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Abstract: (1) Background: To assess changes in the prevalence of dementia among patients hospital-
ized with type 2 diabetes (T2DM), to analyze the effects of dementia on in-hospital mortality (IHM) in
this population, to evaluate sex differences, and to determine the impact of the COVID-19 pandemic
on these parameters. (2) Methods: We used a nationwide discharge database to select all patients with
T2DM aged 60 years or over admitted to Spanish hospitals from 2011 to 2020. We identified those with
all-cause dementia, Alzheimer’s disease (AD), and vascular dementia (VaD). The effect of sex, age,
comorbidity, and COVID-19 on the prevalence of dementia subtypes and on IHM was assessed using
multivariable logistic regression. (3) Results: We identified 5,250,810 hospitalizations with T2DM. All-
cause dementia was detected in 8.31%, AD in 3.00%, and VaD in 1.55%. The prevalence of all subtypes
of dementia increased significantly over time. After multivariable adjustment, higher values were ob-
served in women for all-cause dementia (OR 1.34; 95% CI 1.33-1.35), AD (OR 1.6; 95% CI 1.58-1.62),
and VaD (OR 1.12; 95% CI 1.11-1.14). However, female sex was a protective factor for IHM in
patients with all-cause dementia (OR 0.90; 95% CI 0.89-0.91), AD (OR 0.89; 95% CI 0.86-0.91), and
VaD (OR 0.95; 95% CI 0.91-0.99). IHM among patients with dementia remained stable over time, until
2020, when it increased significantly. Higher age, greater comorbidity, and COVID-19 were associated
with IHM in all dementia subtypes. (4) Conclusions: The prevalence of dementia (all-cause, AD, and
VaD) in men and women with T2DM increased over time; however, the IHM remained stable until
2020, when it increased significantly, probably because of the COVID-19 pandemic. The prevalence
of dementia is higher in women than in men, although female sex is a protective factor for IHM.

Keywords: type 2 diabetes; dementia; Alzheimer’s disease; vascular disease; COVID-19; in-hospital
mortality; hospitalization; sex

1. Introduction

Recent years have seen an increase in the incidence of neurodegenerative diseases
such as dementia, partially owing to the increase in life expectancy and in the prevalence
of type 2 diabetes mellitus (T2DM) [1,2].

Dementia is a highly prevalent progressive disorder, and according to the World Health
Organization, it is estimated that almost 10 million new cases will appear each year [3].

Compared with persons who do not have diabetes, those with T2DM are 1.5 to
2.5 times more likely to develop all-cause dementia, including its two main subtypes,
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Alzheimer’s disease (AD) and vascular dementia (VaD) [4,5]. This increased risk in patients
with T2DM translates into an average earlier onset of dementia of 2.5 years compared with
patients without T2DM [6]. The complex pathophysiology underlying this relationship
may involve hyperglycemia, insulin resistance, neuroinflammation, and altered energy
homeostasis [4,5]. Given the association between the aging global population and the rising
prevalence of dementia, the link between T2DM and dementia constitutes a global public
health concern [1,2,7].

Diabetes is a major comorbidity among patients hospitalized with COVID-19 [8]. De-
mentia can increase the risk of a poorer COVID-19 outcome. In the US, a study using a
nationwide database found that dementia was associated with COVID-19-related hospital-
ization in patients with T2DM (OR 2.07; 95% CI 1.79-2.39). However, the authors did not
find dementia to be associated with in-hospital mortality (IHM) during COVID-19-related
hospitalization in patients with T2DM (OR 0.85; 95% CI 0.71-1.02) [9].

Sex differences may play a critical role in the incidence and outcomes of hospitaliza-
tions in patients with T2DM and dementia. Women with T2DM have a higher excess risk
of cognitive decline and vascular dementia than men with T2DM, although the extent of
these differences depends on the characteristics of the study populations and the methods
used [10]. In any case, it remains unclear why men and women with T2DM are affected
differently by dementia [11].

Therefore, the objectives of the study were to assess changes in the prevalence of
dementia (all-cause, AD, and VaD) in hospitalized patients with T2DM in Spain between
2011 and 2020. We evaluated sex differences in the prevalence, clinical characteristics, and
IHM of dementia between men and women with T2DM. We also analyzed which variables
were associated with IHM among patients with T2DM and dementia. Finally, we assessed
whether the COVID-19 pandemic affected the prevalence of dementia and IHM in patients
hospitalized with T2DM in the year 2020.

2. Materials and Methods
2.1. Design and Data Source

A retrospective, population-based observational study was conducted using the Span-
ish National Hospital Discharge Database (RAE-CMBD, Registro de Actividad de Atencién
Especializada-Conjunto Minimo Basico de Datos [Register of Specialized Care-Basic Mini-
mum Database]). A description of the RAE-CMBD methodology is available online [12].
The study period ran from 1 January 2011 to 31 December 2020.

The RAE-CMBD collects age, sex, dates of admission and discharge, discharge desti-
nation (home, deceased, social institution, or voluntary discharge), up to 20 diagnoses, and
20 procedures conducted during hospitalization in either public and private hospitals. The
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
was used for coding between 2011 and 2015, and the International Classification of Disease,
Tenth Revision (ICD10) has been used since 2016.

2.2. Study Population and Study Variables

The study population included patients aged >60 years with a T2DM code in any
di-agnostic position (see ICD codes in Table S1). Patients with TIDM and data missing for
sex, age, dates of admission and discharge, or discharge destination were excluded.

To respond to the objectives of the study, the study population was stratified according
to the presence of ICD codes for dementia (all-cause dementia, AD, and VaD) in any
diagnostic position in the RAE-CMBD (Table S1). All analyses were subsequently stratified
according to sex.

The presence of comorbidity was assessed using the Charlson Comorbidity Index (CCI),
excluding diabetes and dementia, and the ICD codes described by Sundararajan et al. [13] and
Quan et al. [14]. Likewise, regardless of the diagnostic position, the presence of COVID-19
was evaluated (see ICD10 codes in Table S1) in the year 2020.
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Regarding hospital outcomes, we analyzed IHM, which was defined as the number of
patients who died in hospital each year divided by the total number of hospitalizations
that year.

2.3. Statistical Analysis

We calculated the total prevalence of all-cause dementia, AD, and VaD in patients
with T2DM according to year, sex, and age group.

The results of the descriptive statistical analysis are expressed as total frequencies with
percentages for categorical variables and means with standard deviations for continuous
variables.

The trend was analyzed using the Cochran-Mantel-Haenszel statistic or Cochran—Armitage
test in the case of categorical variables and a linear regression ¢ test or Jonckheere-Terpstra
test in the case of continuous variables.

Categorical variables were compared using the Fisher exact test. Continuous variables
were compared using the ¢t test.

We used multivariable logistic regression to analyze factors associated with the pres-
ence of all-cause dementia, AD, and VaD, considering the effect of sex and the other study
covariates. We also identified the variables associated with IHM in men and women with
T2DM and all-cause dementia, AD, and VaD.

We used the “enter modelling” method for logistic regression. This included five
consecutive steps. First, a bivariate analysis of each variable. Second, the selection of
variables for the multivariable analysis, with those with a p value of <0.10 being considered.
Third, the contribution to the model of each variable was verified using the Wald statistic
Forth, as variables were progressively included, the new model generated was compared to
the previous one using the likelihood-ratio test. Finally, once the final model was obtained,
we checked for linearity and possible interactions between variables. The results of these
models are shown with the odds ratio (OR) and 95% confidence intervals (CI).

We used Stata version 14 to perform the statistical analysis (Stata, College Station, TX,
USA). Statistical significance was set at p < 0.05 (2-tailed).

2.4. Ethics Statement

To carry out this study, it was not necessary to request the informed consent of the
patients or approval by an ethics committee, since the RAE-CMBD is an administrative
database, and all personal data are anonymized. Any investigator can freely request
RAE-CMBD data from the Spanish Ministry of Health [15].

3. Results

Between 2011 and 2020 in Spain, there were 5,250,810 hospitalizations of patients aged
>60 years presenting a diagnosis code corresponding to T2DM. Of these, 8.31% (1 = 436,533)
had an all-cause dementia code, 3.00% (n = 157,674) had an AD code, and 1.55% (n = 81,146)
had a VaD code.

3.1. Time Trends in the Prevalence of Dementia in Patients with T2DM

The prevalence of all-cause dementia among hospitalized patients with T2DM in Spain
increased significantly between 2011 and 2020 (6.9% vs. 10.6%; p < 0.001). Likewise, the
prevalence of AD and of VaD rose significantly throughout the study period (2.71% and
1.55% in 2011 vs. 3.28% and 1.63% in 2020; all p < 0.001, respectively).

As can be seen in Table 1, in patients presenting with all-cause dementia, AD, and VaD,
the proportion of men increased over time, while that of women decreased (all p < 0.001).
The mean age of patients with dementia (all-cause, AD, and VaD), as well as an associated
comorbidity (CCI), increased significantly over the study period.

In the three diseases under study, IHM remained stable between 2011 and 2019.
However, in 2020, the IHM increased by around three percentage points, reaching 18.72%
for all-cause dementia, 18.85% for AD, and 16.91% for VaD (Table 1).
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3.2. Sex Differences in the Prevalence and Characteristics of Dementia among Patients with T2DM

As can be seen in Table 2, the prevalence of all-cause dementia was higher in women
than in men with T2DM for all the study years, increasing significantly between 2011 and
2020 in both groups (4.91% to 8.4% in men; 9.19% to 19.97% in women: p < 0.001).

Women with all-cause dementia were older than men, although they had a lower
CCI (Table 2). Age and concomitant comorbidity increased significantly between 2011 and
2020 in both men and women. IHM in men and women with all-cause dementia increased
significantly over the study period (16.03% and 14.76% in 2011 to 19.97% and 17.67% in
2020, respectively).

As shown in Table 3, the prevalence of AD increased significantly between 2011 and
2020 in both men (1.74% to 2.07%; p < 0.001) and women (3.82% to 4.92%; p < 0.001),
although it was higher in women for all the years studied. The distribution by age and
comorbidity shows the same trend as in T2DM patients admitted with all-cause dementia.

Between 2011 and 2020, the IHM in T2DM patients with AD increased significantly
(from 15.6% to 20.35% in men and from 13.88% to 18% in women) (Table 3).

The prevalence of VaD increased throughout the study period (Table 4) and was higher
in women than in men. The distribution by age, comorbidity (expressed as the mean of the
CClI), and IHM shows the same pattern as that described in the previous types of dementia.

3.3. Variables Associated with Sex Differences in the Prevalence and Characteristics of Dementia
among Patients with T2DM

Table 5 shows the results of the multivariable analysis to identify the factors associated
with the presence of all-cause dementia and with IHM in men and women with T2DM and
all-cause dementia. The presence of more comorbid conditions and the year of hospital
admission (specifically the years 2013, 2014, and 2015 [reference year 2011]) were associated
with a lower probability of presenting a code for all-cause dementia. However, the presence
of all-cause dementia increased significantly between 2016 and 2020 in both men and
women with T2DM. Older age and the presence of COVID-19 were also associated with a
higher probability of presenting a code for all-cause dementia in both sexes. After adjusting
for covariates, in the entire T2DM population, women were 1.34-fold more likely to have a
code for all-cause dementia in their discharge report than men (OR 1.34; 95% CI 1.33-1.35)
(Table 5).

Regarding IHM, older age, greater comorbidity, and COVID-19 increased the risk
of dying during hospitalization in men and women with T2DM and all-cause dementia
(Table 5). In the entire study population, being a woman was associated with lower IHM
(OR 0.90; 95% CI 0.89-0.91).

Table S2 and Table S3 show the results for trends in the presence of and factors
associated with IHM for patients with AD and VaD. The prevalence of AD and VaD
increased significantly with older age and COVID-19. However, the presence of comorbid
conditions was associated with a lower presence of AD (OR 1.6; 95% CI 1.58-1.62) and with
a higher presence of VaD (OR 0.66; 95% CI 0.65-0.66). Using the year 2011 as a reference,
the presence of codes for AD increased significantly between the years 2014 and 2020, and
the prevalence of VaD decreased between the years 2013 and 2018 and in the year 2020.
Furthermore, women were 1.6-fold and 1.12-fold more likely to have a code for AD and
VaD than men (OR 1.6; 95% CI 1.58-1.62 and OR 1.12; 95% CI 1.11-1.14, respectively).

The factors associated with all-cause dementia were also associated with an increased
risk of IHM in patients hospitalized with T2DM and AD and VaD. These included older age,
higher CCI, and COVID-19. As found for all-cause dementia, female sex was associated
with a lower IHM for AD (OR 0.89; 95% CI 0.86-0.91) and VaD (OR 0.95; 95% CI 0.91-0.99).
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Table 1. Characteristics of the patients hospitalized with type 2 diabetes and suffering from concomitant all-cause dementia, Alzheimer’s disease and, vascular

dementia according to year (2011-2020).

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 p-Value Trend
All-cause dementia, n (prevalence) 32,512 (6.9) 34,066 (7.02) 33,147 (6.67) 34,617 (6.74) 36,849 (6.92) 44,566 (8.94) 52,005 (9.45) 55,008 (9.5) 57,354 (9.7) 56,409 (10.6) <0.001
Men, n (%) 12,382 (38.08) 12,904 (37.88) 12,854 (38.78) 13,535 (39.1) 14,455 (39.23) 18,969 (42.56) 22,561 (43.38) 24,275 (44.13) 25337 (44.18) 25,754 (45.66) <0.001
Women, n(%) 20,130 (61.92) 21,162 (62.12) 20,293 (61.22) 21,082 (60.9) 22,394 (60.77) 25597 (57.44) 29,444 (56.62) 30,733 (55.87) 32,017 (55.82) 30,655 (54.34) <0.001
Age, mean (SD) 82.65 (6.62) 82.79 (6.58) 82.9 (6.58) 83.02 (6.58) 83.28 (6.65) 83.08 (6.93) 83.29 (7) 83.36 (7.07) 83.42 (7.19) 83.24 (7.29) <0.001
CCI, mean (SD) 091 (0.92) 0.92 (0.93) 0.95 (0.94) 0.94 (0.93) 0.94 (0.94) 1.09 (1.02) 112 (1.02) 1.14 (1.04) 1.19 (1.05) 1.16 (1.05) <0.001
COVID-19, n(%) 0(0) 0(0) 0(0) 0(0) 0(0) 1(0) 2(0) 3(0.01) 5(0.01) 6885 (12.21) <0.001
THM, n (%) 4957 (15.25) 5195 (15.25) 4842 (14.61) 4975 (14.37) 5591 (15.17) 6599 (14.81) 8027 (15.44) 8615 (15.66) 8960 (15.62) 10,560 (18.72) <0.001
Alzheimer’s disease, n (prevalence) 12,759 (2.71) 13,698 (2.82) 13,469 (2.71) 14,603 (2.85) 15,621 (2.93) 15,486 (3.11) 17,484 (3.18) 18,472 (3.19) 18,648 (3.15) 17,434 (3.28) <0.001
Men, n (%) 4379 (34.32) 4560 (33.29) 4719 (35.04) 5171 (35.41) 5466 (34.99) 5405 (34.9) 6269 (35.86) 6782 (36.72) 6785 (36.38) 6350 (36.42) <0.001
Women, n (%) 8380 (65.68) 9138 (66.71) 8750 (64.96) 9432 (64.59) 10,155 (65.01) 10,081 (65.1) 11,215 (64.14) 11,690 (63.28) 11,863 (63.62) 11,084 (63.58) <0.001
Age, mean (SD) 82.42 (6.06) 82.61 (5.95) 82.82 (6.02) 83 (6.01) 83.3 (6.07) 83.56 (6.09) 83.73 (6.05) 83.94 (6.07) 83.95 (6.15) 83.96 (6.21) <0.001
CCI, mean (SD) 0.74 (0.84) 0.77 (0.87) 0.81 (0.87) 0.8 (0.87) 0.79 (0.87) 0.89 (0.93) 0.9 (0.93) 0.93 (0.94) 0.97 (0.97) 0.93 (0.97) <0.001
COVID-19, n (%) 0(0) 0 (0) 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0) 2(0.01) 2091 (11.99) <0.001
THM, n (%) 1846 (14.47) 2002 (14.62) 1872 (13.9) 2028 (13.89) 2364 (15.13) 2224 (14.36) 2646 (15.13) 2882 (15.6) 2886 (15.48) 3287 (18.85) <0.001
Vascular dementia, n (prevalence) 7313 (1.55) 7579 (1.56) 7479 (1.51) 7732 (1.51) 7935 (1.49) 7514 (1.51) 8645 (1.57) 8725 (1.51) 9562 (1.62) 8662 (1.63) <0.001
Men, n (%) 3359 (45.93) 3617 (47.72) 3471 (46.41) 3684 (47.65) 3794 (47.81) 3557 (47.34) 4134 (47.82) 4269 (48.93) 4637 (48.49) 4313 (49.79) <0.001
Women, n (%) 3954 (54.07) 3962 (52.28) 4008 (53.59) 4048 (52.35) 4141 (52.19) 3957 (52.66) 4511 (52.18) 4456 (51.07) 4925 (51.51) 4349 (50.21) <0.001
Age, mean (SD) 81.73 (6.92) 81.75 (6.86) 82.23 (6.78) 82.23 (6.84) 82.52 (6.99) 82.64 (6.85) 83.09 (6.79) 83.13 (6.86) 83.07 (6.98) 83.06 (7.14) <0.001
CCI, mean (SD) 1.28 (0.97) 1.28 (0.98) 1.32 (0.99) 1.31 (0.97) 1.3 (0.99) 1.38 (1.06) 1.41 (1.07) 1.4 (1.07) 1.43 (1.08) 1.42 (1.08) <0.001
COVID-19, n (%) 0(0) 0(0) 0 (0) 0 (0) 0(0) 0 (0) 1(0.01) 0(0) 0 (0) 897 (10.36) 0(0)
THM, n (%) 1044 (14.28) 1075 (14.18) 1032 (13.8) 1003 (12.97) 1143 (14.4) 1052 (14) 1271 (14.7) 1334 (15.29) 1350 (14.12) 1465 (16.91) <0.001

CCI: Charlson Comorbidity Index. IHM: In-hospital mortality.

Table 2. Prevalence of all-cause dementia. Distribution by age and clinical characteristics and in-hospital outcomes among men and women hospitalized with type 2
diabetes in Spain, 2011-2020.

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 p-Value Trend
N, prevalence 12,382 (4.91) 12,904 (4.94) 12,854 (4.76) 13,535 (4.82) 14,455 (4.93) 18,969 (6.85) 22,561 (7.32) 24,275 (7.39) 25,337 (7.51) 25,754 (8.4) <0.001
Age, mean (SD) 80.93 (6.74) 81.08 (6.68) 81.17 (6.68) 81.35 (6.76) 81.56 (6.84) 81.41(7.18) 81.63 (7.26) 81.69 (7.3) 81.69 (7.43) 81.53 (7.5) <0.001
60-69 years, n (%) 775 (6.26) 792 (6.14) 760 (5.91) 820 (6.06) 844 (5.84) 1319 (6.95) 1557 (6.9) 1627 (6.7) 1694 (6.69) 1865 (7.24) <0.001
Men 70-79 years, n (%) 4025 (32.51) 4083 (31.64) 3991 (31.05) 3945 (29.15) 4051 (28.02) 5288 (27.88) 6058 (26.85) 6550 (26.98) 7345 (28.99) 7607 (29.54) <0.001
>80 years, n (%) 7582 (61.23) 8029 (62.22) 8103 (63.04) 8770 (64.79) 9560 (66.14) 12,362 (65.17) 14,946 (66.25) 16,098 (66.32) 16,298 (64.32) 16,282 (63.22) <0.001
CCI, mean (SD) 1.09 (0.98) 1.1 (0.98) 1.12 (0.99) 1.1 (0.98) 1.11 (0.99) 1.3 (1.09) 1.31 (1.08) 1.33 (1.1) 1.38 (1.11) 1.35 (1.11) <0.001
COVID-19, n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 2(0.01) 3360 (13.05) <0.001
THM, n (%) 1985 (16.03) 2015 (15.62) 1992 (15.5) 1996 (14.75) 2278 (15.76) 3000 (15.82) 3671 (16.27) 3949 (16.27) 4154 (16.39) 5142 (19.97) <0.001
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Table 2. Cont.

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 p-Value Trend
N, prevalence 20,130 (9.19) 21,162 (9.46) 20,293 (8.96) 21,082 (9.07) 22,394 (9.36) 25,597 (11.57) 29,444 (12.16) 30,733 (12.28) 32,017 (12.61) 30,655 (13.59) <0.001
Age, mean (SD) 83.7 (6.31) 83.83 (6.3) 84 (6.27) 84.08 (6.24) 84.38 (6.28) 84.31 (6.46) 84.56 (6.51) 84.68 (6.59) 84.79 (6.68) 84.68 (6.78) <0.001
60-69 years, n (%) 439 (2.18) 471 (2.23) 452 (2.23) 474 (2.25) 494 (2.21) 660 (2.58) 746 (2.53) 768 (2.5) 813 (2.54) 825 (2.69) <0.001
Women 70779 years,n (%) 4354 (21.63) 4422 (20.9) 3967 (19.55) 3888 (18.44) 3919 (17.5) 4500 (17.58) 4829 (16.4) 5110 (16.63) 5464 (17.07) 5525 (18.02) <0.001
>80 years, n (%) 15,337 (76.19) 16,269 (76.88) 15,874 (78.22) 16,720 (79.31) 17,981 (80.29) 20,437 (79.84) 23,869 (81.07) 24,855 (80.87) 25,740 (80.39) 24,305 (79.29) <0.001
CCI, mean (SD) 0.79 (0.86) 0.81 (0.87) 0.85 (0.88) 0.84 (0.88) 0.82 (0.88) 0.93 (0.94) 0.97 (0.95) 0.98 (0.96) 1.03 (0.98) 1.01 (0.97) <0.001
COVID-19, n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 1(0) 2(0.01) 3(0.01) 3(0.01) 3525 (11.5) <0.001
IHM, n (%) 2972 (14.76) 3180 (15.03) 2850 (14.04) 2979 (14.13) 3313 (14.79) 3599 (14.06) 4356 (14.79) 4666 (15.18) 4806 (15.01) 5418 (17.67) <0.001
CCI: Charlson Comorbidity Index. IHM: In-hospital mortality.
Table 3. Prevalence of Alzheimer disease. Distribution by age and clinical characteristics and in-hospital outcomes among men and women hospitalized with type 2
diabetes in Spain, 2011-2020.
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 p-Value Trend
N, prevalence 4379 (1.74) 4560 (1.74) 4719 (1.75) 5171 (1.84) 5466 (1.86) 5405 (1.95) 6269 (2.03) 6782 (2.06) 6785 (2.01) 6350 (2.07) <0.001
Age, mean (SD) 80.9 (6.22) 81.2 (5.94) 81.44 (6.12) 81.69 (6.25) 81.88 (6.2) 82.38 (6.22) 82.43 (6.17) 82.75 (6.24) 82.65 (6.28) 82.62 (6.36) <0.001
60-69 years, n (%) 229 (5.23) 192 (4.21) 196 (4.15) 228 (4.41) 210 (3.84) 187 (3.46) 219 (3.49) 199 (2.93) 212 (3.12) 204 (3.21) <0.001
Men 70-79 years, n (%) 1439 (32.86) 1455 (31.91) 1432 (30.35) 1462 (28.27) 1509 (27.61) 1333 (24.66) 1557 (24.84) 1650 (24.33) 1757 (25.9) 1689 (26.6) <0.001
>80 years, n (%) 2711 (61.91) 2913 (63.88) 3091 (65.5) 3481 (67.32) 3747 (68.55) 3885 (71.88) 4493 (71.67) 4933 (72.74) 4816 (70.98) 4457 (70.19) <0.001
CCI, mean (SD) 0.9 (0.9) 0.93 (0.92) 0.95 (0.92) 0.95 (0.92) 0.94 (0.92) 1.06 (1) 1.06 (0.99) 1.08 (1) 1.12 (1.03) 1.09 (1.03) <0.001
COVID-19, n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 768 (12.09) <0.001
IHM, n (%) 683 (15.6) 681 (14.93) 724 (15.34) 770 (14.89) 897 (16.41) 832 (15.39) 974 (15.54) 1101 (16.23) 1111 (16.37) 1292 (20.35) <0.001
N, prevalence 8380 (3.82) 9138 (4.09) 8750 (3.86) 9432 (4.06) 10,155 (4.25) 10,081 (4.56) 11,215 (4.63) 11,690 (4.67) 11,863 (4.67) 11,084 (4.92) <0.001
Age, mean (SD) 83.22 (5.82) 83.31 (5.84) 83.57 (5.83) 83.71 (5.75) 84.06 (5.86) 84.19 (5.92) 84.46 (5.85) 84.64 (5.86) 84.69 (5.94) 84.73 (5.98) <0.001
60-69 years, n (%) 149 (1.78) 170 (1.86) 159 (1.82) 167 (1.77) 195 (1.92) 187 (1.85) 174 (1.55) 154 (1.32) 167 (1.41) 160 (1.44) <0.001
W 70-79 years, n (%) 1936 (23.1) 2066 (22.61) 1817 (20.77) 1834 (19.44) 1785 (17.58) 1751 (17.37) 1780 (15.87) 1879 (16.07) 1950 (16.44) 1884 (17) <0.001
men
ome >80 years, n (%) 6295 (75.12) 6902 (75.53) 6774 (77.42) 7431 (78.78) 8175 (80.5) 8143 (80.78) 9261 (82.58) 9657 (82.61) 9746 (82.15) 9040 (81.56) <0.001
CCI, mean (SD) 0.65 (0.79) 0.69 (0.84) 0.73 (0.83) 0.72 (0.83) 0.71 (0.83) 0.79 (0.88) 0.81 (0.89) 0.84 (0.9) 0.88 (0.92) 0.84 (0.92) <0.001
COVID-19, n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0) 2(0.02) 1323 (11.94) <0.001
IHM, n (%) 1163 (13.88) 1321 (14.46) 1148 (13.12) 1258 (13.34) 1467 (14.45) 1392 (13.81) 1672 (14.91) 1781 (15.24) 1775 (14.96) 1995 (18) <0.001

CCI: Charlson Comorbidity Index. IHM: In-hospital mortality.
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Table 4. Prevalence of vascular dementia. Distribution by age and clinical characteristics and in-hospital outcomes among men and women hospitalized with type 2
diabetes in Spain, 2011-2020.

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 p-Value Trend
N, prevalence 3359 (1.33) 3617 (1.38) 3471 (1.28) 3684 (1.31) 3794 (1.29) 3557 (1.28) 4134 (1.34) 4269 (1.3) 4637 (1.37) 4313 (1.41) <0.001
Age, mean (SD) 79.99 (6.97) 80.16 (7.01) 80.55 (6.86) 80.65 (6.98) 80.72 (7.18) 80.92 (6.98) 81.41 (6.94) 81.53 (7.01) 81.38 (7.1) 81.31 (7.28) <0.001
60-69 years, n (%) 302 (8.99) 304 (8.4) 255 (7.35) 294 (7.98) 325 (8.57) 260 (7.31) 257 (6.22) 261 (6.11) 282 (6.08) 308 (7.14) <0.001

Men 70-79 years, n (%) 1177 (35.04) 1247 (34.48) 1163 (33.51) 1151 (31.24) 1133 (29.86) 1060 (29.8) 1177 (28.47) 1192 (27.92) 1476 (31.83) 1338 (31.02) <0.001
>80 years, n (%) 1880 (55.97) 2066 (57.12) 2053 (59.15) 2239 (60.78) 2336 (61.57) 2237 (62.89) 2700 (65.31) 2816 (65.96) 2879 (62.09) 2667 (61.84) <0.001
CCI, mean (SD) 1.42 (1.01) 141 (1) 1.45 (1.02) 1.41 (1) 1.44 (1.03) 1.55 (1.09) 1.55 (1.11) 1.53 (1.11) 157 (1.12) 1.57 (1.14) <0.001
COVID-19, n (%) 0(0) 0(0) 0 (0) 0 (0) 0(0) 0(0) 0 (0) 0 (0) 0(0) 447 (10.36) <0.001
THM, n (%) 502 (14.94) 506 (13.99) 484 (13.94) 487 (13.22) 568 (14.97) 512 (14.39) 624 (15.09) 616 (14.43) 651 (14.04) 742 (17.2) <0.001
N, prevalence 3954 (1.8) 3962 (1.77) 4008 (1.77) 4048 (1.74) 4141 (1.73) 3957 (1.79) 4511 (1.86) 4456 (1.78) 4925 (1.94) 4349 (1.93) <0.001
Age, mean (SD) 83.21 (6.52) 832 (6.39) 83.68 (6.36) 83.66 (6.39) 84.17 (6.38) 84.19 (6.35) 84.62 (6.27) 84.65 (6.35) 84.66 (6.47) 84.8 (6.55) <0.001
60-69 years, n (%) 113 (2.86) 110 (2.78) 109 (2.72) 109 (2.69) 96 (2.32) 87 (2.2) 96 (2.13) 90 (2.02) 124 (2.52) 106 (2.44) <0.001

Women  70-79 years, n (%) 953 (24.1) 923 (23.3) 820 (20.46) 815 (20.13) 784 (18.93) 725 (18.32) 730 (16.18) 746 (16.74) 830 (16.85) 736 (16.92) <0.001
>80 years, n (%) 2888 (73.04) 2929 (73.93) 3079 (76.82) 3124 (77.17) 3261 (78.75) 3145 (79.48) 3685 (81.69) 3620 (81.24) 3971 (80.63) 3507 (80.64) <0.001
CCI, mean (SD) 1.16 (0.92) 1.16 (0.94) 1.21 (0.95) 1.22 (0.92) 1.17 (0.93) 1.23 (0.99) 1.27 (1.02) 1.28 (1.01) 1.29 (1.01) 1.28 (1.01) <0.001
COVID-19, n (%) 0(0) 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 1(0.02) 0 (0) 0(0) 450 (10.35) <0.001
THM, n (%) 542 (13.71) 569 (14.36) 548 (13.67) 516 (12.75) 575 (13.89) 540 (13.65) 647 (14.34) 718 (16.11) 699 (14.19) 723 (16.62) <0.001

CCI: Charlson Comorbidity Index. IHM: In-hospital mortality.
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Table 5. Multivariable analysis of the factors associated with the presence of all-cause dementia
among men and women hospitalized with type 2 diabetes and factors associated with in-hospital mor-
tality among patients with type 2 diabetes and concomitant all-cause dementia in Spain, 2011-2020.

Presence of All-Cause Dementia IHM of Patients with T2DM and All-Cause Dementia

Men

Women

Both Sexes

Men

Women

Both Sexes

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Year 2011 1 1 1 1 1 1

Year 2012 0.99 (0.96-1.01) 1.02 (1-1.04) 1.01 (0.99-1.02) 0.97 (0.9-1.03) 1.02 (0.96-1.07)  1(0.95-1.04)
Year 2013 0.95 (0.92-0.97) 0.96 (0.94-0.98) 0.95 (0.94-0.97) 0.95 (0.89-1.02) 0.93 (0.88-0.98)  0.94 (0.9-1.01)
Year 2014 0.95 (0.92-0.97) 0.96 (0.94-0.98) 0.95 (0.94-0.97) 0.89 (0.84-0.96) 0.93 (0.88-0.98)  0.92 (0.88-1.00)
Year 2015 0.95 (0.93-0.97) 0.97 (0.95-0.99) 0.96 (0.94-0.97) 0.96 (0.9-1.03) 0.98 (0.93-1.04)  0.97 (0.93-1.01)
Year 2016 1.35 (1.32-1.39) 1.22 (1.2-1.25) 1.28 (1.26-1.3) 0.95 (0.89-1.01) 0.91 (0.86-0.96)  0.92(0.89-1.02)
Year 2017 1.44 (1.41-1.48) 1.29 (1.26-1.31) 1.35(1.33-1.37) 0.97 (0.92-1.04) 0.95 (0.9-1) 0.96 (0.92-1.03)
Year 2018 1.47 (1.44-1.5) 1.31 (1.28-1.33) 1.37 (1.35-1.39) 0.97 (0.92-1.03) 0.98 (0.93-1.03)  0.97 (0.94-1.00)
Year 2019 1.51 (1.48-1.55) 1.37 (1.34-1.39) 1.43 (1.41-1.45) 0.98 (0.93-1.04) 0.96 (0.91-1.01)  0.97 (0.93-1.01)
Year 2020 1.65 (1.61-1.69) 1.45 (1.42-1.48) 1.53 (1.51-1.55) 1.06 (1-1.13) 1.03 (0.98-1.09)  1.05(1.01-1.11)
Age, 60-69 years 1 1 1 1 1 1

Age, 70-79 years

Age, >80 years
CCI

COVID-19
Women

3.41 (3.34-3.48)
9.6 (9.42-9.78)
0.84 (0.84-0.85)
1.46 (1.4-1.52)
NA

4.19 (4.08-4.31)

13.59 (13.24-13.94)

0.78 (0.77-0.78)
1.32 (1.27-1.37)
NA

3.66 (3.6-3.72)

11.07 (10.9-11.24)

0.81 (0.81-0.81)
1.39 (1.35-1.43)
1.34 (1.33-1.35)

1.05 (0.99-1.11)
1.46 (1.38-1.54)
113 (1.11-1.14)
2.84 (2.62-3.07)
NA

1.06 (0.97-1.16)
1.58 (1.46-1.72)
1.2 (1.19-1.22)
247 (2.29-2.68)
NA

1.05 (1.01-1.09)
1.5 (1.44-1.73)

117 (1.16-1.19)
2.66 (2.51-2.74)
0.90 (0.89-0.91)

IHM: In-hospital mortality. T2DM: Type 2 diabetes. CCI: Charlson Comorbidity Index. OR: Odds Ratio.
CI: Confidence interval.

4. Discussion

The results obtained in this nationwide retrospective study of over 5 million patients
with T2DM aged >60 years admitted to Spanish hospitals between 2011 and 2020 revealed
several key findings. First, an increase in the prevalence of dementia (all-cause, AD, and
VaD) was observed in men and women with T2DM between 2011 and 2020. Second,
the prevalence of all-cause dementia was 1.34 times higher in women than in men with
T2DM. Third, the presence of COVID-19 increased the risk of IHM in men and women with
T2DM and any dementia subtype. Finally, we found that women with T2DM and all-cause
dementia, AD, and VaD had a lower risk of dying in hospital than T2DM men.

Several epidemiological studies report an increase in the prevalence of dementia in
individuals with T2DM over time [16-18]. Our results confirm this trend, which has been
reported elsewhere, both in AD and in VaD [17,18].

In the United Kingdom general population, using data from over 13 million indi-
viduals aged >18 years receiving primary care and recorded in the Health Improvement
Network database, the overall prevalence of dementia among people with diabetes in-
creased from 0.42% in year 2000 to 2.51 % in 2016 (p < 0.001). The prevalence of dementia
in women patients with diabetes was approximately 1.5 times higher compared to men
patients with diabetes [16].

A study of persons aged 90 or over with dementia in Finland showed that the preva-
lence of diabetes doubled between 2000 and 2018 (p < 0.001) [19].

The increase in the prevalence of dementia in people with diabetes and vice versa
over time, can be explained by greater survival, life expectancy, and improvements in the
diagnoses of both pathologies [16-19].

As expected, we found that between 2011 and 2020, both patient age and the propor-
tion of men with TDM2 and dementia increased. In addition, patients presented greater
comorbidity over time. Different studies have described an increase in the prevalence of
the main age-related chronic conditions in the general elderly population [20-24]. Further-
more, a recent population-based registry-based study on comorbidity trends during the
last years of life in Finnish patients with dementia aged 70 years or older found an increase
in comorbidities between 2001 and 2013 [25]. Another cohort study of 245,483 participants
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showed that older adults with multiple comorbid conditions had a higher risk of demen-
tia [26]. Other factors reported as being relevant include aging, polypharmacy, and a heavier
treatment burden, all of which might affect the brain and cause neural injuries [27,28].

The prevalence of dementia is higher in women with diabetes than in men, in terms of
all-cause dementia, AD, and VaD [10,11]. A recent meta-analysis found that women with
diabetes had a 19% higher risk for VaD than men with diabetes (RR 1.19; 95% CI 1.08-1.30) [11].
Various factors seem to contribute to the difference between men and women regarding
dementia. In the case of diabetes, it has been reported that women with T2DM achieve
glycemic and cardiovascular targets less frequently and are screened less frequently for
the complications of diabetes. In the case of dementia, women are generally referred later
than men and experience delays in receiving adequate supportive care when they have
cognitive impairment [29]. Alternative explanations include hormonal aspects. Exposure
to endogenous estradiol in females has been reported to increase the risk of dementia,
especially in the presence of diabetes [30]. Moreover, since the female patients in this study
were post-menopausal (age >60 years), alterations in sex hormones could play a role [31].

Gong et al. reported that mental health symptoms (depression and anxiety) and higher
waist circumference have been found associated with a greater risk of dementia in women
with T2DM in comparison with men [32]. A plausible explanation for this finding is that
women are more likely to be prescribed with pharmacological treatments for depression,
and the use of antidepressants has been linked to a greater risk of dementia. Whether the
different body composition and fat distribution observed in women and men with diabetes,
partially driven by the influence of sex hormones on visceral obesity, can explain the sex
differences in obesity and dementia, requires further investigation [32].

Studies conducted in the general population have suggested that factors such as blood
pressure, physical activity, longer education, and former alcohol use have a different effect
in men and women on the risk of developing dementia [33-36].

It is possible that combinations or patterns of risk factors explain sex differences in
cognitive decline and the subsequent risk of dementia. Therefore, a multi-domain approach
to understanding and analyzing risk factors is arguably the best approach for investigating
sex differences in dementia risk. Broad domains of risk factors have been previously
classified as biomarkers, demographic variables, lifestyle factors, medical conditions and
medications, and environmental factors. A broader understanding of overall patterns of
risk factors for cardiometabolic disease and neurodegeneration is needed to inform tailored
(potentially sex-specific) interventions [37].

Future investigations should use methods such as Bayesian Mindsponge Framework
analytics, to provide a more in-depth analysis of sex differences in the association between
diabetes and dementia [38].

Previous studies have reported an increased risk of IHM in patients admitted to
hospital with a diagnosis of diabetes and dementia, because this population has survived
ischemic heart disease and stroke [39]. Our study showed that among men and women
hospitalized with TD2M who had any type of dementia, IHM remained stable over time until
the year 2020, when it showed a significant increase, probably related to SARS-CoV-2 infection.

As we expected, among hospitalized women and men with T2DM and all-cause
dementia, AD, and VaD, the presence of COVID-19 was associated with IHM, as were
advanced age and associated comorbidity. In a previous study conducted by our group,
dementia was associated with IHM in men and women with T2DM hospitalized with
COVID-19 in Spain in 2020 (OR in men, 2.42 [95% CI 2.14-2.74]; and OR in women,
1.64 [95% CI 1.46-1.84]) [40]. Previous evidence has shown that patients with dementia,
especially those with comorbidities such as diabetes, are particularly vulnerable to SARS-
CoV-2 infection and are more likely to develop severe illness [41].

In our study, women with diabetes hospitalized with all-cause dementia, VaD, and AD,
had a lower risk of IHM than men with diabetes. This finding is consistent with previous
research, which found that male sex predicts mortality in patients with dementia [42-44].
Connors et al. [44] found female sex to be a protective factor for mortality in patients
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with dementia (HR, hazard ratio 0.57; 95% CI 0.43-0.74). To our knowledge no previous
investigation has analyzed the possible factors that explain the higher IHM among men
than women with diabetes and concomitant dementia.

The observed increment in the prevalence of dementia among people hospitalized
with diabetes found in our investigation has several practical implications. It is expected
that the improvements in rates of chronic complications and longevity in diabetes patients
will lead to more people with diabetes surviving into old age and developing dementia,
therefore making it necessary that effective interventions are implemented [45,46].

According to the latest version of the Lancet Commission on Dementia Prevention,
based on results from large cohort studies, up to 40% of dementia cases could be prevented
by modifying twelve risk factors: low education, midlife hearing loss, obesity, hypertension,
late-life depression, smoking, physical inactivity, diabetes, social isolation, excessive alcohol
consumption, traumatic brain injury, and air pollution [47].

Population-based approaches are likely to be the most impactful, cost-effective, and
meaningful to reduce the global burden of dementia. Public health campaigns are needed
to raise awareness about the link between diabetes, and the other mentioned risk factors,
with dementia. Campaigns must encourage lifestyle changes linked to diet, exercise, and
weight loss, which could reduce the incidence of diabetes and mitigate dementia risk [47,48].
Specific interventions that could reduce the risk or slow down the progression of dementia
in people with diabetes include optimizing the treatment of cardiovascular risk factors,
promoting the use of statins and oral hypoglycemic agents, and a tight control of blood
glucose levels with an HbA1 under 7% [49,50].

Our results provide policy makers with objective data on the burden that dementia
causes among people with diabetes and very especially among women. Soto-Gordoa et al.
have predicted that in Spain the number of cases of dementia will triple by 2050 unless
effective interventions are implemented [51]. These is a very serious threat to the Spanish
social and health care systems, as the associated economic burden will become barely
sustainable. According to these authors, an intervention leading to a 20% change in risk
and protective factors would reduce dementia by 9%, prevent over 100,000 cases, and save
nearly EUR 4900 million in 2050 [51].

In Germany, Fink et al. estimated that a relative reduction of diabetes incidence by 1%
annually would decrease dementia cases by around 30,000 [52].

As commented before, the reduction of the burden of dementia can only be achieved
with multiple interventions that, taken separately, would yield only modest results. This
evidence supports the need to include primary prevention in the form of reducing risk
factors for both dementia and diabetes as a top priority of health policies [47,48,51,52].

The strengths of our study are the use of a national population database (RAE-CMBD),
over a 10-year period, with a methodology that has been reported elsewhere [17,18]. How-
ever, our study is also subject to a series of limitations. While the RAE-CMBD collects
practically all hospitalizations in Spain, it is an administrative database and does not collect
all the variables included in the clinical history. Therefore, we have no data on disease sever-
ity, glycemic control, disease duration, or medication for diabetes or dementia. In addition,
it was only possible to assess IHM, since we did not have information on the patients once
they were discharged. However, the use of hospital discharge records and administrative
databases for the diagnosis of psychiatric illnesses, including dementia, has been shown
to be sufficiently sensitive and specific for epidemiological investigations [53,54]. Finally,
the validity of diabetes ICD codes in health administrative databases, compared to clinical
records, has been evaluated previously, concluding that it is reliable and can be used to
address important research questions [55-58].

5. Conclusions

In conclusion, the prevalence of dementia, including the prevalence of VaD and AD,
in men and women with T2DM increased between 2011 and 2020. Our data highlight
important sex differences, indicating that the prevalence of all-cause dementia is 1.34 times
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higher in women than in men, with similar values for VaD and AD. However, female sex is
a protective factor for IHM in hospitalized patients with all-cause dementia, VaD, and AD.
A diagnosis of COVID-19, associated comorbidity, older age, and having been hospitalized
in 2020 were predictors of IHM in men and women with T2DM and dementia (all-cause
dementia, VaD, and AD). Clinicians should pay attention to the relationship between T2DM
and dementia in order to avoid worse outcomes and reduce the burden of both diseases.
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and factors associated with in-hospital mortality among patients with type 2 diabetes and concomitant
Alzheimer’s disease, Spain, 2011-2020. Table S3: Multivariate analysis of the factors associated with
the presence of vascular dementia among men and women hospitalized with type 2 diabetes and
factors associated with in-hospital mortality among patients with type 2 diabetes and concomitant
vascular dementia, Spain, 2011-2020.

Author Contributions: Conceptualization, A.L.-d.-A., R.J.-G. and N.C.-C.; methodology J.J.Z.-L.
and J.D.M.-D.; validation, D.C.-A. and R.O.-P,; data curation, V.H.-B.; Formal analysis, V.H.-B.;
Funding: ].D.M.-D., A.L.-d.-A. and RJ.-G.; Writing—original draft, A.L.-d.-A., R]J.-G. and N.C.-C.;
Writing—review and editing, J.J.Z.-L., D.C.-A., R.O.-P. and ].D.M.-D. All authors have read and
agreed to the published version of the manuscript.

Funding: This study is a part of the research funded by the FIS (Fondo de Investigaciones Sanitarias—
Health Research Fund, Instituto de Salud Carlos III) and co-financed by the European Union through
the Fondo Europeo de Desarrollo Regional (FEDER, “Una manera de hacer Europa”): grant no.
PI120/00118. And This work has been supported by the Madrid Government (Comunidad de
Madrid-Spain) under the Multiannual Agreement with Universidad Complutense de Madrid in the
line Excellence Programme for university teaching staff, in the context of the V PRICIT (Regional
Programme of Research and Technological Innovation). INV.AY.20.2021.1E126). And by: Universidad
Complutense de Madrid. Grupo de Investigacion en Epidemiologia de las Enfermedades Cronicas
de Alta Prevalencia en Espana (970970).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: According to the contract signed with the Spanish Ministry of Health
and Social Services, which provided access to the databases from the Spanish National Hospital
Database (RAE-CMBD, Registro de Actividad de Atencion Especializada. Conjunto Minimo Bdsico de
Datos, Registry of Specialized Health Care Activities. Minimum Basic Data Set), we cannot share
the databases with any other investigator, and we have to destroy the databases once the inves-
tigation has concluded. Consequently, we cannot upload the databases to any public repository.
However, any investigator can apply for access to the databases by filling out the questionnaire
available at https:/ /www.sanidad.gob.es/estadEstudios/estadisticas/estadisticas /estMinisterio/
SolicitudCMBD.htm (accessed on 19 January 2023). All other relevant data are included in the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  International Diabetes Federation. IDF Diabetes Atlas, 10th ed.; International Diabetes Federation: Brussels, Belgium, 2021.
Available online: http://www.diabetesatlas.org (accessed on 19 January 2023).

2. United Nations, Department of Economic and Social Affairs, Population Division. World Population Prospects: The 2022 Revision,
Key Findings and Advance Tables. Available online: https://population.un.org/wpp/ (accessed on 19 January 2023).

3. WHO. Global Status Report on the Public Health Response to Dementia 2021. Available online: https://apps.who.int/iris/
bitstream /handle/10665/344701/9789240033245-eng.pdf (accessed on 19 January 2023).

4. Thomassen, J.Q.; Tolstrup, J.S.; Benn, M.; Frikke-Schmidt, R. Type-2 diabetes and risk of dementia: Observational and Mendelian
randomisation studies in 1 million individuals. Epidemiol. Psychiatr. Sci. 2020, 29, e118. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/ijerph20064923/s1
https://www.mdpi.com/article/10.3390/ijerph20064923/s1
https://www.sanidad.gob.es/estadEstudios/estadisticas/estadisticas/estMinisterio/SolicitudCMBD.htm
https://www.sanidad.gob.es/estadEstudios/estadisticas/estadisticas/estMinisterio/SolicitudCMBD.htm
http://www.diabetesatlas.org
https://population.un.org/wpp/
https://apps.who.int/iris/bitstream/handle/10665/344701/9789240033245-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/344701/9789240033245-eng.pdf
http://doi.org/10.1017/S2045796020000347
http://www.ncbi.nlm.nih.gov/pubmed/32326995

Int. J. Environ. Res. Public Health 2023, 20, 4923 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Prince, M.; Albanese, E.; Guerchet, M.; Prina, M. World Alzheimer Report 2014: Dementia and Risk Reduction: An Analysis of
Protective and Modifiable Risk Factors. Available online: https://www.alzint.org/u/World AlzheimerReport2014.pdf (accessed
on 19 January 2023).

Launer, L.J.; Andersen, K.; Dewey, M.E.; Letenneur, L.; Ott, A.; Amaducci, L.A.; Brayne, C.; Copeland, J.R.; Dartigues, J.F.;
Kragh-Sorensen, P,; et al. Rates and risk factors for dementia and Alzheimer’s disease: Results from EURODEM pooled analyses.
EURODEM Incidence Research Group and Work Groups. European Studies of Dementia. Neurology 1999, 52, 78-84. [CrossRef]
[PubMed]

Dolan, C.; Glynn, R.; Lawlor, B. A Systematic Review and Delphi Study to Ascertain Common Risk Factors for Type 2 Diabetes
Mellitus and Dementia and Brain-Related Complications of Diabetes in Adults. Can. J. Diabetes 2020, 44, 628-635. [CrossRef]
[PubMed]

Richardson, S.; Hirsch, J.S.; Narasimhan, M.; Crawford, J.M.; McGinn, T.; Davidson, K.W.; the Northwell COVID-19 Research
Consortium; Barnaby, D.P.,; Becker, L.B.; Chelico, ].D.; et al. Presenting Characteristics, Comorbidities, and Outcomes Among
5700 Patients Hospitalized With COVID-19 in the New York City Area. JAMA 2020, 323, 2052-2059. [CrossRef] [PubMed]

Boye, K.S.; Tokar Erdemir, E.; Zimmerman, N.; Reddy, A.; Benneyworth, B.D.; Dabora, M.C.; Hankosky, E.R.; Bethel, M.A; Clark,
C.; Lensing, C.J.; et al. Risk Factors Associated with COVID-19 Hospitalization and Mortality: A Large Claims-Based Analysis
Among People with Type 2 Diabetes Mellitus in the United States. Diabetes Ther. 2021, 12, 2223-2239. [CrossRef] [PubMed]
Verhagen, C.; Janssen, J.; Biessels, G.J.; Johansen, O.E.; Exalto, L.G. Females with type 2 diabetes are at higher risk for accelerated
cognitive decline than males: CAROLINA-COGNITION study. Nutr. Metab. Cardiovasc. Dis. 2022, 32, 355-364. [CrossRef]
Chatterjee, S.; Peters, S.A.; Woodward, M.; Mejia Arango, S.; Batty, G.D.; Beckett, N.; Beiser, A.; Borenstein, A.R.; Crane, PK,;
Haan, M.; et al. Type 2 Diabetes as a Risk Factor for Dementia in Women Compared with Men: A Pooled Analysis of 2.3 Million
People Comprising More Than 100,000 Cases of Dementia. Diabetes Care 2016, 39, 300-307. [CrossRef]

Ministerio de Sanidad, Servicios Sociales e Igualdad. Real Decreto 69/2015, de 6 de febrero, por el que se regula el Registro de
Actividad de Atencién Sanitaria Especializada. (Spanish National Hospital Discharge Database). BOE 2015, 35, 10789-10809.
Available online: https://www.mscbs.gob.es/estadEstudios/estadisticas/docs/BOE_RD_69_2015_RAE_CMBD.pdf (accessed on
19 January 2023).

Quan, H.; Sundararajan, V.; Halfon, P.; Fong, A.; Burnand, B.; Luthi, ].C.; Saunders, L.D.; Beck, C.A; Feasby, T.E.; Ghali, W.A.
Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Med. Care 2005, 43, 1130-1139.
[CrossRef]

Sundararajan, V.; Henderson, T.; Perry, C.; Muggivan, A.; Quan, H.; Ghali, W.A. New ICD-10 version of the Charlson comorbidity
index predicted in-hospital mortality. J. Clin. Epidemiol. 2004, 57, 1288-1294. [CrossRef]

Ministerio de Sanidad, Consumo y Bienestar Social. Solicitud de Extraccion de Datos—Extraction Request (Spanish National Hos-
pital Discharge Database). Available online: https:/ /www.mscbs.gob.es/estadEstudios/estadisticas/estadisticas/estMinisterio/
SolicitudCMBDdocs /2018_Formulario_Peticion_Datos_RAE_CMBD.pdf (accessed on 19 January 2023).

Alsharif, A.A.; Wei, L.; Ma, T.; Man, KK.C; Lau, W.C.Y,; Brauer, R.; Almetwazi, M.; Howard, R.; Wong, I.C.K. Prevalence and
Incidence of Dementia in People with Diabetes Mellitus. J. Alzheimers Dis. 2020, 75, 607-615. [CrossRef] [PubMed]

de Miguel-Yanes, ].M.; Jiménez-Garcia, R.; Hernandez-Barrera, V.; Méndez-Bailon, M.; de Miguel-Diez, J.; Mufioz-Rivas, N.;
Ezpeleta, D.; Lépez-de-Andrés, A. Hospital Admissions in People with Alzheimer’s Disease or Senile Dementia According to
Type 2 Diabetes Status: An Observational 10-Year Study. Am. . Alzheimer’s Dis. Other Demen. 2018, 33, 12-19. [CrossRef]
Mufioz-Rivas, N.; Méndez-Bailén, M.; Miguel-Yanes, ].M.; Hernandez-Barrera, V.; Miguel-Diez, ].; Jimenez-Garcia, R.; Lopez-
de-Andrés, A. Observational study of vascular dementia in the Spanish elderly population according to type 2 diabetes status:
Trends in incidence, characteristics and outcomes (2004-2013). BM] Open 2017, 7, e016390. [CrossRef] [PubMed]

Halonen, P.; Enroth, L.; Jamsen, E.; Vargese, S.; Jylhd, M. Dementia and Related Comorbidities in the Population Aged 90 and
Over in the Vitality 90+ Study, Finland: Patterns and Trends From 2001 to 2018. J. Aging Health 2022, 8982643221123451. [CrossRef]
Xue, M.; Xu, W.; Ou, Y.N,; Cao, X.P; Tan, M.S,; Tan, L.; Yu, ].T. Diabetes mellitus and risks of cognitive impairment and dementia:
A systematic review and meta-analysis of 144 prospective studies. Ageing Res. Rev. 2019, 55, 100944. [CrossRef] [PubMed]
Zhang, J.; Chen, C.; Hua, S.; Liao, H.; Wang, M.; Xiong, Y.; Cao, F. An Updated Meta-Analysis of Cohort Studies: Diabetes and
Risk of Alzheimer’s Disease. Diabetes Res. Clin. Pract. 2017, 124, 41-47. [CrossRef] [PubMed]

Andreu-Reinén, M.E.; Huerta, ].M.; Gavrila, D.; Amiano, P;; Mar, ].; Tainta, M.; Ardanaz, E.; Larumbe, R.; Navarro, C.; Colorado-
Yohar, S.M.; et al. Incidence of Dementia and Associated Factors in the EPIC-Spain Dementia Cohort. J. Alzheimer’s Dis. 2020, 78,
543-555. [CrossRef] [PubMed]

Christensen, K.; Doblhammer, G.; Rau, R.; Vaupel, ].W. Ageing populations: The challenges ahead. Lancet 2009, 374, 1196-1208.
[CrossRef]

Crimmins, E.M.; Zhang, Y.S.; Kim, ] K.; Levine, M.E. Changing Disease Prevalence, Incidence, and Mortality Among Older
Cohorts: The Health and Retirement Study. ]. Gerontol. A Biol. Sci. Med. Sci. 2019, 74, S21-526. [CrossRef]

Vargese, S.S.; Halonen, P; Raitanen, J.; Forma, L.; Jylhd, M.; Aaltonen, M. Comorbidities in dementia during the last years of life:
A register study of patterns and time differences in Finland. Aging Clin. Exp. Res. 2021, 33, 3285-3292. [CrossRef]

Hu, HY,; Zhang, Y.R.; Aergin, Q.; Ou, Y.N.; Wang, Z.T; Cheng, W.; Feng, ].F,; Tan, L.; Yu, ].T. Association between multimorbidity
status and incident dementia: A prospective cohort study of 245,483 participants. Transl. Psychiatry 2022, 12, 505. [CrossRef]
[PubMed]


https://www.alzint.org/u/WorldAlzheimerReport2014.pdf
http://doi.org/10.1212/WNL.52.1.78
http://www.ncbi.nlm.nih.gov/pubmed/9921852
http://doi.org/10.1016/j.jcjd.2020.01.004
http://www.ncbi.nlm.nih.gov/pubmed/32127297
http://doi.org/10.1001/jama.2020.6775
http://www.ncbi.nlm.nih.gov/pubmed/32320003
http://doi.org/10.1007/s13300-021-01110-1
http://www.ncbi.nlm.nih.gov/pubmed/34275115
http://doi.org/10.1016/j.numecd.2021.10.013
http://doi.org/10.2337/dc15-1588
https://www.mscbs.gob.es/estadEstudios/estadisticas/docs/BOE_RD_69_2015_RAE_CMBD.pdf
http://doi.org/10.1097/01.mlr.0000182534.19832.83
http://doi.org/10.1016/j.jclinepi.2004.03.012
https://www.mscbs.gob.es/estadEstudios/estadisticas/estadisticas/estMinisterio/SolicitudCMBDdocs/2018_Formulario_Peticion_Datos_RAE_CMBD.pdf
https://www.mscbs.gob.es/estadEstudios/estadisticas/estadisticas/estMinisterio/SolicitudCMBDdocs/2018_Formulario_Peticion_Datos_RAE_CMBD.pdf
http://doi.org/10.3233/JAD-191115
http://www.ncbi.nlm.nih.gov/pubmed/32310163
http://doi.org/10.1177/1533317517726389
http://doi.org/10.1136/bmjopen-2017-016390
http://www.ncbi.nlm.nih.gov/pubmed/28780555
http://doi.org/10.1177/08982643221123451
http://doi.org/10.1016/j.arr.2019.100944
http://www.ncbi.nlm.nih.gov/pubmed/31430566
http://doi.org/10.1016/j.diabres.2016.10.024
http://www.ncbi.nlm.nih.gov/pubmed/28088029
http://doi.org/10.3233/JAD-200774
http://www.ncbi.nlm.nih.gov/pubmed/33016917
http://doi.org/10.1016/S0140-6736(09)61460-4
http://doi.org/10.1093/gerona/glz075
http://doi.org/10.1007/s40520-021-01867-2
http://doi.org/10.1038/s41398-022-02268-3
http://www.ncbi.nlm.nih.gov/pubmed/36476644

Int. J. Environ. Res. Public Health 2023, 20, 4923 13 0of 14

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

Leelakanok, N.; D’Cunha, R.R. Association between polypharmacy and dementia—A systematic review and metaanalysis. Aging
Ment. Health 2019, 23, 932-941. [CrossRef] [PubMed]

Pham, A.N.Q.; Lindeman, C.; Voaklander, D.; Wagg, A.; Drummond, N. Risk factors for incidence of dementia in primary care
practice: A retrospective cohort study in older adults. Fam. Pract. 2022, 39, 406—412. [CrossRef] [PubMed]

Thomas, E.G.; Rhodius-Meester, H.; Exalto, L.; Peters, S.A.E.; van Bloemendaal, L.; Ponds, R.; Muller, M. Sex-Specific Associations
of Diabetes With Brain Structure and Function in a Geriatric Population. Front. Aging Neurosci. 2022, 14, 885787. [CrossRef]
[PubMed]

Carcaillon, L.; Brailly-Tabard, S.; Ancelin, M.L.; Rouaud, O.; Dartigues, J.F.; Guiochon-Mantel, A.; Scarabin, P.Y. High plasma
estradiol interacts with diabetes on risk of dementia in older postmenopausal women. Neurology 2014, 82, 504-511. [CrossRef]
Matyi, ].M.; Rattinger, G.B.; Schwartz, S.; Buhusi, M.; Tschanz, ].T. Lifetime estrogen exposure and cognition in late life: The
Cache County Study. Menopause 2019, 26, 1366-1374. [CrossRef] [PubMed]

Gong, J.; Harris, K.; Hackett, M.; Peters, S.A.E.; Brodaty, H.; Cooper, M.; Hamet, P; Harrap, S.; Mancia, G.; MacMahon, S.; et al.
Sex differences in risk factors for cognitive decline and dementia, including death as a competing risk, in individuals with
diabetes: Results from the ADVANCE trial. Diabetes Obes. Metab. 2021, 23, 1775-1785. [CrossRef] [PubMed]

Gong, J.; Harris, K.; Peters, S.A.E.; Woodward, M. Sex differences in the association between major cardiovascular risk factors in
midlife and dementia: A cohort study using data from the UK Biobank. BMC Med. 2021, 19, 110. [CrossRef]

Gong, J.; Harris, K.; Lipnicki, D.M.; Castro-Costa, E.; Lima-Costa, M.E,; Diniz, B.S.; Xiao, S.; Lipton, R.B.; Katz, M.].; Wang, C.; et al.
Sex differences in dementia risk and risk factors: Individual-participant data analysis using 21 cohorts across six continents from
the COSMIC consortium. Alzheimer’s Dement. 2023. Epub ahead of print. [CrossRef]

Mewton, L.; Visontay, R.; Hoy, N.; Lipnicki, D.M.; Sunderland, M.; Lipton, R.B.; Guerchet, M.; Ritchie, K.; Najar, J.; Scarmeas, N.;
et al. The relationship between alcohol use and dementia in adults aged more than 60 years: A combined analysis of prospective,
individual-participant data from 15 international studies. Addiction 2023, 118, 412-424. [CrossRef]

Geraets, A.F].; Leist, A.K. Sex/gender and socioeconomic differences in modifiable risk factors for dementia. Sci. Rep. 2023,
13, 80. [CrossRef] [PubMed]

Anstey, K.J.; Eramudugolla, R.; Hosking, D.E.; Lautenschlager, N.T.; Dixon, R.A. Bridging the translation gap: From dementia
risk assessment to advice on risk reduction. J. Prev. Alzheimer’s Dis. 2015, 2, 189-198. [CrossRef] [PubMed]

Vuong, Q.H.; Nguyen, M.H.; La, V.P. The Mindsponge and BMF Analytics for Innovative Thinking in Social Sciences and Humanities;
De Gruyter: Warsaw, Poland, 2022. [CrossRef]

Pearson-Stuttard, J.; Bennett, J.; Cheng, Y.J.; Vamos, E.P; Cross, A.].; Ezzati, M.; Gregg, E.W. Trends in predominant causes of
death in individuals with and without diabetes in England from 2001 to 2018: An epidemiological analysis of linked primary care
records. Lancet Diabetes Endocrinol. 2021, 9, 165-173. [CrossRef] [PubMed]

de Miguel-Yanes, ] M.; Jimenez-Garcia, R.; de Miguel-Diez, J.; Hernandez-Barrera, V.; Carabantes-Alarcon, D.; Zamorano-Leon,
J.J.; Omana-Palanco, R.; Lopez-de-Andres, A. Impact of Type 2 Diabetes Mellitus on the Incidence and Outcomes of COVID-19
Needing Hospital Admission According to Sex: Retrospective Cohort Study Using Hospital Discharge Data in Spain, Year 2020.
J. Clin. Med. 2022, 11, 2654. [CrossRef] [PubMed]

Chen, F; Chen, Y.; Wang, Y.; Ke, Q.; Cui, L. The COVID-19 pandemic and Alzheimer’s disease: Mutual risks and mechanisms.
Transl. Neurodegener. 2022, 11, 40. [CrossRef] [PubMed]

Garcia-Ptacek, S.; Farahmand, B.; Kéreholt, I.; Religa, D.; Cuadrado, M.L.; Eriksdotter, M. Mortality risk after dementia diagnosis
by dementia type and underlying factors: A cohort of 15,209 patients based on the Swedish Dementia Registry. J. Alzheimer’s Dis.
2014, 41, 467-477. [CrossRef]

Xie, J.; Brayne, C.; Matthews, EE.; Medical Research Council Cognitive Function and Ageing Study collaborators. Survival
times in people with dementia: Analysis from population based cohort study with 14 year follow-up. BM]J 2008, 336, 258-262.
[CrossRef]

Connors, M.H.; Ames, D.; Boundy, K.; Clarnette, R.; Kurrle, S.; Mander, A.; Ward, J.; Woodward, M.; Brodaty, H. Predictors of
Mortality in Dementia: The PRIME Study. J. Alzheimer’s Dis. 2016, 52, 967-974. [CrossRef]

Gregg, EW.; Li, Y.; Wang, ]J.; Burrows, N.R.; Ali, M.K,; Rolka, D.; Williams, D.E.; Geiss, L. Changes in diabetes-related
complications in the United States, 1990-2010. N. Engl. ]. Med. 2014, 370, 1514-1523. [CrossRef]

Wu, Y.T,; Fratiglioni, L.; Matthews, EE.; Lobo, A.; Breteler, M.M.; Skoog, I.; Brayne, C. Dementia in western Europe: Epidemiolog-
ical evidence and implications for policy making. Lancet Neurol. 2016, 15, 116-124. [CrossRef]

Livingston, G.; Huntley, J.; Sommerlad, A.; Ames, D.; Ballard, C.; Banerjee, S.; Brayne, C.; Burns, A.; Cohen-Mansfield, J.; Cooper,
C.; et al. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet 2020, 396, 413—-446. [CrossRef]
[PubMed]

Wallace, L.; Brayne, C. The need for a better global dementia response. Lancet Neurol. 2022, 21, 115-116. [CrossRef] [PubMed]
Pal, K.; Mukadam, N.; Petersen, I.; Cooper, C. Mild cognitive impairment and progression to dementia in people with diabetes,
prediabetes and metabolic syndrome: A systematic review and meta-analysis. Soc. Psychiatry Psychiatr. Epidemiol. 2018, 53,
1149-1160. [CrossRef] [PubMed]

Frison, E.; Dufouil, C.; Helmer, C.; Berr, C.; Auriacombe, S.; Chéne, G. Diabetes-Associated Dementia Risk and Competing Risk of
Death in the Three-City Study. J. Alzheimer’s Dis. 2019, 71, 1339-1350. [CrossRef]


http://doi.org/10.1080/13607863.2018.1468411
http://www.ncbi.nlm.nih.gov/pubmed/29746153
http://doi.org/10.1093/fampra/cmab168
http://www.ncbi.nlm.nih.gov/pubmed/34910126
http://doi.org/10.3389/fnagi.2022.885787
http://www.ncbi.nlm.nih.gov/pubmed/35837485
http://doi.org/10.1212/WNL.0000000000000107
http://doi.org/10.1097/GME.0000000000001405
http://www.ncbi.nlm.nih.gov/pubmed/31613825
http://doi.org/10.1111/dom.14391
http://www.ncbi.nlm.nih.gov/pubmed/33783955
http://doi.org/10.1186/s12916-021-01980-z
http://doi.org/10.1002/alz.12962
http://doi.org/10.1111/add.16035
http://doi.org/10.1038/s41598-022-27368-4
http://www.ncbi.nlm.nih.gov/pubmed/36596822
http://doi.org/10.14283/jpad.2015.75
http://www.ncbi.nlm.nih.gov/pubmed/26380232
http://doi.org/10.2478/9788367405119
http://doi.org/10.1016/S2213-8587(20)30431-9
http://www.ncbi.nlm.nih.gov/pubmed/33549162
http://doi.org/10.3390/jcm11092654
http://www.ncbi.nlm.nih.gov/pubmed/35566794
http://doi.org/10.1186/s40035-022-00316-y
http://www.ncbi.nlm.nih.gov/pubmed/36089575
http://doi.org/10.3233/JAD-131856
http://doi.org/10.1136/bmj.39433.616678.25
http://doi.org/10.3233/JAD-150946
http://doi.org/10.1056/NEJMoa1310799
http://doi.org/10.1016/S1474-4422(15)00092-7
http://doi.org/10.1016/S0140-6736(20)30367-6
http://www.ncbi.nlm.nih.gov/pubmed/32738937
http://doi.org/10.1016/S1474-4422(21)00459-2
http://www.ncbi.nlm.nih.gov/pubmed/34922642
http://doi.org/10.1007/s00127-018-1581-3
http://www.ncbi.nlm.nih.gov/pubmed/30182156
http://doi.org/10.3233/JAD-190427

Int. J. Environ. Res. Public Health 2023, 20, 4923 14 of 14

51.

52.

53.

54.

55.

56.

57.

58.

Soto-Gordoa, M.; Arrospide, A.; Moreno-Izco, F.; Martinez-Lage, P.; Castilla, I.; Mar, J. Projecting Burden of Dementia in Spain,
2010-2050: Impact of Modifying Risk Factors. J. Alzheimer’s Dis. 2015, 48, 721-730. [CrossRef]

Fink, A.; Doerre, A.; Demuth, I.; Doblhammer, G. Potential of prevention strategies for the modifiable risk factor type 2 diabetes
with relation to the future number of dementia patients in Germany—A multi-state projection through 2040. BMC Neurol. 2022,
22,157. [CrossRef]

Castillo, E.G.; Olfson, M.; Pincus, H.A.; Vawdrey, D.; Stroup, T.S. Electronic health records in mental health research: A framework
for developing valid research methods. Psychiatr. Serv. 2015, 66, 193-196. [CrossRef]

Spiranovic, C.; Matthews, A.; Scanlan, J.; Kirkby, K.C. Increasing knowledge of mental illness through secondary research of
electronic health records: Opportunities and challenges. Adv. Ment. Health 2016, 14, 14-25. [CrossRef]

Leong, A.; Dasgupta, K.; Bernatsky, S.; Lacaille, D.; Avina-Zubieta, A.; Rahme, E. Systematic review and meta-analysis of
validation studies on a diabetes case definition from health administrative records. PLoS ONE 2013, 8, €75256. [CrossRef]
Khokhar, B.; Jette, N.; Metcalfe, A.; Cunningham, C.T.; Quan, H.; Kaplan, G.G.; Butalia, S.; Rabi, D. Systematic review of validated
case definitions for diabetes in ICD-9-coded and ICD-10-coded data in adult populations. BM] Open 2016, 6, €009952. [CrossRef]
Fuentes, S.; Cosson, E.; Mandereau-Bruno, L.; Fagot-Campagna, A.; Bernillon, P.; Goldberg, M.; Fosse-Edorh, S.; CONSTANCES-
Diab Group. Identifying diabetes cases in health administrative databases: A validation study based on a large French cohort. Int.
J. Public Health 2019, 64, 441-450. [CrossRef] [PubMed]

Wild, S.; Fischbacher, C.; McKnight, J.; on Behalf of the Scottish Diabetes Research Network Epidemiology Group. Using Large
Diabetes Databases for Research. J. Diabetes Sci. Technol. 2016, 10, 1073-1078. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3233/JAD-150233
http://doi.org/10.1186/s12883-022-02682-6
http://doi.org/10.1176/appi.ps.201400200
http://doi.org/10.1080/18387357.2015.1063635
http://doi.org/10.1371/journal.pone.0075256
http://doi.org/10.1136/bmjopen-2015-009952
http://doi.org/10.1007/s00038-018-1186-3
http://www.ncbi.nlm.nih.gov/pubmed/30515552
http://doi.org/10.1177/1932296816645120
http://www.ncbi.nlm.nih.gov/pubmed/27127207

	Introduction 
	Materials and Methods 
	Design and Data Source 
	Study Population and Study Variables 
	Statistical Analysis 
	Ethics Statement 

	Results 
	Time Trends in the Prevalence of Dementia in Patients with T2DM 
	Sex Differences in the Prevalence and Characteristics of Dementia among Patients with T2DM 
	Variables Associated with Sex Differences in the Prevalence and Characteristics of Dementia among Patients with T2DM 

	Discussion 
	Conclusions 
	References

