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Abstract

Objective: Diabetes is a risk factor for dementia but little is known about the impact of diabetes duration on the risk of
dementia. We investigated the effect of type 2 diabetes duration on the risk of dementia.

Design: Prospective cohort study using health claims data representative for the older German population. The data contain
information about diagnoses and medical prescriptions from the in- and outpatient sector.

Methods: We performed piecewise exponential models with a linear and a quadratic term for time since first type 2 diabetes
diagnosis to predict the dementia risk in a sample 0of 13,761 subjects (2,558 dementia cases) older than 65 years. We controlled
for severity of diabetes using the Adopted Diabetes Complications Severity Index.

Results: We found a U-shaped dementia risk over time. After type 2 diabetes diagnosis the dementia risk decreased (26% after
1 year) and reached a minimum at4.75 years, followed by an increase through the end of follow-up. The pattern was consistent
over different treatment groups, with the strongest U-shape for insulin treatment and for those with diabetes complications
at the time of diabetes diagnosis.

Conclusions: We identified a non-linear association of type 2 diabetes duration and the risk of dementia. Physicians should
closely monitor cognitive function in diabetic patients beyond the first few years after diagnosis, because the later increase in
dementia occurred in all treatment groups.

Keywords: Type 2 diabetes, dementia, risk factors, health claims data, older people

Key Points

* The dementia risk over time since first type 2 diabetes diagnosis was U-shaped.
* The U-shaped pattern was consistent over different diabetes treatment groups.
* Less severe cases with no diabetes complications at baseline showed a stronger U-shape than more severe cases.
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Introduction

The prevalence of dementia and diabetes has increased in
recent decades [1]. The WHO forecasts an increase in the
all-cause dementia prevalence to 152 million by 2050 [2].

Type 2 diabetes (T2D) is a well-known risk factor for
dementia [3-8]. The prevalence of T2D was estimated to
be 6.28% (462 million people) worldwide, and 22% among
people aged 70 years and older [9]. Even pre-diabetes has
been shown to be a risk factor for all-cause dementia,
Alzheimer’s disease (AD) and vascular dementia (VD).
Changes of diabetes-related biochemical indicators such as
fasting plasma insulin were associated with an increased
dementia risk [8]. While cardiovascular risk factors are the
main drivers for an increased dementia risk in midlife,
diabetes seems to be the strongest predictor among the
cardiovascular risk factors in later-life [10].

There are various mechanisms by which T2D and demen-
tia are connected [11]. First, there are atherosclerotic conse-
quences of T2D that favour VD. T2D is strongly associated
with micro- and macrovascular diseases. This association is
essentially determined by diabetes duration [12, 13].

However, little is known about the association of diabetes
duration and the risk of dementia.

Differences in the mean age of dementia onset with
respect to diabetes duration attenuated in older age groups
[14]. Other studies found an increased risk of cognitive
decline in prevalent diabetes rather than in incident dia-
betes [15] or with longer duration [16]. Studies emphasising
the role of age at diabetes onset also provided evidence
of increasing dementia risk with longer diabetes duration
(17, 18].

In addition to duration and earlier onset of diabetes, the
risk of mild cognitive impairment (MCI) increases with the
severity of diabetes [19], and diabetes is associated with a
higher risk for the progression from MCI to dementia [20].
Baseline HemoglobinA;. (HbA;.) was negatively associated
with cognition, supporting the assumption that severity of
T2D play a crucial role in the development of dementia
[21]. Severe hypoglycaemia also promotes the occurrence
of dementia [22]. Peripheral insulin resistance appears to
be linked to cerebral insulin resistance, and lower glucose
utilisation in the brain may drive Ap development [22, 23],
and T2D severity and progression are associated with the risk
for dementia [24].

Due to dementia subtypes and the role T2D can play in
the development of VD and ap, the influence of different
treatments for T2D on dementia is complex. It was recently
reported that distinct treatments of T2D result in different
incident rates of dementia, with the lowest risk in oral anti-
diabetic medications (ADM), followed by diabetes patients
without ADM and those dependent on insulin [7, 25]. How-
ever, some studies suggest a potential benefit from diabetes
treatment to the risk of AD [26] and all-cause dementia
[27, 28]. There is evidence for a reduced dementia risk from
metformin [27-29].

The aim of this study was to explore the association
between diabetes duration and dementia incidence, taking
severity and treatment form of T2D into account.

We hypothesised that the dementia risk increases with
longer T2D duration independent of T2D severity. This
duration effect should be moderated by the different diabetes
treatment strategies.

Methods

Study design and sample

A random sample of 250,000 individuals was drawn in 2004
by the largest German health insurance, the ‘Allgemeine Ort-
skrankenkasse’ (AOK). The sample is representative of the
German population aged 65 and older, as measured in terms
of mortality (Supplementary Figure S1). The claims data
were anonymized (by the data provider) and we did not have
access to the primary data, so no ethical review or patient
consent was required. The sample included insured people
born before 1955 with a follow-up to 2015 and contained
information about demographic data, diagnosis from in- and
outpatient sector based on International Classification of
Diseases (ICD-10, [30]), as well as all medical prescriptions
according to the Anatomical Therapeutic Chemical Classi-
fication (ATC) System [31]. The data were structured on
a quarterly basis. We included people with incident T2D
diagnosis who were born before 1940 and excluded people
with dementia diagnoses or T2D diagnoses before 2006, or
people with any type 1 diabetes diagnosis during the follow-
up (excluded in this specific order). Our sample consisted
of 13,761 insured people older than 64 years with newly
diagnosed T2D and at least one quarter of follow-up. We
observed 2,558 dementia cases through the end of 2014,
2,845 people died within this period and 8,544 reached
the end of follow-up (Supplementary Figure S2), 107 people
dropped out of the data for other reasons (e.g. change of
insurance company). Data from the year 2015 were used for
validation only.

Diabetes and Dementia

T2D and dementia were identified by ICD-10 codes. To
reduce the problem of false positive diagnoses, we used
internal validation strategies (Supplementary Text S1).

Diabetes treatment

We defined three groups of ADM, coded by ATC-codes, as
well as a group without any ADM prescription. Insulin users
received prescriptions with ATC-code A10A. The group of
non-insulin ADM had prescriptions with ATC-code A10B.
We assigned concurrent prescriptions of insulin and non-
insulin ADM to the group of mixed ADM.
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Covariates

To approximate the severity of diabetes, we implemented the
Adopted Diabetes Complications Severity Index (aDCSI)
[32-34]. The aDCSI score ranged from 0 to 13. For our
analysis we categorised the aDCSI into five levels (0, 1, 2,
3 and 4+).

Further covariates were age, sex, hypertensive diseases,
depression, cerebrovascular diseases, ischemic heart diseases,
atrial fibrillation and flutter, obesity and disorders of lipopro-
tein metabolism (ICD-10 codes: Supplementary Text S2).

Statistical analysis

We assessed the risk of dementia depending on the time
since first T2D diagnosis. We measured dementia incidence
from the quarter of first T2D diagnosis through the last
quarter of 2014. In the multivariable analysis we performed
piecewise exponential regression models, which permitted
us to explicitly model the baseline hazard over the analysis
time. We split the baseline hazard into quarters and defined
T2D duration as a second-degree polynomial in terms of
time since T2D diagnosis (d) and a quadratic term (d*)
(Table 2: Model 1). More details on methods and formulas
are provided in the online supplement (Supplementary Text
S3).

Treatment strategies were included as a time-varying pre-
dictor, thus, individuals were able to change the treatment
groups. To avoid biases we followed Hernan et al. [35, 36]
(Supplementary Text S4).

The diabetes complications (aDCSI) was measured as a
time-varying variable, and a time dummy controlled for a
structural changes in the billing system for physicians [37]
(Supplementary Text S3).

To examine how the duration effect of T2D differs
between treatment strategies of T2D, we included inter-
action effects between the treatment group (tg;) and the
baseline hazard function (model 4). Formulas are provided
in the online supplement (Supplementary Text S3).

In a sensitivity analysis, we performed models separately
for age groups (65—84 years and older than 84 years; models
2 and 3, and 5 and 6), and for the diabetes severity at the time
of T2D incidence in terms of less severe cases (aDCSI = 0) vs.
more severe (aDCSI>0).

We performed Cox regression models to statistically con-
firm that the effects of treatment strategies and T2D severity
on dementia incidence were independent of our model
strategy (results upon request).

All analyses were performed using Stata 16.0 (College
Station, TX).

Results

Descriptive results

The analysis sample comprised 57,613 person-years. The
mean follow-up time per subject was 4.18 years, and the
mean age at first T2D diagnosis 76.9 years (sd =5.8). The
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mean of the aDCSI at the time of T2D incidence was
2.34 (sd=1.46) with 2,278 people without any diabetes
complications.

The incidence of dementia decreased after the first year,
remained nearly constant for the next 3 years (Table 1),
and increased thereafter. More severe T2D cases were
more likely to receive a new diagnosis of dementia than
less severe cases. Dementia incidence was significantly
higher in women than in men and increased with age
and with almost all the comorbidities considered. Inci-
dence differed significantly among treatment groups, with
those treated with insulin having the highest incidence

(Table 1).

Model results

Table 2 shows the estimated hazard ratios (HR) of the
piecewise exponential models to assess the dementia risk
since T2D incidence. In models 1-3 the linear term d
of time since T2D incidence revealed a decreasing risk
(model 1: HR(d)=0.92; 95%CI=0.90-0.93; model 2:
HR(d) = 0.92; 95%CI = 0.91-0.94, model 3: HR(d) = 0.90;
95%CI = 0.86-0.93). Furthermore the significant quadratic
terms indicated an increase in dementia risk for longer
time-spans (model 1: HR(d’)=1.002; 95%CI=1.002—
1.003; model 2: HR(d?) =1.002; 95%CI=1.001-1.002,
model 3: HR(d?)=1.003; 95%CI=1.001-1.004). This
combination resulted in a U-shaped risk pattern for
dementia over time. Afterlyear the dementia risk decreased
by 26% (predicted HR(d,d*) =0.74; 95%CI=0.70-0.78),
and reached its minimum 4.75 years after T2D incidence
(predicted HR(d,d*) = 0.44; 95%CI = 0.39-0.50, Figure 1).
Model 4 included an interaction term between diabetes
duration and the treatment groups. We observed a U-
shaped risk pattern for diabetic people without any ADM
(model reference group: HR(d)=0.93; 95%CI=0.91—
0.94, and HR(d) =1.002; 95%CI = 1.001-1.003), and
an increased dementia risk for the group of insulin
users within the quarter of T2D incidence (model 4:
HR(d,d’,tg1) =3.61; 95%CI =2.30-5.65), with a stronger
U-shape thereafter (HR(d,tg;) =0.86; 95%CI =0.79-0.94,
HR(d*,tg;) = 1.004; 95%CI=1.001-1.006). Thus, after 1
year the predicted dementia risk in the group of insulin users
was about 60% higher (HR(d,d%,tg1) = 1.61; 95%CI = 1.21-
2.14) than for individuals without ADM. Both other
treatment groups did not differ significantly from the group
without any ADM. The U-shaped pattern consisted in both
age groups as well as in all treatment groups, with the
exception of the mixed ADM group (Figure 2). Stratification
for diabetes complications at T2D incidence shifted the
U-shape upwards for individuals with complications,
which we consider to be more severe cases (Figure 3).
The initial decrease in the dementia risk in subsequence
of incident T2D is stronger for less severe diabetes cases,
while the U-shaped pattern for the more severe cases is less
pronounced.
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Table |. Characteristics of the study population and dementia incidence rate per 1,000 person-years with 95% confidence

intervals
Dementia incidence rate per 1,000 person-years

Variable Person-years Cases with dementia Rate 95% Confidence interval
Time since T2D diagnosis
Up to 1 year 15,913 816 51.28 47.88 54.92

Up to 2 years 10,672 408 38.23 34.70 42.13

Up to 3 years 8,966 352 39.26 35.37 43.58

Up to 4 years 7,335 270 36.81 32.67 41.47

Up to 5 years 5,713 246 43.06 38.00 48.79

Up to 6 years 4,216 194 46.01 39.97 52.96

Up to 7 years 2,815 153 54.35 46.39 63.69

Up to 8 years 1,574 95 60.35 49.36 73.79

More than 8 years 407 24 58.91 39.48 87.89
Diabetes severity at T2D incidence

Less severe cases 11,407 323 28.32 25.39 31.58

more severe 46,206 2,235 48.37 46.41 50.42
Sex

Man 22,568 883 39.13 36.63 41.79

Woman 35,044 1,675 47.80 45.56 50.14
Age group at T2D incidence

65-84 53,500 2,054 38.39 36.77 40.09

85+ 4,112 504 122.56 112.31 133.74
Treatment groups

No ADM 40,772 1,864 45.72 43.69 47.84

Insulin 1,071 83 77.47 62.47 96.07

Non-insulin ADM 15,044 577 38.35 35.35 41.61

Mixed ADM 725 34 46.88 33.50 65.61
Hypertensive diseases

No 3,129 126 40.27 33.82 47.95

Yes 54,484 2,432 44.64 42.90 46.45
Depression

No 39,047 1,444 36.98 35.12 38.94

Yes 18,566 1,114 60.00 56.58 63.63
Cerebrovascular diseases

No 38,850 1,192 30.68 28.99 32.47

Yes 18,763 1,366 72.80 69.04 76.77
Ischemic heart diseases

No 26,453 953 36.03 33.81 38.39

Yes 31,160 1,605 51.51 49.05 54.09
Atrial fibrillation and flutter

No 43,528 1,615 37.10 35.34 38.96

Yes 14,085 943 66.95 62.81 71.36
Obesity

No 35,852 1,742 48.59 46.36 50.93

Yes 21,761 816 37.50 35.01 40.16
Disorders of lipoprotein metabolism

No 17,761 880 49.55 46.38 52.93

Yes 39,852 1,678 42.11 40.14 44,17
Total 57,613 2,558 44.40 42.71 46.15
Discussion between the duration of T2D and different treatment strate-

This study provides evidence for a U-shaped association
between T2D duration and the dementia risk for individuals
older than 64 years with newly diagnosed T2D. The iden-
tified U-shaped pattern was independent of the severity of
diabetes. After the initial T2D diagnosis, the dementia risk
continued to decrease for 5 years, followed by an increase
thereafter. However, even over longer durations the risk did
not surpass levels observed immediately after T2D diagnosis.
This pattern held true for both age groups. Interaction

4

gies did not change the U-pattern for three of four treatment
strategies and disclosed the strongest U-shape for insulin
treatment. Only the group with mixed treatment strategy
did not reveal a clear U-pattern. To consider different stages
of T2D progression at the time of first diagnosis, we used
stratified models by diabetes-severity. We found a stronger
U-shape for less severe cases at baseline than for more severe
cases.

Our results support previous findings from Chiu et al.
[24], who identified diabetes progression significantly
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Table 2. Results of regression models, hazard ratios and 95% confidence intervals, risk of dementia dependent on the

duration of diabetes

Variable

Time since T2D (d)

Time since T2D? (d?)

Hazard Ratio
(95% CI)

Model 1

(all)

0.918***
(0.904-0.932)
1.002%**
(1.002-1.003)

Hazard Ratio
(95% CI)

Model 2
(65-84 years)
0.924***
(0.909-0.940)
1.0027***
(1.001-1.002)

Hazard Ratio
(95% CI)

Model 3
(85+)
0.899***
(0.864—0.935)
1.003™**
(1.001-1.004)

Model 4
(all)
Time since T2D (d) 0.926™**
(0.910-0.943)
Time since T2D? (d?) 1.002%**

Treatment (tg;) (ref. no ADM tgo)

Insulin (tg;)

Non-insulin ADM (tg>)

Mixed ADM (tg3)

Treatment (tg;) X Time since T2D (d)

Insulin (d, tg;)

Non-insulin ADM (d, tg>)

Mixed ADM (d, tg3)

(1.001-1.003)

3.609"*
(2.305-5.651)
1.168
(0.926-1.471)
2.186*
(1.000-4.775)

0.862%*
(0.794-0.937)
0.981
(0.945-1.018)
0.966
(0.849-1.100)

Treatment (tg;) X Time since T2D? (d?)

Insulin (d?, tg;)
Non-insulin ADM (d?, tg;)

Mixed ADM (d?, tg3)

1.004***
(1.001-1.006)
1.000
(0.999-1.002)
0.999
(0.995-1.004)

Model 5
(65-84 years)
0.933%
(0.914-0.952)
1.002%**
(1.001-1.002)

3.819%
(2.289-6.372)
1.164
(0.893-1.519)
2.030
(0.811-5.077)

0.883"**
(0.807-0.966)
0.979
(0.940-1.019)
0.981
(0.849-1.134)

1.003**
(1.00-1.006)
1.001
(0.999-1.002)
0.999
(0.994-1.003)

Model 6
(85+ years)
0.908™**
(0.870-0.948)
1.003***
(1.001-1.004)

4.347%
(1.634-11.565)
1.119
(0.674-1.858)
2.937
(0.657-13.122)

0.660%**
(0.495-0.879)
1.002
(0.901-1.115)
0.883
(0.631-1.237)

1.014**
(1.003-1.024)
0.999
(0.995-1.004)
1.002
(0.990-1.014)

95% CI: 95% Confidence interval. *P value <0.10. **P value <0.05. ***P value <0.01. All models controlled for: age, sex, comorbidity and aDCSI. Models 1,
2 and 3 explore the total duration effect. Models 4, 5 and 6 explore the duration effect by treatment groups.
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Predicted hazard ratios
0.6
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0 4 8 12 16 20 24 28 32 36
Quarters since incident diabetes

Risk of dementia 95% CI

Figure 1. Predicted risk of dementia over time since incident
T2D diagnosis. CI = Confidence intervals. Source: AOK data
2004—2015, authors’ calculations.

associated with dementia risk. Contrary to these findings we
also identified the T2D duration as a risk factor, independent
of the diabetes severity and unrelated to the progression of
T2D. Our results contrast with other findings from Wu etal.
[16], who did not indicate a higher risk for cognitive decline
in incident diabetes patients.

In general, a worsening of the cerebrovascular blood
supply can promote loss of cognitive function. Mild chronic
inflammatory constellations in the context of insulin resis-
tance favour this process [38]. The U-shape may be caused
by several factors. In Germany, exposure to medical services
increases in advanced age, particularly among men [39]. This
can generally contribute to an increased detection rate of
dementia during check-up or other examinations, so it may
be a monitoring effect that need not be limited to diabetes.
Moreover, the German Diabetes Association recommends
close-meshed tests for dementia in T2D subjects [40], which
may explain the initial high dementia risk. Pre-diabetes
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Figure 2. Predicted risk of dementia over time since incident T2D diagnosis for treatment groups. CI = Confidence intervals. Note
different y-axis scales. Source: AOK data 2004-2015, authors’ calculations.
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Figure 3. Predicted risk of dementia over time since T2D by
diabetes severity at T2D incidence. Source: AOK data 2004—
2015, authors’ calculations.

is associated with an increased risk of impaired cognitive
function [8], which could contribute to the high dementia
prevalence at T2D diagnosis. However, when glycaemic
control has not yet been established, a diagnosis of dementia
cannot be made without restrictions. A newly diagnosed
T2D is usually accompanied by start of a therapy, which

6

consists of medical treatment and/or changes in lifestyle.
One aspect for the initial decrease in dementia diagnosis
might be that a formal diagnosis of dementia in subjects with
poorly controlled T2D will be delayed until good glycaemic
control has been established. This should, however, only
affect a small number of patients and a diagnosis of dementia
after drug or lifestyle interventions is usually made before
the increase observed here. The start of diabetes therapy may
reduce or delay cognitive decline [41] in the prodromal phase
[26] and might be partially responsible for a delayed devel-
opment/diagnosis of dementia. Notably, patient compliance
with diabetes self-management decreases over time [42] and
reduces this effect. Also, loss of beta cell function continues
contributing to the need for more medication [43].
Expanding treatment complexity, not limited to diabetes,
may play a role here. [44—46]. It is also conceivable that there
is decreased motivation to adhere to treatment recommenda-
tions due to an abatement of perceived treatment efficacy. It
appears that if the diagnosis of dementia is not made within
the first year after T2D diagnosis, this happens hesitantly
for a longer time. Diagnosis of dementia can be challenging
as carly dementia symptoms may not be apparent during
time-limited physician—patient interactions. Furthermore,
there might be a low awareness for cognitive decline in
younger subjects. Accordingly, early dementia symptoms
often remain undetected by physicians and patients resulting
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in delayed diagnosis. Cognitive decline may worsen
self-management of T2D therapy, even in early and
undetected stages of dementia. This is a vulnerable phase,
as cognitive changes may be aggravated by incorrect
self-management of T2D as a consequence of hypo- or
hyperglycaemia [47, 48].

Over time micro- and macrovascular complications
develop in T2D and may outweigh the therapy effect. This
suspicion is supported by the weaker shaped U-form for the
severe diabetes cases at baseline (Figure 3). The incidence of
dementia diagnoses starting five or more years after T2D
diagnosis could thus express the long-term consequences of
T2D on cognition.

The lack of a clear U-shaped pattern in the mixed group
may be caused by heterogeneous composition in terms of
T2D severity and treatment, and needs further investigation.

Strengths and limitations

Unlike several smaller previous studies [14, 16, 19] and
similar to Chiu et al. [24] we analysed a large longitudinal
sample with up to 9 years of follow-up.

As these health claims data are not based on interviews
and recruiting, recall and selection bias as well as panel
attrition can be ruled out. Patients were included regardless
of their cognitive and functional status, which is particularly
important for the oldest ones who are living in nursing
homes.

We used a validated measure for the diabetes severity
(aDCSI) as a time-varying covariate. This allowed us to
consider the severity and progression of T2D.

Our study is not without limitations. We observed the
time of diagnoses rather than the time of onset. T2D and
dementia are both slowly progressive diseases and the lag
time between onset and first diagnoses can vary considerably
[49, 50], as can the level of diabetes complications [51].

Diagnoses are made not only through physician services,
which can lead to underdiagnosis, but also through a higher
rate of dementia detection through the use of health care
services not limited to diabetes. These diagnoses tools are
neither standardised nor always specific, which may lead
to inaccurately encoded diagnoses. To reduce this problem,
we applied established internal validation strategies for dia-
betes and dementia. In case of dementia more than 50%
of diagnoses were coded as ‘unspecific (ICD-F03), hence
we cannot distinguish between dementia subtypes, although
T2D might affect VD in a different way than ap [11].

Information about drug use is restricted to prescriptions
filled in a pharmacy and we have no information on whether
medication was taken. A significant proportion of T2D
patients might actually be affected by latent autoimmune
diabetes in adults (LADA), a type of diabetes that could
not be distinguished in the current study. The prevalence
of LADA is estimated between 2 and 14% [52], and it
cannot be ruled out that this affected the results. Finally,
the data do not contain information about socio-economic

background, lifestyle factors and health behaviour. While

Diabetes duration and the risk of dementia

changes in lifestyle are usually part of diabetes treatment
strategies, we do not know whether these were followed. We
cannot draw conclusions about glycaemic control as we have
no information on blood glucose levels.

Conclusion

The main finding of the current study is the U-shaped risk of
dementia over time from the time of diabetes diagnosis. Pos-
sible explanations for the initially high incidence of dementia
include a better screening in T2D patients, a consequence of
adeteriorated metabolic situation even before T2D diagnosis
and a higher exposure to medical services in this population.
The following decrease in dementia incidence 2—5 years after
diagnosis of T2D could be due to lifestyle and drug interven-
tion but might also depend on higher awareness for dementia
in T2D subjects. It might be assumed that after a longer
exposure to T2D and diabetic complications the incidence
of dementia raises over time starting approximately 5-8 years
after the initial diagnosis of T2D. The aspects discussed
above certainly cannot fully explain the U-shaped dementia
risk over time in patients following a diabetes diagnosis, and
further research is needed to obtain a more comprehensive
picture and derive practical implications for the prevention
and treatment of cognitive impairment in T2D patients.
Our data suggest that physicians should be encouraged to
continue close monitoring of the development of cognitive
function in diabetic patients even if diabetes was diagnosed
more than 2 years ago. In this context, treatment outcome
and adherence should also be considered. Future research
should investigate whether primary prevention, and detec-
tion and treatment of T2D might be beneficial not only
regarding the development of T2D, but also regarding the
development of dementia.
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the text are available to subscribers in Age and Ageing online.
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