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4 Department of Public Health, University of Cagliary, Italy
5 Max Planck Institute for Human Cognitive and Brain Sciences and Day Clinic of Cognitive Neurology, University of Leipzig, Leipzig, Germany
6 Department of Medical Sociology and Health Economics, University Medical Center Hamburg-Eppendorf, Hamburg, Germany

Background. Early diagnosis of dementia requires knowledge about associated predictors. The aim of this study was

to determine the impact of mild cognitive impairment (MCI) and impairment in instrumental activities of daily living

(IADL) on the time to an incident dementia diagnosis.

Method. Data were derived from the Leipzig Longitudinal Study of the Aged (LEILA75+), a population-based

study of individuals aged o75 years. Kaplan-Meier survival analysis was used to determine time to incident

dementia. Cox proportional hazards models were applied to determine the impact of MCI and IADL impairment on

the time to incident dementia.

Results. In total, 180 (22.0%) of 819 initially dementia-free subjects developed dementia by the end of the study.

Mean time to incident dementia was 6.7 years [95% confidence interval (CI) 6.5–6.9]. MCI combined with IADL

impairment was associated with a higher conversion rate to dementia, a shorter time to clinically manifest diagnosis

and a lower chance of reversibility to cognitive normal. The highest risk for a shorter time to incident dementia

was found for amnestic MCI combined with IADL impairment. The mean time to incident dementia was 3.7 years

(95% CI 2.9–4.4) and thus half as long as in subjects without MCI and IADL impairment.

Conclusions. Subjects with MCI and IADL impairment constitute a high-risk population for future dementia.

The consideration of both – MCI and IADL impairment – might help to improve the prediction of dementia.
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Introduction

Mild cognitive impairment (MCI) (Petersen et al. 1999,

2001 ; Petersen, 2004 ; Winblad et al. 2004) is associated

with a high risk for the development of dementia (e.g.

Busse et al. 2003, 2006 ; Amieva et al. 2004 ; Petersen

et al. 2005). With regard to a significant number of

subjects with MCI who do not progress to dementia,

an MCI diagnosis alone cannot, however, be equated

one-to-one with a pre-dementia stage. Some studies

have shown that impairments in cognitively demand-

ing instrumental activities of daily living (IADL), such

as the use of the telephone or responsibility for one’s

own medication, also constitute an early sign for the

development of dementia (e.g. Barberger-Gateau et al.

1999 ; Pérès et al. 2008). With regard to the current MCI

criteria (Winblad et al. 2004), minimal IADL impair-

ment is accepted but not required. An obligatory

inclusion of IADL impairment in the MCI criteria,

however, may improve the predictive power for the

development of dementia (Pérès et al. 2006). So far, the

association between MCI and IADL impairment has

been mainly analysed in cross-sectional studies (e.g.

Griffith et al. 2003; Tam et al. 2007; Jefferson et al. 2008 ;

Wadley et al. 2008 ; Burton et al. 2009 ; Kim et al. 2009).

Longitudinal studies on the impact of MCI in associ-

ation with IADL impairment on the development of

dementia are rather rare (Tabert et al. 2002; Pérès et al.

2006 ; Artero et al. 2008). Particularly, little is known
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about the impact of MCI and IADL impairment on the

time to incident dementia diagnosis. Knowledge about

the time to clinical manifestation of dementia, how-

ever, makes it possible to implement prevention or

treatment options such as cognitive training or medi-

cation more exactly and may be helpful for patients

and family members in preparing for the disease (e.g.

to discuss advance directives). Thus, the aim of the

study was to determine the impact of MCI and IADL

impairment – controlled for further risk factors for

dementia – on the time to incident dementia diagnosis

in a large population-based sample of subjects aged

o75 years.

Material and method

Sample

The data were derived from the Leipzig Longitudinal

Study of the Aged (LEILA 75+), a population-based

study on the epidemiology of dementia and cognitive

impairment. At baseline, a total of 1692 subjects aged

o75 years were included in the sample. Altogether,

1500 of these subjects were identified by systematic

random sampling from an age-ordered list from

the local registry office. In addition, institutionalized

subjects were included by proportion (n=192) by

systematic random sampling from an age-ordered list

provided by the four institutions in the study area. The

study design of the LEILA 75+ has been described in

detail elsewhere (Riedel-Heller et al. 2001).

The study covered a period of 8 years, including a

baseline (1997/01–1998/06) and five follow-up assess-

ments (1998/07–2005/04), on average every 1.4 years.

At baseline, 242 (14.2%) subjects from the total

sample of 1692 refused participation, 57 (3.4%) had

died and 15 (0.9%) could not be located. Information

on 113 (6.7%) individuals shielded by their relatives

was obtained solely by proxy interviews. Clinical

interviews incorporating neuropsychological assess-

ment were conducted with 1265 (74.6%) subjects.

These 1265 subjects did not differ from the remainder

of the sample in terms of age (U=263553, p=0.455)

or gender [x2=0.391, degrees of freedom (df)=1,

p=0.532].

Of the 1265 subjects with neuropsychological as-

sessment at baseline, 220 (17.4%) were classified as

having dementia according to DSM-IV (APA, 2000)

and 161 (12.7%) subjects had invalid cognitive testing

or insufficient data to apply diagnostic criteria of MCI

or to assess IADL. Thus, the analysis of association

between MCI and IADL impairment is based on the

remaining 884 (69.9%) subjects (Fig. 1). These 884

subjects, however, were slightly younger (mean=81.3,

S.D.=4.8 v. mean=82.8, S.D.=5.2 years ; U=59458.500,

p=0.001) and included more men (26.6% v. 17.4%;

x2=6.111, df=1, p=0.013) than the 161 subjects who

had to be excluded because of invalid cognitive testing

or insufficient data.

Data collection and assessment procedures

Structured clinical interviews were conducted by

trained psychologists and physicians during the

baseline and follow-up visits at the participants’

homes. In addition, structured third party interviews

were conducted with proxies.

The main instrument used was the Structured

Interview for Diagnosis of Dementia of Alzheimer

type, Multi-infarct Dementia and Dementia of other

Aetiology according to DSM-III-R, DSM-IV and ICD-

10 (SIDAM) (Zaudig et al. 1991). The SIDAM consists

of : (1) a cognitive test battery ; (2) a section for clinical

judgement and third-party information on psycho-

social impairment, including a scale for the assessment

of activities of daily living with 14 items (SIDAM-ADL

scale). The cognitive test battery consists of 55 items,

including the 30 items of the Mini-Mental State

Examination (Folstein et al. 1975). The items cover

four domains of cognitive functioning : orientation ;

memory; intellectual abilities ; higher cortical func-

tioning. In order to evaluate cognitive impairment,

age- and education-specific norms for the cognitive

domains were applied (Luck et al. 2007).

If it was not possible to administer the SIDAM at a

follow-up assessment (e.g. because of death or severe

weakness), a comprehensive structured proxy inter-

view was offered. This included the Clinical Dementia

Rating (CDR) scale (Hughes et al. 1982).

Subjective memory complaints were measured

before cognitive testing by asking: ‘Do you have

problems with your memory?’

The capacity to perform IADL was assessed with

nine IADL items according to Schneekloth & Potthoff

(1993). The nine items cover responsibility for one’s

own medication, ability to buy food, to prepare meals,

to keep the home clean, to use the telephone, to handle

finances, to use public transport, to orientate oneself

outside and to visit people. Participants with diffi-

culties in at least one of the nine IADL were regarded

as impaired. We have chosen this cut-off point as it

yielded the highest discriminatory power [receiver

operating characteristics (ROC): sensitivity=43.9%,

specificity=79.2%; area under the ROC curve=0.615,

95% confidence interval (CI)=0.567–0.664, p<0.001;

Youden Index (Youden, 1950)=0.231] for the predic-

tion of future dementia of all possible cut-off points.

Data on sociodemography, co-morbidity and fam-

ilial history of dementia were collected based on

a standardized questionnaire. Data on co-morbidity
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were self-reported. Dates of death of participants were

obtained from structured proxy interviews or from the

official registry office.

Definition of cases

For each subject, consensus conferences of physicians

and psychologists were held. Dementia was assessed

by the SIDAM (Zaudig et al. 1991) or – in case of proxy

interviews – by the CDR (Hughes et al. 1982). MCI was

diagnosed according to consensus criteria proposed

(Winblad et al. 2004). The criteria were :

(1) Absence of dementia according to DSM-IV.

(2) Preserved basic activities of daily living or only

minimal impairment in complex instrumental

functions, assessed by the SIDAM-ADL scale.

Participants with a maximum of one impairment

in the 14 items were regarded as functionally un-

impaired or minimally impaired.

(3) Evidence of cognitive decline, self- and/or in-

formant report, and impairment on objective

cognitive tasks. Criterion of cognitive decline was

fulfilled when the question on subjective memory

impairment was positively answered (self-report

and/or informant). An objective cognitive impair-

ment was derived from the SIDAM cognitive

test battery. Impairment in a cognitive domain was

defined as test performance of >1 S.D. below the

mean value for age- and education-specific norms

(Luck et al. 2007).

According to Winblad et al. (2004), four subtypes of

MCI were examined. Participants with an objective

deficit in memory but not in any other domain of

cognitive functioning received a diagnosis of single-

domain amnestic MCI. Single non-memory MCI was

diagnosed only if a single domain other than memory

was impaired. If at least two cognitive domains

Non-participants       
   Refused                                 n = 242 
   Only proxy interviews          n = 113 
   Deceased              n = 57 
   Not located               n = 15 

Baseline 

Follow-up I 

Total sample at baseline 

(n = 1692) 

Participants 

 (n = 1265) 

Inclusion for analysis of 
association between MCI and 

IADL impairment 
(n = 884)

Incident dementia cases  
at the follow-up waves 

(n = 180) 

Follow-up V 

Excluded from analysis of association 
between MCI and IADL impairment 
    Dementia              n = 220 
    Invalid cognitive testing     n = 161 
      or incomplete assessment              

Inclusion for analysis of time 
to incident dementia diagnosis 

at the follow-up waves 

(n = 819)

Excluded from analysis of time to incident 
dementia diagnosis at the follow-up-waves 
    Refused                               n = 48 
    Deceased n = 8 
    Not located               n = 6 
    Other reasons*               n = 3  

No diagnosis of dementia at the follow-up 
waves 
    Refused n = 146 

Deceased n = 227 
    Not located                n = 17 
    Cognitively unimpaired         n = 249 
      by the end of the study  

Face-to-face 
interview 
(n = 128)

Proxy 
interview 
(n = 52)

Fig. 1. Sample attrition and sample. MCI, Mild cognitive impairment ; IADL, instrumental activities of daily living. * Mental

retardation, paranoia.
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other than memory showed an objective impairment,

participants received a diagnosis of multi-domain

MCI non-amnestic. Finally, multi-domain MCI am-

nestic was diagnosed if memory and at least one other

cognitive domain were impaired.

Statistical analysis

The statistical analyses were performed with PASW

for Windows, version 18.0 (SPSS Inc., USA). Group

differences were analysed with Mann-Whitney-U

test, x2 test and Fisher’s exact test as appropriate. If

necessary, the Bonferroni correction procedure for

adjustments for multiple testing was applied.

Incidence of dementia was calculated as the number

of new cases at the follow-up waves divided by the

person-years at risk. Incident dementia could only be

diagnosed at the defined times of the follow-up as-

sessments. On average, the exact time of first possible

diagnosis could be assumed at the midway point be-

tween the follow-up visit, when dementia was diag-

nosed, and the previous visit. Thus, for participants

with incident dementia, the time of diagnosis was

set as this midway point. Person-years at risk were

calculated accordingly. Subjects who were deceased,

refused or could no longer be located at a particular

time between the first follow-up and the fifth follow-

up as well as subjects still alive at the fifth follow-up

without suffering from dementia were treated as

censored data. For those subjects, person-years at risk

were calculated as the time between the baseline visit

and the last follow-up interview information was

available. Regarding the subjects who were deceased,

refused or could no longer be located, we have

made comprehensive informant interviews including

the CDR (Hughes et al. 1982). Thus, we obtained

information on whether these subjects suffered from

dementia or not at the time they had left the study.

Kaplan–Meier survival analysis was used to deter-

mine the time to incident dementia. Log rank test and

Breslow test were used to compare survival distri-

butions of time to incident dementia of subgroups. To

determine the impact of MCI and IADL impairment

on the time to incident dementia, Cox proportional

hazards models (Cox, 1972) were applied. Cox pro-

portional hazards models were adjusted for socio-

demography, familial history of dementia as well as

for co-morbidity, which could also be associated with

the development of dementia. Age was included as a

continuous variable and all other possible risk factors

as categorical variables. For each variable, hazard

ratios (HRs) and 95% CI were calculated. Schoenfeld

residuals were calculated in order to test the pro-

portional hazards assumption of the Cox proportional

hazards models.

The significance level was set at 0.05 for all ana-

lyses.

Results

Association between MCI and IADL impairment

Out of the 884 subjects who have been included for the

analysis of association between MCI and IADL im-

pairment, 161 (18.3%) were classified as having MCI

and 723 as having no cognitive impairment (NCI) at

baseline. With regard to the 161 subjects with MCI,

36 were classified as having single-domain amnestic

MCI, 42 as having multi-domain MCI amnestic, 60

as having single non-memory MCI and 23 as having

multi-domain MCI non-amnestic. The prevalence of

the amnestic MCI subtypes considered together was

8.8% and of the non-amnestic MCI subtypes con-

sidered together 9.4%.

As shown in Table 1, subjects with MCI at baseline

did not differ in age and gender from subjects with

NCI. Subjects with MCI, however, more frequently

had an IADL impairment than subjects with NCI

(63.4% v. 52.3%; x2=6.505, df=1, p=0.011). This

effect – even though existent in amnestic as well as

non-amnestic MCI subtypes – was somewhat stronger

in the amnestic than the non-amnestic subtypes

(66.7% v. 60.2%) and did not reach significance in the

non-amnestic ones (Table 1).

Impact of MCI and IADL impairment on time to

incident dementia

Analysis of impact of MCI and IADL impairment on

the time to incident dementia is based on 819 subjects

(Fig. 1). During the follow-up period, 180 (22.0%)

subjects developed dementia (person-years=3474.38).

The conversion rate to dementia was higher in subjects

with IADL impairment at baseline than in subjects

without (31.2% v. 11.1%; x2=47.847, df=1, p<0.001)

and higher in subjects with MCI than in subjects with

NCI at baseline (41.9% v. 17.6%; x2=41.776, df=1,

p<0.001). The highest conversion rate was found

in subjects with MCI and impaired IADL (47.4%),

followed by subjects with MCI and unimpaired IADL

(31.4%), subjects with NCI and impaired IADL

(26.7%) and, finally, subjects with NCI and un-

impaired IADL (8.0%; x2=80.947, df=3, p<0.001).

Moreover, subjects with MCI and impaired IADL at

baseline showed a cognitive improvement signifi-

cantly less often than subjects with MCI and un-

impaired IADL (14.4% v. 29.4%; x2=4.760, df=1,

p=0.029). Comparable findings for subjects with MCI

with and without impaired IADL at baseline were

found with regard to the proportion of subjects with a
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stable course of MCI (30.9% v. 27.5% met the MCI

criteria during the study; x2=0.193, df=1, p=0.660)

and an unstable course of MCI (7.2% v. 11.8%

improved to NCI and later received a MCI diagnosis

again ; x2=0.863, df=1, p=0.353).

With regard to MCI subtypes, the conversion rate

to dementia was higher in subjects with amnestic

subtypes than in subjects with non-amnestic subtypes

(53.4% v. 30.7%; x2=7.871, df=1, p=0.005). The

highest conversion rate was found in subjects with

amnestic MCI subtypes and impaired IADL (57.1%),

followed by subjects with amnestic MCI subtypes and

unimpaired IADL (45.8%), subjects with non-amnestic

MCI subtypes and impaired IADL (37.5%), subjects

with NCI and impaired IADL (26.7%), subjects with

non-amnestic MCI subtypes and unimpaired IADL

(18.5%) and, finally, subjects with NCI and un-

impaired IADL (8.0%; x2=91.931, df=5, p<0.001).

The mean time to incident dementia – estimated

by the Kaplan-Meier survival analysis – was 6.7 years

(95% CI 6.5–6.9). The impact of MCI and IADL im-

pairment on the time to incident dementia was ana-

lysed using five Cox proportional hazards models

(Table 2). The proportional hazards assumption was

met for all Cox proportional hazards models (p>0.05).

In model I, both – the presence of MCI and IADL

impairment – were identified as risk factors for a

shorter time incident dementia. MCI yielded HR=2.67

(95% CI 1.92–3.71) and IADL impairment HR=2.22

(95% CI 1.50–3.29).

The interaction betweenMCI and IADL impairment

was analysed in models II and III. Regarding model II,

the interaction between cognitive and functional

status (interaction term: MCIrIADL) was also found

to be significantly associated with the time to incident

dementia. As shown in model III, all three possible

combinations – MCI and impaired IADL, NCI and

impaired IADL and MCI and unimpaired IADL –

were found to be significant risk factors for a shorter

time to incident dementia compared with NCI and

unimpaired IADL (Table 2). Using Kaplan–Meier sur-

vival analysis, the mean time to incident dementia in

subjects with NCI and unimpaired IADL was found to

be 7.4 years (95% CI 7.3–7.6), in subjects with NCI and

impaired IADL 6.3 years (95% CI 6.0–6.6) and in sub-

jects with MCI and unimpaired IADL 5.6 years (95%

CI 6.5–6.9). The shortest time to incident dementia was

found in subjects with MCI and impaired IADL: 4.6

years (95% CI 3.9–5.2) (log rank test : x2=127.430,

df=3, p<0.001 ; Fig. 2).

The impact of amnestic and non-amnestic MCI

subtypes on the time to incident dementia was ana-

lysed in models IV and V. Both subtypes were ident-

ified as significant risk factors for a shorter time

to incident dementia. Regarding the mean time toT
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Table 2. Cox proportional hazards models of time to incident dementia diagnosis (n=807)a

Baseline characteristics

Model I Model II Model III Model IV Model V

Wald HR 95% CI p Wald HR 95% CI p Wald HR 95% CI p Wald HR 95% CI p Wald HR 95% CI p

Age, per additional year 31.017 1.10 1.06–1.13 <0.001 32.001 1.10 1.06–1.14 <0.001 32.001 1.10 1.06–1.14 <0.001 30.162 1.10 1.06–1.13 <0.001 31.586 1.10 1.06–1.14 <0.001

Gender, female v. male 0.064 1.06 0.67–1.67 0.800 0.017 1.03 0.66–1.62 0.895 0.017 1.03 0.66–1.62 0.895 0.008 1.02 0.65–1.61 0.931 0.000 1.00 0.64–1.58 0.993

Marital status

Married v. single/widowed/

divorced

1.831 0.72 0.44–1.16 0.176 2.119 0.70 0.43–1.13 0.145 2.119 0.70 0.43–1.13 0.145 1.86 0.72 0.44–1.16 0.172 1.66 0.73 0.45–1.18 0.197

Living situation

Nursing home v. private home 5.923 1.64 1.10–2.45 0.015 6.688 1.69 1.14–2.52 0.010 6.688 1.69 1.14–2.52 0.010 4.345 1.55 1.03–2.33 0.037 5.590 1.64 1.09–2.46 0.018

Co-morbidity

Myocardial infarction 2.642 0.57 0.29–1.12 0.104 3.189 0.54 0.27–1.06 0.074 3.189 0.54 0.27–1.06 0.074 2.833 0.56 0.28–1.10 0.092 3.323 0.53 0.27–1.05 0.068

Stroke 6.060 1.87 1.14–3.09 0.014 5.982 1.87 1.13–3.08 0.014 5.982 1.87 1.13–3.08 0.014 4.983 1.77 1.07–2.93 0.026 4.912 1.77 1.07–2.92 0.027

Head trauma 0.004 0.98 0.59–1.65 0.950 0.018 0.97 0.58–1.61 0.893 0.018 0.97 0.58–1.61 0.893 0.000 1.00 0.60–1.66 0.992 0.010 0.98 0.59–1.62 0.922

Diabetes mellitus 0.417 1.13 0.78–1.63 0.518 0.246 1.10 0.76–1.58 0.620 0.246 1.10 0.76–1.58 0.620 0.249 1.10 0.76–1.59 0.618 0.187 1.08 0.75–1.57 0.666

Parkinson’s disease 0.209 1.28 0.44–3.71 0.647 0.266 1.32 0.46–3.78 0.606 0.266 1.32 0.46–3.78 0.606 0.662 1.56 0.54–4.52 0.416 0.731 1.59 0.55–4.59 0.393

Impairment in vision 0.059 1.04 0.75–1.45 0.809 0.037 1.03 0.74–1.43 0.848 0.037 1.03 0.75–1.43 0.848 0.294 1.10 0.79–1.52 0.588 0.162 1.07 0.77–1.49 0.688

Impairment in hearing 0.103 1.06 0.76–1.47 0.748 0.050 1.04 0.74–1.44 0.822 0.050 1.04 0.75–1.44 0.822 0.119 1.06 0.76–1.47 0.730 0.047 1.04 0.75–1.44 0.828

Familial history of dementiab 1.363 1.23 0.87–1.74 0.243 1.077 1.20 0.85–1.70 0.299 1.077 1.20 0.85–1.70 0.299 1.540 1.25 0.88–1.77 0.215 1.435 1.24 0.87–1.75 0.231

Cognitive status MCI v. NCI 33.927 2.67 1.92–3.71 <0.001 – – – – – – – – – – – – – – – –

Functional status, impaired IADL 15.885 2.22 1.50–3.29 <0.001 – – – – – – – – – – – – – – – –

Cognitive status MCI v. NCIc – – – – 32.168 6.21 3.30–11.67 <0.001 – – – – – – – – – – – –

Functional status, impaired IADLd – – – – 21.952 3.08 1.92–4.92 <0.001 – – – – – – – – – – – –

Interaction term MCIrIADL – – – – 8.604 0.34 0.16–0.70 0.003 – – – – – – – – – – – –

Cognitive and functional status

(ref. category : NCI and

unimpaired IADL)

NCI and impaired IADL – – – – – – – – 21.952 3.08 1.92–4.92 <0.001 – – – – – – – –

MCI and unimpaired IADL – – – – – – – – 32.168 6.21 3.30–11.67 <0.001 – – – – – – – –

MCI and impaired IADL – – – – – – – – 47.134 6.40 3.77–10.88 <0.001 – – – – – – – –

Cognitive status

aMCIe v. NCI – – – – – – – – – – – – 40.142 3.53 2.39–5.22 <0.001 – – – –

naMCIf v. NCI – – – – – – – – – – – – 6.922 1.89 1.18–3.02 0.001 – – – –

Functional status, impaired IADL – – – – – – – – – – – – 16.486 2.25 1.52–3.33 <0.001 – – – –
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incident dementia calculated by Kaplan-Meier sur-

vival analysis, the time in subjects with amnestic MCI

and impaired IADL was 3.7 years (95% CI 2.9–4.4) and

thus half as long as in subjects with NCI and un-

impaired IADL (7.4 years ; 95% CI 7.3–7.6). The mean

time in subjects with amnestic MCI and unimpaired

IADL was 4.6 years (95% CI 3.5–5.7), in subjects with

non-amnestic MCI and impaired IADL 5.4 years (95%

CI 4.4–6.3), in subjects with non-amnestic MCI and

unimpaired IADL 6.4 years (95% CI 5.5–7.4), and in

subjects with NCI but impaired IADL it was 6.3 years

(95% CI 6.0–6.6) (Breslow test : x2=134.783, df=5,

p<0.001 ; Fig. 3).

As shown in Table 2, results of the five Cox pro-

portional hazards models have been controlled for

sociodemography, co-morbidity and familial history

of dementia. Age, stroke and living in a nursing home

(compared with living in a private home) were also

found to be significant risk factors for a shorter time to

incident dementia. With regard to the living situation,

for example, the mean time to incident dementia in

subjects living in a nursing home was 4.4 years (95%

CI 3.8–5.0) compared with 6.9 years (95% CI 6.7–7.1)

in subjects living in a private home (log rank test :

x2=66.202; df=1 ; p<0.001).

Discussion

The present study showed: (1) a significant association

between MCI and IADL impairment ; (2) that the

presence of MCI combined with impaired IADL is

associated with a higher conversion rate to dementia,

a shorter time to clinically manifest diagnosis and a

lower chance of cognitive reversibility to NCI; (3)

the highest conversion rate and the shortest time to

incident dementia in subjects with amnestic MCI and

impaired IADL.

(1) Regarding cross-sectional findings, a number of

previous studies also revealed less IADL func-

tioning in subjects with MCI than in subjects with

NCI (e.g. Griffith et al. 2003 ; Pérès et al. 2006 ; Tam

et al. 2007 ; Wadley et al. 2008 ; Burton et al. 2009 ;

Kim et al. 2009). The association between IADL

impairment and MCI, however, is complex. For

example, Kim et al. (2009) revealed a significant

association between MCI and impaired IADL,

particularly for specific IADL domains (e.g. ability

to handle finances or ability to use the telephone).

With regard to our study, no systematic associ-

ation was found between MCI and specific IADL

domains. Moreover, less IADL functioning was

found in subjects with multi-domain MCI than in

subjects with single-domain MCI (Pérès et al. 2006,

Burton et al. 2009). Regarding the present study, aC
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significantly higher frequency of IADL impair-

ment was found in subjects with amnestic MCI

subtypes compared with subjects with NCI but

not in subjects with non-amnestic MCI subtypes

compared with subjects with NCI. Whether per-

formance in IADL might be more affected by

impairment in memory than impairment in other

cognitive domains, however, creates a contro-

versial issue. On the one hand, it can be assumed

that memory could be more important for the

performance of IADL than other cognitive do-

mains as intact memory might be required in

the performance of every IADL and unimpaired

functioning in cognitive domains, such as calcu-

lation or constructional ability, only in some IADL.

On the other hand, there was also a higher fre-

quency of IADL impairment in subjects with non-

amnestic MCI subtypes than in subjects with NCI;

the difference simply failed to be significant.

(2) Both – MCI and IADL impairment – were found to

be independent risk factors for the development of

dementia and to be associated with a shorter time

to diagnosis. MCI constitutes a proven risk factor

for dementia and a pre-dementia stage in many

cases (e.g. Busse et al. 2003, 2006 ; Amieva et al.

2004 ; Petersen et al. 2005). IADL impairment was

also found to be an early sign for the development

of dementia in some previous studies (e.g.

Barberger-Gateau et al. 1999 ; Pérès et al. 2008). As

stated by Pérès et al. (2008), IADL impairment

expresses the development of dementia in the real

situation of daily life (whereas neuropsychological

deficits are rather an expression of an experimen-

tal situation).

The impact of MCI in association with IADL im-

pairment on the development of dementia, however,

has been analysed only to a limited extent (Tabert et al.

2002 ; Pérès et al. 2006 ; Artero et al. 2008). Artero et al.

(2008) identified IADL impairment as a significant risk

factor for the development of dementia in women and

men with MCI. Tabert et al. (2002) showed that,

particularly, informant-reported functional deficits

significantly predict the development of Alzheimer’s

disease in subjects with MCI. Cognitively unimpaired

subjects, however, were not included in the analyses

of progression to dementia in the studies of Tabert

et al. (2002) and Artero et al. (2008). Thus, no infor-

mation on the risk of dementia in subjects with MCI

with and without impaired IADL compared with

cognitively and functionally unimpaired subjects was

available. This information was first provided by Pérès

et al. (2006). Using a logistic regression model, Pérès

et al. (2006) identified a higher risk of developing de-

mentia not only in subjects with MCI and impaired

IADL but also in subjects with MCI and unimpaired

IADL and with NCI and impaired IADL compared

with subjects with NCI and unimpaired IADL. These

findings are in line with our findings. According to the

results of Pérès et al. (2006), subjects with MCI and

IADL impairment were found to have the highest

conversion rate to dementia compared with subjects
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Fig. 2. Kaplan–Meier survival curves I of time to incident dementia diagnosis subject to cognitive and functional status

(n=819). IADL, Instrumental activities of daily living ; MCI, mild cognitive impairment ; NCI, no cognitive impairment.
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without MCI or IADL impairment or both. Moreover,

according to Pérès et al. (2006), supplemental IADL

impairment in subjects with MCI lowered the chance

of cognitive improvement, i.e. reversibility of MCI to

NCI. In addition, we have shown a shorter mean time

to incident dementia in subjects with MCI and IADL

impairment (4.6 years) compared with subjects with

MCI and unimpaired IADL (5.6 years), subjects with

NCI and impaired IADL (6.3 years) and subjects

with NCI and unimpaired IADL (7.4 years).

(3) With regard to MCI subtypes, a higher conversion

to dementia was found in subjects with amnestic

subtypes than with non-amnestic ones. This is

in line with previous findings (e.g. Rasquin et al.

2005 ; Busse et al. 2006 ; Luck et al. 2008). A higher

risk of amnestic MCI subtypes for the develop-

ment of dementia, however, is not unexpected. As

stated by Artero et al. (2006), amnestic difficulties –

as a possible early sign of developing dementia,

particularly of the Alzheimer’s type – are more

frequent than difficulties in other cognitive do-

mains and less likely to be benign. Thus, infor-

mation on the MCI subtype should be taken into

consideration in order to assess the risk of future

dementia. However, we have shown that even in

subjects with amnestic MCI, and thus in subjects

who already constitute a high-risk population of

dementia, information on IADL impairment might

have an additional value for the prediction of

dementia. The mean time to incident dementia

in subjects with amnestic MCI subtypes and im-

paired IADL (3.7 years) was half as long as the

time in subjects with NCI and unimpaired IADL

(7.4 years) but also shorter than in subjects with

amnestic MCI subtypes but unimpaired IADL

(4.6 years).

The results of the present study are subject to some

limitations. First, as incident dementia could only be

diagnosed at the defined times of the follow-up as-

sessments, the time of the onset of the disorder was set

at the midway point between the follow-up, when

dementia was diagnosed, and the previous follow-up.

Second, the diagnosis of dementia was not supported

by imaging or autopsy. Third, the assortment of

factors that could also be associated with the devel-

opment of dementia was limited to those focused on

when this long-term study was planned. Data on co-

morbidity were self-reported. Finally, a further limi-

tation is shown in Fig. 1. A substantial number of

subjects of the initial baseline sample of 1692 subjects

did not participate in the study (n=427), or had to be

excluded from analyses of association between MCI

and IADL impairment (n=381) and of time to incident

dementia diagnosis at the follow-up waves (n=65).

Moreover, 163 of the 819 subjects who were included

in the analysis of time to incident dementia were

treated as censored data because they refused partici-

pation or could not be located from a certain follow-up

wave. It is quite possible that these subjects –

after being censored – as well as the subjects who

NCI and unimpaired IADL (n = 326,  39.8%) 
naMCI and unimpaired IADL (n = 27, 3.3%) 
NCI and impaired IADL (n = 345, 42.1%) 
naMCI and impaired IADL (n = 48, 5.9%)
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aMCI and impaired IADL (n = 49, 6.0%) 
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previously refused participation could not be located,

were shielded by their relatives or had invalid cogni-

tive testing or incomplete assessment particularly

might have shown a higher risk for and/or a shorter

time to the development of dementia than the subjects

who could be included in the analyses or had not been

censored due to the reasons mentioned above. Of

course, the time to and the risk for future dementia in

the large number of subjects who were excluded or

censored might also have differed in another way or in

no way. In general, a bias of the present results on time

to incident dementia, as well as on the association be-

tween MCI and IADL impairment and on the impact

of MCI and IADL impairment on the time to incident

dementia diagnosis due to the sample attrition in

the course of the study, however, cannot be excluded

and generalization of the results has to be made with

caution.

Irrespective of these limitations, we assume that in

addition to cognitive impairment (MCI) the consider-

ation of IADL impairment might help to improve the

prediction of dementia, particularly with regard to an

estimation of the time to clinical manifestation. IADL

impairment particularly, however, might help to im-

prove the prediction of dementia as it reflects the de-

velopment of dementia in real situations of daily life

(Pérès et al. 2008) and, moreover, can be assessed less

extensively than biological markers, such as reduced

hippocampal volume, for example. A brief instrument

to measure IADL impairment might be used, for in-

stance, by general practitioners, who could play a de-

cisive role in an early detection of changes in function

(and cognition) in an incipient dementia process, since

they have regular and long-term contact with elderly

people. The IADL scale that has been used in the

present study, however, showed – particularly with

regard to low sensitivity – rather less discriminative

power for the prediction of future dementia and thus

rather less clinical utility. Further strength is required

in order to develop an IADL scale that would be

more useful in clinical practice. Moreover, due to a

substantial number of subjects with MCI (and IADL

impairment) who do not progress to dementia, the

current MCI concept – even in combination with IADL

impairment – cannot be equated with a pre-dementia

stage allowing the implementation of treatments such

as medication. In order to allow those treatments,

information on further risk factors for dementia is

required (Devanand et al. 2008, Förstl et al. 2009).
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