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Abstract 
 

Background Cardiovascular risk factors are associated with an increased risk of dementia. We assessed 

whether a multidomain intervention targeting these factors can prevent dementia in a population of 

community-dwelling older people. 

Methods In an open-label cluster randomised controlled trial with blinded outcome adjudication we 

recruited individuals aged 70–78 years through general practices (GPs). Computer-generated allocation 

was done for all GP practices within each health care centre (HCC), assigning them to a 6-year nurse-led, 

multidomain cardiovascular intervention or a control group (usual care). Primary outcomes were 

cumulative dementia incidence and disability. Main secondary outcomes were incident cardiovascular 

disease (CVD) and mortality. Primary analyses were by intention to treat. International Clinical Trials 

Registry, number ISRCTN29711771. 

Findings Between June  2006 and March  2009, 116 GPs (3526 persons) within 26 HCCs were recruited 

and randomly assigned: 63 (n=1890) to the intervention and 53 (n=1636) to the control group. Primary 

outcome data were obtained for 3454 persons (98%);  median follow- -

 

- 54). There was no difference in disability, mortality or incident CVD. In participants with 

baseline hypertension, systolic blood pressure decreased more in the intervention group (adjusted mean 

difference - -4.29;-  

Interpretation In the preDIVA study population, a nurse-led, multidomain intervention did not result 

in a reduced incidence of all-cause dementia. Treatment contrast may have been insufficient because of 

modest baseline cardiovascular risks and high standards of usual care. Therefore, our results do not rule 

out clinically meaningful effects in adherent persons with untreated hypertension. 

Funding Ministry of Health, Innovation Fund of Collaborative Health Insurances, Organisation for 

Health Research and Development, all from the Netherlands. 
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Research in context 
Systematic review 

We searched Pubmed, www.isrctn.com, ClinicalTrials.gov and WHO’s International Clinical Trial 

Registry Platform up to Feb 19, 2016, to identify multidomain randomised controlled trials. Search terms 

were “prevention” and “dementia”, “cognitive impairment” or “Alzheimer’s disease”. Further selection 

criteria included primary outcome dementia; lifestyle interventions in combination with drug treatment; 

age 60 years or older; and duration at least 2 years. We based criteria on the 2010 National Institutes of 

Health Evidence Report on Preventing Alzheimer’s Disease and Cognitive Decline. 

We identified two randomised controlled trials. The Multidomain Alzheimer Preventive Trial (MAPT; 

NCT00672685) has been completed but not yet published. The Finnish Geriatric Intervention Study to 

Prevent Cognitive Impairment and Disability (FINGER), which combined lifestyle interventions, drug 

treatment and cognitive training recently showed a small improvement on a composite score of tests for 

cognitive functioning after two years. 

 

Added value of the study 

To our knowledge, the Prevention of Dementia by Intensive Vascular care (preDIVA) is the first large, 

long-term trial in older unselected persons on the effectiveness of a multidomain cardiovascular 

intervention using all-cause dementia as a primary outcome. Although overall findings were neutral, 

subgroup analyses suggested potential beneficial effects on non-Alzheimer’s disease and on all-cause 

dementia in adherent participants, especially those with untreated hypertension at baseline.  

 

Interpretation 

The strong association between cardiovascular risk and all-cause dementia suggests a window of 

opportunity for dementia prevention. The preDIVA-study was performed in a public health context, 

where small, sustained changes can have substantial long-term effects among unselected older persons. 

The window of opportunity for dementia prevention by improving cardiovascular risk factor 

management in health care systems with high levels of usual care in place may have been relatively small 

and perhaps further attenuated by a declining age-specific dementia incidence rate. Our sensitivity 

analyses suggest a potential benefit in adherent persons, especially those with untreated hypertension. 

Therefore, this type of dementia prevention strategies might have a larger impact in low- and middle 

income countries with generally lower levels of cardiovascular risk management and a large projected 

increase of dementia prevalence over the next decades. 
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Introduction 
Dementia currently affects over 36 million individuals worldwide and the prevalence is expected to 

increase dramatically over the next decades.1 The WHO and the G8 acknowledge the major societal 

challenge this will cause and urge for strategies aiming to prevent dementia.2  

Observational studies have repeatedly shown an association of vascular and lifestyle related risk factors 

with incident dementia in people older than 65 years (over 90% of all dementia patients).3 Furthermore, 

population-based autopsy studies suggest that in addition to Alzheimer’s disease (AD) pathology, vascular 

pathologies underlie a considerable proportion of dementias.4 It has been estimated that up to 30 percent 

of all AD is attributable to potentially modifiable, mostly vascular risk factors.5 This suggests a substantial 

window of opportunity for dementia prevention.6 Randomised controlled trials (RCT) targeting 

vascular and lifestyle related risk factors with cognitive decline or dementia as (secondary) outcome, have 

mostly addressed single risk factors, including hypertension, physical inactivity, unhealthy diet, and 

smoking.7 Findings were mixed and meta-analyses regarding antihypertensive treatment to prevent 

dementia have reached divergent conclusions.8,9 This may be explained by differences between study 

populations, short follow- 10 Fears of 

side-effects from antihypertensive treatment, including counterproductive effects on cognition, further 

complicate treatment decisions on blood pressure lowering in older persons.11  

In the Prevention of Dementia by Intensive Vascular care trial (preDIVA) we assessed the effects of a 

six-year nurse-led multi-domain intervention targeting vascular and life-style related risk factors on the 

prevention of dementia in 3526 older persons from a general population. 

 

Methods 

Study Design and participants 

The preDIVA trial was a pragmatic, multisite, cluster-randomized, open trial carried out in 116 family 

practices in 26 health care centres (HCCs) in the Netherlands. The study protocol has been published 

previously.12 A population-based approach was used, inviting all community-dwelling older people aged 

70 to 78 years registered with a participating family practice (>98% of the Dutch population is registered). 

The only exclusion criteria were dementia and other conditions likely to hinder successful long-term 

follow-up according to their general practitioner (GP) (e.g. terminal illness, alcoholism). Recruitment was 

from June 7, 2006, through March 12, 2009. The detailed enrolment procedure is provided in the 

appendix. The study was approved by the Medical Ethics Committee of the Academic Medical Center, 

Amsterdam. Participants gave written informed consent prior to their baseline visit. 

 

Randomisation and masking 

After completion of all baseline visits at a HCC, cluster randomisation took place with GP practice as 

the unit of randomisation, to minimise contamination at the level of GP practice. A centralised computer 
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algorithm was used by the Clinical Research Unit, not involved in the study in any other way, with HCCs 

as blocks, and family practices as clusters, in equal proportions for both conditions, allowing a maximum 

difference of 250 participants between groups, to accommodate differences in cluster size and number 

of clusters per HCC (median 4, IQR 3-6). Within each HCC at least one GP practice was randomised to 

the intervention condition. All outcome assessors were blinded to treatment allocation and were not 

involved in intervention activities. The final clinical assessment was performed by an independent 

investigator blinded to treatment allocation.  

 

Procedures 

The intervention comprised of four-monthly visits to a practice nurse in the GP practice, over a period 

of six years (18 visits). During these visits, cardiovascular risk factors were scrutinized: smoking habits, 

diet, physical activity, weight, and blood pressure. Blood glucose and lipids were assessed every two years 

and when indicated otherwise. Based on these assessments, individually tailored lifestyle advice was given 

according to a detailed protocol conform prevailing Dutch GP-guidelines on cardiovascular risk 

management and supported by motivational interviewing techniques. If indicated, drug treatment of 

hypertension, dyslipidaemia, and type 2 diabetes mellitus (T2DM) was initiated or optimised and 

antithrombotics were started.  

Medication adherence was improved where appropriate. Five educational sessions for all nurses were 

organised along the study-course to strengthen the consistency of the intervention. The control 

participants received usual care, according to the prevailing standards for cardiovascular risk management 

(appendix). 

Baseline data on demographic characteristics, cardiovascular and family history, medication use, and self-

reported diet and smoking habits were collected and cross-checked with the participants’ electronic health 

records (EHRs). Physical activity was assessed using the LASA Physical Activity Questionnaire 

(LAPAQ), disability using the Academic Medical Center Linear Disability Score (ALDS), cognitive 

function using the Mini-Mental State Examination (MMSE) and Visual Association Test (VAT), and 

depressive symptoms using the 15-item Geriatric Depression Scale (GDS-15)  (appendix). 

Anthropometrics and blood pressure were measured using a standardised protocol and blood samples 

were obtained for lipid spectrum and blood glucose. Genomic DNA was stored and used for 

apolipoprotein-E (APOE) genotyping.  

All measurements were repeated during 2-yearly follow-up assessments. To allow participants recruited 

early into the trial to continue follow-up until all assessments were completed, the study was extended 

up to 8 years for participants randomised in 2006-7.  

Dementia diagnosis was made according to the Diagnostic and Statistical Manual of Mental Disorders 

(DSM) IV13 and classified into Alzheimer’s disease, vascular dementia, dementia with Lewy bodies and 

other dementia types according to current guidelines (appendix). 
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Outcomes 

The primary outcomes were cumulative dementia incidence and disability. Disability was chosen because 

any effect of our intervention on either cardiovascular disease or dementia would ultimately translate into 

disability. Main secondary outcomes were incident cardiovascular disease (myocardial infarction, stroke 

and peripheral arterial disease) and cardiovascular and all-cause mortality. Other secondary outcomes 

were dementia subtype, cognitive decline as measured by MMSE and VAT, symptoms of depression as 

measured by GDS-15, blood pressure, body mass index (BMI), blood lipids and glucose. 

Outcomes were collected during follow-up visits, supplemented by information from GPs’ EHRs and 

the National Death Registry. An independent outcome adjudication committee consisting of 

neurologists, old age psychiatrists, geriatricians, cardiologists, and GPs, evaluated clinical outcomes 

blinded to treatment allocation. As a quality check and to minimise the risk of false-positive diagnoses, 

dementia diagnoses were re-evaluated after one year (appendix). 

Serious adverse events (SAE) were defined as events that were fatal or life threatening, or resulting in 

significant or persistent disability, and requiring hospitalisation. Events were included if the condition 

was stated as the reason for admission or if the diagnosis was listed in the hospital discharge letter to the 

family physician. 

 

Statistical Analysis 

We based our sample size calculation on the age-specific cumulative incidence of dementia, as available 

in 2004.14 Enrolment of 3700 participants would provide 80% power to detect a 33% between-group 

difference in the cumulative incidence rate of dementia, with a two-

compensating for an estimated 33% drop-out rate and unknown intra-cluster coefficient.15 The 33% 

between-group difference was considered realistic based on published data.16  

A planned interim-analysis by an independent committee after the 4-year follow-up assessments on 

dementia, disability and mortality, resulted in the recommendation to continue the trial with no change 

to protocol (appendix). The final analyses were completed by the study group and verified by an 

independent biostatistician. All analyses were intention-to-treat unless otherwise indicated. Person-years 

were calculated from the date of randomisation to the date of dementia diagnosis, death or the last visit. 

For binary time to event outcomes a random effects Cox proportional hazards model was used, 

accounting for clustering of participants within practices and HCCs. A similar random effects linear 

multiple measurements model was used for continuous measures, including disability, blood pressure, 

BMI, laboratory values, cognition, and depressive symptoms. Each continuous factor was adjusted for 

baseline imbalance and treatment by time interaction. Details of the analyses are provided in the appendix.  

Sensitivity analyses for the primary outcome included a per protocol analysis (see appendix for details), 

best- and worst-case scenario, an analysis including all cases of possible dementia and models adjusting 
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for additional variables including cardiovascular risk factors. The effect of values missing not at random 

on repeated measurements outcomes was assessed in a sensitivity analysis using a joint model. Subgroup 

analyses were performed for sex, age (split at the median), hypertension severity (according to WHO 

grades), cardiovascular history, APOE-genotype (any vs. no 4 allele) and antihypertensive treatment at 

baseline (Tables S1a/b and S2, appendix). 

All analyses were performed with SPSS versi 17 (see appendix for a more detailed 

description of analyses and R-codes employed) This trial is registered with the International Clinical Trials 

Registry, number ISRCTN29711771. 

 

Role of the funding source 

The study funders had no role in study design, data collection, analysis, interpretation, writing of the 

report, or the decision to submit for publication. All authors had full access to all data in the study. The 

report was approved for submission by all authors. The corresponding author had final responsibility for 

the decision to submit for publication. 

 
 
Results 
In 26 HCCs representing 116 family practices, 7772 people were potentially eligible (Figure 1). After 13% 

were deemed ineligible by their GP, 6762 were invited by letter. Of 

informed consent to participate. Mean cluster size was 30 (SD 21). The two groups were well balanced 

at baseline, except for a 2 mmHg difference in systolic blood pressure (Table 1). A total of 1890 

participants from 63 practices were randomised to the intervention condition and 1636 participants from 

53 practices to the control condition. 

After a median follow- -up for the primary outcome was 

g 21,341 person-years. Information on survival was available 

 

- 54)(Table 2, Figure 2). No participants diagnosed with dementia 

reverted to normal cognition during the 1-year follow-up after diagnosis. There was no difference in AD 

occurrence. Dementia other than AD occurred less frequently in the intervention group compared to the 

-  Vascular 

-

 

In the per- in the intervention group 

-  (Table S1a, appendix). 

In participants with untreated hypertension a

- 
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-  

usted mean 

difference - -

-

Cardiovascular disease (CVD) events occurred 

-  

There were no differences in cognition or number of depressive symptoms between both groups (Table 

3). Systolic blood pressure decreased more in the intervention group (adjusted mean difference -

mmHg, 95%CI - - -density lipoprotein (LDL) 

cholesterol decreased in both groups, but without significant differences between study arms (Table 3, 

Figure S2, appendix). 

-

antihypertensive m

-

provided in Table S3, appendix. 

There was no excess mortality in either group. The median number of hospital admissions was 117 per 

1000 participants/year in the intervention vs. 108 in the control group -3, 95%CI -24-

were no significant differences in rates of SAEs for hypotension, syncope, electrolyte abnormalities, 

injurious falls, or acute kidney injury or failure (Table S5, appendix).  
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CCharacteristic†    
  

IIntervention  
((n=1890)  

CControl  
((n=1636)  

Demographics    
     Age, y, mean (SD) 74·5 (2·5) 74·5 (2·5) 
     Male sex, no. (%) 850 (45%) 757 (46%) 
     Educational level, no. (%)   
          7 years 455 (24%) 381 (24%) 
          7-12 years 1168 (62%) 1014 (63%) 
          12 years 255 (14%) 218 (14%) 
      Caucasian, no. (%) 1817 (98%) 1578 (98%) 
Medical history   
     CVD (excl. stroke/TIA), no. (%) 568 (30%) 476 (29%) 
     Stroke/TIA, no. (%) 175 (9%) 172 (11%) 
Cardiovascular risk factors    
     SBP (mmHg), mean (SD)  156·3 (22·0) 154·2 (20·5) 
     DBP (mmHg), mean (SD) 81·4 (11·2) 81·5 (10·8) 
     Total cholesterol (mmol/L), mean (SD)        5·2 (1·1) 5·3 (1·1) 
     LDL cholesterol (mmol/L), mean (SD)        3·1 (1·0) 3·2 (1·0) 
     BMI (kg/m2), mean (SD)  27·6 (4·2) 27·3 (4·1) 
     Waist circumference (cm, female), mean (SD) 102·3 (9·9) 101·6 (9·9) 
     Waist circumference (cm, male) , mean (SD)  97·5 (12·4) 97·4 (12·0) 
     Type 2 diabetes, no. (%)  357 (19%) 289 (18%) 
     Blood glucose (mmol/L), mean (SD)  5·8 (1·2) 5·9 (1·2) 
     Current smoking, no. (%)  252 (13%) 216 (13%) 
     Physical activity (WHO)38, no. (%)  1594 (86%) 1398 (87%) 
Genetic factors    
     ApoE4, negative, no. (%) 1155 (72%) 996 (73%) 
     ApoE4, heterozygous, no. (%) 412 (26%) 332 (24%) 
     ApoE4, homozygous, no. (%) 36 (2%) 35 (3%) 
Medication use   
     Antihypertensive(s), no. (%)  1028 (55%) 923 (57%) 
     Cholesterol lowering drug(s), no. (%)  650 (34%) 550 (34%) 
     Antiplatelet/anticoagulant drug(s), no. (%)  616 (33%) 550 (34%) 
Disability and neuropsychiatric assessment   
     ALDS, median (IQ-range)  89 (86-89) 89 (86-89) 
     MMSE, median (IQ-range)  28 (27-29) 28 (27-29) 
     GDS-15, median (IQ-range) 1 (0-2) 1 (0-2) 
     VAT A, median (IQ-range) 6 (5-6) 6 (5-6) 

Table 1. Baseline characteristics. Y, years; SD, standard deviation; IQ, inter-quartile; CVD, cardiovascular disease; TIA, 
transient ischemic attack; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low density lipoprotein, BMI, 
body mass index; ALDS, Academic Medical Center Linear Disability Score; MMSE, Mini-Mental State Examination; GDS-
15, 15-item Geriatric Depression Scale, VAT A, Visual Association Test A, apoE, apolipoprotein-E, WHO, World Health 
Organisation. † Number of participants with missing data: Educational level: 35, Caucasian: 59, CVD (excl. stroke/TIA): 
6, Stroke/TIA: 12, SBP: 3, DBP: 2, Total cholesterol: 73, LDL cholesterol: 98, BMI: 2, Waist circumference women: 4, waist 
circumference men: 8, Diabetes mellitus: 0, Blood glucose: 73, Current smoking: 7, Physical activity: 71, Genetic factors: 

560, Antihypertensive(s): 5, Cholesterol lowering drug(s): 6, Antiplatelet/anticoagulant drug(s): 5, ALDS: 14, MMSE: 6, 
GDS-15: 5, VAT A: 18. Without APOE genotype.  
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OOutcome  IIntervention  CControl  HHR (95%--CCI)  PP Value  
All-cause dementia, n (%) 121/1853 

(6·5%) 
112/1601 

(7·0%) 
0·92 (0·71 to 1·19) 0·54 

- Alzheimer’s disease* 99/1831 
(5·4%) 

81/1570 
(5·2%) 

1·05 (0·78 to 1·41) 0·74 

- non-Alzheimer’s dementia*‡ 11/1743 
(0·6%) 

23/1512 
(1·5%) 

0·37 (0·18 to 0·76) 0·007 

- Unspecified types of dementia* 11/1743 
(0·6%) 

8/1497 
(0·5%) 

1·24 (0·46 to 3·41) 0·67 

Cardiovascular events, n (%)† 273/1469 
(18·6%) 

228/1307 
(17·4%) 

1·06 (0·86 to 1·31) 0·57 

- Myocardial infarction 68/1503 
(4·5%) 

57/1339 
(4·3%) 

1·03 (0·71 to 1·49) 0·87 

- Stroke including TIA 120/1503 
(8·0%) 

102/1341 
(7·6%) 

1·05 (0·80 to 1·38) 0·74 

- Other# 103/1495 
(6·9%) 

83/1333 
(6·2%) 

1·08 (0·78 to 1·50) 0·65 

Death, n (%) 309/1885 
(16·4%) 

269/1634 
(16·5%) 

0·98 (0·80 to 1·18) 0·81 

- Cardiovascular death¶ 63/1639 
(3·8%) 

60/1425 
(4·2%) 

0·91 (0·63 to 1·32) 0·63 

- Other¶ 126/1702 
(7·4%) 

125/1490 
(8·4%) 

0·87 (0·68 to 1·12) 0·28 

Table 2. Clinical outcomes. Rates of dementia, cardiovascular outcomes and death, with hazard ratio (HR) for the 
intervention group. * Participants with a dementia subtype other than the one being analysed were left out the 
denominator. TIA, transient ischemic attack. †Including fatal and non-fatal myocardial infarction and stroke, and angina 
pectoris, TIA, and peripheral arterial disease. # Angina pectoris and peripheral arterial disease. ¶ The cause of death was 
unknown for 204 participants; therefore, numbers of cardiovascular and other causes of death do not add up to the 
grand total. ‡ Non-Alzheimer’s dementia (n intervention/control): vascular dementia: 7/12, Lewy body dementia: 2/6, 
Parkinson dementia: 2/2, frontotemporal dementia: 0/1, primary progressive aphasia: 0/1, other: 0/1.  Further details 
are provided in Table S4, appendix. 
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HR: 0·92 (95% CI 0·71 – 1·19); p=0·54 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
Number at risk

Control group 1601 1540                     1437                      1130 28

Intervention group 1853 1785                     1674                       1290 32 

Figure 2: Kaplan-Meier plot: To allow participants recruited early into the trial to continue follow-up until the 6-year 
assessment of the last participant was completed, the study was extended for participants randomized early in preDIVA, 
in 2006-7. The hazard ratio refers to an analysis including all participants, up to 8 years of follow-up. The period beyond 
the planned 6-year follow-up, concerning relatively few participants, is shaded.  
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OOutcome  IIntervention  
((n) 

Control  
(n) 

Adjustedd Mean 
Difference 
(95%--CI)*  

P--value  Time by treatment 
interaction 

(95%--CI)  
ALDS score 85·7±6·8 

(1484) 
85·7±7·1 

(1326) 
0·02 

(-0·38 to 0·42) 
0·93 -0·02 

(-0·17 to 0·12) 

Systolic blood pressure 
(mmHg) 

148·0±19·4 
(1494) 

149·6±20·7 
(1334) 

-2·06 
(-3·21 to -0·90) 

0·0005 0·69 
(0·29 to 1·08)§ 

- WHO normotension 136·9±17·9 
(344) 

135·9±18·2 
(307) 

0·74 
(-1·34 to 2·81) 

0·49 0·80 
(0·06 to 1·54)† 

- WHO hypertension 151·3±18·6 
(1150) 

153·7±19·7 
(1027) 

-2·93 
(-4·29 to -1·57) 

<0·0001 0·65 
(0·19 to 1·10)‡ 

Diastolic blood pressure 
(mmHg) 

77·4±10·5 
(1495) 

78·8±10·9 
(1334) 

-1·15 
(-1·84 to -0·46) 

0·001 0·57 
(0·37 to 0·78)|| 

- WHO normotension 74·7±10·0 
(344) 

75·0±10·3 
(307) 

0·16 
(-1·15 to 1·47) 

0·81 0·60 
(0·22 to 0·99)‡ 

- WHO hypertension 78·2±10·5 
(1151) 

79·9±10·9 
(1027) 

-1·71 
(-2·41 to -1·02) 

<0·0001 0·55 
(0·31 to 0·78)|| 

Waist circumference female (cm) 96·7±12·4 
(818) 

96·7±12·3 
(716) 

-0·20 
(-1·02 to 0·62) 

0·63 0·08 
(-0·12 to 0·28) 

Waist circumference male (cm) 102·2±10·2 
(665) 

101·8±10·1 
(604) 

-0·20 
(-0·76 to 0·37) 

0·50 0·18 
(0·00 to 0·35)† 

Body Mass Index 
(kg/m2) 

27·4±4·8 
(1492) 

27·1±4·7 
(1334) 

0·06 
(-0·10 to 0·23) 

0·45 -0·03 
(-0·10 to 0·03) 

Total Cholesterol 
(mmol/L) 

5·0±1·1 
(1310) 

5·1±1·1 
(1172) 

-0·02 
(-0·09 to 0·04) 

0·49 0·02 
(0·00 to 0·04)† 

LDL  
(mmol/L) 

2·8±1·0 
(1309) 

3·0±1·0 
(1167) 

-0·03 
(-0·09 to 0·03) 

0·30 0·01 
(0·00 to 0·03) 

Glucose  
(mmol/L) 

6·1±1·6 
(1307) 

6·1±1·6 
(1168) 

0·02 
(-0·06 to 0·10) 

0·56 0·00 
(-0·03 to 0·03) 

VAT A 5·3±1·1 
(1484) 

5·3±1·1 
(1325) 

-0·02 
(-0·09 to 0·04) 

0·48 0·01 
(-0·02 to 0·03) 

MMSE score 28·2±2·1 
(1494) 

28·3±2·0 
(1330) 

-0·02 
(-0·14 to 0·10) 

0·73 0·01 
(-0·03 to 0·05) 

GDS score 1·8±2·2 
(1490) 

1·7±2·2 
(1333) 

0·01 
(-0·09 to 0·12) 

0·79 0·00 
(-0·04 to 0·04) 

Table 3. Continuous outcomes. Means and standard deviations of repeated measurements after baseline with adjusted 
mean difference between study groups. Time by treatment interaction in years, (n): number of participants included 
available for analysis, ALDS: AMC Linear Disability Score, WHO: World Health Organisation, WHO hypertension: systolic 

Test A, MMSE: Mini Mental-State Examination, GDS: 15-item Geriatric Depression Scale. * Adjusted for baseline and 
clustering within centers and individuals, taking all measurements at all time points into account. † p<0·05 ‡ p<0.01, § 
p<0.001, || p<0.0001 Number of observations in analysis (intervention/control): ALDS: 4184/3701, systolic blood 
pressure: 4198/3633, diastolic blood pressure: 4202/3633, body mass index: 4199/3645, waist circumference female: 
2262/1962, waist circumference male: 1794/1579, total cholesterol: 3079/2634, LDL: 3064/2610, glucose: 3032/2586, 
VATA: 4129/3586, MMSE: 4323/3724, GDS: 4177/3640 
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Discussion 

In -led intensive vascular care on incident all-cause 

dementia. We also observed no effect on mortality, CVD or disability, despite a greater improvement in 

systolic blood pressure (BP) in the intervention group. Subgroup analyses suggested a reduction of non-

AD dementia and the largest impact of the intervention on all-cause dementia in participants with 

untreated baseline hypertension and persons adherent to the intervention.  

There are several possible explanations for our finding with respect to all-cause dementia. First, the 

contrast between study groups in cardiovascular risk reduction was relatively small. As a result of the 

pragmatic nature of the study, the intensity of the vascular care that was delivered may have been 

insufficient to induce relevant effects on lifestyle change. Moreover, in primary care settings already 

providing high standards of cardiovascular risk management (CVRM) it may be difficult to improve 

overall efficacy, especially for secondary cardiovascular prevention. This is supported by subgroup 

analyses showing strongest impact of the intervention in hypertensive participants not using 

antihypertensive medication at baseline and for participants with no history of cardiovascular disease 

(Table S2, appendix). In addition, a substantial Hawthorne effect may have occurred, with the 2-yearly 

screenings prompting interventions in high-risk cases, also in the control group. The decrease in blood 

pressure in the control group, in particular over the first two years, may reflect this effect (Figure S2, 

appendix). This may have been further enhanced by the 2011-update of the CVRM guideline, that 

recommended a more proactive primary prevention above the age of 70 years.Second, in view of the 

pragmatic, public health approach, we did not specifically select a population with increased 

cardiovascular risk, potentially limiting the overall impact of the intervention. Nevertheless, it appeared 

that the effect of our intervention was larger in persons without a cardiovascular history (Table S2, 

appendix), which supports the notion that it may be difficult to improve the already high standards of 

care in countries with well-organised CVRM programs. Third, our population was relatively old whereas 

most observational data show an association between midlife vascular risk factors and dementia. 

Although blood pressure reduction in the very old in the HYVET-trial was associated with a trend for 

reduced dementia incidence,18 an inverse association of blood pressure with dementia and survival has 

been suggested in older age groups.19,20 Our results mitigate fears that antihypertensive treatment in older 

age groups evokes cognitive decline. Moreover, they show such an intervention is safe, which is in 

accordance with findings from the recent SPRINT trial.21 

Major strengths of our study are the long intervention period, the blinded adjudication of outcomes 

including a 1-year follow-up after the dementia diagnosis, and completeness of follow-up on all-cause 

-based sample result in a 

high external validity of our findings, further strengthened by the fact that our population is comparable 

to a population from national (cohort) data.22 
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At the time of the preDIVA study-design, the available data from the syst-EUR study suggested a 55% 

risk reduction of dementia through modest blood pressure reduction.16 This led to our estimated – and 

at that time seemingly conservative- relative risk reduction of 33% for the multi-domain intervention in 

our power analysis. Recently, it was estimated that up to 30% of all dementia cases may be attributable 

European populations.5 This is in line with meta-analyses of antihypertensive treatment effects reporting 

all-cause dementia risk reductions of only 2 to 9%.8,9 

findings, although our study was underpowered to detect such an effect-size. Based on the fully adjusted 

per protocol analysis, a 24% lower dementia hazard in adherent subjects would translate in an absolute 

 

No other multi-domain intervention trials of similar size and follow-up duration for dementia prevention 

have been reported, impeding direct comparison with previous research. In the LIFE study a 2-year 

moderate-intensity physical activity intervention did not improve cognition or reduce dementia incidence 

in sedentary adults aged 70-89 years.23 In contrast, the recent FINGER trial participants reported a small 

excess improvement on a composite score based on tests for cognitive functioning in 60-77 year old 

participants receiving a multi-domain intervention during 2 years.24 The clinical relevance of this effect is 

uncertain; whether this will translate into the prevention of cognitive decline or dementia over time is to 

be explored after a planned extended follow-up.  

The suggested effect on the subgroup of non-AD dementia, the majority of whom were vascular 

dementia, should be interpreted with caution, due to the small numbers. The nature of our intervention 

renders a preventive effect on cerebrovascular damage more plausible than an effect on the occurrence 

or progression of AD. It is unknown through which mechanisms vascular risk factors contribute to the 

development of AD. Interaction between small vessel disease and neurodegenerative changes, in 

particular at the neurovascular unit, may partly explain this association. Nevertheless, we did not find an 

effect of vascular risk management on the development of clinical symptoms of AD, as a result of 

insufficient contrast between study arms, or perhaps by lack of causal interaction with the 

neurodegenerative changes that underlie Alzheimer’s disease. 

Our study has several limitations. Firstly, no detailed neuropsychological testing was performed. In 

theory, this could have led to a type 2 error, i.e. missing a small treatment effect. However, rather than 

exploring effects on surrogate endpoints, we chose for a clinical diagnosis of dementia as outcome in 

order to draw conclusions on dementia prevention with unequivocal clinical relevance. In addition, the 

long follow-up further ensured reliable detection of dementia and avoidance of false-positive diagnoses 

of dementia. Secondly, not all eligible persons in the participating practices consented to participation, 

potentially introducing recruitment bias, although differences in sex and age between participants and 

non-participants appeared small and such selections are inherent to preventive initiatives. Thirdly, our 

intervention was of modest intensity and resulted in limited contrast. Our per protocol analysis suggests 



15B_BW_Dalen_Stand.job

30  

better response in adherent participants and therefore we cannot exclude the possibility that a more 

intensive intervention would have yielded a larger effect, although such an intervention may be also 

associated with more side effects. 

Based on our findings, future trials on multi-domain interventions may benefit from tighter controlled 

intervention delivery and selection of persons without appropriate hypertension treatment. Sample-size 

calculations for future studies will have to account for levels of usual vascular care in the target population 

and the recently reported declining age-adjusted risk of dementia in some Western countries.25 

Intervention at earlier ages (e.g. <60 years) will require a longer follow-up due to the low incidence of 

dementia in midlife, for which a classical RCT-design may fall short.26 Multi-domain interventions to 

prevent dementia might have a larger impact in low and middle income countries given the projected 

increase in hypertension, incident cardiovascular disease and dementia and lower levels of CVRM in these 

settings.27 Since the projected global increase in dementia prevalence over the next decades will also be 

largely attributable to an increased prevalence in low- and middle-income countries, new interventions 

must be low-cost, safe and easy to implement in a wide range of settings.7 

In conclusion, our study shows that long-term nurse-led vascular care in an unselected population of 

community-dwelling older persons is safe but does not result in a reduction of incidence of all-cause 

dementia, disability or mortality. However, our results do not rule out clinically meaningful effects in 

adherent persons with untreated hypertension.  
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Supplementary material 

 

Section 1. Trial enrollment procedure 

Health care system: Dutch primary health care  
In the Netherlands, nearly all non-institutionalised inhabitants are registered with a General Practitioner 

(GP). Dutch GPs fulfil the role as ‘gatekeeper’: when patients seek medical care from a medical specialist, 

they have to be referred by their GP and, after consultation, the medical specialist reports back to the 

patient’s GP. GPs have contact with all patient groups in a large range of disease stages, without selection 

regarding age, gender, socio-economic status, or ethnicity. Their electronic health records (EHR) are 

therefore regarded as a valid source of information on morbidity in the Dutch population. Furthermore, 

the completeness of this registry makes a precise determination of the epidemiological denominator 

possible.1 

 

Recruitment of family practices 
Between June 2006 and March 2009, 125 GP practices within 29 healthcare centres were invited to 

participate in the pr

decided not to take part due to internal organisational problems. 

 

Recruitment of participants 
All community-dwelling persons aged 70-78 years who were registered with one of the participating 

general practices were selected from the EHR by their GP. Persons were excluded if, according to their 

GP, they suffered from (probable) dementia, were terminally ill, did not understand Dutch, or had other 

conditions that could hinder successful long-term follow-up, like serious chronic diseases, cancer or 

alcoholism. 

Eligible persons received a letter with study information, signed by their GP and the investigators, along 

with a written informed consent form, and a pre-paid envelope. A postal reminder was sent after two to 

three weeks if no response had been received. After four to six weeks, the practice nurse made a telephone 

call to those who had failed to respond. 

In total, 7772 persons from the 116 GP practices were aged 70-78 years. 

(3162/6762) declined to participate or failed to respond. Informed consent was received from 3600 

 

(3526/6762) of the eligible population between 70 and 78 underwent a baseline assessment, between 

June 7, 2006 and March 12, 2009. At the moment of signing informed consent, 44 subjects were 69 years 

old, 17 had turned 79, and one subject was 80 years. Since these participants were already included 

through their GP, i.e. because their partner participated in the study, they were allowed to stay in the 
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study. 

Health care centres had different numbers of GP practices (median 4, IQR 3-6), and practices had 

different numbers of participants who completed baseline measurements (median 24, IQR 16-39; full 

range 2-113). In addition,  the randomisation procedure required that in each HCC at least one GP 

practice had to be randomised to the intervention condition. Randomisation of GP practices took place 

within each HCC after all baseline visits had been performed in that HCC. Since it took a relatively long 

time to recruit new HCCs and to complete all baseline measurements in these centres, we chose to 

randomise practices within each separate HCC rather than waiting for a number of HCCs simultaneously, 

to avoid long delays between the baseline visits and start of the intervention, potentially resulting in drop-

outs prior to the start of the intervention. 

 
Non-respondents  
In seven healthcare centres, data on age and sex were analysed in 687 non-respondents. When compared 

to the 900 respondents in these centres, non-

 

 

References: 

van den Dungen C, Hoeymans N, van den Akker M et al. Do practice characteristics explain differences 

in morbidity estimates between electronic health record based general practice registration networks? 
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Section 2. Study questionnaires and tests 

The following questionnaires and tests were administered at every 2-year follow-up visit: 

-The Mini-Mental State Examination (MMSE) was used to assess overall cognitive function.1 Possible scores 

range between 0 and 30 with higher scores indicating better functioning. 

-The Visual Association Test (VAT) was used to screen for anterograde amnesia.2 It is a brief learning task 

based on imagery mnemonics and is sensitive for early stages of Alzheimer’s disease. 

-The Academic Medical Center Linear Disability Score (ALDS) was used to measure level of physical disability.3 

It is a generic disability measure based on the Item Response Theory which quantifies functional status 

by assessing the ability to perform activities of daily life. 

-The 15-item Geriatric Depression Scale (GDS-15) was administered to screen for depressive symptoms.4 

Possible scores range between 0 and 15 with higher scores indicating more depressive symptoms. 

-The LASA Physical Activity Questionnaire (LAPAQ) was used to assess level of physical activity.5 It 

measures the frequency and duration of walking outside, bicycling, gardening, light and heavy household 

activities, and sport activities during the previous two weeks. It has been validated against 7-day physical 

activity diaries and 7-day pedometer counts in a sample of Dutch community-dwelling older individuals. 
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Section 3. Outcome adjudication 

Sources of information to identify incident cases of dementia  
The following three main sources were used to identify potential incident cases of dementia during the 

study (Figure S1, Section 4, p7): 

 

End-of-study form 

At every 2-yearly follow-up visit, consultation of the family physician (GP) was indicated for the practice 

nurse in case of: (a) specific complaints about cognition of participants and/or caregivers, (b) a decline 

-Mental State 

. 

preceding visit, the GP was advised by the study protocol to perform further 

evaluation to rule out other potential reasons for the decline in MMSE (e.g. depression, medication side 

effect). If no other reason was likely, the protocol prescribed to repeat the MMSE within two weeks. If 

the confirmed, the GP was 

advised to refer the participant for further diagnostic work-up. In case of a MMSE 2-

yearly visit, the GP was also advised to refer the participant. During the course of the study, GPs could 

also establish a diagnosis of dementia based on all available clinical information. If needed, the preDIVA 

research group was available for consultation at all times. After a diagnosis of dementia had been 

established in a participant, the research group was notified by the practice nurse through an end-of-

study form. Upon this notification, all available clinical information was collected (e.g. reports on 

neuropsychological assessment, neuroimaging, hospital admissions, outpatient diagnostic evaluations by 
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geriatricians, neurologists, psychiatrists,) to enable blinded outcome adjudication. 

 

Retrieved drop-out form  

For all individuals who did not attend the final follow-up assessment and no end-of study form indicating 

a diagnosis of dementia was received, information on dementia status was collected by a research nurse 

through contact with GPs, practice nurses, nursing home physicians, dementia case managers, and 

occasionally with relatives. If a participant had developed dementia, clinical information on dementia 

diagnosis was collected from medical records for blinded outcome adjudication, as described above. 

 

MMSE score at final follow-up visit 

Indications for the preDIVA research group to contact the GP to inquire about the cognitive status of 

the participant were: (a) a 

the final follow-up visit. In case the GP indicated that 

no dementia was present, this judgment was used in the analysis. In other cases, further evaluation was 

performed. In case the GP indicated that a diagnosis of dementia was already established, clinical 

information on the diagnosis was shared with a dementia expert panel consisting of two senior 

neurologists and a GP who were blinded to the treatment allocation. In case dementia was suspected and 

a participant provided consent for further cognitive evaluation, the participant was referred by the GP 

and the outcome of this evaluation was shared with the dementia expert panel and used in the analysis. 

In case of suspected dementia and the participant declined further cognitive evaluation, all available 

information was evaluated and sometimes the GP and practice nurse were interviewed by one of the 

members of the masked dementia expert panel in order to reach a conclusion. 

 

Outcome adjudication 

During the study, an independent outcome adjudication committee, consisting of neurologists, old age 

psychiatrists, geriatricians, family physicians, and cardiologists, evaluated all clinical outcomes (e.g. 

dementia, mortality, cause of death) blinded to treatment allocation. This committee evaluated the 

dementia diagnoses as derived from the end-of-study form and the retrieved drop-out form using a 

standard format if sufficient clinical information was available (e.g. reports on hospital admissions, 

outpatient diagnostic evaluations by geriatricians, neurologists, psychiatrists, neuroimaging, 

neuropsychological examinations). A final judgment on dementia diagnosis and type was established by 

consensus between two adjudicators. In case of disagreement between two adjudicators a third 

independent adjudicator was consulted and a final judgment was made if two of the three adjudicators 

reached consensus. If still no consensus was reached the judgment was based upon the opinion of a 

dementia expert panel. If only inadequate clinical information was available a judgment on dementia 

diagnosis and type was established by the dementia expert panel as well. 
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Possible outcomes of the adjudication process were dementia, possible dementia, and no dementia. 

Possible outcomes regarding types of dementia were probable and possible Alzheimer’s dementia, 

probable and possible vascular dementia, probable and possible dementia with Lewy bodies, Parkinson 

dementia, frontotemporal dementia, primary progressive aphasia, and ‘other’ (See Table 2 in main text, 

or Section 9, page 15). Dementia diagnosis was made according to the Diagnostic and Statistical Manual 

of Mental Disorders (DSM) IV.1 Diagnosis of Alzheimer’s disease, vascular dementia, dementia with 

Lewy bodies and frontotemporal dementia was made according to widely accepted guidelines.2-5 

 

Quality check of dementia diagnoses 

As a quality check, dementia diagnoses (dementia and possible dementia) were re-evaluated after one year 

by asking family physicians, practice nurses, nursing home physicians and/or dementia case managers 

whether dementia was still the most likely diagnosis. In case of doubt concerning a previous diagnosis of 

dementia or possible dementia one year later, a final judgment was established, by the dementia expert 

panel, based upon the most recent available clinical information, while blinding for treatment allocation 

was preserved. In case the initial judgment was possible dementia and after one year dementia was most 

likely, the diagnosis dementia was used in the analysis. In case the initial judgment was dementia and no 

one year follow-up could be obtained, the initial diagnosis dementia was used (see Figure S1). In case the 

initial judgment was possible dementia and no one year follow-up could be retrieved, a final judgment 

was established by the dementia expert panel masked for the treatment group. 
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Report of the NINDS-AIREN International Workshop. Neurology 1993;43(2):250-260. 
McKeith IG, Galasko D, Kosaka K et al. Consensus guidelines for the clinical and pathologic diagnosis 
of dementia with Lewy bodies (DLB): report of the consortium on DLB international workshop. 
Neurology 1996;47(5):1113-1124. 
Neary D, Snowden JS, Gustafson L et al. Frontotemporal lobar degeneration: a consensus on clinical 
diagnostic criteria. Neurology 1998;51(6):1546-1554.1-3 
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Section 5. Statistical analyses 

Models used for analysis 

For time to event analyses a random effect cox proportional hazard model was used with random 

intercepts per health care centre (HCC) and general practitioner (GP) practice nested within each HCC, 

to account for clustering in HCCs and in GP practices within HCCs. A multiple measurements linear 

mixed model was used to assess the overall effect on continuous outcomes measured during the study 

after baseline, corrected for the value measured at baseline and a time-by-treatment interaction. The 

model incorporated a random intercept and random slope for the time to the measurement and the value 

measured at baseline. Random effects were fitted per HCC, per nested GP practice, and per participant 

nested within each GP practice, to account for clustering at the HCC and GP practice levels and for 

repeated observations within participants respectively. Note that results represent the differences 

between treatment groups for the means of all measurements obtained during the study after baseline, 

not only those obtained at the final assessment. They therefore reflect the overall mean difference during 

the study, not at the end of the study. Due to inclusion of a time-by-treatment interaction, estimated 

adjusted mean differences are time dependent. In order to represent the adjusted mean difference for all 

measurements included in the analysis, the reported adjusted mean differences were calculated for the 

-to-event analyses we used the R-

package “coxme”1 and for the linear mixed models “LME4”2. The R code used can generally be written 

as below. 

Time to event (R-package coxme): coxme(surv(event_censoring_time, event) ~ randomisation + (1|HCC/GP 

practice)  

Continuous measurements (R-package LME4): lmer(value_during_study ~ 1 + randomisation * time to 

measurement + value_at_baseline + (1|HCC/GP practice/participant) + (0 + time to measurement + 

value_at_baseline| participant) 

 

Rationale behind random intercepts and exploration of random slope 

Randomisation in the study was performed at GP practice level in blocks per HCC with the condition 

that each HCC should at least have one GP practice receiving the intervention. Since participant 

population clustering may be present both within HCCs as in GP practices within HCCs, a random 

intercept was fitted for both levels, with the intercept for the GP practice nested within the HCC. Since 

the practice nurses performing the intervention were positioned at the HCC level, the effect of the 

intervention may have varied across HCCs. The utility of fitting a random slope for the intervention at 

the HCC level to account for this variation was explored. However, inclusion of a random slope for the 

intervention resulted in a worse model fit (based on Akaike Information Criterion (AIC)) and the random 

slope was therefore left out of the final model. Similarly, since GPs may have responded differently to 

baseline measures (e.g. elevated blood pressure) collectively within HCCs and/or GP practices we 
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explored the utility of including a random slope for baseline values on these levels, in addition to the 

random slope at the participant level to account for repeated observations within one 

participant. Again, this resulted in a worse model fit (based on AIC) and the random slopes at the HCC 

and GP practice level were therefore left out of the final models. In addition, for the continuous measures 

model, random slopes for time to measurement and the value measured at baseline significantly improved 

the model fit and were therefore included. 
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Section 6. Sensitivity analyses, including missing data 

Several sensitivity analyses were performed as listed below. Each was adjusted for the predefined 

potential confounders of age, sex and education in model 2, plus systolic blood pressure and 

antihypertensive use at baseline in model 3, plus serum low-density lipoprotein, body mass index, diabetes 

mellitus, current smoking and physical activity in model 4. 

Intention to treat analysis: hazard ratio of developing dementia in the intervention versus control group as 

in the main analysis, adjusted for potential confounders in models 2 through 4. 

Per protocol analysis: exclusion of intervention group participants who on average had received <2 

intervention visits per year upon reaching a study endpoint (dementia/death/end of trial), and control 

group participants who had received >2 undue intervention visits per year. In the control group, 125 

participants unduly received the intervention with an average of >2 visits per year, and were left out of 

the per protocol analysis. In the intervention group, 544 participants received less than two visits per year 

before reaching an endpoint or end of study, and were therefore left out of the per protocol analysis. 

Analysis including possible dementia cases: cases of possible dementia (15 cases (0.43% of all participants), 8 in 

the control, 7 in the intervention group) -which were regarded as “no dementia” in the main analysis- 

were included as having developed dementia. 

Best case scenario: participants with an unknown/possible dementia status censored as not having developed 

dementia at time of death or end of the trial. 

Worst case scenario: participants with an unknown/possible dementia status censored as having developed 

dementia one day after the last study contact. 

Age as timescale: repetition of the main analysis with age at the time of censoring as the time to event (rather 

than time since randomisation), to account for the strong relation between age and incident dementia. In 

these analyses, age was left out as a potential confounder in models 2 through 4. 
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Excluding the first two years of follow-up: exclusion of participants who developed dementia within the first 

two years after randomisation, to account for the possibility that the effect of the intervention would only 

become apparent after a certain lag time. 

 

Sensitivity analysis on missing data 

Study outcome data were not imputed. The repeated measurements model used for the main analysis 

assumes missing data to be missing at random. Since death during follow-up will generate a pattern of 

missingness which cannot be considered at random, and some measurement values (e.g. unfavorable 

disability scores) may be associated with study drop- out, results of the repeated measurements analyses 

may have been influenced by violation of the missing at random assumption. To assess the effect of 

missing values on the differences between treatment groups in the repeated measurements analyses, joint 

model analyses were performed.1 In these analyses, the repeated measurements and drop-out process are 

modelled separately, and subsequently combined into a single joint model, accounting for associations 

between study drop-out and measurement values. If results are similar to those in the main analyses, they 

are unlikely to be related to the faulty assumption of missingness at random in the main analysis model. 

Joint model analyses were performed using the “JM” package in R.1 

The drop-out process was modeled in a Cox proportional hazard analysis with study drop-out as event 

and time to the last available measurement + 1 day as time to event. Complete cases were censored as 

‘no event’ at the time of the final measurement. 

The repeated measurements analysis was modeled similar to the main analysis but with the random 

structure of the mixed models restricted to individual intercept and slope with respect to time. Effects at 

the health care centre (HCC) and general practitioner (GP) practice levels were left out since the joint 

model does not allow nested random effects. Adjusted mean differences and 95% confidence intervals 

for the joint model are time dependent and were recalculated to the same time as the main mixed model 

analyses (i.e. mean time to measurement, circa 4.3 years). 

 

Handling of cases of possible dementia 

In the study, possible outcomes of the adjudication process were “no dementia”, “possible dementia” or 

“dementia”. Cases considered possible dementia (15 cases (0.43% of all participants), 8 in the control, 7 

in the intervention group) were regarded as “no dementia” in the main analyses. They were later added 

in a sensitivity analysis (see Appendix section S6b). Cases of dementia were also rated for the dementia 

type, with the option to differentiate “probable” and “possible” types (e.g. possible or probable 

Alzheimer’s disease). It is important to note that only the cases in which the diagnosis of dementia (not 

type of dementia) was considered possible were regarded as “no dementia” in the main analyses. 
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Competing risk analysis 

The risk of developing dementia increases exponentially with age. Although the treatment groups in the 

preDIVA study were well-balanced regarding age, a difference in mortality rate between treatment groups 

could have introduced age imbalances, substantially increasing the risk of dementia in the group with 

longer survival. To investigate whether differences in mortality rates between treatment groups could 

have influenced the hazard ratio of dementia, we performed a competing risk analysis according to the 

cause-specific hazard method.2 

In this method, time to event analyses of the event of interest are repeated but with cases additionally 

censored at the time of occurrence of the competing risk. Also, a time to event analysis of the competing 

risk is performed, censored at the time of occurrence of an event of interest. Since time to event analyses 

of dementia are inevitably censored at the occurrence of the competing risk of death, we only performed 

the analyses for the occurrence of mortality. The risk of death did not differ between treatment groups, 

neither in the full-case analysis (HR: 0.98, 95%-CI 0.80-1.18) nor in the analysis in which participants 

with dementia were censored as not deceased at the time of dementia (HR: 0.99, 95%-CI 0.80-1.21). We 

therefore concluded there was no risk of delayed mortality increasing the number of incident dementia 

cases in either group. 
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Section 6. Table S1a: sensitivity analyses 

 IIntervention 
eevents/n 

Control 
eevents/n 

  HHR (95%  CI) 

Intention to treat  analysis 
- model 1 121/1853 112/1601 0.92 (0.71 to 1.19, p=0·54)
- model 2 119/1842 110/1578 0.91 (0.70 to 1.18, p=0·48)
- model 3 118/1838 110/1575 0.91 (0.70 to 1.18, p=0·49)
- model 4 112/1754 106/1519 0.91 (0.69 to 1.19, p=0·48)
Per protocol  analysis 
- model 1 85/1403 107/1479 0.78 (0.58 to 1.04, p=0·09)
- model 2 84/1397 105/1457 0.78 (0.58 to 1.04, p=0·09)
- model 3 83/1395 105/1454 0.78 (0.58 to 1.04, p=0·09)
- model 4 77/1331 101/1403 0.76 (0.56 to 1.03, p=0·08)
Includinng possible ddementia 
- model 1 128/1853 120/1601 0.91 (0.71 to 1.16, p=0·44)
- model 2 126/1842 117/1578 0.90 (0.70 to 1.16, p=0·43)
- model 3 125/1838 117/1575 0.91 (0.70 to 1.17, p=0·44)
- model 4 119/1754 113/1519 0.90 (0.70 to 1.17, p=0·44)
Best case  scenaario 
- model 1 121/1890 112/1636 0.92 (0.71 to 1.20, p=0·55)
- model 2 119/1878 110/1613 0.92 (0.71 to 1.19, p=0·51)
- model 3 118/1874 110/1610 0.92 (0.71 to 1.19, p=0·52)
- model 4 112/1788 106/1550 0.91 (0.69 to 1.19, p=0·48)
Worst  case  scenario 
- model 1 165/1890 155/1636 0.92 (0.74 to 1.15, p=0·45)
- model 2 162/1878 152/1613 0.91 (0.73 to 1.14, p=0·41)
- model 3 161/1874 152/1610 0.91 (0.73 to 1.13, p=0·39)
- model 4 153/1788 144/1550 0.92 (0.73 to 1.16, p=0·48)
Age as time  scale 
- model 1 121/1853 112/1601 0.93 (0.72 to 1.21, p=0·60)
- model 2 119/1842 110/1578 0.91 (0.70 to 1.18, p=0·47)
- model 3 118/1838 110/1575 0.91 (0.70 to 1.18, p=0·49)
- model 4 112/1754 106/1519 0.91 (0.69 to 1.18, p=0·47)
Excluding the first 2 years of  follow--up 
- model 1 106/1785 97/1540 0.93 (0.71 to 1.23, p=0·62)
- model 2 104/1775 95/1518 0.92 (0.70 to 1.22, p=0·56)
- model 3 104/1772 95/1515 0.92 (0.70 to 1.22, p=0·57)
- model 4 99/1691 91/1460 0.92 (0.69 to 1.23, p=0·59)

Appendix Table S1a. Sensitivity analyses Model 1: crude, Model 2: adjusted for age, sex and education, Model 3: 
additionally adjusted for baseline systolic blood pressure and antihypertensive use, Model 4: additionally adjusted for 
serum low-density lipoprotein, body mass index, diabetes mellitus, current smoking and physical activity 
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Section 6. Table S1b: joint model sensitivity analysis 

 

OOutcome IInterventionn 
((n) 

Control  
(n) 

Adjusted Mean  
Difference 
(95%--CI)* 

P--value TTime by treatment  
interaction 

(95%--CI) 

ALDS score 
85·7±6·8 

(1484) 
85·7±7·1 

(1326) 
-0·07 

(-0·43 to 0·29) 0·70 
0·00 

(0·00 to 0·00) 
Systolic blood pressure 
(mmHg) 

148·0±19·4 
(1494) 

149·6±20·7 
(1334) 

-2·49 
(-3·55 to -1·43) 

<0·001 
0·66 

(0·27 to 1·05) 

- WHO normotension 136·9±17·9 
(344) 

135·9±18·2 
(307) 

0·89 
(-1·19 to 2·97) 

0·40 0·80 
(0·06 to 1·54) 

- WHO hypertension 
151·3±18·6 

(1150) 
153·7±19·7 

(1027) 
-3·29 

(-4·5 to -2·07) <0·001 
0·63 

(0·17 to 1·09) 
Diastolic blood pressure 
(mmHg) 

77·4±10·5 
(1495) 

78·8±10·9 
(1334) 

-1·41 
(-1·97 to -0·85) <0·001 

0·53 
(0·33 to 0·73) 

- WHO normotension 74·7±10·0 
(344) 

75·0±10·3 
(307) 

-0·09 
(-1·24 to 1·06) 

0·88 0·59 
(0·20 to 0·98) 

- WHO hypertension 78·2±10·5 
(1151) 

79·9±10·9 
(1027) 

-1·78 
(-2·42 to -1·14) 

<0·001 0·51 
(0·28 to 0·75) 

Waist circumference female 
(cm) 

96·7±12·4 
(818) 

96·7±12·3 
(716) 

0·01 
(-0·76 to 0·78) 0·98 

0·08 
(-0·13 to 0·28) 

Waist circumference male 
(cm) 

102·2±10·2 
(665) 

101·8±10·1 
(604) 

-0·10 
(-0·67 to 0·47) 

0·74 
0·20 

(0·02 to 0·38) 

Body Mass Index (kg/m2) 
27·4±4·8 

(1492) 
27·1±4·7 

(1334) 
0·10 

(-0·05 to 0·25) 
0·21 -0·02 

(-0·09 to 0·04) 

Total Cholesterol (mmol/L) 
5·0±1·1 
(1310) 

5·1±1·1 
(1172) 

-0·03 
(-0·10 to 0·03) 0·28 

0·02 
(0·00 to 0·04) 

LDL 
(mmol/L) 

2·8±1·0 
(1309) 

3·0±1·0 
(1167) 

-0·04 
(-0·10 to 0·02) 0·19 

0·01 
(0·00 to 0·03) 

Glucose (mmol/L) 
6·1±1·6 
(1307) 

6·1±1·6 
(1168) 

0·02 
(-0·06 to 0·10) 

0·62 
0·00 

(-0·03 to 0·04) 

VAT A 5·3±1·1 
(1484) 

5·3±1·1 
(1325) 

-0·01 
(-0·07 to 0·05) 

0·75 0·01 
(-0·02 to 0·03) 

MMSE score 
28·2±2·1 

(1494) 
28·3±2·0 

(1330) 
-0·01 

(-0·13 to 0·10) 0·80 
0·01 

(-0·03 to 0·05) 

GDS score 
1·8±2·2 
(1490) 

1·7±2·2 
(1333) 

0·04 
(-0·08 to 0·15) 0·52 

0·00 
(-0·04 to 0·04) 

Appendix Table S1b. Joint model sensitivity analysis. Means and standard deviations of repeated measurement 
analyses with mean difference for the intervention. Time by treatment interaction in years. (n): number of participants 
included available for analysis, ALDS: AMC Linear Disability Score, WHO: World Health Organisation, WHO hypertension: 

lesterol, VAT A: Visual 
Association Test A, MMSE: Mini Mental-State Examination, GDS: 15-item Geriatric Depression Scale. * Adjusted for 
baseline and clustering within individuals, taking all measurements at all time points into account. 
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Section 7. Table S2 subgroup analyses for dementia 

  
 

Intention to treat Per protocol analysis  
Intervention Control HR P- Intervention Control HR P- 

 events/n events/n (95% CI) value events/n events/n (95% CI) value 
Sex     

 Male 49/827 
(5.9%) 

51/742 
(6.9%) 

0.83 
(0.5-1.25) 0.38 35/631 

(5.5%) 
49/703 
(7.0%) 

0.72 
(0.46-1.11) 0.14 

 Female 72/1026 
(7.0%) 

61/859 
(7.1%) 

0.99 
(0.71-1.4) 0.97 50/772 

(6.5%) 
58/776 
(7.5%) 

0.83 
(0.56-1.24) 0.36 

Age     

 < 74.3 years 42/926 
(4.5%) 

42/799 
(5.3%) 

0.85 
(0.56-1.31) 0.46 32/717 

(4.5%) 
41/738 
(5.6%) 

0.77 
(0.47-1.26) 0.29 

  years 79/927 
(8.5%) 

70/802 
(8.7%) 

0.97 
(0.7-1.34) 0.83 53/686 

(7.7%) 
66/741 
(8.9%) 

0.80 
(0.55-1.15) 0.22 

Primary vs. secondary prevention     

 no CVD history 71/1196 
(5.9%) 

71/1023 
(6.9%) 

0.86 
(0.62-1.19) 0.35 45/911 

(4.9%) 
69/934 
(7.4%) 

0.64 
(0.44-0.94) 0.02 

 CVD history 47/635 
(7.4%) 

40/558 
(7.2%) 

0.98 
(0.63-1.51) 0.92 38/476 

(8.0%) 
37/526 
(7.0%) 

1.03 
(0.65-1.63) 0.90 

 
APOE4 
genotype     

    

 APOE4 negative 46/1132 
(4.1%) 

34/976 
(3.5%) 

1.17 
(0.74-1.84) 0.51 32/850 

(3.8%) 
32/904 
(3.5%) 

0.99 
(0.59-1.68) 0.98 

 APOE4 positive 52/439 
(11.8%) 

48/360 
(13.3%) 

0.87 
(0.58-1.29) 0.48 35/328 

(10.7%) 
47/336 
(14.0%) 

0.70 
(0.45-1.09) 0.11 

WHO hypertension at baseline     

 Grade I-III 92/1438 
(6.4%) 

82/1235 
(6.6%) 

0.95 
(0.7-1.28) 0.74 65/1102 

(5.9%) 
78/1137 
(6.9%) 

0.79 
(0.56-1.1) 0.16 

   - With AHD 
treatment 

60/790 
(7.6%) 

46/711 
(6.5%) 

1.13 
(0.77-1.67) 0.54 42/589 

(7.1%) 
43/664 
(6.5%) 

0.97 
(0.63-1.5) 0.88 

   - No AHD 
treatment 

31/646 
(4.8%) 

36/522 
(6.9%) 

0.69 
(0.43-1.11) 0.13 22/512 

(4.3%) 
35/471 
(7.4%) 

0.54 
(0.32-0.92) 0.02 

No hypertension 29/415 
(7.0%) 

30/364 
(8.2%) 

0.82 
(0.49-1.38) 0.46 20/301 

(6.6%) 
29/340 
(8.5%) 

0.74 
(0.42-1.32) 0.31 

Indication for CLD treatment     
Hypercholestero
lemia 

54/771 
(7.0%) 

49/679 
(7.2%) 

0.97 
(0.64-1.47) 0.89 40/562 

(7.1%) 
46/640 
(7.2%) 

0.93 
(0.59-1.47) 0.76 

  - With CLD 
treatment 

28/413 
(6.8%) 

27/349 
(7.7%) 

0.87 
(0.48-1.58) 0.65 22/316 

(7%) 
25/330 
(7.6%) 

0.88 
(0.47-1.67) 0.70 

  - No CLD 
treatment 

25/356 
(7.0%) 

22/330 
(6.7%) 

1.03 
(0.58-1.82) 0.93 17/245 

(6.9%) 
21/310 
(6.8%) 

0.95 
(0.5-1.81) 0.87 

No indication at 
baseline 

67/1053 
(6.4%) 

62/908 
(6.8%) 

0.94 
(0.66-1.34) 0.74 45/822 

(5.5%) 
60/827 
(7.3%) 

0.72 
(0.48-1.09) 0.12 

Appendix Table S2a. Subgroup analyses for dementia Age: dichotomised at the median; primary prevention: no 
history of cardiovascular disease at baseline; secondary prevention: history of cardiovascular disease at baseline; 
APOE4 genotype, dichotomised at the median; WHO hypertension: World Health Organisation definition of 
hypertension grade I-III; AHD treatment: treatment with antihypertensive drugs at baseline ; CLD: cholesterol lowering 
drugs ; CLD indication: history of CVD or HDL/total cholesterol ratio >6.5 mmol/L. 
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Section 8. Table S3. Additional information on treatment and self-reported outcomes 

 

 Intervention 
events/n 

Control 
events/n 

OR 
(95% CI) 

P Value 

Treatment     

Started antihypertensive treatment 329/568  
(57·9%) 

231/479 
(48·2%) 

1·48 
(1·16-1·89) 0·002 

Started cholesterol lowering drug treatment 259/767  
(33·8%) 

211/675 
(31·3%) 

1·12 
(0·90-1·40) 0·31 

Started anticoagulant treatment 295/803  
(36·7%) 

251/700 
(35·9%) 

1·04 
(0·82-1·31) 0·74 

Self-reported lifestyle factors     
Started to conform to WHO physical activity 
guidelines 

110/146  
(75·3%) 

100/134 
(74·6%) 

1·04 
(0·60-1·79) 0·89 

Started to consume fruit daily 191/279  
(68·5%) 

175/273 
(64·1%) 

1·24 
(0·82-1·87) 0·31 

Started to consume fish at least once a week 351/819  
(42·9%) 

261/705 
(37·0%) 

1·27 
(0·99-1·63) 0·06 

Changed alcohol consumption to moderate levels* 324/747  
(43·4%) 

259/621 
(41·7%) 

1·07 
(0·86-1·33) 0·53 

Quit smoking 78/152  
(51·3%) 

57/139  
(41·0%) 

1·53 
(0·95-2·46) 0·08 

Appendix Tabel S3. Additional information on treatment and self-reported outcomes. N and % unless denoted 
otherwise. Participants who at baseline were already on medication or whose life style were already conform guidelines 
were left out of the denominator. *Moderate levels of alcohol consumption defined as up to 1glass per day for women 
and up to 2 glasses per day for men. 
 

 

Section 9. Table S4. Dementia subtype 

Dementia Type Intervention Control HR (95%-CI) P-Value 

Alzheimer’s disease 99/1831  
(5·4%) 

81/1570  
(5·2%) 

1·05 
(0·78 to 1·41) 0·74 

Total non-Alzheimer’s disease 11/1743  
(0·6%) 

23/1512  
(1·5%) 

0·37 
(0·18 to 0·76) 0·007 

- Vascular dementia 7/1739  
(0·4%) 

12/1501  
(0·8%) 

0·43 
(0·17 to 1·12) 0·09 

- Lewy Body Dementia 2/1734  
(0·1%) 

6/1495  
(0·4%) 

0·29 
(0·06 to 1·43) 0·13 

- Other* 2/1734  
(0·1%) 

5/1494  
(0·3%) 

0·29 
(0·05 to 1·67) 0·17 

Unclassified 11/1743  
(0·6%) 

8/1497  
(0·5%) 

1·24 
(0·46 to 3·41) 0·67 

Appendix Tabel S4. Dementia subtype*Other dementia (n intervention/control): Parkinson dementia: 2/2, 
frontotemporal dementia: 0/1, primary progressive aphasia: 0/1, other: 0/1 
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Section 10. Figure S2. Blood pressure 

 
Number of subjects    
Grade I:    
control 645 514 420 358 
intervention 685 535 448 374 
Grade II/III:     
control 618 488 380 327 
intervention 782 591 483 424 

 

Figure S2. Blood pressure. Mean values and 95%CI of systolic blood pressure measurements in intervention (solid line) 
and control (dashed line) groups over the study course. BL: baseline, hypertension grades according to WHO 
classification. Systolic blood pressure reduction in all participants with baseline hypertension was greater in the 
intervention than the control group (-2·93 mmHg, 95%CI -4·29;-1·57) but attenuated in the course of the study (0·65 
mmHg/year, 95%CI 0·19-1·10
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Section 11. Table S5. Adverse events.  
 
 Intensive (n=1890) Standard (n=1636) Adjusted mean 

difference  
(p-value) 

Median number of hospital admissions  
per 1000 participants per year 117 108 -3 (0·78) 

 No. of 
patients (%) 

No. of 
patients (%) 

Hazard ratio  
(p-value) 

Serious Adverse Events1 (hospital admissions) 784 (41·6) 696 (42·6) 0·96 (0·56) 
Conditions of interest: 106 (7·1) 103 (7·7) 0·91 (0·52) 
- Hypotension/syncope/bradycardia 25 (1·7) 26 (1·9) 0·9 (0·72) 
- Electrolyte abnormality 11 (0·7) 4 (0·3) 2·43 (0·13) 
- Injurious fall2 75 (5·0) 78 (5·8) 0·84 (0·28) 
- Acute Kidney Injury or Acute Renal failure 3 (0·2) 4 (0·3) 0·66 (0·59) 
Table S5. Serious Adverse Events leading to ER-visit and subsequent hospital admission. 
Events were included if the condition was stated as the reason for admission or if the diagnosis was listed in the hospital 
discharge letter to the family physician. 1Defined as an event that was fatal or life threatening, resulting in significant or 
persistent disability, requiring a hospitalisation. 
2An injurious fall was defined as a fall that resulted in evaluation in an emergency department and a subsequent 
hospitalisation. 
 

Section 12. Interim analysis 

The interim analysis recommendations were given by the Data Safety Monitoring Committee (DSMC) 

based on the 4-year follow-up data report (below), on 23 January 2014. 

 

Data Safety Monitoring Committee  
J. Stam, MD, PhD, Neurologist, Academic Medical Center, Amsterdam 

A.J.M. de Craen†, PhD, Epidemiologist, Leiden University Medical Center, Leiden 

N. de Wit, MD, PhD, Family physician, University Medical Center Utrecht, Utrecht 

 

Goal of the interim analysis: 
To identify a possible preliminary unequivocal and statistically significant effect on the primary outcomes 

(dementia and disability), rendering continuation of the trial unethical. 

To identify a possible preliminary unequivocal and statistically significant effect on the secondary 

outcome mortality as safety parameter. 

 

Recommendations that the DMC could give to the Study Group: 

No action needed, trial continues as planned. 

Early stopping due to unequivocal benefit or harm of the intervention, or external evidence. 
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Outcome assessments  
If a participant is suspected to suffer from dementia by the general practitioner (GP), the preDIVA study 

group is notified through an end-of-study form. Subsequently, further information is collected on the 

results of ancillary investigations, including neuropsychological assessment, laboratory tests and imaging. 

This information is presented to an independent outcome adjudication committee that is blinded for the 

treatment allocation. This committee determines whether the cognitive decline is likely to be caused by 

dementia, and if so, classifies the type of dementia. For further details on this procedure we refer to 

Section 3, page 5 onwards. The preDIVA study group is notified through an end-of-study form when a 

participant has died. Subsequently, information on cause of death is collected from the electronic health 

records of the GP. This information is presented to the independent outcome adjudication committee 

that classifies the causes of death into cardiovascular, carcinoma, other non- vascular, or into uncertain 

cause. For the present interim analysis, only all-cause mortality has been assessed. 

 

Iterim-analysis (IA) 
Percentages of participants with dementia (primary outcome) and of participants who died (secondary 

outcome) and hazard ratios for dementia and mortality within the interim-analysis period (Table IA-1 

and IA-2). The interim-analysis period is the time between baseline and the 4-year follow-up assessment 

or, if not present, the median date of the 4-year follow-up visit of the respective health care centre; Mean 

change in Academic Medical Center Linear Disability Score (ALDS) between baseline and 4-year follow-

up assessment (primary outcome) (Table IA-3). ALDS is not available for participants without a 4-year 

follow-up assessment. 

 
Outcomes 
Dementia (primary outcome): Due to the ongoing nature of the trial, not all participants with cognitive decline 

within four years of follow-up have already been assessed by the independent outcome adjudication 

committee. Therefore, percentages of participants with (suspected) incident dementia within the interim-

analysis period have been calculated separately for all cases, irrespective of assessment, and for those 

participants who have been assessed as having dementia by the independent outcome adjudication 

committee (Table IA-1). A time-to-event analysis has been performed for all cases, irrespective of 

whether an adjudication committee assessment was available (Table IA-2). 

Mortality (secondary outcome): Percentages of participants who died within the interim-analysis period are 

reported in Table IA-1 and results from the time-to-event analysis are reported in Table IA-2. 
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Characteristic All, n=3274a 

(100%) 
Intervention 

n=1792 
(54·7 %) 

Control  
n=1482 
(45·3%) 

Pb 

Primary outcome     
Dementia (all cases), n (%) 54 (1·6%) 25 (1·4%) 29 (2·0%) 0·217 
SensA: only adjudicated dementia cases, n (%) 32 (1·0%) 16 (0·9%) 16 (1·1%) 0·598 
Secondary outcome     
All-cause mortality, n (%) 199 (6·1%) 98 (5·5%) 101 (6·8%) 0·123 
Table IA-1. Incident dementia and all-cause mortality within the interim-analysis period SensA, sensitivity analysis. 
afor n=259 cases no current status is available. bp-value by Fisher’s exact test comparison between intervention and 
control group. 
 
 
 
Characteristic Hazard Ratioa 95 % CI P 

Primary outcome    
Dementia (all cases, n=54/3274) 0·79 0·46 – 1·35 0·383 
Secondary outcome    
All-cause mortality (n=199/3274) 0·86 0·65 – 1·13 0·272 
Table IA-2. Hazard ratios for dementia and all-cause mortality within the interim-analysis period CI confidence 
interval, SensA sensitivity analysis. aHazard Ratios by Cox regression. 
 

Comments on time-to-event analyses for dementia and all-cause mortality 
All participants with a 4-year follow-up assessment were censored at the date of the assessment. The 

median period between baseline and 4-year follow-up visit was 50 months. If dementia was diagnosed 

before the 4-year follow-up visit, these participants were included as demented in the time-to-event 

analysis with a follow-up time until the date of diagnosis (=failure). If no 4-year follow-up assessment 

was available and dementia or mortality had occurred before the median date of the 4-year follow-up visit 

of their health care centre, these participants were included as demented or deceased in the respective 

time-to-event analyses with a follow-up time until the event (date of dementia diagnosis or death). If 

participants had terminated study participation before the median date of the 4 year follow-up visit of 

their health care centre, they were censored at the date of study participation termination. If participants 

received a diagnosis of dementia, died, or terminated study participation after the median date of the 4-

year follow-up visit of their health care centre, they were censored at the median date of the 4-year follow-

up visit of their health care centre. 

For 226 participants without a 4-year follow-up assessment, an end-of-study form is missing at this 

moment, leading to missing information on dementia/death status. For an additional 33 participants who 

terminated study participation on own request or (mostly) due to relocation, the date of study termination 

is unknown. For these reasons, a total of 259 participants could not be included in the time-to-event 

analyses. For the final analysis after six years of follow- up, efforts are currently being made to obtain a 

minimal final assessment on mortality, dementia status, and living situation (nursing home or not) for all 
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participants without completed follow-up. This information is not yet complete for the interim analysis. 

However, the preliminary results are promising: in the first five health care centres with a relatively large 

dropout-rate, 83% of dropouts have already been retrieved and a minimal functional assessment could 

be made. The importance of this effort is illustrated by the following ‘best and worst case’ sensitivity 

analyses, for both dementia and all-cause mortality. In the best case scenario, all 259 participants with a 

currently unknown status were assumed to be alive and non-demented. They were thus censored at the 

median date of the 4-year follow-up assessment of their health care centre. Hazard ratios (HRs) and 

confidence intervals (CIs) for dementia and mortality did not change importantly in this best case 

scenario: HR for – – 

worst case scenario, these 259 participants were all considered to be demented or deceased at the median 

date of the 4-year measurement of their health care centre, showing the following results: HR for 

–  66 – 

emphasizes the importance of obtaining the status of as many dropouts as possible. Notably, participants 

in the control group are more likely to have missing data due to less frequent visits (every 2 year as 

opposed to every 4 months), which may partly explain the apparently favorable effect of the intervention 

in the worst case scenarios. 

 

Disability: mean change ALDS (primary outcome) 

All various forms of morbidity other than dementia (including cardiovascular events) are likely to 

ultimately translate into increasing disability that will affect scores on the other primary outcome, the 

ALDS. The ALDS is a generic linear handicap scale with a range from 0-100 where higher scores reflect 

better functioning. For the interim analysis, the mean change in ALDS between baseline and 4-year 

follow-up assessment has been reported (Table IA-3). 

 
Characteristic All  

n=2190 (100%) 
Intervention  

n=1189 (54·3 %) 
Control  

n=1001 (45·7%) 
pb 

Primary outcome     
ALDS, mean change (SE)  -1·56 (0·14) -1·50 (0·16) 0·863 
Table IA-3. Mean change in ALDS between baseline and 4-year follow-up assessment (n=2190) missing ALDS for 26 
participants with a 4-year follow-up assessment. ap-value by Mann-Whitney U test, comparison between intervention 
and control group. ALDS, AMC Linear Disability Score, SE standard error. 
 

Recommendations DSMC  
On 23 January 2014, the DSMC discussed the interim report and judged that, since there were no 

significant differences on dementia, disability or mortality between study arms, the study should continue 

according to protocol. 

  




