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Abstract (181 words) 

Objective: To investigate the association between a low Ankle-Brachial Index 

(ABI) and several grades of cognitive disorders: cognitive impairment, dementia and 

Alzheimer’s disease (AD), in the general population. 

Methods: We performed a systematic review of the literature, including all 

prospective, longitudinal or cross-sectional studies assessing both peripheral artery 

disease (PAD), defined by a low ABI, and cognitive function. 

Results: 12 publications were included in this review, of whom 6 reported 

cross-sectional analysis and 6 reported longitudinal analysis. All except one reported 

a significant association between a low ankle-brachial index and cognitive 

impairment, dementia or AD. Beyond cognitive impairment, patients with PAD are at 

an increased risk to develop dementia or Alzheimer’s disease.  

Conclusion: In this review, we confirm that a low (<0.90) ABI can be 

considered as a marker of cognitive impairment and dementia. ABI provides 

independent and supplemental information on subject’s susceptibility to develop 

cognitive disorders, along its usefulness to predict cardiovascular diseases (CVD). 

Given its availability, easiness, safety to patients and low cost, the ABI could be 

useful in clinical practice and research in the field of cognitive diseases. 
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Cognitive disorders and cardiovascular diseases (CVDs) are both highly 

prevalent within the older population worldwide. From a public health perspective, the 

screening of both conditions at an early stage for appropriate intervention is of 

paramount importance. Among cardiovascular diseases, lower-extremities peripheral 

artery disease (PAD) is easily detectable by the measurement of the ankle-brachial 

index (ABI). Using the common criteria of ABI <0.90 to define PAD (Aboyans & 

Criqui, 2009), several epidemiological studies showed an increasing prevalence of 

this condition in the elderly, estimated around 10% by the age of 65, as high as 25% 

after the age of 85 (Aboyans & Criqui, 2009). Concomitantly, the global prevalence of 

dementia is estimated respectively at 3.9% after 60, and closed to 25.0% for those 

aged 85 and older (Ferri et al, 2005). Thus, PAD and cognitive disorders, especially 

dementia and Alzheimer’s disease, coexist with increasing age.  

The implication of cardiovascular risk factors in the development of cognitive 

impairment, even dementia, at an older age is now clearly established. Hypertension 

(Slooter et al, 1997; Launer et al, 1995; Starr et al, 1993; Qiu et al, 2005), diabetes 

(Messier et al, 1996; Ott et al, 1996), obesity (Naderali et al, 2009), and 

hypercholesterolemia (Goldstein et al, 2008) are associated with cognitive disorders 

in the elderly. These conditions are also prevalent in PAD patients (Kannel et al, 

1994). Atherosclerosis is believed to be involved in the development of dementia and 

its two major subtypes: vascular dementia and Alzheimer’s disease (AD) (de la Torre 

et al, 2004). Given these, it is reasonable to suspect these patients to suffer from 

cognitive disorders due to concomitant cardiovascular diseases.  

While the poor cardiovascular prognosis of patients with asymptomatic or 

symptomatic PAD is now widely evidenced (Criqui et al, 1992), data on cognitive 

prognosis of patients with this condition are scarce. The influence of cardiovascular 

diseases and risk factors on cognition in the elderly is of importance in search of 

predictors and pathways for prevention of dementia (Haan et al, 1999). Moreover, a 

prompt diagnosis of cognitive dysfunction in PAD patients may lead to specific 

therapeutic strategies to limit its progression (Price et al, 2006; Johnson et al, 2010).  

The association between clinical or subclinical PAD and cognitive function has 

been recently highlighted (Rafnsson et al, 2009). Patients with PAD are at increased 

risk for cognitive decline, independently of previous cerebrovascular disease and 

cardiovascular risk factors. First developed to aid the diagnosis of PAD, the ABI has 
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also been shown as a simple, harmless and accurate, measure of generalized 

atherosclerosis (Fowkes et al, 1988).  

In this systematic review, we focused on the association between a low ABI 

and several grades of cognitive disorders: cognitive impairment, dementia and 

Alzheimer’s disease, in general population. We hypothesized that beyond its 

prognostic value for mortality and CVD events, ABI could also identify subjects at risk 

of cognitive disorders. 

 

Methods 

Search strategy and selection criteria 

 A systematic search of literature was performed using Pubmed (Medline, 

1966-2010), Scopus (1823-2010), ScienceDirect (Elsevier, 1823-2010), 

IngentaConnect and RefDoc (from INIST/CNRS, 1847-2010) databases.  

The search strategy included the following keywords in various combinations: 

“cognitive impairment”, “dementia”, “Alzheimer’s disease”, “atherosclerosis”, 

“peripheral arterial disease”, “peripheral artery disease”, “peripheral vascular disease” 

or “ankle brachial index”. The systematic search was performed up to June 2010. 

Abstracts from conferences proceedings were also identified during this search. 

The titles and abstracts of all results identified during the initial search were 

evaluated by the authors (MG and VA) to identify potentially relevant articles, using 

the inclusion criteria. In addition, we manually searched the reference lists of relevant 

articles to identify those missed by electronic researches. The full text of reports 

fulfilling all inclusion criteria was retrieved for further analysis. Authors were 

contacted if full-text article was not available.  When duplicate publications on the 

same cohort were identified, only the most recent or the most informative was kept, 

whereas congress communications were excluded. 

 

Data extraction  

Two investigators (MG, VA) independently extracted data from selected 

articles: first author, year of publication, country and type of the study, type of 

population included, number of patients, cognitive outcome and tests used, criteria 

used, vascular comorbidities investigated, ABI cut-point, and main results. 

Studies were first selected according to the selection criteria: (1) language (English or 

French), (2) population-based study, (3) prospective or cross-sectional, assessing 
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both PAD and cognitive function (4) sample size: at least 100 participants and (5) 

studies not including participants with history of stroke.  

 

Quality assessment 

Five quality criteria were evaluated: (1) the study had a clearly formulated aim, 

(2) the assessment of cognitive impairment, dementia or Alzheimer’s Disease (AD) 

has to be clearly described, (3) neuropsychological tests and thresholds if used has 

to be mentioned for any cognitive impairment outcome, (4) diagnostic criteria used 

during the study have to be specified when the cognitive outcome was dementia 

and/or Alzheimer’s Disease and (5) peripheral artery disease has to be defined by a 

low ABI.  

 

Results 

 Study selection 

The literature search flow-chart is presented in Figure 1. The combined search 

in the 5 electronic databases identified 2934 potentially eligible references, of which 

2911 were excluded based on the title and abstracts. Twenty-three references were 

selected for further investigation. Full articles were collected and evaluated. Twelve 

articles met our criteria and were included in the systematic review. Among the 11 

excluded references, 5 investigated PAD including ABI measures but the results 

were presented as atherosclerosis sum scores or ABI measures were not detailed, 4 

were case-control studies, one was an abstract and the last a duplicate publication. 

Considering the 12 publications included in the review, 10 investigated specifically 

the association between low ABI and cognitive impairment, dementia or AD (Haan et 

al, 1999; Woo et al, 2006; Price et al, 2006; Breteler et al, 1994; van Oijen et al, 

2007; Laurin et al, 2007; Hofman et al, 1997; Newman et al, 2005; Johnson et al, 

2010; Sugawara et al, 2010). In the 2 remaining articles (Vupputuri et al, 2008; Bruce 

et al, 2008), ABI and cognitive function were both assessed, although their 

association was not the primary goal. Complete description of the studies is 

presented in Table 1. 

 

Cross-sectional analysis 

The association between a low ABI and cognitive impairment has been 

studied in cross-sectional analysis (Table 2).  
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In a Chinese population-based study, ABI was on average lower in subjects 

with cognitive impairment (Mini Mental State Examination (MMSE)<24): 1.02 ± 0.13 

for cognitively impaired subjects versus 1.08 ± 0.12 for those without cognitive 

impairment (p<0.001). In multivariate analysis, adjusted for age, gender, diabetes, 

hypertension, smoking, history of coronary artery disease, alcohol and vitamin C 

consumption, and minimum time to walk 6m, a significant association between low 

(<0.90) ABI and cognitive impairment was found (Woo et al, 2006).  

The MMSE was also used in the Rotterdam Study to determine cognitive 

impairment. In this population-based study with participants aged >65 years, the 

proportion of patients below the MMSE threshold were compared in multiple 

regression analysis. The proportion of subjects with MMSE<24 was significantly 

higher among participants with an ABI <0.90 (10.4% vs. 5.0% in the absence of PAD, 

p<0.0001). Similar findings were reported when the MMSE threshold was fixed to 26: 

17.5% vs. 11.1%, p<0.0001) (Breteler et al, 1994). 

In another cross-sectional report from the Rotterdam Study, low ABI (<0.90) was 

significantly associated to all dementia, and vascular dementia (VaD) but not with AD 

or non-vascular dementia (Table 3). Odds ratios for all dementia, AD and VaD 

increased with the increasing number of markers of atherosclerosis (PAD, plaques in 

common carotid arteries, and intima-media thickness). This study also indicated that 

participants with peripheral atherosclerosis and APOE ε4 genotype had an increased 

risk for all dementia, AD and VaD (Hofman et al, 1997).  

In the Fremantle Diabetes Study (Australia), cognition in diabetics aged 70 

was assessed by the MMSE and the Informant Questionnaire for Cognitive Decline in 

the Elderly (IQCODE). Compared to diabetics with normal cognitive function, those 

with cognitive impairment or dementia were more likely to present concomitantly an 

ABI0.90 (37.8% in normal subjects, 45.0% in cognitively impaired and 75.0% in 

diabetics with dementia, p=0.002) (table 2). Dementia was independently associated 

with older age, male sex, diabetes and PAD (Table 3).  

A study from Japan showed that even after adjustments for confounding 

factors, a low ABI (1st quartile, below 1.08) was an independent risk factor for 

cognitive impairment (Table 2). Low ABI and education were the only significant risk 

factors of poor cognition in this study (Sugawara et al, 2010).  
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In the US National Health and Nutrition Examination Survey (1999-2002), 

subjects with PAD (ABI<0.90) tended to have lower scores at the Digit Symbol 

Substitution Test (DSS) compared to PAD-free counterparts (Vupputuri et al, 2008).  

Several cognitive functions (praxia, memory and language) were assessed in 

the Edinburg Artery Study, ten years after the measurement of ABI. Adjusted for age 

and sex, subjects with an ABI<0.90 at baseline were significantly at higher risk of 

impaired nonverbal reasoning, verbal fluency and processing speed 10 years later 

(Table 2). In contrast, the immediate and delayed verbal declarative memory did not 

differ according to the ABI. Similar findings were reported with an ABI<0.95 (Price et 

al, 2006).  

 

Longitudinal analysis 

Five years after the initial cognitive testing, i.e. 15 years after the Edinburg 

Artery Study’s inception, the same cognitive tests were repeated in order to refine 

and extend initial observations. These analyses showed that ABI was significantly 

associated with the level of cognitive function (correlation coefficient=0.15, p=0.001), 

still significant but attenuated when considering anxiety, depression and other 

covariates (correlation coefficient=0.07, p=0.03). Conversely the authors did not find 

any significant association between ABI decrease (between years 5 and 12) and 

cognitive performances change (Johnson et al, 2010). 

After a follow-up of 7.6 years of Australians elder diabetics, multiple logistic 

regressions identified ABI <0.90 as an independent predictor of cognitive impairment 

and dementia (Table 3) (Bruce et al, 2008). 

The association between atherosclerosis and dementia has also been 

prospectively investigated in the Rotterdam study (Table 3). After a mean follow-up of 

9 years, this study did not find any significant association between neither ABI at 

baseline nor ABI at the third survey and the onset of dementia, AD or VaD (van Oijen 

et al, 2007).  

A low ABI (both continuous and dichotomized classes) was associated with 

greater decline in cognition measured with DSS (p<0.0001) and MMSE in the 

Cardiovascular Health Study. A subject with a low (<0.90) ABI had an average DSS 

score decline of 2.73 points over 7 years, and of 4.62 points for the MMSE score, 

compared to 0.39 and 0.66 respectively, for subjects with an ABI 0.90 (Haan et al, 

1999). During this study, the incidence of dementia was higher in those with an ABI 
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<0.90 (60.5 per 1000 person-year) than those with a normal ABI (26.4 per 1000 

person-year). The corresponding unadjusted Hazard Ratio (HR) for dementia in 

those with prevalent PAD was 2.3 (95%CI 1.4-3.9). After adjustment for age, sex, 

race, education, income, presence of APOE ε4 allele and MMSE score, the HR for 

dementia in elderly with ABI<0.90 was 2.5. The association between AD and an ABI 

<0.8 was significant and rates of AD increased at lower levels of ABI. The same 

patterns were observed for overall dementia, AD or mixed AD, and AD excluding 

VaD (Newman et al, 2005). 

In the population-based Honolulu-Asia Aging Study, low ABI (<0.90) was 

significantly associated with the risk of incident total dementia after adjustments for 

age and education (Table 3). In a multivariate model accounting for several 

confounders, subjects with an ABI<0.90 were at increased (66%) risk of incident 

dementia and a >2 fold increase risk of VaD compared to those with ABI>0.90. Low 

ABI was associated with the risk of incident AD when adjusted for age and education 

(Table 3). Moreover, low ABI was related to an increased risk of total dementia and 

VaD, and with AD if subjects were ApoE ε4 carriers (Laurin et al, 2007). 

 

Discussion 

This systematic review highlights that cognitive testing scores were poorer in 

subjects with a low ABI in all cross-sectional studies. The cognitive impairment 

affected predominantly memory, praxias (non-verbal reasoning, executive function) 

and language. Beyond cognitive impairment, patients with a low ABI are at increased 

risk to develop dementia or Alzheimer’s disease. While the cross-sectional studies 

are not able to provide information about the sequence between PAD and cognitive 

impairment or dementia, they indicated that a low ABI is often associated with the 

presence of cognitive impairment or dementia.  

The association between a low ABI and cognitive disorders was found in all 

cross-sectional studies and confirmed by longitudinal studies for incident cases of 

cognitive impairment, Alzheimer disease and dementia (especially of vascular 

dementia). Cohort studies evidenced that patients with a low ABI are at increased 

risk for cognitive decline and incident dementia or AD. A low ABI appears as a 

marker for cognitive performance in clinically stroke-free patients (Mangiafico et al, 

2006). Nevertheless, the 15-year follow-up of the Edinburg Artery Study failed to 

show any association between ABI decline and cognitive function aggravation 
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(Johnson et al, 2010). Only the longitudinal data of the Rotterdam Study (van Oijen et 

al, 2007) lacked to confirm an association between ABI and risk for dementia, 

although the cross-sectional analyses were positive.  

 

Quality assessment 

 This review results from an extensive search in international databases of 

studies assessing the association between low ABI and cognitive disorders. 

Publications identified have been evaluated considering their main features. 

Both cross-sectional and longitudinal analyses were included in this review. 

While the longitudinal studies provide higher level of evidence, the scarcity of 

prospective studies led us to also include good quality cross-sectional analysis, 

corresponding sometimes as the baseline data of longitudinal studies (Breteler et al, 

1994; Hofman et al, 1997; Price et al, 2006; Bruce et al, 2008). Case-control studies 

were excluded from our review in order to focus on general population. Indeed, in 

most of case-control studies identified, participants were recruited in hospitals. 

Moreover, these studies included insufficient number of participants in each group. 

Neuropsychological tests used during the assessment of cognitive impairment 

in the different studies were analysed with scrutiny. These tests had to be priorily 

validated. Manuscripts also had to clearly mention the threshold used to determine 

the cognitive impairment and the domains examined or affected in such case. When 

the study focused on a dementia or AD outcome, criteria followed for the diagnosis 

has to be respectively DSM or NINCDS-ADRDA, which are the most applied in 

epidemiological researches. Even if two different versions of DSM criteria are used in 

the studies, the difference between DSM-III-R and DSM-IV criteria is not substantial 

enough to lead to a bias in the quality of this review. 

 

Cognitive impairment and PAD share putative risk factors, such as age and 

CVD, but depression is also evoked to be linked to both affections. The prevalence of 

clinically significant depressive symptoms is high in men and women with PAD (Mc 

Dermott et al, 2003). Because of functional impairment, patients with PAD may have 

an increased prevalence of depressive symptoms. Besides, the Rotterdam study 

reported that atherosclerosis and depression are associated in the elderly (Tiemeier 

et al, 2004), but causal inferences are unknown. As depressive symptoms are also 

associated to poor cognitive functioning (Dufouil et al, 1996; Yaffe et al, 1999) and 
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depression is regarded as a risk factor for dementia and AD (Jorm et al, 2000; 

Geerlings et al, 2000), this condition should be considered when studying the 

association between PAD and cognitive impairment. Only in one report, Johnson et al 

(2010) suggested that the depression may explain the association between cognitive 

function and PAD, but further studies are necessary. 

All the studies were population-based, although the Rotterdam study (Breteler 

et al, 1994; van Oijen et al, 2007; Hofman et al, 1997) also included institutionalized 

subjects. Generally, authors highlighted that the selection of subjects who agreed a 

health survey, probably healthier, and the exclusion of deceased subjects and non-

responders may have underestimated the strength of the association between a low 

ABI and cognitive impairment (Haan et al, 1999; Woo et al, 2006; Price et al, 2006; 

Breteler et al, 1994; Bruce et al, 2008; van Oijen et al, 2007). As pointed out by 

Breteler et al. (1994) in the Rotterdam study, survival bias may have distorted the 

results and underestimated the risks because subjects with severe PAD may have 

died from cardiovascular disease before developing dementia.  

The presented studies mostly included age as an adjustment variable in the 

statistical models in order to avoid ageing effects in these associations. Indeed, age 

is clearly associated to cognitive impairment and is the only established risk factor for 

dementia and AD (Prince et al, 2009).  

Other probable confounding variables were taken into account in several 

studies, mostly cardiovascular disease risk factors. It has been shown that patients 

who experienced TIA or stroke have significantly worst performances during cognitive 

testing (Rao et al, 1999), as well as older patients with intermittent claudication 

(Waldstein et al, 2003; Singh-Manoux et al, 2003). In the Rotterdam Study, exclusion 

of stroke patients and censoring individuals at the time of incident stroke did not 

affect the estimates, so that the association with dementia is not explained by clinical 

stroke (van Oijen et al, 2007). Further adjustments for cardiovascular comorbidities 

and risk factors, as potential confounders (stroke, trans-ischemic attack, diabetes, 

hypertension, myocardial infarction etc…), were made in several studies (Haan et al, 

1999; Kuo et al, 2007; van Oijen et al, 2007; Laurin et al, 2007). Yet, the ABI may 

provide additional prognostic information to that obtained by the enumeration of CVD 

risk factors and comorbidities.  

The association between a low ABI and vascular dementia was generally the 

strongest (Hofman et al, 2007; Laurin et al, 2007). This supports the hypothesis that 
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ABI can be used as a marker of atherosclerosis when the etiology of dementia 

(vascular vs. non-vascular) should be determined. However, low ABI is also 

associated with incident AD (Laurin et al, 2007; Newman et al, 2005), so that it 

should be considered as a marker of all types of dementia in general population.   

Beyond PAD, other localisations of atherosclerosis have been investigated for 

their association to cognitive impairment and dementia. Carotid intima-media 

thickness (C-IMT) and pulse wave velocity (PWV), as measures of sub-clinical CVD, 

are frequently associated to ABI in order to determine the relative contribution of 

atherosclerosis to cognitive impairment or dementia/AD. Increased C-IMT and PWV 

were associated with lower scores on memory performance, processing capacity and 

executive functioning in middle-aged and elderly men (Muller et al, 2007). Plaques in 

carotid arteries and increased C-IMT were found to be significantly associated to AD, 

VaD and all dementia in the Rotterdam Study (Hofman et al, 1997; Breteler et al, 

1994). Overall, atherosclerosis is associated to poorer cognitive function and 

increased risk for dementia (Muller et al, 2007; van Oijen et al, 2007). Honig et al. 

(2005) suggested that atherosclerotic cerebrovascular disease may be part of the 

pathogenesis of AD because of strong association with neuritic plaques. However, in 

contrast to these markers of atherosclerosis, the ABI is easier, with low-cost material, 

feasible with some training by any physician or nurse, and from this standpoint, the 

ABI is the most useful marker of atheroclerosis in a patient suspect of cognitive 

disorders. 

 

Other factors have been considered in some studies. CRP and D-dimers 

levels were also independent negative predictors of cognitive performance in patients 

with asymptomatic PAD (Mangiafico et al, 2006). Three studies (Haan et al, 1999, 

Laurin et al, 2007; Hofman et al, 1997) showed that the presence of the ApoE ε4 

allele tended to increase the rate of cognitive decline or the risk to develop dementia, 

but artery diseases have a role independent of the ApoE ε allele (Haan et al, 1999). 

As both PAD and cognitive impairment are reported to be related to a spectrum of 

asymptomatic brain changes (Bots et al, 1993; Swan et al, 2000), Mangiafico et al. 

(2006) suggest that vascular brain damage is the most probable mediator linking 

PAD to cognitive impairment, and highlight the need of studies combining 

neuroimaging with PAD and cognitive assessment. 
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In this general review, we confirm that despite the use of several criteria to 

assess different dimensions of cognitive function, a low (<0.90) ABI can be 

considered as a marker of cognitive impairment and dementia. Similar to its 

usefulness to predict CVD, ABI provides independent and incremental information on 

subject’s susceptibility to develop cognitive disorders, compared to that provided by 

the presence of risk factors. Given its ease of use, safety to patients and low cost, 

this review highlights the interest of this marker of atherosclerosis to identify elder 

populations at higher risk of cognitive impairment or dementia. We advocate further 

research in this topic in order to ascertain its benefits in clinical practice in the field of 

cognitive diseases. 



  13 

Acknowledgements 

The authors would like to thank Mrs Elisabeth Grelier for her technical help in 

literature searching and Dr Benoît Marin for his helpful advices during this work.  

We also thank the Fondation pour la Recherche Médicale (FRM) for supporting our 

researches and the French National Agency for Research (ANR).  

 

 

References 

 

1 Aboyans V, Criqui MH. The epidemiology of peripheral arterial disease. in 
Robert Dieter (ed): Peripheral arterial disease. McGraw Hill, 2009, pp1-25. 

 

2 Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, Hall K, 
Hasegawa K, Hendrie H, Huang Y, Jorm A, Mathers C, Menezes PR, 
Rimmer E, Scazufca M; Alzheimer's Disease International. Global 
prevalence of dementia: a Delphi consensus study. Lancet 2005;366:2112-
2117. 

 
3 Slooter AJ, Tang MX, van Duijn CM, Stern Y, Ott A, Bell K, Breteler MM, 

Van Broeckhoven C, Tatemichi TK, Tycko B, Hofman A, Mayeux R. 
Apolipoprotein E epsilon4 and the risk of dementia with stroke. A 
population-based investigation. JAMA 1997;277:818-821. 

 
4 Launer LJ, Masaki K, Petrovitch H, Foley D, Havlik RJ. The association 

between midlife blood pressure levels and late-life cognitive function. The 
Honolulu-Asia Aging Study. JAMA 1995;274:1846-1851. 

 
5 Starr JM, Whalley LJ, Inch S, Shering PA. Blood pressure and cognitive 

function in healthy old people. J Am Geriatr Soc 1993;41:753-756. 
 

6 Qiu C, Winblad B, Fratiglioni L. The age-dependent relation of blood 
pressure to cognitive function and dementia. Lancet Neurol 2005;4:487-
499.  

 
7 Messier C, Gagnon M. Glucose regulation and cognitive functions: relation 

to Alzheimer's disease and diabetes. Behav Brain Res 1996;75:1-11. 
 

8 Ott A, Stolk RP, Hofman A, van Harskamp F, Grobbee DE, Breteler MM. 
Association of diabetes mellitus and dementia: the Rotterdam Study. 
Diabetologia 1996;39:1392-1397. 

 

9 Naderali EK, Ratcliffe SH, Dale MC. Obesity and Alzheimer's disease: a 
link between body weight and cognitive function in old age. Am J 
Alzheimers Dis Other Demen 2009;24:445-449. 

 



  14 

10 Goldstein FC, Ashley AV, Endeshaw YW, Hanfelt J, Lah JJ, Levey AI. 
Effects of hypertension and hypercholesterolemia on cognitive functioning 
in patients with alzheimer disease. Alzheimer Dis Assoc Disord 
2008;22:336-342. 

 

11 Kannel WB. Risk factors for atherosclerotic cardiovascular outcomes in 
different arterial territories. J Cardiovasc Risk 1994;1:333-339. 

 

12 de la Torre JC. Is Alzheimer’s disease a neurodegenerative or a vascular 
disorder? Data, dogma, and dialectics. Lancet Neurol 2004;3:184-190. 

 
13 Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, McCann TJ, 

Browner D. Mortality over a period of 10 years in patients with peripheral 
arterial disease. N Engl J Med 1992 6;326:381-386. 

 

14 Haan MN, Shemanski L, Jagust WJ, Manolio TA, Kuller L. The role of 
APOE epsilon4 in modulating effects of other risk factors for cognitive 
decline in elderly persons. JAMA 1999;282:40-46. 

 

15 Price JF, McDowell S, Whiteman MC, Deary IJ, Stewart MC, Fowkes FG. 
Ankle brachial index as a predictor of cognitive impairment in the general 
population: ten-year follow-up of the Edinburgh Artery Study. J Am Geriatr 
Soc 2006;54:763-769. 

 

16 Johnson W, Price JF, Rafnsson SB, Deary IJ, Fowkes FG.Ankle-brachial 
index predicts level of, but not change in, cognitive function: The Edinburgh 
Artery Study at the 15-year follow-up. Vasc Med 2010;15:91-97. 

 
17 Rafnsson SB, Deary IJ, Fowkes FG. Peripheral arterial disease and 

cognitive function. Vasc Med 2009 ;14:51-61. 
 

18 Fowkes F.G. The measurements of atherosclerotic peripheral disease in 
epidemiological surveys. Int J Epidemiol 1988; 17:248-54. 

 
19 Woo J, Lynn H, Wong SY, Hong A, Tang YN, Lau WY, Lau E, Orwoll E, 

Kwok TC. Correlates for a low ankle-brachial index in elderly Chinese. 
Atherosclerosis 2006;186:360-366.  

 
20 Breteler MM, Claus JJ, Grobbee DE, Hofman A. Cardiovascular disease 

and distribution of cognitive function in elderly people: the Rotterdam 
Study. BMJ 1994;308:1604-1608. 

 
21 van Oijen M, de Jong FJ, Witteman JC, Hofman A, Koudstaal PJ, Breteler 

MM. Atherosclerosis and risk for dementia. Ann Neurol 2007;61:403-410. 
 

22 Laurin D, Masaki KH, White LR, Launer LJ. Ankle-to-brachial index and 
dementia: the Honolulu-Asia Aging Study. Circulation 2007;116:2269-2274. 



  15 

 
23 Hofman A, Ott A, Breteler MM, Bots ML, Slooter AJ, van Harskamp F, van 

Duijn CN, Van Broeckhoven C, Grobbee DE. Atherosclerosis, 
apolipoprotein E, and prevalence of dementia and Alzheimer's disease in 
the Rotterdam Study. Lancet 1997;349:151-154. 

 
24 Newman AB, Fitzpatrick AL, Lopez O, Jackson S, Lyketsos C, Jagust W, 

Ives D, Dekosky ST, Kuller LH. Dementia and Alzheimer's disease 
incidence in relationship to cardiovascular disease in the Cardiovascular 
Health Study cohort. J Am Geriatr Soc 2005;53:1101-1107. 

 
25 Sugawara N, Yasui-Furukori N, Umeda T, Kaneda A, Sato Y, Takashi I, 

Matsuzaka M, Danjo K, Nakaji S, Kaneko S. Comparison of ankle-brachial 
pressure index and pulse wave velocity as markers of cognitive function in 
a community-dwelling population. BMC Psychiatry 2010;10:46. 

 
26 Vupputuri S, Shoham DA, Hogan SL, Kshirsagar AV. Microalbuminuria, 

peripheral artery disease, and cognitive function. Kidney Int 2008; 73:341-
346. 

 
27 Bruce DG, Davis WA, Casey GP, Starkstein SE, Clarnette RM, Foster JK, 

Almeida OP, Davis TM. Predictors of cognitive impairment and dementia in 
older people with diabetes. Diabetologia 2008;51:241-248.  

 
28 Mangiafico RA, Sarnataro F, Mangiafico M, Fiore CE. Impaired cognitive 

performance in asymptomatic peripheral arterial disease: relation to C-
reactive protein and D-dimer levels. Age Ageing. 2006;35:60-5. 

 
29 McDermott MM, Greenland P, Guralnik JM, Liu K, Criqui MH, Pearce WH, 

Chan C, Schneider J, Sharma L, Taylor LM, Arseven A, Quann M, Celic L. 
Depressive symptoms and lower extremity functioning in men and women 
with peripheral arterial disease. J Gen Intern Med 2003;18:461-467. 

 
30 Tiemeier H, van Dijck W, Hofman A, Witteman JC, Stijnen T, Breteler MM. 

Relationship between atherosclerosis and late-life depression: the 
Rotterdam Study. Arch Gen Psychiatry 2004;61:369-376. 

 
31 Dufouil C, Fuhrer R, Dartigues JF, Alpérovitch A. Longitudinal analysis of 

the association between depressive symptomatology and cognitive 
deterioration. Am J Epidemiol 1996;144:634-641. 

 
32 Yaffe K, Blackwell T, Gore R, Sands L, Reus V, Browner WS. Depressive 

symptoms and cognitive decline in nondemented elderly women: a 
prospective study. Arch Gen Psychiatry 1999;56:425-430. 

 
33 Jorm AF. Is depression a risk factor for dementia or cognitive decline? A 

review. Gerontology;46:219-227.  
 

34 Geerlings MI, Schoevers RA, Beekman AT, Jonker C, Deeg DJ, Schmand 
B, Adèr HJ, Bouter LM, Van Tilburg W. Depression and risk of cognitive 



  16 

decline and Alzheimer's disease. Results of two prospective community-
based studies in The Netherlands. Br J Psychiatry 2000;176:568-575. 

 
35 Prince M, Jackson J. World Alzheimer Report. Alzheimer’s Disease 

International. London. 2009. ttp://www.alz.co.uk/research/files/World 
20Alzheimer%20Report.pdf (accessed Nov 19, 2009). 

 
36 Rao R, Jackson S, Howard R. Neuropsychological impairment in stroke, 

carotid stenosis, and peripheral vascular disease, A comparison with 
healthy community residents. Stroke 1999;30:2167-2173. 

 
37 Waldstein SR, Tankard CF, Maier KJ, Pelletier JR, Snow J, Gardner AW, 

Macko R, Katzel LI. Peripheral arterial disease and cognitive function. 
Psychosom Med 2003;65:757-763. 

 
38 Singh-Manoux A, Britton AR, Marmot M. Vascular disease and cognitive 

function: evidence from the Whitehall II Study. J Am Geriatr Soc 
2003;51:1445-1450. 

 
39 Kuo HK, Lin LY, Yu YH. Microalbuminuria is a negative correlate for 

cognitive function in older adults with peripheral arterial disease: results 
from the U.S. National Health and Nutrition Examination Survey 1999-
2002. J Intern Med. 2007;262:562-70. 

 
40 Muller M, Grobbee DE, Aleman A, Bots M, van der Schouw YT. 

Cardiovascular disease and cognitive performance in middle-aged and 
elderly men. Atherosclerosis 2007;190:143-149. 

 
41 Honig LS, Kukull W, Mayeux R. Atherosclerosis and AD: analysis of data 

from the US National Alzheimer's Coordinating Center. Neurology 
2005;64:494-500. 

 
42 Bots ML, van Swieten JC, Breteler MM, de Jong PT, van Gijn J, Hofman A, 

Grobbee DE. Cerebral white matter lesions and atherosclerosis in the 
Rotterdam Study. Lancet 1993;341:1232-1237. 

 
43 Swan GE, DeCarli C, Miller BL, Reed T, Wolf PA, Carmelli D. 

Biobehavioral characteristics of nondemented older adults with subclinical 
brain atrophy. Neurology 2000;54:2108-2114. 

 
 



  17 

 
 

 

Figure 1: Literature review flow-chart. 

 

Combined search results of 5 
databases: 

2934 references 

23 references 
selected on title and 

abstract 

1 congress 
abstract  

4 case-
control 
studies  

1 duplicate 
publication on 

the same 
cohort 

5 ABI 
measures not 

detailed   

 12 full-text articles 
included in the 

systematic review 



  18 

Table 1: Main characteristics of the studies included in the systematic review. 

 

Author Country (Study name) N (men/women) 
Mean age 

(years) 
ABI threshold Cognitive outcome 

Cross-sectional analysis         

Breteler et al., 1994 Netherlands (Rotterdam study) 4971 (NA) >55.0 <0.90 Cognitive Impairment 

Hofman et al., 1997 Netherlands (Rotterdam study) 1982 (36%/64%) 66.0 <0.90 Dementia / AD 

Woo et al., 2006 China 3998 (50%/50%) 72.5 <0.90 Cognitive Impairment 

Price et al., 2006 Scotland (Edinburgh Artery Study) 717 (50%/50%) 64.9 <0.90 and <0.95 Cognitive Impairment 

Vupputuri et al., 2008 USA (NHANES) 2386 (44%/56%) 71.0 <0.90 Cognitive Impairment 

Sugawara et al., 2010 Japan (Iwaki Health Promotion Project) 388 (36%/64%) 68.5 1st ABI tertile (1.08) Cognitive Impairment 

Longitudinal analysis         

Haan et al., 1999 USA (Cardiovascular Health Study) 5888 (NA) >65.0 <0.90 Cognitive Impairment / Dementia 

Newman et al., 2005 USA (Cardiovascular Health Study) 2539 (40%/60%) 74.0 <0.90 Dementia / AD 

van Oijen et al., 2007 Netherlands (Rotterdam study) 3962 (41%/59%) 65.7 <0.90 Dementia / AD 
Laurin et al., 2007 Honolulu & Japan (Honolulu-Asia Aging Study) 2588 (NA) 76.9 <1.0 and <0.9 Dementia / AD 

Bruce et al., 2008 * Australia (Fremantle Diabetes Study) 302 (48%/52%) 76.0 ≤0.9 Dementia / AD 

Johnson et al., 2010 Scotland (Edinburg Artery Study) 452 (NA) 64.9 <0.90 and <0.95 Cognitive Impairment 

NA = Not Available, * publication also presenting cross-sectional analysis     

PAD = Peripheral Artery Disease; ABI = Ankle-Brachial Index; AD = Alzheimer's Disease 

NHANES = Nutritional Health and Nutrition Examination Survey     
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Table 2: The association between low ABI and cognitive impairment. 

 

Author Cognitive assessment  Threshold OR / HR (95% CI) Adjusted for Affected dimension 

Cross-sectional analysis           

Breteler et al., 1994 MMSE 24 or 36 - Age, sex, education  

Woo et al., 2006 MMSE 24 
1.75 (1.33-2.30) Age, sex  

1.58 (1.19-2.09) All factors  

Price et al., 2006 § Logical Memory Subtest (WMS) * - - Memory 

 Raven's Progressive Matrices * 1.2 (0.6-2.2) ° Age, sex Praxia (non-verbal reasoning) 

 Verbal Fluency Test * 1.7 (1.0-3.1) ° Age, sex Language 

 DSS * 3.1 (1.5-6.1) ° Age, sex Praxia (executive function) 

Vupputuri et al., 2008 DSS 32 - - Praxia (executive function) 

Bruce et al., 2008 
MMSE 
IQCODE 

28 
3.1 

2.0 (1.1-3.7)   

Sugawara et al., 2010 MMSE 24 3.19 (1.30-7.82) 

Age, sex, education, 
smoking status, 

alcohol intake, BMI, 
LDL-cholesterol, 

triglyceride,HbA1c, 
systolic blood 

pressure, pulse 
pressure 

 

Longitudinal analysis   

Bruce et al., 2008 
MMSE 
IQCODE 

28 
3.1 

2.2 (1.2-4.0) -  

DSS = Digit Symbol Substitution Test; MMSE = Mini-Mental State Examination; NART = National Adult Reading Test; WMS = Weschler Memory Scale 

§ (Price et al., 2006 ): only results for ABI<0,9 are presented     

* = scores analysed as continuous variables 

° = top tertiles compared to bottom tertiles 

OR = Odds Ratio, 95% CI = 95% Confidence Interval 
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Table 3: The association between low ABI and dementia or Alzheimer’s disease. 

 

Author Cognitive assessment Diagnosis Criteria 
Mesure of Association 

(95% CI) 
Adjusted for 

Cross-sectional 
analysis           

Hofman et al., 2007 MMSE, GMS 

Dementia DSM-III-R OR = 1.5 (1.1-2.0) 

Age, sex AD NINCDS-ADRDA OR = 1.3 (0.9-1.8) 

VaD DSM-III-R OR = 2.5 (1.3-4.8) 

Bruce et al., 2008 MMSE, IQCODE Dementia DSM-IV OR = 4.5 (1.4-14.8) 
 

Longitudinal analysis           

Bruce et al., 2008 MMSE, IQCODE Dementia DSM-IV HR = 5.3 (2.1-13.7)   
  

van Oijen et al., 2007 MMSE , GMS, CAMDEX 

Dementia DSM-III-R HR = 1.2 (0.9-1.7) 

Age, sex AD NINCDS-ADRDA HR = 1.3 (0.9-1.8) 

VaD NINDS-AIREN HR = 0.7 (0.2-2.6) 

Laurin et al., 2007 CASI 

Dementia DSM-III-R HR = 1.8 (1.3-2.5) 

Age, education AD NINCDS-ADRDA HR = 1.6 (1.0-2.5) 

VaD CADDTC HR = 2.8 (1.4-5.6) 

Newman et al., 2005 MMSE, DSS 
Dementia - HR = 2.4 (1.4-4.0) Age, ethnicity, education, 

income, ApoEε4 allele AD NINCDS-ADRDA HR = 2.2 (1.1-4.5) 

MMSE = Mini-Mental State Examination; GMS-A = Geriatric Mental State Examination; IQCODE = Informant Questionnaire for Cognitive Decline in the Elderly; CAMDEX  = 
Cambridge Mental Disorders of the Elderly Examination; CASI = Cognitive Abilities Screening Instrument, DSS = Digit Symbol Substitution Test 

AD = Alzheimer's disease; VaD = Vascular Dementia; CI= cognitive Impairment 

DSM-III-R = Diagnostic and Statistical Manual 3rd Revision; NINCDS-ADRDA = National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's 
Disease and Related Disorders Association; NINDS-AIREN = National Institute of Neurological Disorders and Stroke and Association Internationale pour la Recherche et 
l'Enseignement en Neurosciences; CADDTC = California Alzheimer's Disease Diagnostic and Treatment Centers 

OR = Odds Ratio, HR = Hazard Ratio, 95% CI = 95% Confidence Interval 

Haan et al, 1999 and Johnson et al, 2010 did not measure the association with Hazard Ratio, full results are in the text. 

 

 


