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1 BACKGROUND

With the global phenomenon of population aging,1 the number of peo-

ple with Alzheimer’s disease and related dementias (ADRD) is increas-

ing worldwide.2,3 A promising approach to curb the sharply rising

numbers is through preventive measures.4–6 Although our knowledge

about modifiable risk factors for the development of dementia contin-

ues to grow,7 we still know little about how they influence the course

of ADRD.8 However, this knowledge is crucial for identifying possible

strategies for tertiary prevention, specifically interventions that can

potentially delay symptom progression.

1.1 Modifiable dementia risk factors

There are dementia risk factors, such as age or genetic risk factors

(e.g., Apolipoprotein E [APOE] 4ε), which are non-modifiable. At the

same time, evidence is growing regardingmodifiable dementia risk fac-

tors across the lifespan. The Lancet Commission for Dementia Prevention,

Intervention, and Care summarized evidence for a total of 14modifiable

risk factors for ADRD, including less education, hearing impairment,

high low-density lipoprotein (LDL) cholesterol, depression, traumatic

brain injury, physical inactivity, diabetes, smoking, hypertension, obe-

sity, excessive alcohol consumption, social isolation, air pollution, and

visual impairment.4,6 There are several mechanisms through which

these modifiable factors may influence dementia risk: they can affect

the development and maintenance of cognitive reserve (e.g., through

education and social contact), promote neuropathological develop-

ments and vascular damage, or foster stress and inflammation (e.g.,

through smoking, alcohol consumption, and hypertension).5,6

1.2 Progression of dementia symptoms

The main symptoms of ADRD are cognitive and functional decline.

However, the course of symptoms is highly variable and differs greatly

between individuals.8–10 Risk factors for the development of ADRD

have been studied extensively, whereas our knowledge about risk and

protective factors for symptom progression is limited. There is initial

evidence suggesting that younger individuals, men, individuals with

fewer neuropsychiatric symptoms, and individuals with a higher cogni-

tive and functional status, as well as a lower burden of comorbidities,

show a slower decline.10–13 Gains in knowledge about the role of

modifiable factors in the progression of ADRD are important for the

development of future interventions for tertiary prevention.

However, current research findings are heterogeneous, and the

studies that address the question of protective and risk factors for the

progression of dementia symptoms often have significant limitations:

they are often cross-sectional or investigate only a few risk factors,

such as vascular risk factors or multimorbidity over short periods of

1 or 2 years. Furthermore, the effect of the presence of treatment of

modifiable risk factors on the course of symptoms, such as hearing aids

for hearing impairment or anti-diabetic drugs for diabetes, has rarely

been studied.

1.3 The present study

There is a lack of studies examining the role of a variety of modifiable

factors for the progression of dementia symptoms over an extended

timeframe. Thus the aim of the present study was to investigate the

role of a broad range of modifiable factors and, where available, their

treatment, on the course of ADRD over a period of up to 8 years. For

this purpose, data from a cohort of community-dwelling individuals

who screened positive for dementia in primary care were utilized.

2 METHODS

2.1 Data and study sample

Data fromthe cluster-randomized-controlledDelpHi-MVtrial (demen-

tia: life- and person-centered help in Mecklenburg-Western Pomera-

nia, Germany) were used.14,15 The trial was designed to test the

effectiveness of dementia care management (DCM) compared to care

as usual (CAU) over a period of 12 months15 (clinicaltrials.gov iden-

tifier: NCT01401582). In the intervention, specially trained nurses

visited people in their homes who screened positive for dementia

and provided individualized support for the management and coor-

dination of care. Further details about the intervention can be found

elsewhere.14 After completion of the trial, the sample was followed as

a prospective cohort study for a total of 8 years.

In 125 participating general practitioners’ (GP) practices, 6838

patients were screened for eligibility. Of these, 1166 screened positive

fordementia (DemTect score<9) andalsomet theother inclusion crite-

ria (age 70+, living at home). A total of 634 gave their informed consent

to participate in the trial. The trial received ethical approval from the

Chamber of Physicians of Mecklenburg-Western Pomerania—registry

number: BB 20/11. The baseline assessment took place between April

2012 and May 2015. At baseline, participants were visited twice in

their homes and interviewed in a comprehensive, standardized, com-

puterized face-to-face interview. After baseline, they were visited

annually by specially qualified nurses, during which their cognitive

status was assessed and they were interviewed about further symp-

toms. In addition to the extensive information from the interviews,

patient records, including diagnoses with International Classification

of Diseases (ICD) codes and medications with anatomical therapeutic

chemical / defined daily dose classification (ATC) codes,were collected.

The current analysis is based on a study sample of 353 individuals with

at least two assessments of cognitive performance and daily function-

ing available over a follow-up period of up to 8 years. Figure S1 in the

supplementarymaterial shows the participant flow over 8 years.
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2.2 Measures

2.2.1 Primary outcomes: cognitive and functional
status

Cognitive status was assessed annually using the Mini-Mental State

Examination (MMSE),16 covering abilities like orientation, recall, atten-

tion, and calculation. A total score ranging between 0 and 30 can be

achieved. Scores of 27 and above indicate normal cognitive perfor-

mance, scores between 20 and 26 suggest mild cognitive impairment,

scores between 10 and 19 indicate moderate dementia, and scores

below 10 reflect severe dementia.

Functional statuswas assessed annually using the Bayer Activities of

Daily Living scale (B-ADL).17 The B-ADL comprises a total of 25 items

related to daily problems (e.g., personal care, shopping, meal prepara-

tion). Overall scores range from 1 to 10; the data were recoded so that

higher scores indicated higher everyday function.

2.2.2 Modifiable risk factors

At baseline, educational attainment was recorded and converted into

the classification according to the International StandardClassification

of Education (ISCED).18 Level 1 (“low education”) corresponds to pri-

mary, level 2 (“moderate education”) to lower secondary, and level 3

(“high education”) to upper secondary education.

Self-reported hearing impairment at baseline was assessed using the

Standardized Assessment of Elderly People in Primary Care (STEP).19

The participants were asked (Q1) whether they had difficulties follow-

ing a conversation due to hearing problems, (Q2) whether they owned

and (Q3) used ahearing aid, and (Q4)were able to hear sufficientlywith

the hearing aid. The participants were divided into three groups: (1)

peoplewith sufficient hearing capabilities (no toQ1andQ2); (2) people

with limited, but compensated hearing capabilities (yes to Q1, Q2, Q3,

and Q4); and (3) people with limited hearing capabilities (yes to Q1; no

toQ2, Q3, or Q4).

Depressive symptoms were assessed at baseline using the Geriatric

Depression Scale (GDS) 20 with a score range of 0 to 15 points, with

more than 5 points indicating mild to moderate depression and more

than 10 points indicating severe depression.

Physical activity at baseline was assessed using the STEP

questionnaire,19 with a list of eight physical activities (e.g., cycling,

walking, swimming). Three groups were formed: People who engaged

in none, one, or at least two physical activities.

The presence of diabetes was defined as having an ICD-10 diagno-

sis (E10-E14,G63.2,H36.0, N08.3) or using anti-diabeticmedication.21

The anti-diabetic medication included insulin: A10A, and other

glucose-loweringmedications: A10B.

Smoking behavior at baseline was assessed using the STEP

questionnaire.19 People were asked whether they smoked cigarettes,

cigars, or pipes, or chewed or snuffed tobacco (answer options: never,

used to, yes).

The presence of hypertensionwas defined as an ICD-10 (Tenth Revi-

sion) diagnosis of high blood pressure (I10-I15) or the use of at least

RESEARCH INCONTEXT

1. Systematic review: The authors used PubMed to review

the literature. Few studies investigated the role ofmodifi-

able dementia risk factors on symptomprogression; these

are presented in the introduction.

2. Interpretation: The longitudinal analysis showed that

some modifiable risk factors were associated with symp-

tom progression in dementia. Education initially had a

protective effect, which reversed over time. The treat-

ment of comorbidities (diabetes, visual impairment) could

have a positive impact on symptom progression. Depres-

sive symptoms were associated with a less favorable

symptom course.

3. Future directions: Modifiable risk factors are promis-

ing targets for tertiary prevention and should be further

investigated in intervention trials.

two anti-hypertensive medications from two different drug groups.22

The anti-hypertensive medications included were: antihypertensive

drugs, C02; vasodilators, C04; β-blockers, C07; calcium channel block-

ers, C08; renin–angiotensin system inhibitors, C09; and diuretics, C03.

Clinically relevant obesitywas defined using the ICD-10 diagnosis.

Self-reported alcohol consumption at baseline was assessed using

the STEP questionnaire,19 which asked whether the person currently

drinks alcohol (response option: no, yes—less than daily, yes—daily).

Social support was assessed using the FSozU K-22 (“Questionnaire

for the assessment of social support”).23 The 22-item questionnaire

assesses perceived social support from family, friends, and acquain-

tances. The scale ranged from 1 to 5, with higher values indicating

greater social support. The overall score was calculated as themean.

Visual impairment at baseline was assessed with two items from

the STEP questionnaire,19 asking whether the person had difficulty

reading newspapers or seeing people on the street (yes or no). Visual

impairment was present if the person answered yes to at least one of

the items.

2.2.3 Covariates

Socio-demographic information like age, sex, and whether the person

lived alone was recorded at baseline.

Group allocation (DCM vs CAU) was included as a covariate because

the study began as a randomized controlled trial.

2.3 Statistical analysis

Data processing and all statistical analyses were conducted using

R.24 The significance level was set at p < 0.05. In order to investi-

gate the role of modifiable factors on cognitive and functional status
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over 8 years, multilevel growth curve models were calculated using

the lme4 package.25 The nested structure of the data in clusters of

treating GPs was taken into account using a random intercept. The

models were built systematically, starting from the null model. Ran-

dom intercepts (for the individual and the GP) and random slopes

for the time variable and linear and polynomial time variables (sec-

ond and third degree) were gradually included in the model and the

model fit (akaike information criterion (AIC), bayesian information cri-

terion (BIC)) was compared. In the next step, the predictors and their

interactions with the time variables were included in the model. Inter-

actions with p > 0.10 were identified as potentially poor fitting. We

used the likelihood ratio test to compare the model with and without

the interaction; if the fit was significantly better with the interaction,

we retained themore complex model. Thus nonsignificant interactions

could remain in themodel if they significantly improvedmodel fit.

3 RESULTS

3.1 Descriptive statistics

Table 1 provides an overview of the descriptive statistics at baseline.

Participants had amean age of 80.3 years (SD= 5.3), themajority were

female (59.8%), and about half lived alone (49.9%). The mean cogni-

tive status at baseline was in the range of mild dementia (MMSE score

of 23.0 [SD = 4.6]). The mean functional status at baseline, measured

using the B-ADL scale, was 7.5 (SD= 2.4).

3.2 Prediction of cognitive status over 8 years

For modeling cognitive status over time, the multilevel growth curve

model with a linear time variable, random intercepts (for the individual

and theGP), and a randomslope showed thebest fit. Figure1 shows the

mean predicted trajectory over 8 years. TheMMSE score decreased on

averageby1.5points per year. Table2displays theparameter estimates

for the null model (Model 1).

The model with covariates and modifiable risk factors (Table 2,

Model 2) showed a significantmain effect for the covariate sex; women

had a lower cognitive status at the beginning of the study than men

(b= 1.21, p< 0.043). Individuals withmoderate education had a higher

cognitive status at the beginning of the study than those with low

education (b= 1.39, p= 0.034).

The rate of cognitive decline, however, was faster in individuals with

moderate compared to low education (b = -0.58, p = 0.026). In addi-

tion, cognitive declinewasmore pronounced in peoplewith depression

(b=−0.68, p= 0.025) and in people with visual impairment (b=−0.48,

p = 0.018). Finally, people with diabetes showed a slower cognitive

decline over time (b = 0.56, p = 0.006). For the remaining covariates

and modifiable risk factors, we found no significant association with

cognitive status or rate of cognitive decline.

In the model that accounted for the treatment of risk factors

(Table 2, Model 3), we observed results similar to those of Model 2.

TABLE 1 Description of participant characteristics at baseline.

Variable Total sample (n= 353)

Sociodemographic variables

Age in years, mean (SD) 80.3 (5.3)

Sex

Female, n (%) 211 (59.8)

Living situation

Alone living, n (%) 176 (49.9)

Group allocation

Intervention group, n (%) 252 (71.4)

Outcomes

Cognitive status, mean (SD) 23.0 (4.6)

Functional status, mean (SD) 7.5 (2.4)

Potentially modifiable risk factors

Education, n (%)

Low, n (%) 62 (17.7)

Moderate, n (%) 276 (78.6)

High, n (%) 13 (3.7)

Hearing impairment

None, n (%) 194 (55.1)

Uncompensated, n (%) 90 (25.6)

Compensated, n (%) 68 (19.3)

Depression, n (%) 51 (14.5)

Physical activity

None, n (%) 57 (16.1)

One activity, n (%) 129 (36.5)

Two andmore activities 167 (47.3)

Diabetes

None, n (%) 177 (50.1)

Uncompensated, n (%) 72 (20.4)

Compensated, n (%) 104 (29.5)

Smoking

Nonsmoker, n (%) 201 (56.9)

Used to, n (%) 134 (38.0)

Yes, n (%) 18 (0.1)

Hypertension

None, n (%) 53 (15.0)

Uncompensated, n (%) 14 (4.0)

Compensated, n (%) 286 (81.0)

Obesity, n (%) 41 (11.6)

Alcohol consumption

None, n (%) 154 (43.6)

Less than daily, n (%) 174 (49.3)

Daily, n (%) 25 (0.07)

Social support, mean (SD) 4.1 (0.6)

Visual impairment, n (%) 155 (44.7)

Abbreviation: SD, standard deviation.
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F IGURE 1 Cognitive trajectories across 8 years. Mean predicted trajectory for the whole sample in red; observed individual trajectories for

100 randomly selected individuals in gray.

However, we found a significantly slower cognitive decline in peo-

ple receiving anti-diabetic medications (b = 0.66, p = 0.005). We

found no significant association of compensated hearing impairment

or anti-hypertensive medications with cognitive status or the rate of

decline.

3.3 Prediction of functional status over 8 years

For modeling functioning in activities of daily living, the multilevel

growth curve model with linear and quadratic time variables, random

intercepts, and random slope showed the best fit. Figure 2 shows the

mean predicted trajectory over 8 years. The B-ADL score decreased on

average by 1 point per year, with this effect slowing down over time.

Table 3 displays the parameter estimates for the null model (Model 4).

In the model with covariates and modifiable risk factors (Table 3,

Model 5), there was a negative main effect for the covariate age;

people of older age had a lower everyday function at baseline than

younger people (b = −0.08, p = 0.001). Among the modifiable factors,

we found that people with depression had a lower level of daily func-

tioning (b = −1.17, p = 0.001) and that people who were physically

active showed a higher level of daily functioning at baseline (b = 1.27,

p = 0.001 for one physical activity; b = 1.45, p < 0.001 for two or

more physical activities). People with visual impairment showed lower

everyday function (b = −0.72, p = 0.004). For the other covariates and

modifiable risk factors, we found no significant association with every-

day function. None of the variables considered significantly predicted

the rate of functional decline.

The model where treatment of risk factors was accounted for

(Table 3, Model 6) showed results similar to those of Model 5. In

addition, individuals with compensated hearing impairment had a sig-

nificantly higher functional status at baseline (b = 0.79, p = 0.014)

than those who reported no hearing impairment. We found no signifi-

cant association of anti-hypertensive or anti-diabeticmedicationswith

everyday function.

4 DISCUSSION

In our longitudinal study, several modifiable dementia risk factors

were associated with rates of progression of cognitive and functional

decline. Specifically, we found associations between educational level,

depressive symptoms, visual impairment, and treated diabetes with

symptom progression over a period of up to 8 years.

Education seemed to be a protective factor for cognitive impair-

ment in the beginning, but a risk factor for a more dynamic cognitive

decline later. This finding is consistent with the effect and trajectory

expected from the phenomenon of cognitive reserve. In people with

more education, the first symptoms of dementia appear later—despite

advanced neuropathology—because the brain can successfully com-

pensate for a longer period due to the built-up cognitive reserve.

However, if the pathology reaches a level of severity at which compen-

sation is no longer successful, the symptoms then progress at a faster

rate and eventually reach the same level as in peoplewith less cognitive

reserve.26,27

Regarding depression or depressive symptoms, our results are in

line with previous research indicating that depressive symptoms not

only increase the risk of dementia 28 and impair daily functioning,29 but

can also accelerate the progression of dementia symptoms in people

with pre-existing dementia.30 Depressive symptoms were associated

with both faster cognitive decline over the 8-year study period and

reduced daily functioning at the beginning of the study period. This
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TABLE 2 Prediction of cognitive status across 8 years.

Model 1. Null model Estimate 95%CI (lower) 95%CI (upper) p

Fixed effects

Intercept 23.12 22.64 23.60 <0.001 ***

Time −1.53 −1.73 −1.32 <0.001 ***

Random effects

Intercept (person) 16.68

Time 2.34

Intercept (person)×time 0.42

Intercept (GP) 0.03

Residual 6.30

ICC 0.89

Marginal R2/conditional R2 0.154/0.906

Model 2.Modifiable risk factors Estimate 95%CI (lower) 95%CI (upper) p

Fixed effects

Intercept 19.99 11.07 28.92 <0.001 ***

Time −1.41 −2.17 −0.64 <0.001 ***

Sociodemographic variables

Age 0.00 −0.10 0.10 0.987

Sex (ref: male) −1.21 −2.38 −0.04 0.043 *

Living situation (ref: cohabitating) 0.31 −0.70 1.33 0.545

Group allocation (ref: CAU) −0.02 −1.17 1.13 0.973

Potentially modifiable risk factors

Education (ref: low)

Moderate 1.39 0.10 2.67 0.034 *

High 0.96 −1.77 3.70 0.489

Time×moderate education −0.58 −1.10 −0.07 0.026 *

Time×high education −0.99 −2.19 0.21 0.107

Hearing impairment (ref: none) 1.00 −0.10 2.09 0.074

Depression (ref: none) 0.43 −1.01 1.87 0.559

Time×depression −0.68 −1.27 −0.08 0.025 *

Physical activity (ref: none)

One activity 1.08 −0.37 2.54 0.145

Two andmore activities 0.78 −0.66 2.23 0.288

Diabetes (ref: none) 0.02 −0.96 0.99 0.973

Time×diabetes 0.56 0.16 0.96 0.006 **

Smoking (ref: nonsmoker)

Used to −0.36 −1.48 0.75 0.525

Yes 0.83 −1.35 3.01 0.455

Hypertension (ref: none) 0.88 −0.50 2.27 0.211

Time×hypertension 0.52 −0.08 1.12 0.091

Obesity (ref: none) 0.19 −1.34 1.71 0.811

Alcohol consumption (ref: none)

Less than daily 0.61 −0.39 1.61 0.234

Daily −0.36 −2.29 1.58 0.718

Social support 0.16 −0.70 1.02 0.711

Visual impairment (ref: none) −0.04 −1.02 0.95 0.942

(Continues)
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TABLE 2 (Continued)

Model 2.Modifiable risk factors Estimate 95%CI (lower) 95%CI (upper) p

Time×visual impairment −0.48 −0.89 −0.08 0.018 *

Random effects

Intercept (person) 14.66

Time 2.01

Intercept (person)×time 0.45

Intercept (GP) 0.58

Residual 6.24

ICC 0.88

Marginal R2/conditional R2 0.189/0.902

Model 3.Modifiable risk factors with treatment Estimate 95%CI (lower) 95%CI (upper) p

Fixed effects

Intercept 20.78 11.84 29.72 <0.001 ***

Time −1.44 −2.21 −0.67 <0.001 ***

Sociodemographic variables

Age −0.01 −0.11 0.09 0.850

Sex (ref: male) −1.02 −2.20 0.15 0.088

Living situation (ref: cohabitating) 0.19 −0.82 1.20 0.709

Group allocation (ref: CAU) 0.23 −0.92 1.37 0.698

Potentially modifiable risk factors

Education (ref: low)

Moderate 1.58 0.30 2.86 0.016 *

High 1.22 −1.51 3.95 0.381

Time×moderate −0.55 −1.07 −0.04 0.036 *

Time×high −0.96 −2.17 0.26 0.122

Hearing impairment (ref: none)

Uncompensated 0.98 −0.16 2.13 0.092

Compensated 0.48 −0.79 1.74 0.461

Depression (ref: none) 0.48 −0.96 1.91 0.517

Time×depression −0.64 −1.24 −0.04 0.038 *

Physical activity (ref: none)

One activity 0.87 −0.59 2.33 0.245

Two andmore activities 0.68 −0.77 2.12 0.358

Diabetes (ref: none)

Uncompensated −0.66 −1.93 0.60 0.305

Compensated 0.61 −0.52 1.73 0.292

Time×uncompensated 0.45 −0.09 0.99 0.101

Time×compensated 0.66 0.20 1.12 0.005 **

Smoking (ref: nonsmoker)

Used to −0.30 −1.41 0.81 0.598

Yes 1.19 −0.99 3.37 0.283

Hypertension (ref: none)

Uncompensated −1.39 −4.13 1.36 0.321

Compensated 1.09 −0.29 2.47 0.123

Time×uncompensated 0.14 −1.15 1.43 0.834

Time×compensated 0.54 −0.06 1.15 0.078

(Continues)
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TABLE 2 (Continued)

Model 3.Modifiable risk factors with treatment Estimate 95%CI (lower) 95%CI (upper) p

Obesity (ref: none) 0.07 −1.45 1.58 0.931

Alcohol consumption (ref: none)

Less than daily 0.54 −0.46 1.55 0.290

Daily −0.04 −1.98 1.90 0.965

Social support 0.06 −0.79 0.92 0.885

Visual impairment (ref: none) −0.11 −1.09 0.87 0.826

Time×visual impairment −0.50 −0.90 0.10 0.016 *

Random effects

Intercept (person) 14.36

Time 2.03

Intercept (person)×time 0.44

Intercept (GP) 0.53

Residual 6.23

ICC 0.88

Marginal R2/conditional R2 0.193/0.901

Abbreviations: CI, confidence interval, CAU, care as usual, GP, general practitioner.

*p< 0.05, **p< 0.01, ***p< 0.001.
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F IGURE 2 Trajectories in daily functioning across 8 years. Mean predicted trajectory for the whole sample in red; observed individual

trajectories for 100 randomly selected individuals in gray.

suggests that depressive symptoms may not only be a possible start-

ing point for primary and secondary prevention but also for tertiary

prevention in pre-existing ADRD. However, it should be noted that

the relationship between dementia symptoms and depression in pre-

existing ADRD—as with the development of dementia—is not fully

understood and may be bidirectional; for example, depressive symp-

toms may be a reaction to the decline in cognition and everyday

function.31

Our study adds novel evidence about the potential role of visual

impairment in the progression of dementia symptoms. We found

reduced daily functioning at baseline and faster cognitive decline over

time in people with visual impairment. This result is of special impor-

tance, since in many cases, visual impairment, like hearing impairment,

is generally treatable at comparably low cost, and respective interven-

tions (glasses, cataract surgery, hearing aids) are readily available in

many health care systems. Indeed, there is already promising evidence
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TABLE 3 Prediction of functional status across 8 years.

Model 4. Null model Estimate 95%CI (lower) 95%CI (upper) p

Fixed effects

Intercept 7.39 7.07 7.72 <0.001 ***

Time −0.97 −1.09 −0.86 <0.001 ***

Time2 0.03 0.02 0.05 <0.001 ***

Random effects

Intercept (person) 4.43

Time 0.30

Intercept (person)×time 0.11

Intercept (GP) 0.57

Residual 1.74

ICC 0.83

Marginal R2/conditional R2 0.195/0.862

Model 5.Modifiable risk factors Estimate 95%CI (lower) 95%CI (upper) p

Fixed effects

Intercept 14.74 10.29 19.19 <0.001 ***

Time −0.82 −1.03 −0.60 <0.001 ***

Time2 0.03 0.02 0.05 <0.001 ***

Sociodemographic variables

Age −0.08 −0.13 −0.04 0.001 **

Sex (ref: male) −0.19 −0.77 0.39 0.528

Living situation (ref: cohabitating) 0.14 −0.36 0.65 0.582

Group allocation (ref: CAU) −0.09 −0.72 0.53 0.769

Potentially modifiable risk factors

Education (ref: low)

Moderate −0.12 −0.76 0.52 0.708

High −1.35 −2.71 0.01 0.051

Time×moderate education −0.19 −0.40 0.02 0.082

Time×high education −0.47 −0.99 0.05 0.075

Hearing impairment (ref: none) 0.24 −0.30 0.78 0.389

Depression (ref: none) −1.17 −1.87 −0.46 0.001 **

Physical activity (ref: none)

One activity 1.27 0.55 1.99 0.001 **

Two andmore activities 1.45 0.73 2.16 <0.001 ***

Diabetes (ref: none) 0.26 −0.22 0.75 0.284

Smoking (ref: nonsmoker)

Used to −0.19 −0.74 0.36 0.505

Yes 1.00 −0.09 2.08 0.073

Hypertension (ref: none) 0.25 −0.43 0.93 0.475

Obesity (ref: none) −0.07 −0.83 0.69 0.853

Alcohol consumption (ref: none)

Less than daily 0.35 −0.15 0.84 0.173

Daily 0.00 −0.95 0.95 0.994

Social support −0.36 −0.79 0.07 0.099

Visual impairment (ref: none) −0.72 −1.20 −0.23 0.004 **

(Continues)

 2
3
5
2
8
7
2
9
, 2

0
2
5
, 1

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://alz-jo
u
rn

als.o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/d

ad
2
.7

0
0
5
0
 b

y
 D

eu
tsch

es Z
en

tru
m

 F
ü
r N

eu
ro

d
eg

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

0
/0

1
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o
n
s L

icen
se



10 of 13 BLOTENBERG ET AL.

TABLE 3 (Continued)

Model 5.Modifiable risk factors Estimate 95%CI (lower) 95%CI (upper) p

Random effects

Intercept (person) 3.43

Time 0.33

Intercept (person)×time 0.11

Intercept (GP) 0.38

Residual 1.71

ICC 0.81

Marginal R2/conditional R2 0.254/0.862

Model 6.Modifiable risk factors with treatment

Fixed effects

Intercept 15.53 11.06 20.00 <0.001 ***

Time −0.82 −1.03 −0.60 <0.001 ***

Time2 0.03 0.02 0.05 <0.001 ***

Sociodemographic variables

Age −0.09 −0.14 −0.05 <0.001 ***

Sex (ref: male) −0.09 −0.67 0.49 0.760

Living situation (ref: cohabitating) 0.11 −0.40 0.61 0.681

Group allocation (ref: CAU) −0.06 −0.68 0.56 0.850

Potentially modifiable risk factors

Education (ref: low)

Moderate −0.12 −0.76 0.52 0.711

High −1.24 −2.60 0.13 0.075

Time×moderate −0.19 −0.40 0.02 0.080

Time×high −0.47 −0.99 0.05 0.074

Hearing impairment (ref: none)

Uncompensated 0.43 −0.14 1.00 0.138

Compensated 0.79 0.16 1.41 0.014 *

Depression (ref: none) −1.25 −1.96 −0.54 0.001 **

Physical activity (ref: none)

One activity 1.13 0.41 1.86 0.002 **

Two andmore activities 1.33 0.61 2.05 <0.001 ***

Diabetes (ref: none)

Uncompensated 0.06 −0.56 0.68 0.847

Compensated 0.40 −0.16 0.96 0.162

Smoking (ref: nonsmoker)

Used to −0.20 −0.75 0.35 0.465

Yes 1.05 −0.05 2.14 0.060

Hypertension (ref: none)

Uncompensated 0.29 −1.06 1.64 0.672

Compensated 0.30 −0.38 0.98 0.391

Obesity (ref: none) −0.16 −0.91 0.60 0.687

Alcohol consumption (ref: none)

Less than daily 0.41 −0.09 0.91 0.106

Daily 0.18 −0.77 1.14 0.704

(Continues)
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TABLE 3 (Continued)

Model 6.Modifiable risk factors with treatment

Social support −0.39 −0.82 0.04 0.073

Visual impairment (ref: none) −0.72 −1.21 −0.24 0.003 **

Random effects

Intercept (person) 3.40

Time 0.33

Intercept (person)×time 0.11

Intercept (GP) 0.35

Residual 1.71

ICC 0.81

Marginal R2/conditional R2 0.258/0.861

Abbreviations: CI, confidence interval, CAU, care as usual, GP, general practitioner.

***p< 0.001, **p< 0.01, *p< 0.05.

that visual impairment is a modifiable dementia risk factor: the treat-

ment of eye diseases, for example, cataracts, is associated with lower

dementia risk.32–34 Optimal treatment of eye diseases in the popula-

tion, therefore, may have the potential not only to reduce dementia

risk in healthy adults and improve daily functioning but also to have a

positive impact on the course of ADRD.

Finally, our findings suggest that the treatment of comorbidities

can have a positive impact on the course of dementia: We found an

association between treated diabetes and a slower cognitive decline

over time. One possible explanation here lies in diabetes medication,

and in particular metformin, for which there is increasing evidence

of a neuroprotective effect for ADRD35–37 and which is currently

being specifically tested in a large dementia prevention study—in

combination with lifestyle interventions.38

Although we were able to identify associations between some

modifiable risk factors and symptom progression, we did not find asso-

ciations for hypertension, alcohol consumption, obesity, smoking, lack

of social support, and physical inactivity.

The lack of association with hypertension and obesity can be

explained by the fact that individuals with dementia tend to lose

weight due to the disease, so although obesity may increase the risk

of developing dementia, it may not influence its progression.39 The

same applies to hypertension, as blood pressure tends to decrease

again in individuals with dementia.39 With alcohol consumption, a

reporting bias is conceivable. People often respond to questions about

their alcohol intake in a socially desirable manner or underreport

their consumption.40,41 The measurement method could also explain

why we did not find an association between hearing impairment and

cognitive decline: Measuring hearing impairment is methodologically

challenging, and subjective reports often lack validity.42 Many people

are unaware of their hearing loss, and this is likely the case in our

sample, as over half of our sample reported no impairment, despite

higher prevalence rates in older adults in Germany (71.1% among 75-

to 79-year-olds).43 Therefore, some participants may have had unre-

ported hearing impairment, whereas those aware of their impairment

and using hearing aids may have been better cared for. With regard to

smoking—which promotes neuropathological processes—it should be

noted that there were very few active smokers in the sample, which

likely reduced our ability to detect an association with cognitive or

functional decline. We also found no association between social sup-

port and physical activity in cognitive and functional decline. However,

using the same sample, it has already been shown that people with

more social support had a higher life expectancy.44 Therefore, social

support seems to play a role in the health of people with ADRD, even

if we did not find an association with cognitive or functional decline.

4.1 Strengths and limitations

A major strength of this study is that it was conducted within the

community, offering high external validity due to its proximity to the

routine care setting. Another significant strength is the extensive data

collected on the living and care situation of individuals with dementia

over a long period, enabling the analysis of the role ofmany risk factors

on symptom progression.

However, these strengths are accompanied by certain limitations.

The DelpHi-MV trial was not a diagnostic trial but rather a trial con-

ducted within the realm of care, which limits the information available

on dementia etiology. In addition, the nature of the setting meant that

not all health and lifestyle factors could be assessed in-depth using

state-of-the-art methods. For example, hearing impairment and alco-

hol consumption were measured subjectively, which can lead to limi-

tations in validity.41,42 Moreover, the measurement of some lifestyle

factors such as physical activity, smoking, and alcohol consumption

using the STEP questionnaire was not comprehensive. For instance,

only the number of physical activities in which a person engaged was

recorded, without capturing their duration or frequency. Similarly,

cognition was assessed using the MMSE, a dementia screening tool,

rather than a more comprehensive measure of cognitive performance.

Future studiesmust carefully address the challengeof collecting exten-

sive data on the living and care situation from cognitively impaired

individuals within a limited timeframe.
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12 of 13 BLOTENBERG ET AL.

Finally, another limitation is the substantial attrition rate over the

8-year period, primarily due to the advanced age and chronic illness of

the participants. Nevertheless, to ensure robustmodeling, only individ-

uals with at least twomeasurements of cognition and daily functioning

were included in the analysis. Furthermore, the statistical methods

employed have the advantage of effectively managing missing data in

the dependent variables.45

5 CONCLUSION

In our study, we found evidence of the role of several potentially mod-

ifiable risk factors for symptom progression in dementia over up to 8

years. We observed an effect of cognitive reserve through education,

which reversed over the course of the study. In addition, depressive

symptoms were associated with less favorable symptom progression.

Our study suggests that treating comorbidities (such as diabetes and

visual impairment) could have a positive impact on the course of

dementia symptoms. These modifiable risk factors are promising tar-

gets for tertiary prevention and should be further investigated in

intervention trials.
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7. Licher S, Ahmad S, Karamujić-Čomić H, et al. Genetic predisposi-

tion, modifiable-risk-factor profile and long-term dementia risk in the

general population.NatMed. 2019;25:1364-1369.

8. Melis RJ, Haaksma ML, Muniz-Terrera G. Understanding and pre-

dicting the longitudinal course of dementia. Curr Opin Psychiatry.

2019;32:123-129.

9. Haaksma ML, Calderón-Larrañaga A, Olde Rikkert MG, Melis RJ,

Leoutsakos JMS. Cognitive and functional progression in Alzheimer

disease: a prediction model of latent classes. Int J Geriatr Psychiatry.

2018;33:1057-1064.

10. LoefflerDA.Modifiable, non-modifiable, and clinical factors associated

with progression of Alzheimer’s disease. J Alzheimers Dis. 2021;80:1-

27.

11. Cohen CI, Reisberg B, Yaffee R. Global cognitive trajectory patterns in

Alzheimer’s disease. Int Psychogeriatr. 2022;36:1-10.

12. Edwin TH, Strand BH, Persson K, Engedal K, Selbæk G, Knapskog A-

B. Trajectories and risk factors of dementia progression: a memory

clinic cohort followed up to 3 years from diagnosis. Int Psychogeriatr.

2021;33:779-789.

13. Haaksma ML, Rizzuto D, Leoutsakos J-MS, et al. Predicting cogni-

tive and functional trajectories in people with late-onset dementia: 2

population-based studies. J AmMed Dir Assoc. 2019;20:1444-1450.

14. Thyrian JR, Fiß T, Dreier A, et al. Life-and person-centred help in

Mecklenburg-Western Pomerania, Germany (DelpHi): study protocol

for a randomised controlled trial. Trials. 2012;13:56.

15. Thyrian JR, Hertel J, Wucherer D, et al. Effectiveness and safety of

dementia caremanagement in primary care: a randomized clinical trial.

JAMA Psychiatry. 2017;74:996-1004.

16. Kessler J, Markowitsch HJ, Denzler P. Mini-Mental-Status-Test

(MMST) [German Version]. Beltz Test GmbH; 1990.

17. Hindmarch I, Lehfeld H, de Jongh P, Erzigkeit H. The Bayer Activities

of Daily Living scale (B-ADL). Dement Geriatr Cogn Disord. 1998;9:20-

26.

18. UNESCO. International Standard Classification of Education, ISCED

1997. Springer US; 2003:195-220.

19. Sandholzer H, HellenbrandW, Renteln-KruseW, VanWeel C, Walker

P. STEP—Standardized Assessment of Elderly People in Primary Care.

DtschMedWochenschr. 2004;129:183-226.

20. Gauggel S, BirknerB.Validität undReliabilität einer deutschenVersion

der GeriatrischenDepressionsskala (GDS). Z Klin Psychol. 1999.

21. CarstensenB, RønnPF, JørgensenME. Prevalence, incidence andmor-

tality of type 1 and type 2 diabetes in Denmark 1996-2016. BMJ

 2
3
5
2
8
7
2
9
, 2

0
2
5
, 1

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://alz-jo
u
rn

als.o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/d

ad
2
.7

0
0
5
0
 b

y
 D

eu
tsch

es Z
en

tru
m

 F
ü
r N

eu
ro

d
eg

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

0
/0

1
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o
n
s L

icen
se



BLOTENBERG ET AL. 13 of 13

Open Diabetes Res Care. 2020;8:e001071. doi:10.1136/bmjdrc-2019-

001071

22. Olesen JB, Lip GY, Hansen ML, et al. Validation of risk stratification

schemes for predicting stroke and thromboembolism in patients with

atrial fibrillation: nationwide cohort study. BMJ. 2011;342:d124.

23. Fydrich T, Sommer G, Brähler E. Fragebogen zur Sozialen Unterstützung

(Social Support Questionnaire). Hogrefe; 2007.

24. RCoreTeam.R:ALanguageandEnvironment for StatisticalComputing.

R Foundation for Statistical Computing; 2022. https://www.R-project.

org/

25. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects

models using lme4. J Stat Softw. 2015;67:1-48. doi:10.18637/jss.v067.

i01

26. Hall C, Derby C, LeValley A, Katz M, Verghese J, Lipton R. Education

delays accelerated decline on a memory test in persons who develop

dementia.Neurology. 2007;69:1657-1664.

27. Stern Y. Cognitive reserve in ageing and Alzheimer’s disease. Lancet

Neurol. 2012;11:1006-1012.

28. Almeida O, Hankey GJ, Yeap BB, Golledge J, Flicker L. Depression as

a modifiable factor to decrease the risk of dementia. Transl Psychiatry.

2017;7:e1117.

29. Santacruz Escudero JM, Beltrán J, Palacios Á, et al. Neuropsychiatric

symptoms as predictors of clinical course in neurodegeneration. A

longitudinal study. Front Aging Neurosci. 2019;11:176.

30. Rapp MA, Schnaider-Beeri M, Wysocki M, et al. Cognitive decline

in patients with dementia as a function of depression. Am J Geriatr

Psychiatry. 2011;19:357-363.

31. Bennett S, Thomas AJ. Depression and dementia: cause, consequence

or coincidence?Maturitas. 2014;79:184-190.

32. Lee CS, Gibbons LE, Lee AY, et al. Association between cataract

extraction and development of dementia. JAMA Internal Medicine.

2022;182:134-141.

33. Maharani A, Dawes P, Nazroo J, Tampubolon G, Pendleton N, SENSE-

Cog WP1 group. Cataract surgery and age-related cognitive decline:

a 13-year follow-up of the English Longitudinal Study of Ageing. PloS

One. 2018;13:e0204833.

34. Ma L-Z, Zhang Y-R, Li Y-Z, et al. Cataract, cataract surgery, and risk of

incident dementia: a prospective cohort study of 300,823participants.

Biol Psychiatry. 2023;93:810-819.

35. Arnold SE, Arvanitakis Z, Macauley-Rambach SL, et al. Brain insulin

resistance in type 2 diabetes and Alzheimer disease: concepts and

conundrums.Nat Rev Neurol. 2018;14:168-181.

36. Yarchoan M, Arnold SE. Repurposing diabetes drugs for brain insulin

resistance in Alzheimer disease.Diabetes. 2014;63:2253-2261.

37. Markowicz-Piasecka M, Sikora J, Szydłowska A, Skupień A, Mikiciuk-

Olasik E, Huttunen KM. Metformin—a future therapy for neurode-

generative diseases: theme: drug discovery, development and delivery

in Alzheimer’s disease guest editor: Davide Brambilla. Pharm Res.

2017;34:2614-2627.

38. Barbera M, Lehtisalo J, Perera D, et al. A multimodal precision-

prevention approach combining lifestyle intervention with metformin

repurposing to prevent cognitive impairment and disability: the MET-

FINGER randomised controlled trial protocol. Alzheimers Res Ther.

2024;16:23.

39. Barnes DE, Yaffe K. The projected effect of risk factor reduction on

Alzheimer’s disease prevalence. Lancet Neurol. 2011;10:819-828.

40. Devaux M, Sassi F. Social disparities in hazardous alcohol use: self-

report bias may lead to incorrect estimates. Eur J Public Health.

2016;26:129-134.

41. Stockwell T, Zhao J, Sherk A, Rehm J, Shield K, Naimi T. Underes-

timation of alcohol consumption in cohort studies and implications

for alcohol’s contribution to the global burden of disease. Addiction.

2018;113:2245-2249.

42. Löhler J, Walther LE, Hansen F, et al. The prevalence of hearing loss

and use of hearing aids among adults in Germany: a systematic review.

Eur Arch Otorhinolaryngol. 2019;276:945-956.

43. Döge J, Hackenberg B, Bohnert A, Bahr K, Matthias C. Prä-

valenz von Schwerhörigkeiten sowie deren Hörgeräteversorgung

bzw.-Unterversorgung im Großraum Mainz. Laryngo-Rhino-Otologie.

2022;101(S 02):83. doi:10.1055/s-0042-1747329

44. Blotenberg I, Boekholt M, Michalowsky B, et al. What influences life

expectancy in people with dementia? Social support as an emerging

protective factor. Age Ageing. 2024;53:afae044. doi:10.1093/ageing/

afae044

45. Hox J,MoerbeekM,VandeSchootR.Multilevel Analysis: Techniques and

Applications. Routledge; 2017.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Blotenberg I,Wittström F,

Michalowsky B, et al. Modifiable risk factors and symptom

progression in dementia over up to 8 years—Results of the

DelpHi-MV trial. Alzheimer’s Dement. 2025;17:e70050.

https://doi.org/10.1002/dad2.70050

 2
3
5
2
8
7
2
9
, 2

0
2
5
, 1

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://alz-jo
u
rn

als.o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/d

ad
2
.7

0
0
5
0
 b

y
 D

eu
tsch

es Z
en

tru
m

 F
ü
r N

eu
ro

d
eg

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

0
/0

1
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o
n
s L

icen
se


