period of analysis started on January 1st, 2006 and
ended at the time point of the first dementia diagnosis. In the
case of no dementia diagnosis, analysis time was censored
at the time of death, the time of leaving the health insur-
ance or the end of the study period, December 31st, 2010,
whatever occurred first. As we had information on diagnoses
on a quarterly basis, the incidence of dementia was set in
the middle of the respective quarter (which corresponded to
1.5 months in terms of analysis time). In the case of death,
the time of death was assumed to be in the middle of the
respective month (0.5 months in terms of analysis time).
Furthermore, we calculated a model with an interaction term
between diabetes status and obesity to explore their com-
bined effects on dementia incidence.

Results
Basic characteristics

Of the 250,000 subjects of the original sample, 142,012
persons aged 60 years and above were found to be free
of dementia until 2006 and without diagnosis of type 1
diabetes (E10) in their medical history. They totally con-
tributed 612,027 person-years at risk. 12,784 subjects

had an incident dementia diagnosis during the observa-
tional period. Characteristics of the study population and
dementia incidence rates are given in Table 1. Dementia
incidence increased exponentially with increasing age
(Fig. 1a), which was also true for the prevalence of dia-
betes up to the 9th decade of life (Fig. 1b). At age 60,
15% of the subjects suffered from diabetes; at age 88, 34%
suffered from diabetes, although with a decline at higher
ages. Insulin-dependent diabetes patients with a mean age
of 73.5+7.2 years constituted the smallest group among
the diabetes patients. With increasing age, the share of
non-pharmacologic treated diabetes patients increased
resulting in the group with the highest mean age of
75.3 +7.4 years. Diabetes patients treated with oral ADM
had a mean age of 73.9 + 6.8 years. As expected, persons
without a diabetes diagnosis had the lowest dementia inci-
dence with 17.8 new cases per 1000 person-years com-
pared to diabetes patients without medical treatment (33.5
new cases), diabetes patients treated with oral ADM (23
new cases), and insulin-dependent diabetes patients (28.4
new cases). Surprisingly, subjects with an obesity diag-
nosis had a significantly lower dementia incidence with
19.3 new cases per 1000 person-years compared to non-
obese subjects (21.1 new cases). However, this is mainly
caused by the difference in the age distribution (see model
results). Patients with hypertension (23.7 new cases) had a
significantly higher dementia incidence compared to per-
sons without hypertension (12.1 new cases). Similarly,
depressed persons and patients with renal insufficiency
had significantly increased incidence rates of dementia.
However, in contrast, hypercholesterolemia was associ-
ated with a significantly reduced dementia incidence rate.

Model results

Compared to persons without diabetes, non-pharmacolog-
ically treated diabetes patients had a 46% increased risk
of dementia (p <0.001) when controlled for sex and age
(Table 2, Model 1). Diabetic patients with an oral ADM
treatment had a 25% increased dementia risk (p <0.001)
and insulin-dependent diabetes patients had the highest
risk of dementia (Hazard ratio HR =1.52, p <0.001).
Moreover, obesity was associated with an increased risk
of dementia (HR=1.11, p <0.001) when controlled for
age and sex (Table 2, Model 1). In fully adjusted Model 2,
however, statistically significance for the dementia-obesity
association vanished. Moreover, a considerable propor-
tion of the negative effect of diabetes on dementia was
explained by the presence of cardiovascular disease, renal
insufficiency and depression (Model 2). However, effects
were not fully attenuated with non-pharmacologically
treated diabetes patients having a 23% increased dementia
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Table 1 . C,haf acteristics and Variable Person-years at risk  Subjects Dementia incidence
dernentl.a incidence of the study with rate per 1000 person-
population dementia  years
N=612,027 N=12,784 Rate 95% CI
Sex
Male 246,981 4145 16.78  16.28-17.30
Female 365,047 8639 23.67 23.17-24.17
Age group
60-64 55,528 175 3.15 2.72-3.65
65-69 155,462 723 4.65  4.32-5.00
70-74 154,974 1537 992  9.43-1043
75-79 116,238 2548 21.92  21.09-22.79
80-84 77,958 3327 42.68 41.25-44.15
85-89 38,010 2794 73.51 70.83-76.28
90-94 10,464 1195 114.20 107.91-120.87
95+ 3,393 485 142.96 130.78-156.26
Diabetes
No diabetes diagnosis 444,171 7883 1775 17.36-18.14
Non-pharmacologic-treated diabetes patients 82,257 2752 33.46 32.23-34.73
Treated diabetes patients, oral ADM 52,054 1197 23.00 21.73-24.34
Treated diabetes patients, insulin 33,545 952 28.38  26.63-30.24
Obesity
No 544,094 11,472 21.08 20.70-21.47
Yes 67,934 1312 19.31 18.30-20.39
Hypertension
No 146,776 1773 12.08 11.53-12.66
Yes 465,251 11,011 23.67 23.23-24.11
Hypercholesterolemia
No 425,363 9212 21.66 21.22-22.10
Yes 186,665 3572 19.14  18.52-19.77
Cerebrovascular diseases
No 490,822 6519 13.28 12.96-13.61
Yes 121,205 6265 51.69  50.43-52.99
Ischemic heart diseases
No 395,815 6062 15.32  14.93-15.71
Yes 216,213 6722 31.09 30.36-31.84
Atrial fibrillation
No 539,412 9264 17.17  16.83-17.53
Yes 72,616 3520 48.47 46.90-50.10
Depression
No 498,662 8657 17.36  17.00-17.73
Yes 113,366 4127 36.40 35.31-37.53
Renal insufficiency
No 568,655 10,685 18.79  18.44-19.15
Yes 43,373 2099 48.39  46.37-50.51

CI confidence interval, ADM antidiabetic medication, Source: AOK claims data 2004-2010

risk (p <0.001) and oral ADM-treated diabetes patients Including an interaction effect in Model 2 permitted the
having a 16% increased risk (p <0.001). Nevertheless,  analysis of the combined effect of diabetes and obesity on
insulin-dependent diabetes patients had still the highest  dementia risk. Within each diabetes group, obesity increased
dementia risk (HR =1.40, p <0.001) (Model 2). the risk of dementia; however, it did not differ statistically

@ Springer



Acta Diabetologica (2019) 56:995-1003 999
1000 50
@ A B
8. % 45 Untreated diabetes patients
& %
a 2 40 Treated diabetes patients, oral ADM
] @ Dementia incidence rate with ‘0
> o, . . -
g 100 95 % confidence interval g 3 B Treated diabetes patients, insulin
g % 30
o e}
g 3
= < 25
[ x
g 2
g e
g 10 >
5 5 15
ko] 2
Q (9]
= o 10
@ ©
: o [T TEETTR RO
a
1 0
60 65 70 75 80 85 90 95+ 60 65 70 75 80 85 90 95+
Age Age
Fig. 1 Dementia incidence rate per 1000 person-years (a) and share of person-years with diabetes status in percent (b)
Table 2. Haz.ard ratios of Variable Model 1% Model 25
dementia estimated by Cox
proportional hazard models HR p value HR p value
(95% CI) (95% CI)
Treatment status diabetes
No diabetes diagnosis 1.00 1.00
Non-pharmacologic-treated diabetes patients 1.46 <0.001 1.23 <0.001
(1.39-1.52) (1.17-1.28)
Treated diabetes patients, oral ADM 1.25 <0.001 1.16 <0.001
(1.18-1.33) (1.09-1.24)
Treated diabetes patients, insulin 1.52 <0.001 1.40 <0.001
(1.42-1.62) (1.31-1.50)
Obesity 1.11 <0.001 1.05 0.093
(1.05-1.18) (0.99-1.11)

Source: AOK claims data 2004-2010
CI confidence interval, ADM antidiabetic medication

*Model is adjusted for sex and age

**Model is adjusted for sex, age and comorbidities, and is stratified by the presence of cerebrovascular dis-

eases and depression

from the non-obese individuals with the exception of insulin-
dependent diabetes patients. Here, obese insulin-dependent
diabetes patients had a significantly increased risk of dementia
compared to non-obese insulin-dependent diabetes patients.
Controlled for comorbidities, obese non-pharmacologic-
treated diabetes patients had a 34% (p <0.001) increased
risk and obese diabetes patients with oral ADM had a 20%
(p=0.008) increased risk for dementia as compared to per-
sons without a diabetes diagnosis. Obese insulin-dependent
diabetes patients had a 75% (p <0.001) increased risk (Fig. 2).

Discussion

In our analysis of a large (N=250,000) longitudinal random
sample of the largest German health claims data, we found
that subjects with T2D had an increased risk of dementia
compared to persons without a diagnosis of diabetes. The
risk increased over the different types of treatment with oral
ADM-treated diabetes patients revealing the lowest risk, fol-
lowed by non-pharmacologic-treated and insulin-dependent
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diabetes patients. Moreover, we observed that obesity
exerted an additional and independent effect on the risk of
dementia, solely in insulin-dependent diabetes patients.
The association between T2D and all-cause demen-
tia (Alzheimer’s disease and vascular dementia) has been
described earlier and our results are in line with those pre-
vious findings [13, 24-26]. To date, control of modifiable
cardiovascular risk factors, nutrition, and sports seem to be
the most promising approaches to prevent dementia [26-29].
With respect to T2D, however, there is no definite proof
that a specific therapy for diabetes can halt a progress of
cognitive decline [16]. Whether a strict medical drug control
setting in middle years seems preventative is also unknown
[13, 30]. Recent studies started to address this issue and
suggested that some treatment forms may result in better
outcomes regarding cognitive function and the incidence
of dementia [20-22]. This assumption is supported by neu-
ropathological studies, which demonstrated reduced amy-
loid load in T2D patients with antidiabetic treatment com-
pared to not-treated diabetes patients [31]. In line with this
observation, our study revealed that subjects who received
an oral antidiabetic treatment had the lowest risk for the
development of dementia compared to non-pharmacologi-
cally treated and insulin-dependent diabetes patients. With
respect to medical treatments of T2D, recent studies, see a
protective effect of metformin against the development of
dementia in T2D [32]. Moreover, Xu et al. found that T2D
was associated with vascular dementia in a study cohort of
1,301 elderly subjects. They found that this association was
strongest in insulin-treated subjects [33]. This is also in line
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with our findings. However, this association contradicts the
current view that hyperinsulinemia may exhibit an increased
risk for the development of dementia [34, 35].

Insulin-induced hypoglycemia might be a crucial aspect
in this context. A not negligible aspect with respect to the
different treatment forms of T2D is the potential bidirec-
tional association between T2D with dementia, especially
with respect to the self-management of T2D in dementia
[13]. In our analysis, we found a higher risk of dementia in
insulin-dependent diabetes patients in the presence of obe-
sity. The reason is unclear, but may be related to the fact that
self-administrated T2D-therapy may become insufficient as a
consequence of cognitive impairments. Therefore, the results
regarding the risk of dementia with respect to oral ADM or
insulin therapy have to be interpreted with caution, as no
information about adherence to therapy or markers of T2D
severity such as HbAlc was available in our cohort.

When considering the links between T2DM and demen-
tia, it is important to consider the possible role of other dis-
eases which are commonly associated with both T2D and
dementia. To clarify this, regression models were adjusted
for known risk factors associated with dementia and T2D
in our analysis. In the current analysis, we have focused
especially on obesity as a common risk factors associated
with both T2D and dementia. Obesity is a known risk fac-
tor for T2D, and insulin therapy in T2D is associated with
weight gain [36, 37]. Notably, in contrast to T2D, there are
conflicting data regarding the obesity—dementia association
in different lifespans and it is not evident if weight gain in
insulin-dependent diabetes patients attenuates the risk for
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dementia [38—40]. Thus, the interpretation of obesity as a
risk factor for the development of dementia is challenging in
subjects with T2D and insulin therapy. Metabolic alterations
as observed in obese subjects might favor the development
of dementia, especially in midlife or in early stages of T2D
[40—42]. Admittedly, a significant reduction in weight is gen-
erally observed in the prodromal stage of dementia, a few
years before diagnosis. Midlife obesity has consistently been
associated with risk of dementia, this has, however, not been
observed in elderly subjects, and the influence of different
therapy regimes in T2D on these findings has not intensively
been researched in elderly subjects [40, 42]. In that regard,
we found that subjects with intense treatment had the highest
risk for dementia; in particular, diabetes patients with insu-
lin therapy and obesity. From this, it could be deduced that
weight control could be one aspect in both treatment of T2D
and prevention of cognitive decline. This seems suitable in
the early stages of cognitive decline, as weight loss is also
seen as a negative consequence of dementia. Thus, neither
obesity nor the treatment of insulin itself but hypoglycemic
conditions and severity of diabetes could pave the way for
future dementia. Nevertheless, recent research suggests that
brain alterations are more progressive in T2D patients, if
they are obese and brain imaging data were not available for
the current analysis [43, 44].

Arterial hypertension, hyperlipoproteinemia, micro- and
macrovascular diseases, and depression are known to play
important roles in the development of cognitive disorders
[45-49]. This is evident also in the results of our study.
Patients with hypertension had a significantly higher demen-
tia incidence compared to persons without hypertension. As
hypertension is also a strong risk factor for cerebrovascu-
lar diseases, such as stroke, ischemic heart diseases, and
atrial fibrillation, the gross effect of hypertension vanishes
when controlling for those diseases. Notably, no informa-
tion about efficiency of antihypertensive treatment was avail-
able. Thus, subjects with diagnosed hypertension might not
be treated to target, which could contribute to the current
findings. Surprisingly, hypercholesterolemia, an evident
risk factor for cardiovascular disease, was associated with
reduced risk for dementia. A missing link between hypercho-
lesterolemia with dementia in subjects with T2D has been
found previously, in particular in elderly subjects [30, 50].
In our cohort, this might also be due to sufficient treatment
of hypercholesterolemia. Statin therapy has been suggested
to be preventive in all types of dementia [51]. However,
interpretation of our results is difficult, because definition
of hypercholesterolemia was solely based on the ICD E78.0
which does not differentiate between hypercholesterolemia
due to elevated LDL-cholesterol concentrations and other
forms of hyperlipoproteinemia.

Limitations and strengths of the study

Our results are subject to limitations. An important issue
is the study population. Subjects insured in the AOK do
not represent the German population in their entirety. There
is a compulsory health insurance for all people residing in
Germany. The majority of the population is insured under a
statutory insurance plan (like the AOK provides); however,
a smaller number of subjects, usually with higher incomes,
have the option to insure themselves privately. Thus, subjects
insured in the AOK health insurance system are on average
of a lower socioeconomic level compared to other compul-
sory insurances. Moreover, our analyses relied on health
claims (outcome) data with diagnosis of diseases based on
ICD codes. Thus, there were no precise measurement data
of e.g. “height” and “weight” for the definition of obesity.
These and other diseases may have been underdiagnosed
or inaccurately encoded by the treating physicians. This
assumption is supported due to the fact that more than 50%
of dementia diagnoses were coded as “unspecific”’. Moreo-
ver, alterations in diagnoses may not compulsorily reflect
real changes in the prevalence or incidence of the accord-
ing diseases. However, we tried to overcome at least part
of this problem by applying an internal validation strategy.
The group of persons without a diabetes diagnosis, which is
used as reference group in our analyses, consisted of persons
without diabetes and persons with undiagnosed diabetes
that are subject to an increased dementia risk as an effective
glycemic control is missing here. Thus, our effect sizes are
potentially underestimated. We cannot rule out that the onset
of dementia is related to the duration and severity of diabetes
which correlates with the treatment form. However, as we
use time-varying variables, diabetes patients can change the
treatment group over time. Immortal time bias can be ruled
out. Furthermore, sensitivity analyses showed that there is
no time-related effect between first diabetes diagnosis and
dementia incidence in our data. In addition, there are some
disease states, which could play a role, but were not ana-
lyzed. For example, hyponatremia, endocrinopathies, or
vitamin deficient might mimic cognitive impairment in the
absence of dementia, and although we adjusted for a number
of confounders, these disease states are not well reflected by
the current data set and, thus, were not included.

As risk factors like diabetes and hypoglycemic condi-
tions due to medication, but also cardiovascular parameters
can favor the development of dementia, the question arises
how treatment or prevention of dementia is conceivable.
However, there are currently no sufficient data, nor can our
study clarify this question. For example, life-style changes
or a well-controlled diabetes setting by medication could
be approached to treat or prevent dementia in patients with
T2D [5].
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Our analyses rely on a large sample size. We were able to
analyze longitudinal data and 12,784 persons had an incident
dementia diagnosis during the observation period, which
allows us to draw conclusions on causality. However, dif-
ferent mechanisms may drive the associations found. As
already stated, it is likely that the relationship between T2D
and Alzheimer’s disease is different from that of vascular
dementia with T2D. Our data do not allow a specific exami-
nation of individual forms of dementia, since dementia was
mostly coded as “unspecified dementia” in our dataset. Nev-
ertheless, health claims data are only marginally biased due
to attrition for reasons other than death as the data are com-
plete over time and the rate of change between public health
insurance funds is low, especially at the oldest ages. The
medical diagnoses were not prone to recall bias. Study par-
ticipants were not recruited, so that selection bias by health
care providers or self-selection into the study can be ruled
out. Moreover, all insured individuals, regardless of their
functional and cognitive status, were included in the study.

Conclusion

In the present analysis of a large longitudinal random sam-
ple of German health claims data, we found that diabetes
is an independent risk factor for all-cause dementia. We
found that different treatment forms of T2D result in differ-
ent incident rates of dementia with insulin-treated subjects
revealing the highest risk for dementia, particularly if they
are obese. These results underline that different treatment
forms may affect the development of dementia and weight
gain seems to intensify this effect. Nevertheless, large and
longitudinal intervention trials with detailed drug informa-
tion are required to enlighten if well-controlled antidiabetic
drug intervention and weight reduction could prevent the
development of cognitive decline.
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