The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100365

Contents lists available at ScienceDirect

JPAD

The Journal of Prevention of Alzheimer's Disease

OF PREVENTION
OF ALZHEIMER'S
DISEASE

ELSEVIER journal homepage: www.elsevier.com/locate/tjpad @D

Original Article ' N

Check for

Prevalence and co-occurrence of dementia risk factors in Denmark: A
nationwide study

Janet Janbek " ®, Thomas Munk Laursen ", Kasper Jorgensen “©, Martin Mejlby Jensen ,
Marie Holm Eliasen 4 Anne Illemann Christensen ©, Sebastian Walsh ‘®, Andrew Sommerlad ?,
Carol Brayne ', Gunhild Waldemar ™"

2 Danish Dementia Research Centre, Department of Neurology, Copenhagen University Hospital- Rigshospitalet. Blegdamsvej 9, Copenhagen @ 2100, Denmark
Y National Centre for Register-Based Research, Aarhus University, Fuglesangs Allé 26, Aarhus V 8210, Denmark

¢ DEFACTUM, Central Denmark Region, Olof Palmes Allé 15, Aarhus N 8200, Denmark

d Center for Clinical Research and Prevention, Bispebjerg and Frederiksberg Hospital, Nordre Fasanvej 57, Frederiksberg 2000, Denmark

¢ National Institute of Public Health, University of Southern Denmark, Studiestreede 6, Copenhagen K 1455, Denmark

f Cambridge Public Health, University of Cambridge, The Old Schools, Trinity Lane, Cambridge CB2 1TN, United Kingdom

8 Division of Psychiatry, University College London, Gower Street, London WCIE 6BT, United Kingdom

" Department of Clinical Medicine, University of Copenhagen, Blegdamsvej 3B, Copenhagen N 2200, Denmark

ARTICLE INFO ABSTRACT

Keywords: Background: The clustering of dementia risk factors is common and has implications for policies targeting risk
Dementia reduction.
Risk factors Objectives: To estimate the prevalence of 16 dementia risk factors and their co-occurrence.
;:t(i);;;rize:ce Design: Cross-sectional based on a closed cohort on 1 January 2022 with nationwide data on risk factors from
Population-based 1969/1977.
Setting: Denmark
Participants: Whole population; closed cohort of individuals >65 years on 1 January 2022, and a subpopulation of
responders in the 2010/2013 Danish National Health Survey.
Intervention (exposures): Sixteen dementia risk factors: hypertension, cardiovascular disease, diabetes, hyper-
cholesterolemia, obesity, smoking, alcohol, physical inactivity, depression, hearing loss, vision impairment,
traumatic brain injury, sleep disorders, hospital-diagnosed infections, social isolation, and low education.
Measurements: Period and point prevalence proportions of the dementia risk factors and of all possible combi-
nations of factors (those occurring in >10 % of individuals). The prevalence estimates reflect a population-level
view of persons who have experienced, were diagnosed, or were treated for the risk factors assessed.
Results: In the whole population (N = 1,214,286) and the subpopulation (N = 88,565), 5 % had no risk factors, 12
% had only one, and 82 % had multiple. Hypertension was the most prevalent (57 %), and vision impairment the
least (2 %). Men, individuals >85 years, and those with low education had the highest prevalence of risk factors
(with exceptions).
Conclusions: Clustering of risk factors is very common, and findings emphasize the need to focus on multidomain
interventions for dementia risk reduction that account for the clustering of risk.

1. Introduction modifiable risk factors for dementia have been identified, suggesting
promising avenues for risk reduction [2]. However, risk factors have

Recent evidence shows that dementia incidence rates have declined rarely been investigated in a single large, population-based cohort.

in Europe and the United States over the past 25 years [1], which may be Differences in population risk profiles, settings, and study methodolo-
due to various lifestyle interventions and policies. Several potentially gies make the true assessment of the impact of these risk factors on
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dementia risk challenging. This in turn challenges the potential for risk
reduction in different populations and communities.

Furthermore, risk factors have mostly been studied for their indi-
vidual impact on dementia risk. These have been summarized in the
reports of the Lancet’s Commission on dementia, which estimated the
population attributable fraction for 14 selected risk factors, drawing
upon risk factor prevalence estimates [2]. The risk factors were less
education, hearing loss, high LDL cholesterol, depression, traumatic
brain injury (TBI), physical inactivity, diabetes, smoking, hypertension,
obesity, excessive alcohol, social isolation, air pollution, and visual loss.
However, the isolated occurrence of risk factors is uncommon. With the
high prevalence of multimorbidity in the adult population worldwide,
clustering and co-occurrence of risk factors is common, and the interplay
seems likely to affect dementia risk, with implications for policies tar-
geting risk reduction. Most previous studies considered the
co-occurrence of risk factors by assessing the number of risk factors, as
summarized in a 2019 systematic review which noted that data on
particular risk factor clusters are rare, hindering evidence synthesis [3].
Other studies assessed multimorbidity including all chronic conditions
[4-6] or specific cardiometabolic factors [7]. In the reports of the Lan-
cet’s Commission (and in several studies following the reports’ meth-
odology), the co-occurrence of risk factors is accounted for by
calculating the communality between risk factors [2].

As such, most studies have focused on single risk factors, and none
have to our knowledge explicitly explored the prevalence of risk factor
combinations at a national level using data combined from national
registries, healthcare data, and population-based studies. Moreover,
single-domain interventions have shown little to no success to date in
trials, resulting in increasing attention toward multidomain in-
terventions, which target multiple factors acknowledging the interplay
between co-occurring factors, and have potentially promising evidence
[8,9]. Understanding the co-occurrence of risk factors would inform the
application of these interventions.

Our study therefore aims to estimate the prevalence of several
potentially modifiable risk factors for dementia, and the most common
combinations of these risk factors in middle-aged and older adults in
Denmark at a national level using routine health data and population-
based health surveys. Our study further aims to estimate the preva-
lence of the risk factors and their combinations according to important
socio-demographic factors for policy and risk reduction efforts, i.e., sex,
age, and educational level.

2. Methods
2.1. Data sources

Data used in this study came from the Danish nationwide registries
and the Danish National Health Survey.

The National Patient Registry includes inpatient data from 1977 and
onwards from somatic wards (medical and surgical) [10], and the Psy-
chiatric Central Research Registry has psychiatric ward records from
1969 [11]. Outpatient and emergency contact data were added to both
registries in 1995. Diagnoses until 1994 were registered according to the
International Classification of Diseases (ICD) 8th edition, and 10th
edition from 1995 onward. The National Prescription Registry contains
information on all drug prescriptions dispensed by Danish community
pharmacies since 1994 [12]. The registry is commonly used to identify
diseases diagnosed in primary care where no diagnostic codes are
directly recorded for medications specific to certain diseases e.g.,
acetylcholinesterase inhibitors for dementia used as proxies for the
disease itself. The Population Education Registry provides information
on education from annual administrative records of Danish educational
institutions [13].

The Danish National Health Survey contains information on risk
factors unavailable in the registries (e.g., lifestyle factors) [14]. Data
were linked with the national registry datasets using a unique personal
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identification number from the Danish Civil Registration System. The
survey procedures have been described in full elsewhere [14]. Briefly,
the Danish National Health Survey is a nationally representative
population-based survey which has been conducted in 2010, 2013,
2017, 2021, and 2023. We used data from 2010 and 2013 because of the
high number of respondents, especially when combined (under the
assumption that the two study phases are sufficiently close to be treated
as one fixed time point). The survey is comprised of individuals aged
>16 years randomly selected from the Danish Civil Registration System
using a stratified random sampling approach [14]. Data were collected
using either a web- or paper questionnaire, which was completed at least
partially by 117,639 (59.5 %) and 162,283 (54.0 %) respondents in
2010 and 2013, respectively.

2.2. Study population

The whole population was the cohort of individuals who were alive
in Denmark, aged >65 years, and dementia-free on 1 January 2022
(Supplementary Table Al details how dementia status was classified).
Hence, the population comprised all birth cohorts before and including
1957. This was to ensure that the prevalence of risk factors was
measured in a cohort of individuals at risk of incident late-life dementia.
The cohort was fixed/closed, meaning that no new individuals were
added to the cohort from birth cohorts after 1957, to allow for a fixed
denominator.

We also established a subpopulation (hereafter the “health survey
subpopulation”) of individuals from the whole population who had
answered the Danish National Health Surveys in 2010 or 2013. In-
dividuals from the health survey subpopulation were excluded from the
analyses if they had missing information on any of the risk factors
derived from the National Health Survey data (description of missing-
ness shown in Supplementary Table A2). If a person had completed the
questionnaire in 2010 and 2013, we included the 2010 data.

2.3. Risk factors

The literature and expert knowledge informed this study’s risk factor
selection. The 16 risk factors selected in this study were 13 taken from
the Lancet Commission’s report 2024 (excluding air pollution due to our
lack of available data) and three additional factors (cardiovascular dis-
ease (CVD), sleep disorders, and hospital-diagnosed infections)
(Table 1). The addition of the three new risk factors was based on the
evidence of their potential association with dementia (CVD summarized
by Brain et al. [15]; and sleep disorders and hospital-diagnosed in-
fections were previously linked to dementia in our study population [16,
171). Moreover, as this study focuses on the co-occurrence of risk factors,
investigating the potential co-occurrence of CVD with other car-
diometabolic risk factors was considered relevant. Data on 11 risk fac-
tors were based on registry data, and five were based on the National
Health Survey data and investigated only for the health survey
subpopulation.

Risk factors drawn from the registry data were considered as far back
as possible i.e., the earliest risk factor data came from 1969 on depres-
sion and sleep disorders or 1977 on, e.g., hypertension. Individuals were
considered to have experienced exposure to the risk factors at age >65
years on 1 January 2022 if they had any previous record of these risk
factors. Risk factors were defined as the first date of either a secondary
care registered diagnosis in the National Patient Registry or the Psy-
chiatric Central Research Registry, or a redeemed relevant medication
from the National Prescription Registry (medications as primary care
diagnoses proxy). We defined risk factors based on available validated
algorithms of ICD and Anatomical Therapeutic Chemical (ATC) Classi-
fication codes (referenced in Table 1 and Supplementary Table Al) and
expert knowledge.

For the five risk factors drawn from the National Health Survey data,
these were considered at the time the 2010/2013 surveys were



J. Janbek et al.

Table 1
List of selected risk factors and their definitions.

Source, estimate, and Risk factor Definition and earliest

timeframe possible year for data
availability
Registry data. Hypertension Secondary care diagnoses

Period prevalence.
Prevalent cases are those Medications as primary
with a record of the risk care diagnoses proxy,
factor before study start 1995
as far back as 1969 (thus ~ Hospital-diagnosed Secondary care diagnoses
having experienced the infections (ICD codes), 1977
risk factor at study start; Hypercholesterolemia Secondary care diagnoses
age >65 years on 1 (ICD codes), 1977
January 2022), and new Medications as primary
cases added during 2022. care diagnoses proxy,
1995

Cardiovascular disease Secondary care diagnoses

(CVD) (ICD codes for stroke,
ischemic heart disease,
Atrial fibrillation), 1977
Medications as primary
care diagnoses proxy,
1995
Schooling up to 9th grade
(obligatory period), 1980
Secondary care diagnoses
(ICD codes), 1969
Medications as primary
care diagnoses proxy,
1995
Secondary care diagnoses
(ICD codes), 1977
Secondary care diagnoses
(ICD codes), 1977
Medications as primary
care diagnoses proxy,
1995
Traumatic brain injury Secondary care diagnoses
(TBD) (ICD codes), 1977
Sleep disorders Secondary care diagnoses
(ICD codes), 1969
Secondary care diagnoses
(ICD codes), 1977
National Health Survey Alcohol >10 units/week, self-

data. reported

(ICD codes), 1977

Low education

Depression

Hearing loss

Diabetes

Vision impairment

Point prevalence at time Smoking Self-reported current
of survey completion, smokers
2010 or 2013. Obesity BMI > 30 kg/m?, based

on self- reported weight
and height

Self-reported. Based on
Saltin questionnaire
Inspired by the Social
Network Index. Sum score
0-5 (from self-reports),
score >3 is social isolation

Physical inactivity

Social Isolation

Definitions of the registry-based risk factors relied on previous studies, valida-
tion studies, and expert knowledge. Definitions are listed in detail in Supple-
mentary Table Al, and references to previous and validation studies are
provided where these were used.

completed. We used national recommendations (for alcohol consump-
tion) issued by the Danish Health Authority (year 2023) [18] and
available indices (for social isolation and physical inactivity) to define
cutoffs. Detailed definitions of all risk factors are in Table 1 and Sup-
plementary Table Al. All risk factors were treated as binary variables.

We further combined risk factors into clusters based on assumed
common mechanistic pathways linking them to dementia: car-
diometabolic (hypertension, CVD, diabetes, hypercholesterolemia,
obesity, smoking, alcohol, and physical inactivity), neuro-psychosocial
(depression, hearing loss, vision impairment, TBI, and sleep disor-
ders), immune (hospital-diagnosed infections), and cognitive reserve
(social isolation and low education).
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2.4. Data analysis

2.4.1. Main analyses

Period prevalence proportions were calculated for each risk factor
using the whole population (for 11 risk factors) and point prevalence
proportions using the health survey subpopulation (for five risk factors).

The period prevalence in the whole population was calculated,
where the prevalent cases (numerator) were individuals with a record of
the risk factor as far back as 1969, thus already having experienced the
risk factor at study start on 1 January 2022 (the youngest age with
complete data from 1995 onwards is 38 years). New cases occurring
from 1 January 2022 until 31 December 2022 (the period) were further
added unless a dementia record occurred before. The denominator was
the whole population defined above. This prevalence estimate thus
provides a population-level reflection of having experienced a risk fac-
tor. The point prevalence in the health survey subpopulation was
calculated where the prevalent cases (numerator) were individuals with
data on risk factors from the surveys in 2010/2013, and the denomi-
nator was the health survey subpopulation defined above. See Supple-
mentary Fig. Al for a graphical illustration of prevalence estimations.

To ensure the subpopulation’s representativeness, we re-calculated
the prevalence proportions for the 11 registry risk factors exclusively
in this subpopulation and compared these with the estimates from the
whole population. We also compared individuals with complete data
included in our analyses with those excluded due to missing data.

We then calculated the prevalence proportions for the combinations
of risk factors using the health survey subpopulation, where data on all
16 risk factors were available. These combined the point prevalence of
five risk factors and period prevalence of 11 risk factors. We calculated
the prevalence for all possible combinations and reported those occur-
ring in >10 % of individuals. We also calculated the prevalence pro-
portions for the four clusters of risk factors and their combinations (e.g.,
co-occurrence of any cardiometabolic risk factor with any neuro-
psychosocial risk factor), again presenting combinations occurring in
>10 %. All prevalence proportion numbers calculated from the health
survey subpopulation were weighted for non-response and different
sampling probabilities using weights provided by Statistics Denmark.
Results were stratified by sex and by birth cohorts (cohorts aged 65 — 74
years (born 1948-1957), 75 — 84 years (born 1947-1938), and >85
years (born <1937)).

2.4.2. Sensitivity analyses

Pre-planned sensitivity analyses were conducted. First, we stratified
by age at risk factor onset by limiting our populations to those born from
1940 to 1950. This was done to ensure that individuals in this age
subgroup had available data on risk factors from 1995 (when prescrip-
tion data became available in addition to the hospital data) and to allow
us to estimate the prevalence of each risk factor (first record; onset) at
ages <65 and >65 years. Individuals were thus 45 - 55 years old in 1995
and 72 - 82 years old in 2022. For the health survey subpopulation, age
was the individual’s age when the questionnaire was answered. Second,
we removed education from the list of risk factors and treated it as a
stratifying variable, using tertiles of education (Supplementary
Table Al). Third, we redefined the cutoffs for alcohol, smoking, and
physical inactivity. Alcohol consumption was redefined from >10 units/
week (women and men) to >14 units/week for women and >21 units/
week for men as per previous national recommendations. Smoking was
redefined to ever vs never smokers rather than current vs not current
smokers and to daily vs no daily smoking. Physical inactivity was
redefined to include light physical activity in addition to the “Physically
inactive” response category.

3. Results

The whole population comprised 1,214,286 individuals, of whom
88,565 had responded to the 2010/2013 National Health Surveys
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(health survey subpopulation). In both populations, most were women
(53.6 % and 52.5 %, respectively), and born in the period 1948-1957
(51.2 % and 51.8 %, respectively) (Table 2). In the health survey sub-
population, with data on all 16 risk factors, 4828 (5.4 %) had no risk
factors, 10,929 (12.3 %) had only one risk factor, and 72,899 (82.2 %)
had multiple risk factors.

We present numbers for the period prevalence of 11 risk factors and
the point prevalence of five risk factors (smoking, alcohol, obesity,
physical inactivity, and social isolation). The prevalence estimates
reflect a population-level view of persons who have experienced, were
diagnosed, or were treated for the risk factors assessed. For the 11 risk
factors drawn from the registries and considered as far back as possible
(1969/1977 and more complete information from 1995 onwards), 51.2
% of the population reflect risk factors experienced from ages 38 — 47
years, 37.2 % from ages 48 — 57 years, and 11.6 % from ages >58 years
(based on the birth cohorts in Table 2). The median age at first record for
each risk factor was between 51 and 68 years (Supplementary Table A3).

Fig. 1 shows the prevalence of each of the 16 dementia risk factors
and their combinations. Hypertension was the most prevalent (57 %),
followed by hospital-diagnosed infections (52 %), hypercholesterolemia
(50 %), and CVD (46 %). The least prevalent risk factor was vision
impairment (2 %). Men had a higher prevalence of all risk factors apart
from low education and depression, which were higher in women, and
hypertension, hospital-diagnosed infections, physical inactivity, social
isolation, and vision impairment (similar in both). Thirty-two combi-
nations of the 16 risk factors were present in >10 % of our population.
The most common were those among the four most prevalent risk factors
(i.e., hypertension, hospital-diagnosed infections, hypercholesterole-
mia, and CVD). All combinations were more common in men except for
combinations involving low education and depression.

Individuals excluded from our analyses due to missing data on at
least one risk factor in the Danish National Health Survey data were
older than those included, and among them, there was a higher pro-
portion of women than among the included individuals (60 % vs 53 %)
(Supplementary Table A4). The prevalence of risk factors from the
registries in the health survey subpopulation was comparable to that of

Table 2
Characteristics of the study populations.

Whole population Health survey subpopulation

N =1,214,286 N = 88,656
Women N, % 651,030 53.6 46,529 52.5
Men N, % 563,256 46.4 42,127 47.5
Age on 1 January
2022, years
65-74 (born 621,083 51.2 45,905 51.8
1948-1957)
75-84 (born 452,245 37.2 34,071 38.4
1938-1947)
85+ (born <1937) 140,958 11.6 8680 9.8
Median birth 1948 (1942, 1948
cohort (IQR) 1953) (1943,
1953)
Number of risk
factors
Norisk factorsN, % - - 4828 5.4
At least one risk - - 83,828 94.6
factor N, %
Only onerisk factor - - 10,929 12.3 (13.0 of total
N, %* with at least one risk
factor)
>1risk factor N, %  — - 72,899 82.2 (87.0 of total

with at least one risk
factor)

" Excluding hospital-diagnosed infections from the risk factors, 7683 in-
dividuals had no risk factors (8.7 %) and 8074 had only one risk factor (9.1 %).
The presented percentages for the health survey subpopulation are unweighted.
IQR: Interquartile range; N: Number.
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the whole population, except that survey respondents had higher levels
of education (24 % of the whole population and 19 % of the subpopu-
lation had low education) (Supplementary Table A3).

Fig. 2 shows the prevalence (%) of the risk factors and their most
common combinations, stratified by birth cohorts. The prevalence of
risk factors was highest in individuals aged >85 years (compared with
ages 65 — 74 and 75 — 84 years), except for alcohol consumption,
smoking, obesity, diabetes, and sleep disorders, which had lower prev-
alence in those aged >85 years. Most of the identified combinations
were also more prevalent in individuals aged >85 years. Several com-
binations did not appear (prevalence <10 %) in the youngest age group,
and three combinations (all involving smoking) did not appear in the
oldest.

Fig. 3 shows the prevalence (%) of the risk factor clusters and their
most common combinations. The cardiometabolic cluster was the most
common, with a prevalence of 86 %, followed by the immune cluster (51
%), the neuro-psychosocial cluster (39 %), and the cognitive reserve
cluster (29 %). Nine combinations between the four clusters were found
in >10 % of the health survey subpopulation. Detailed numbers are
presented in Supplementary Tables A5 to A7.

In the sensitivity analyses, all risk factors apart from CVD, hearing
loss, diabetes, sleep disorders, and vision impairment had a higher
prevalence of onset at age <65 years (Supplementary Fig. A2, Table A8).
Individuals with low education had the highest prevalence of all risk
factors apart from alcohol consumption, which had the highest preva-
lence in individuals with high education. Twenty-eight combinations
that were identified in the main analyses (excluding low education)
were more prevalent in the low-education group, except for combina-
tions involving alcohol consumption (Supplementary Fig. A3, Table A9).
Twelve of the 28 combinations did not appear in the high education
group (prevalence <10 %) (e.g., hypertension and depression). Risk
factor prevalence differed according to defined cutoffs for some of the
risk factors (Supplementary Table A10), e.g., alcohol consumption
prevalence 27 % for >10 units/week and 17 % for >14 units/week
(women) and >21 units/week (men); ever smoking was 61 %, daily
smoking was 18 %, and current smoking prevalence was 20 %. Finally,
physical inactivity, defined as the questionnaire items of light activity or
inactivity, was prevalent in 80 % of the population vs 12 % for physically
inactive alone.

4. Discussion
4.1. Key findings

In this nationwide study in Denmark, we estimated the prevalence of
16 potentially modifiable dementia risk factors and their co-occurrence.
Only 5 % of the population had no risk factors, 12 % had only one, and
82 % had multiple risk factors. Thus, the co-occurrence of risk factors is
common. Hypertension was the most prevalent risk factor (57 %), and
vision impairment was the least prevalent (2 %). The most common
combinations were those among the four commonest risk factors (i.e.,
hypertension, hospital-diagnosed infections, hypercholesterolemia, and
CVD). Having at least one cardiometabolic risk factor was the most
common (in 86 % of the population). Overall, men, individuals aged
>85 years, and those with low education had the highest prevalence of
risk factors, though with some exceptions, and the prevalence of the
combinations also varied.

4.2. Strengths and limitations

Our findings should be interpreted considering some limitations.
First, we had decades of available data to determine exposure to the 11
risk factors, while we could only use a single time point for exposure to
the five risk factors (smoking, alcohol, obesity, physical inactivity, and
social isolation). This may have underestimated the burden of the five
risk factors in our population and is particularly noteworthy when
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Fig. 1. Prevalence (%) of dementia risk factors and their combinations in the whole population (N = 1,214,286) and the health survey subpopulation (N
= 88,656), and by sex.

The figure shows the prevalence proportion (%) of the 16 dementia risk factors selected in this study and the most common combinations occurring in >10 % of the
health survey subpopulation. For the whole population, the period prevalences of 11 risk factors were estimated (Hypertension, hospital-diagnosed infections,
hypercholesterolemia, cardiovascular disease, low education, depression, hearing loss, diabetes, traumatic brain injury, sleep disorders, and vision impairment). For
the health survey subpopulation, the point prevalences of five risk factors were estimated (smoking, alcohol, obesity, physical inactivity, and social isolation). The
prevalence estimates reflect a population-level view of persons who have experienced, were diagnosed, or were treated for the risk factors assessed. For the 11 risk
factors drawn from the registries and considered as far back as possible (1969/1977 and more complete information from 1995 onwards), 51.2 % of the population
reflect risk factors experienced from ages 38 — 47 years, 37.2 % from ages 48 — 57 years, and 11.6 % from ages >58 years. The median age at (first) risk factor record
ranged between 51 and 68 years. Combination numbers are based on the health survey subpopulation where data on all 16 factors were available. Percentages in the

health survey subpopulation were weighted for non-response and different sampling probabilities.

comparing prevalence across age groups at risk factor onset. Similarly,
the prevalence of some risk factor combinations that include any of the
five risk factors may be less representative of the true burden. Impor-
tantly, most of the 11 risk factors assessed using a long retrospective
timeframe were chronic conditions such as hypertension and diabetes.
For these conditions, whether we had chosen to draw data as far back as
possible, or if we pre-specified a period of e.g., 10 years, the prevalence
estimates are unlikely to differ substantially [19]. Other risk factors
were events experienced by the individuals such as hospital-diagnosed
infections, depression, and TBI, but which are not necessarily condi-
tions individuals are living with at the time of our assessment. The
prevalence of these events would most likely be lower than estimated in
our study if we had pre-specified a timeframe of e.g., 10 years. However,
having experienced such events (considered as far back as possible) may
have a lasting impact on brain health, and their prevalence is important
to reflect for intervention and policy efforts to target. Therefore, it is
crucial to stress that the prevalence estimates in our study reflect a
population-level view of persons who have experienced, were diag-
nosed, or were treated for the risk factors assessed.

Second, although we used validated algorithms to define risk factors
in the registry data, several were not validated e.g., hearing loss and
vision impairment, which may be under-recorded. For these two, we
also did not consider the underlying disease. Even where validated al-
gorithms were used, we may have overestimated the disease prevalence
(e.g., for hypertension and depression) as medication was used to define
the diseases and these may be prescribed for other conditions. Third, we
could not differentiate between controlled and uncontrolled conditions
or measure severity or temporality. Fourth, we lacked genetic risk data
and did not consider ethnicity, both previously shown to contribute to
dementia risk profile differences [5,20]. At the start of 2022 in Denmark,
only 9 % of the population were non-Western immigrants or their

descendants [21]. Fifth, the Danish National Health Survey data were
self-reported and there were missing data. Potential consequent biases
were limited by applying weights that reduced bias and enhanced
representativeness [22,23]. However, if missingness was related to
pre-clinical dementia symptoms, this could result in underestimating the
risk factors’ prevalence due to the overrepresentation of healthier re-
spondents. We cannot exclude this possibility, particularly because
excluded individuals due to missing data were older than those included
and there was a higher proportion of women among them, which may
support that some missingness may be due to preclinical dementia
symptoms, hence decreasing the true representativeness of the burden of
these risk factors. Further, although the prevalence of all risk factors in
the health survey subpopulation was comparable to that in the whole
population, the exception was that individuals in the subpopulation had
higher education levels.

Despite the limitations, our study was made possible due to the high-
quality and nationwide data available for 16 dementia risk factors.
Eleven factors were drawn from registry data with negligible selection
bias, and five were based on self-reported data in the health survey
subpopulation, which was found representative of the whole population,
allowing for the exploration of all possible combinations across all 16
dementia risk factors [22,23]. We stratified estimates by sex, age groups,
and educational levels, and redefined cutoffs where necessary to provide
prevalence measures crucial for policy and research.

4.3. Interpretation and findings in context

Previous reports showed that physical inactivity was the most
prevalent factor (prevalence 40 % to 83 %) in Italy [24], Canada, the US,
New Zealand, Australia, and Denmark (summarized in [25]), and was
reported with a global prevalence of 27.5 % in the 2024 report of the
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Fig. 2. Prevalence (%) of dementia risk factors in the whole population (N = 1,214,286) and the health survey subpopulation (N = 88,656) across age
groups, and their combinations in the health survey subpopulation.

The figure shows the prevalence proportion (%) of the 16 dementia risk factors and the most common combinations across age groups. Combinations are those
identified in the main analysis which had shown a prevalence of >10 % in the health survey subpopulation (and ordered in this figure accordingly). For the whole
population, the period prevalences of 11 risk factors were estimated (Hypertension, hospital-diagnosed infections, hypercholesterolemia, cardiovascular disease, low
education, depression, hearing loss, diabetes, traumatic brain injury, sleep disorders, and vision impairment). For the health survey subpopulation, the point
prevalences of five risk factors were estimated (smoking, alcohol, obesity, physical inactivity, and social isolation). The prevalence estimates reflect a population-
level view of persons who have experienced, were diagnosed, or were treated for the risk factors assessed. For the 11 risk factors drawn from the registries and
considered as far back as possible (1969/1977 and more complete information from 1995 onwards), 51.2 % of the population reflect risk factors experienced from
ages 38 — 47 years, 37.2 % from ages 48 — 57 years, and 11.6 % from ages >58 years. The median age at (first) risk factor record ranged between 51 and 68 years.
Combination numbers are based on the health survey subpopulation where data on all 16 risk factors were available. Percentages in the health survey subpopulation
were weighted for non-response and different sampling probabilities.
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Fig. 3. Prevalence (%) of clusters of dementia risk factors and their combinations in the health survey subpopulation (N = 88,656), and by sex.

The clusters are groupings of the 16 risk factors: Cardiometabolic (hypertension, cardiovascular disease, diabetes, hypercholesterolemia, obesity, smoking, alcohol,
and physical inactivity), neuro-psychosocial (depression, hearing loss, vision impairment, traumatic brain injury, and sleep disorders), immune (hospital-diagnosed
infections), and cognitive reserve (social isolation and low education). Percentages were weighted for non-response and different sampling probabilities.

Lancet Commission [2]. In the present study, physical inactivity was also
the most common risk factor (80 %) when the definition included light
activity and had a prevalence of 12 % when not included. As such,
varying prevalence estimates across studies reflect variations in popu-
lation risk profiles, healthcare systems, policies, and study methodolo-
gies including the data sources, risk factor definitions, and the studied

population groups (e.g., age cohorts) [21,25,26].

To our knowledge, this study is the first to assess risk factor combi-
nations at a national level using routinely collected administrative and
health data, and survey data. Previous studies assessed the number of
risk factors [3] or multimorbidity [4-7] but there was considerable
variability in the assessed risk factors. Therefore, it is not possible to
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compare our findings to prior work. The most relevant literature is an
abstract of a Canadian study based on a cohort sample of 30,097, where
similar risk factors as those in our study were assessed [27]. The most
common combinations were reported among the most prevalent risk
factors, which involved physical inactivity, hearing loss, sleep distur-
bance, and obesity [27]. In our study, the most common combinations
were those involving cardiometabolic factors (hypertension, hypercho-
lesterolemia, and CVD) in addition to hospital-diagnosed infections (of
these, only hypertension was included in the Canadian study). Dis-
crepancies in the combinations between the Canadian study and ours are
likely attributed to the prevalence of the single risk factors, as discussed
above.

In the present study, men, individuals >85 years, and those with low
education had the highest prevalence of risk factors. Exceptions were
higher prevalence of depression and low education in women, higher
prevalence of alcohol consumption, smoking, obesity, diabetes, and
sleep disorders in the youngest group (65 - 74 years), and higher
prevalence of alcohol consumption in the group with high education.
Similar observations were seen in several previous studies across
countries [25,28-31], suggesting important implications for policy and
research internationally. These can inform multi-country intervention
efforts and cross-country joint policies. As for risk factor combinations,
the Canadian abstract found no sex differences but reported variations
according to age, while educational levels do not seem to have been
assessed [27]. In our study, we noted several differences in the preva-
lence of combinations across the assessed groups e.g., several identified
combinations did not appear (prevalence <10 %) in the youngest or
oldest age groups, or the high education group. Sex differences may be
explained by biological predispositions to disease or societal factors and
healthcare-seeking behaviour (e.g., in depression) [28]. Differences
across ages and educational levels can be attributed to different risk
profiles, generational societal contributions, advancements in disease
treatment, and improved lifestyle due to intervention efforts at the in-
dividual and population levels.

4.4. Conclusions — Implications for research, practice, and policy

Our findings provide an extensive evidence base at the population-
level for policy and dementia risk reduction efforts, both nationally
and globally. First, policies and interventions can be tailored and
prioritized using the provided evidence on the prevalence of the risk
factors and their combinations. Prevalence differences across the sexes,
ages, and educational levels for the single risk factors and their co-
occurrence are specifically valuable as trends are likely globally infor-
mative and can guide multi-country initiatives. We emphasize the need
to draw attention toward multidomain interventions, as the co-
occurrence of risk factors is common [3]. However, the evidence base
is surprisingly scarce on the prevalence of risk factor combinations [3],
and our study guides the priorities for future multidomain interventions
and thus their implementation. Of particular interest is exploring
implementation through policy-driven approaches at the population
level [9] as these have great potential for implementation on a large
scale across various healthcare systems [32].

Second, our findings on risk factor combinations and the differences
across sexes, ages, and educational levels carry important implications
for future research. In our population, 86 % had at least one car-
diometabolic risk factor. While the interlinks between such factors are
well-established, other identified common combinations in the present
study are of interest for generating novel hypotheses on risk subgroups
and potential underlying mechanisms, as specific combination patterns
may impact dementia risk through different pathways. Finally, the
impact of co-occurrences of risk factors for the risk of dementia should
be investigated in future research with the appropriate dynamic cohort
design and longitudinal follow-up periods.
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