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Abstract

The authors examined associations between exposure to aluminum or silica from drinking water and risk of cognitive decline,
dementia and Alzheimer s disease. Subjects were followed-up for 15 yearswith an active search for incident cases of dementia, aged
65 yearsand over livingin 91 civil drinking water areasin Southern France. Two measures of exposur e to aluminum wer e assessed: a
geographical exposure and an individual exposure taking into account the daily consumption of tap and bottled water. A total of
1,925 subjects free from dementia at baseline and with reliable water assessment wer e analyzed.

Using random effects models, cognitive decline with time was greater in subjects with a higher daily aluminum intake from drinking
water ( 0.1 mg/day, p  0.005) or a higher geographical exposureto aluminum. Using a Cox model, a high daily intake of aluminum
was significantly associated with increased risk of dementia. Conversely, an increase of 10 mg/day in silica intake was associated with
areduced risk of dementia (adjusted RR  0.89, p  0.036). However, the geographical exposureto aluminum or silica from tap water
was not associated with dementia. High consumption of aluminum from drinking water may bearisk factor for Alzheimer sdisease.
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Alzheimer disease (AD) is a neurodegenerative catelisorder defined as a progressive deterioratforognitive function and los
of autonomy. Although knowledge of the pathophysiyl of AD has greatly progressed over the pastdies;ats causal mechanisms ¢
far from clear.

The hypothesis that aluminum (Al) exposure is degically related to Alzheimer s disease has lethtwh debate. The possibility ¢
such a relation was suggested by the presencemfraim in senile plaques and neurofibrillary degatien, two histological lesions the
are characteristic of the diseade ( ). Several ssudiport that intake of aluminur (3, ) increasgsression of amyloid protein ir
rodent tissues, a step that may be critical taltheslopment of Alzheimer s disease. Ecological ssitiave suggested that concentratic
of aluminum in drinking water of 0.1 0.2 mg/l mayiease the risk of Alzheimer s disease with relatisie or odds ratio ranging fron
1.35t0 2.674 8 ). All the epidemiological studiegsHar, except on®( ), however, have ignored tbwitual daily intake of drinking
water.

Some, but not all, epidemiological and experimestaldies suggest silica species can reduce alumnaiabsorption and/ol
enhance aluminum excretion and protect againstialuminduced adverse effects (9, 10 ). The silicg (®ntent of tap water cal
vary according to the geographical region, withicgtly high Si levels in hard water areas and lewels in soft water areas. In tw
studies carried out in Egyptl ) or UK2 ), bottledter of all brands (spring or mineral waters) corgd higher levels of Si than ta
water. This may well be because tap water treatnfiemt by Al flocculation) decreases the Si contéie previously reported ¢
geographical association between aluminum andasilicd the cognitive decline or dementia on the dithe PAQUID (Personnes g ¢
Quid) cohort 4 ,5 ) for subjects followed during 8aye and with a low number of exposed subject. @uria the present work was t
analyse the associations with more precise dailprAdilica intake on a larger cohort followed-upli® years, with additional expose
subjects and with a majority of new events occurring after the 8-year of follow-up.

MATERIALSAND METHODS
Participants/recruitment
Figure 1lillustrates the study flow chart. Briefly, PAQUIDs ian ongoing prospective-cohort population-basedystof the

epidemiology of dementia and Alzheimer s diseaséh@nelderly population in Francd3 ). The study begig in 1988, initially
included a community-based cohort of 3,777 eldpdgple, aged 65 and older, and living at home mafri75 randomized rural or urba
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drinking water areas of the administrative area&iobnde or Dordogne in southwestern France. Stijeere randomly selected fror
electoral rolls and were followed-up regularly between 1988 and 2004. The PAQUID study was approved by an ethical review cc

To increase the number of exposed subjects we afhdedata of the ALMA cohort (for aluminum maladiélzheimer). This
cohort of 400 subjects was randomly selected frianteral rolls at the same time as the 10-yeaofolip of the PAQUID cohort. Thes
subjects aged 75 years and over at entry livedatehin one of the 14 drinking water areas of thmiattrative area of Dordogne il
south-western France with five drinking water areith mean levels of Al between 0.050 and 0.100Imgd nine areas with Al 0.10
mg/l. These subjects, first seen in 1999 then in 2003, were expected to be comparable with the subjects seen at the 10-year follt
PAQUID cohort. The cognitive decline was analyzedtee PAQUID cohort and the ALMA cohort. DementiadaAD were investigatec
only on the PAQUID cohort because of the non-symicedt screening process in the two cohorts and Umzaf the two different
follow-up.

Assessment of cognitive functions, dementiaand AD

At baseline, a psychologist who gathered sociodeapbgc data, medical antecedents, and functiosaldity saw subjects at home
Intellectual functioning assessment included aruatin of global mental status (Mini-Mental St&ramination, MMSE) 14 ) and ¢
battery of other tests. At the end of the visig gisychologists systematically completed a starmddjuestionnaire designed to obte
the criteria for dementia according to the Diagiwoshd Statistical Manual of Mental Disorders, Thitdition, Revised (DSM-IIl R) (15
). A senior neurologist subsequently saw subjedte wmet these criteria at home to confirm and cotepliee DSM-1II R criteria for
dementia and to apply the National Institute of féagical and Communication Disorders and StroketW&imer s Disease and Relat
Disorders Association criteria for ACL§ ) and the Hachinski scai®e () for vascular dementia.

M easur e of exposure and water consumption

On the basis of information given by the sanitadynaistration, we respectively divided the PAQUIBngle and the ALMA
sample into 77 and 14 drinking water areas. Fon eaea, we computed a weighted mean of all measf@i@aminum and silica by using
the results of chemical analyses of drinking wageried out by the sanitary administration betw&881 and 1994. In order to evalua
the past exposure of subjects, the history of tatemdistribution network over the previous tenrggd981 1991) was evaluated into tl
PAQUID cohort.

The 8-year follow-up questionnaire in the PAQUIDhoa and the three following ones as well as tret &ind second in the ALMA
cohort included a dietary investigation that camtali specific questions relating to the daily congtiom of tap water (including wate
used in making tea, coffee, soup or alcoholic grenkd bottled water (spring or mineral) and theara most frequently consumed. Tt
first non-missing information collected was usedéach individual exposure, assuming a stable deler consumption over the peric
of observation. The composition of the various ledtwaters was provided by the respective distiigutompanies. On the contrary 1
the mineral water, the composition of bottled sgnvater may change over time; even so we used enag® over several measuremel
across time (mean number of values 1.9). For ealsjest, a daily mean intake of aluminum or silican tap water and/or bottled wate
was computed. The statistical analyses are thesdbas two kinds of drinking water indicators fouminum or silica: a geographice
exposure (in mg/liter) previously used in the PAQWohort 6 ) and an individual indicator, more peeciin mg/day) taking daily
bottled and tap water consumption into account.

Statistical analysis

Analyses of cognitive decline were performed usingandom effects linear regression model, includingject-specific randorn
intercept and slope to take into account the istridgject correlation. A random intercept specificdach geographical area controlled {
the potential intra-area correlation. Since thérithstion of the MMSE scores was not normal, welared the square root of the numb
of errors according to timé( ). Besides the vagdalvhe representing the number of years after the iniigt, a binary indicator for the
initial visit was introduced to account for thesfipassing effect, possibly due to stress. Aluminuas considered as a quantitati
variable, or as a binary variable with the thredhafl 0.1 mg/liter already used in previous ecolag&tudies ¢ ,7 ), or 0.1 mg/day fc
individual exposure, or in four classes accordimghie three terciles (on subjects) under 0.1 mgédal/the category above 0.1 mg/de
Silica was considered as a quantitative variable or as a binary variable with 11.25 mg/liter for the geographical#seposdian in our
sample) or with 10.55 mg/day as the cut-off for théividual exposure (the median of daily intakeoar sample) or into 4 classe
according to the four quartiles. We adjusted faepbtal confounders: educational lev&B( ), wine uamption (L9 ), place of residenc
(rural versus urban) and the cohort (PAQUID or ALMA ).

To examine the robustness of the results in the @aalysis on cognitive decline we assessed infligiiagnostics, using the Cook
D statistic 20 ) in the final adjusted model. The r20st globally influential subjects were removed ampdlated estimates of mod:
parameters were computed.
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Analyses of the risk of dementia or AD were perfechusing a Cox proportional hazard model with dedagntry 21 ) to estimate
relative risks (RR) and to adjust for covariategeAvas taken as the basic time scale in the asalithat the risks of dementia or A
were adjusted non-parametrically for age. A stratified analysis for gender was perfagimed ().

All analyses were conducted using the MIXED and EB&Rin the SAS software, version 9.1 (SAS InstituéC., Cary, North
Carolina).

RESULTS

Among the 4,177 subjects (3,777 from PAQUID and #@dn ALMA ) who initially agreed to participate, ZOwith prevalent
dementia were excluded. The current study is mettito the 1,925 subjects (among the 3,970 noredeed at their first visit) in 91
geographical areas, who have non-missing valueddity consumption of Al or Silica from drinking tea and for adjustment covariate
Subjects from PAQUID lost to follow-up or died befdhe 8-year of follow-up, had no measure of watersumption and were exclude
from the study. Baseline characteristics of the study sample are shtaifeirl

The PAQUID sample at the 10-year follow-up and Alkd/A sample at entrance were as expected very ainfihean age 82.5:
and 82.31,p 0.51; MMSE scores 24.91 and 25€3,0001; percentage of women 61.66 and 59.27 ,.A7; @ercentage of hig}
educated patients 70.66 and 66.53, p  0.18). THdAA patients had a higher consumption of Al fronintiing water (mean  0.13¢
mg/day) than in the PAQUID cohort (mean 0.009 mg/day), p<0.0001.

The mean consumption of drinking water was 0.94 (S@49) liters/day. Tap water was the sole soufceaier intake for 43.7
percent of the subjects; 40.3 percent drank oniyldbwater. The compositions of Al in tap waterigd greatly from one parish tc
another from 0.001 to 0.514 mgl/liter, with a meatue of 0.043 mg/liter (median  0.009 mg/liter) deging largely on the method ¢
water treatment used (i.e. by Al flocculation ot)nén bottled water, when available or detectatiie,concentrations of Al are very sme
with a maximum value of 0.032 mg/liter and with aan value of 0.002 mg/liter (median 0). Silicaelsvin tap water ranged from 4.
to 22.4 mgl/liter and were inversely related to ahum concentrations, but this negative correlaticas weak in our study (Pearsc
correlation coefficient  0.1§ 0.13). In bottleater, the concentrations of Si ranged from 2 neg/tib 77.6 mg/liter. The daily mea
intake of Al and Si from drinking water is descighi@ Table 2. The correlation between geographical expesand individual exposur:
was 0.71 (p<0.001) for aluminum and 0.13 (p<0.0@t)silica. Among subjects studied, 112 were exgasemore than 0.1mg/day c
aluminum essentially due to a high consumption of tap water with high levels of Al.

Relation between cognitive functions and water composition into the PAQUID and ALMA cohort

Aluminum intake interacted significantly with tinf§able 3). Cognitive decline was greater in subjects vaithigh daily Al intake
(greater than 0.1 mg/day or an increase of 0.1 ayy/dHowever, Al had no significant associationhatiie values of the MMSE scores
inception in the cohort. As an example, a womarhatit a diploma aged 75 years at inception, wittow Haily silica intake
(<10.55mg/day) and a low daily Al intake (<0.1 mayyiwould in average lose 1.5 points on the MMS&esdetween the first follow-ug
and the 15-year follow-up; but with a high daily itake ( 0.1 mg/day), she would lose 5.0 pointstHese models, even afte
adjustment for different factors, significant by low intra-parish correlation was obtained (indel 1 fromTable 3 , the variance o
the intra-parish random effect 0.008, p 0.019). This may mean that other geographical factors may also influence cognitive d

The same tendencies were obtained using the gddgahpap water exposure: cognitive decline withdiwas greater in subject
exposed to high levels of aluminum (models 3 andahle 3). Neither individual intake of silica nor geoghégal exposure was
significantly associated with cognitive functions.

The interaction between Al and time was no longgnicant (p  0.78) when excluding the dementebjscts. This suggests the
cognitive decline with time is related to daily Al intake only when associated with a dementia process.

Among the 20 most influential subjects (about 1 thef sample) 7 had a high consumption of aluminun®.t00 mg/day). The
parameter estimate for aluminum by time after dadethe 20 most influential patients was unchangechad a larger p-value ( 0.04
p 0.01) than on the full dataset.

When repeating the cognitive decline analysis usinly the PAQUID sample we observed very similaetiactions aluminum or
silica with time (model 2 ifable 3 , 0.020, p 0.004 for Al; 0.003, p 0.10 for silica).

The principal lifetime occupation with an eightsdavariable was also added. The effects of alumiriy time and silica by time (ho
shown in the tables) were unchanged, respectively 0.046 (p 0.009) and 0.004 (p 0.35) in model 1.

Relation between dementia or Alzheimer sdisease and water composition into the PAQUID cohort
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Over the 15-years of follow-up of the PAQUID coht677 subjects were analyzed and 461 subjects di@gaosed with dementia
the mean follow-up duration was 11.3 years. OnlysBjects had high daily consumption of Al fromnlihg water (0.1 mg/day)
among them 6 (46.2 ) were demented. There were 3bj¢ds (78.9 percent) classified as having Alzteisdisease (probable ¢
possible). The incidence rates for all causes ofedeia and for Alzheimer s disease were estimatédasper 100 person-years and 1.
per 100 person-years, respectively. The risk ofatgra was higher for subjects with a high dailyidthke (adjusted relative risk (RR)
2.26 for Al 0.1 mg/dayp 0.049, model 5Table 4 ). Conversely,merease of 10 mg/day in silica intake was assediatith a reduced
risk of dementia (adjusted RR  0.§9, 0.036, m&JeNo tendency for a dose-response effect for slum was apparent (likelihooc
ratio statistic  3.52, 3 dfp 0.32, modelt@ble 4 ) ewkaugh a significant linear relation between aluminand dementia wa:
obtained in model 6 (adjusted RR for aluminum  If@8an increase of 0.1 mg/day, 0.017). The modelith aluminum as a
continuous variable was slightly better than timaodel 5) in which aluminum was in two classes (Akadifference 1.1). There was r
significant interaction between aluminum and silica concentrations.

Analyses restricted to cases classified as Alzheindisease (364 cases) also suggested a deleteffeasof high aluminum intake:
and a protective effect of high silica intake. These effects were not significant for other types of dementia (97 cases, data not she

Using the geographical tap water exposure, theartnations of Al or Silica were no more associatétth the risk of dementia ol
AD, although the tendencies were similar (results not shown here).

DISCUSSION

We found that the cognitive decline and the risldefentia were higher for high consumption of Alnfr drinking water. Even if
almost the same tendencies as previously publishé®aquid% ) were obtained on the effect of geduycap exposure to aluminum, thi
exposure was no more significantly associated w&mentia. This result being based on a small nurabexposed subjects in thi
sample (n 46 with Al 0.100mg/l), it may be expkinby a lack of power in the analysis. This streags the importance of using ¢
individual rather than a geographical exposure. diedysis did not show any evidence for silicaketto be associated with the evolutic
of cognitive functions; however it showed an ineesassociation between silica intake from drinkirgter and the risk of dementia, «
more specifically of AD.

Biases and limitations

The findings of our study warrant some caution in interpretation, owing to some limitations.

Although we adjusted for several potential confdngdfactors, the possibility of residual confounglimannot be completel
excluded. We thus adjusted for several individ@atdrs such as age, sex, wine consumption, eduehtievel, place of residenc
potentially associated with the bottled water consumption.

Subjects drinking only bottled water may have aipalar exposure since they are not-exposed to ialum from drinking water and
can be more exposed to silica (if the bottled watartains high levels of silica). We repeated tt@manalyses excluding those persol
In the dementia analysis on the Paquid sample étdfects excluded over 1,677), the effect of alummrremained equivalent (fo
instance the model 5 ifiable 4 became, RR 2.31,p 0.045), but silica was no more significant (RR 1.04,p 0.13).

The bottled water consumption may also change tirtle and may be different for demented patientspamed to non-demente:
patients. We studied this evolution on the subsanypl476 subjects from the PAQUID cohort seen ahedallow-up time since the
assessment of daily water consumption (T8, T10,, TTItH). The intraclass correlation coefficient them a random effect linea
regression for the daily intake of bottled watesvegual to 0.54. This indicates that the dailylbdtintake was rather stable between
and T15. The same tendencies were observed fetOth@on-demented patients ( 0.55), and for theemented patients ( 0.47).
seems that the disease does not change that meconisumption habits of bottled drinking water.tRermore the water consumptio
information was mainly collected on non-dementetiepds (1406/1677 83.8 ). All these comments stiteery the validity of our
results even if the information for the bottled water consumption was only available after the 8-year follow-up.

We may think that the social or educational levaynnfluence the bottled water consumption andhgodaily intake of Al or Si. A
high consumption of bottled water leads to a loeintake and most of the time to a greater siliceake. The mean daily bottle
consumption was not significantly different in @aample for high educated patients (0.48 liter/dahpared to low educated patier
(0.47 liter/day). In the analyses of dementia im BAQUID cohort, only 13 subjects were exposed toenthan 0.1 mg/day of aluminun
essentially due to a high consumption of tap waieln high levels of Al. These subjects were disitéd in 5 drinking water areas wit
more than 0.05 mg/liter. Even though the numbesutijects with a high daily Al intake was low, almhbalf of them (6/13) developed
dementia over the 15-years of follow-up.
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Food contribute ~95  and drinking water 1 to 2 taf typical human s daily Al intake. However, thewbmited available data
suggest oral aluminum bioavailability, namely thecfion that is actually taken up into the bloagain) from food (~ 0.1 ) is less the
from water (~ 0.3 ). Yokel et al2 ) recently suggeisthat food provides ~25-fold more Al to systemiiculation, and potential Al
body burden, than does drinking water. Evidenceosuding the relationship between aluminum in fa@odl the risk of AD is very
minimal 23 ), probably due to the difficulty in obtaining accurate exposure information in dietary studies.

Strengths

A great advantage of our study was that we hadstimate of the daily individual intakes of Al anitica supplied by the drinking
water, and not merely the geographical concentratad these elements, as in most epidemiologidestyateviously publishedi( 5 7
24). This individual intake of drinking water is more precise and leads to more accurate findings.

Only one recent French cohort (EPIDOS) analyzed this individual daily consumption of aluminum dica from drinking water (9
). At baseline, low silica concentration was ass@a with low cognitive performance and with moi@ patients. No significant change
were observed with aluminum intakes. These resalteoborate our results for silica only. The EPID&8dy was however a selecte
population of volunteers not representative of gemeral population and with much lower levels afnsihum (maximum 0,062
mg/liter).

The study of cognitive functions in addition to ttigk of dementia has two main methodological iests. First, the evolution of th
MMSE score is not sensitive to diagnostic erroes thay be present in the detection of AD caserlg, cognitive decline precedes t
three to five years the occurrence of dementia and is less subject to competitive morbidity or mortality.

The survey design incorporates a grouping of thidggaants into drinking water areas, this hasdbeantage to give heterogeneity
the drinking water exposures or other environmefaalors but this may induce a correlation of tiseryvations. In a random effe
survival model § ,25 ) no significant intra-group celation was observed (p  0.31). The effects of alum (RR 2.22, SE 0.43 fo
models inTable 4 ) and silica (RR 0.90, SE 0.05) werehamged. It is thus unlikely that some unmeasuredr@enmental factor
shared by the members of the same parish could play a confounding role on dementia.

Further studies are needed to settle the debatettowdink between aluminum or silica in drinkingt@r and neurological disordel
and cognitive impairment. Ideally, in such studiedividual data on drinking water exposure as vesllother relevant risk factors i
needed to assess this potential risk.

Ackowledgements:

grants and/or financial support

This research was supported by Agence de Bassime$&rmandie, Aluminum P chiney, ARMA (Institut die®eau), Associatic
Recherche et Partage, AXA-AGIPI, Groupe Danones$ealNationale d Assurance Maladie des TravailleatariSs, Caisse Primaire
Assurance Maladie de la Dordogne, CAPIMMEC, Con€eih ral de la Dordogne, Conseil G n ral de la Girordenseil R gional
Aquitaine, Caisse de Retraite Interentreprisesedion R gionale des Affaires Sanitaires et SocidlAguitaine, 2010 M dia, Fondation
France, INSERM, M.G.E.N., Minist re de la Recher@tede la Technologie, M.S.A. de la Dordogne, M.SdA.la Gironde, Novart
Pharma, IPSEN Laboratories et Scor Insurance Grdlgthank the PAQUID staff for their collaborationthe study, and the DDAS
Dordogne and DDASS Gironde who took part in the study by giving data on drinking water components.

Footnotes:
Conflict of interest: none

Abbreviations

Al : Aluminum

AD : Alzheimer s Disease

MMSE : Mini Mental State Examination
Si : Silica

References:

® 1 . Edwardson JA Candy JM, Ince PG. Aluminium accumulation, beta-amyloid depositiordareurofibrillary changes in the central nervoustes . Ciba Found Symg
1992 ; 169 : 165 - 79 discussion 179 85

® 2 . Pratico D, Uryu K, Sung S, Tang S, Trojanowski JQ Lee VM. Aluminum modulates brain amyloidosis through okl stress in APP transgenic mice . Faseb J .
;16:(9) 1138 - 1140

® 3 . EI-Rahman SSNeuropathology of aluminum toxicity in rats (glutamate and GABA impairment) . Pharmacol Res . 2003 ; 47 : (3) 189 - 194

Pages 10
Am J Epidemiol . Author manuscript



® 4 . Rondeau V, Jacqgmin-Gadda H Commenges D Dartigues JF Re: aluminum in drinking water and cognitive deeliin elderly subjects: the Paquid cohort . A
Epidemiol . 2001 ; 154 : (3) 288 - 190

® 5 . Rondeau V, Commenges D Jacgmin-Gadda KDartigues JF Relation between aluminum concentrations in drigkivater and Alzheimer s disease: an 8-year follp

study . Am J Epidemiol . 2000 ; 152 : (1) 59 - 66

6 . McLachlan DR, Bergeron C, Smith JE, Boomer D, Rifat SL. Risk for neuropathologically confirmed Alzheimetisease and residual aluminum in municipal drin

water employing weighted residential histories . Neurology . 1996 ; 46 : (2 ) 401 - 405

® 7 .Martyn CN, Barker DJ, Osmond G Harris EC, Edwardson JA Lacey RF. Geographical relation between Alzheimer s disease and aluminum in drinking hateet .

1989 ;1:(8629)59 - 62

8 . Gauthier E, Fortier I, Courchesne FPepin P, Mortimer J, Gauvreau D Aluminum forms in drinking water and risk of Alzheimer s diseasviron Res . 2000 ; 84 : |

) 234 - 246

9 . Gillette-Guyonnet S Andrieu S, Nourhashemi F, de La Gueronniere Y Grandjean H Vellas B. Cognitive impairment and composition of drinkingier in womer

findings of the EPIDOS Study . Am J Clin Nutr . 2005 ; 81 : (4 ) 897 - 902

10 . Birchall JD, Chappell JS Aluminium, water chemistry, and Alzheimer s diseakancet . 1989 ; 1 : (8644 ) 953 -

11 . Saleh MA, Ewane E, Jones J Wilson BL . Chemical Evaluation of Commercial Bottled Drinking Water from Egypt . J Food Comp Anal . 2001 ; 14 : (2) 127 -

12 . Powell JJ, McNaughton SA Jugdaohsingh RA provisional database for the silicon content of foods in the United Kingdom . Br J Nutr . 2005 ;94 : (5) 804 - 8

13 . Dartigues JF Gagnon M, Barberger-Gateau PThe Paquid epidemiological program on brain ageing . Neuroepidemiology . 1992 ; 11 : (Suppl 1) 14 - 18

14 . Folstein MF, Folstein SE, McHugh PR. Mini-mental state . A practical method for gradithg@ cognitive state of patients for the cliniciadournal of Psychiatr

Research . 1975; 12 :(3) 189 - 198

15 . Diagnostic and Statistical Manual of Mental Disorders rERW, DC . American Psychiatric Association ; 1987 ;

16 . McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of Alzheimer s disease: repdrthe NINCDS-ADRDA Work Grou

under the auspices of Department of Health and Human Services Task Force on Alzheimer s B&seategy . 1984 ; 34 : (7 ) 939 - 944

® 17 .Hachinski VCLL, Zilhka E, Du Boulay GH, McAllister VL , Marshall J, Russell RW, Symon L. Cerebral blood flow in dementia . Archives of Ndogy . 1975 ; 32
(17) 632 - 637

® 18 . Letenneur L, Gilleron V, Commenges D Helmer C, Orgogozo JM, Dartigues JF Are sex and educational level independent prediatb dementia and Alzheime
disease? Incidence data from the PAQUID project . J Neurol Neurosurg Psychiatry . 1999 ; 66 : (2) 177 - 183

® 19 .Orgogozo JM Dartigues JF, Lafont S. Wine consumption and dementia in the elderly:aspective community study in the Bordeaux area . IRewrol (Paris) . 1997
153:(3)185-192

® 20 .Cook RD. Influential observations in linear regression . Journal of the American Statistical Association . 1979 ; 74 : 169 - 174

21 .Commenges D Letenneur L, Joly P, Alioum A , Dartigues JF Modelling age-specific risk: application to dementia . Stat Med . 1998 ; 17 : (17 ) 1973 - 188

22 .Yokel RA, Florence RL Aluminum bioavailability from the approved foodditive leavening agent acidic sodium aluminum pihage, incorporated into a baked gc

is lower than from water . Toxicology . 2006 ; 227 : (3 & - 93

® 23 .Rogers MA, Simon DG. A preliminary study of dietary aluminium intake and risk of Alzheimer s diseAge Ageing . 1999 ; 28 : (2 ) 205 - 209

24 .Martyn CN, Coggon DN, Inskip H, Lacey RF, Young WF. Aluminum concentrations in drinking water and régkAlzheimer s diseaseEpidemiology . 1997 ; 8 : (3

281 - 286

® 25 . Rondeau V, Gonzalez JR frailtypack: a computer program for the analysicarrelated failure time data using penalized lik@od estimation . Comput Methc
Programs Biomed . 2005 ;80 : (2) 154 - 164

Pages 10
Am J Epidemiol . Author manuscript



Figurel

Diagram of the analysed population from the PAQUH2rsonnes g es Quid) and the ALMA (Aluminum Maladli&lzheimer) cohor!
and its follow-up.
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Tablel

Distribution of potential confounding variables across levels of aluminum concentrations, the PAQUID and ALMA cohorts, France, 1988 2003.

Aluminum from tap water (n 1,883 )

Daily consumption of aluminum (from tap water and/or bottled water) (n

1,925)

Geographical exposure

Individual exposure

0.100 mg/liter (n < 0.100 mg/liter (n

Characteristics at baseline 216) 1,667) 0.100 mg/day (n 112) <0.100 mg/day (n 1,813) Total (n 1,925)
Silica from tap water (geographical exposure)
11.25 mg/liter 131 (60.7 ) 1,033 (62.2 ) 73 (65.2 ) 1,091 (61.8 ) 1,164 (62.1 )
< 11.25 mg/liter 85(39.3 ) 627 (37.8 ) 39(34.8 ) 673 (38.2 ) 712 (37.9 )
Daily intake of silica (from tap water and/or bottled water)
10.55 mg/day 141 (65.3 ) 860 (51.6 ) 87 (77.7 ) 935 (51.6 ) 1,022 (53.1 )
< 10.55 mg/day 75 (34.7 ) 807 (48.4 ) 25(22.3 ) 878 (48.4 ) 903 (4.9 ))
Gender
Male 89 (41.2 ) 640 (38.4 ) 48 (429 ) 696 (38.4 ) 744 (38.6 )
Female 127 (58.8 ) 1,027 (61.6 ) 64 (57.1 ) 1,117 (61.6 ) 1,181 (62.4 )
Education
No education or primary school (ages 6 through &arg) without 77 (35.7 ) 481 (28.9 ) 36(32.1 ) 539 (29.7 ) 575(29.9 )
diploma
At least primary school with diploma 139 (64.3 ) 1,186 (71.1 ) 76 (67.9 ) 1,274 (70.3 ) 1,350 (70.1 )
Place of residence
Rural 182 (84.3 ) 604 (36.2 ) 100 (89.3 ) 721 (39.8 ) 821 (42.7 )
Urban 34 (15.7 ) 1,063 (63.8 ) 12 (10.7 ) 1,092 (60.2 ) 1,104 (57.3 )
Wine consumption
Non-drinkers or mild drinkers 104 (48.2 ) 1,372 (82.3 ) 47 (419 ) 1,466 (80.9 ) 1,513 (78.6 )
Moderate or heavy drinkers 112 (51.8 ) 295 (17.7 ) 65 (58.1 ) 347 (19.1 ) 412 (21.4 )
Tap water aluminum concentrations were not available for each geographical area, thus among the 1,925 subjects analyzed, only 1,883 had no missing values for tap water aluminum concentr:
Table2
Daily intakes of aluminum and silica supplied by drinking water (n 1925)
Element Intakein mg/day mean SD (min-max) Amount supplied by tap water Amount supplied by bottled water Pear son correlati coefficient
Aluminum 0.025 0.08 (0 1.03) 95.9 4.1 P 0.17p €©.0001)
Silica 13.37 10.76 (0 108) 41.0 59.0
SD, standard deviation
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Table3

Daily consumption of aluminum and silica (mg/day)geographical exposure to aluminum and silica frannking water and cognitive decline for the sguavot of the number of errors in the

Mini-Mental State Examination, the PAQUID and ALMA cohorts, France, 1988 2003.

Cognitive decline

Daily consumption (mg/day) (sb ) p-values
Model 1

Aluminum ( 0.1 vs <0.1) 0.15 (0.098) 0.08
Time (years) by aluminum 0.049 (0.018) 0.005
Silica ( 10.55 vs < 10.55) 0.022 (0.029) 0.46
Time (years) by silica 0.005 (0.004) 0.24
Model 2

Aluminum (continuous ) 0.031 (0.023) 0.19
Time (years) by aluminum 0.017 (0.005) 0.001
Silica (continuous ) 0.020 (0.014) 0.15
Time (years) by silica 0.003 (0.002) 0.11
Geographical exposure (mg/liter)

Model 3

Aluminum ( 0.1vs <0.1) 0.12 (0.070) 0.09
Time (years) by aluminum 0.038 (0.011) <0.001
Silica ( 11.25 vs < 11.25) 0.018 (0.034) 0.60
Time (years) by silica 0.003 (0.004) 0.45
Model 4

Aluminum (continuous ) 0.023 (0.024) 0.35
Time (years) by aluminum 0.014 (0.004) <0.001
Silica (continuous ) 0.032 (0.053) 0.55
Time (years) by silica 0.0004 (0.007) 0.99

adjusted fotime, an indicator for the first follow-yndicTO), age, timey b age, gender, tilne

cohort.
SD, standard deviation

geniaelicTO by gender, educational level, tiny

aluminum given for an increase of 0.1 mg/day
silica given for an increase of 10 mg/day
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Table4
Daily aluminum or silica consumption from drinking water and risk of dementia or Alzheimer s disease, the PAQUID cohort, France, 1988 2003.
Dementia (461 cases)

Alzheimer (364 cases)

Variablein mg/day RR 9% Cl p-value RR 95 Cl p-value
Model 1
Al 01vs<01 2.59 1.15,5.80 0.021 3.35 1.49, 7.52 0.003
Model 2
Al (continuous) 1.29 1.05, 1.58 0.014 1.36 1.11,1.67 <0.001
Model 3
Si 10.55vs <10.55 0.91 0.76, 1.10 0.330 0.91 0.74,1.12 0.360
Model 4
Si (continuous) 0.89 0.80, 0.98 0.002 0.88 0.79, 0.99 0.030
Model 5
Al 0.1vs<0.1 2.26 1.00, 5.07 0.049 2.80 1.24,6.32 0.013
Si (continuous) 0.89 0.81, 0.99 0.036 0.89 0.79, 1.00 0.045
Model 6
Al (continuous) 1.28 1.05, 1.58 0.017 1.34 1.09, 1.65 <0.006
Si (continuous) 0.89 0.81, 0.99 0.028 0.88 0.79, 0.99 0.035
Model 7
Al
<0.0012 1 1
0.0012 0.0045 0.96 0.76,1.21 0.727 0.99 0.76, 1.28 0.910
0.0045 0.1000 0.98 0.78,1.24 0.860 1.05 0.81,1.37 0.698
0.1000 2.34 1.03, 5.32 0.044 3.04 1.32,6.97 0.009
Si (quartiles)
> 15.45 1 1
10.55 15.45 1.14 0.87,1.49 0.354 1.14 0.84, 1.55 0.403
5.86 10.55 1.34 1.03, 1.75 0.029 1.38 1.03, 1.86 0.034
5.86 1.33 1.01,1.74 0.041 1.33 0.98, 1.80 0.071

Cl, confidence interval; RR, relative risk; Al, aluminum; Si, silica

Nonparametrically adjusted for age and gender

Nonparametrically adjusted for age and gender and parametrically adjusted for educational level, wine consumption and place of residence
RR given for an increase of 0.1 mg/day of aluminum

RR given for an increase of 10 mg/day of silica
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