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bstract

Elevated serum total homocysteine (tHcy) is an established risk factor for cardiovascular disease. Its role in dementia is still controversial,
nd no study has examined the role of midlife tHcy, or reports longer than 8 years of follow-up. We examined the relation between midlife
Hcy and late-life dementia in women followed for 35 years.

The Prospective Population Study of Women in Gothenburg began in 1968–1969, comprising a representative population of women aged
8–60 years. Four extensive follow-ups were conducted by 2003. Serum samples from 1968 to 1969 were analysed for tHcy in 1368 women.
n total, 151 women developed dementia. The highest tHcy tertile was related to a hazard ratio of 1.7 (95% CI 1.1–2.6) for developing any

ementia, 2.1 (95% CI 1.2–3.7, n = 100) for AD and 2.4 (95% CI 1.3–4.7, n = 68) for AD without cerebrovascular disease. Kaplan–Meier
lots showed divergence with respect to dementia after 22 years of follow-up. In conclusion, high homocysteine in midlife is an independent
isk factor for the development of late-life Alzheimer dementia in women.

2009 Elsevier Inc. All rights reserved.
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. Introduction

The number of people with dementia is increasing dra-
atically with global aging (Ferri et al., 2005). Vascular risk

actors and disorders have been associated with the devel-
pment of Alzheimer’s disease (AD) (Mielke et al., 2007),
neurodegenerative disease and the most common form of

ementia. The second most common form of dementia, vas-
ular dementia, is caused by cerebrovascular disease (CeVD)

Vicenzini et al., 2007), and is thus also associated with vascu-
ar risk factors. Hyperhomocysteinemia is a recognized risk
actor for vascular disorders, such as myocardial infarction
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Zylberstein et al., 2004), and stroke (Srikanth et al., 2006),
nd recently lacunar infarcts (Zylberstein et al., 2008). A rela-
ion between homocysteine (Hcy) and dementia has therefore
een hypothesised (Hogervorst et al., 2002).

The literature on Hcy and dementia is mixed. Four
rospective studies conducted in elderly populations and with
ollow-ups ranging from 4 to 8 years have reported asso-
iations between high tHcy (total Hcy) and AD (Haan et
l., 2007; McCaddon et al., 1998; Ravaglia et al., 2005;
eshadri et al., 2002), while others did not find an asso-
iation (Luchsinger et al., 2004). Further support for an
ssociation between tHcy and dementia comes from studies
howing associations between high tHcy and lower cognitive

unction among non-demented individuals as well as with
ncreased conversion rate from mild cognitive impairment to
D (Blasko et al., 2008). Hcy has also been suggested to be
irectly associated with the pathogenesis of AD (Hogervorst

dx.doi.org/10.1016/j.neurobiolaging.2009.02.024
mailto:dimitri.zylberstein@allmed.gu.se
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t al., 2002). A recently published meta-analysis has con-
rmed the role of homocysteine as a risk factor for CVD
Humphrey et al., 2008). However, the role of tHcy in mid-
le age for AD in late life has not been examined. Thus it
s has not been easy to elucidate whether the association
etween homocysteine and dementia is a manifestation of
arly disease or a causal risk factor. The purpose of the present
aper was to assess whether tHcy in blood samples drawn in
968/1969 is associated to the development of dementia in
representative sample of 38–60 year old women who were

ollowed 35 years.

. Methods

.1. Subjects

The study is part of the Prospective Population Study
f Women in Gothenburg (Bengtsson et al., 1973; Lissner
t al., 2003) which was initiated in 1968. Women born in
908, 1914, 1918, 1922 and 1930 were systematically sam-
led from the census register based on specific birth dates
n order to yield a representative sample at the ages studied.
mong those sampled, 1462 women were examined (par-

icipation rate 90%). Baseline tHcy data are available for
368 of those examined in 1968. The baseline examination
ncluded blood pressure in the sitting position, anthropomet-
ic measurements e.g. body mass index (BMI), 24-h dietary
ecall and questions on medical history and risk factors,
.g. smoking, conducted by a physician, as described pre-
iously (Bengtsson et al., 1973). Follow-ups were performed
n 1974–1975, 1980–1981, 1992–1993 and 2000–2003, with
articipation rates (among survivors from baseline study at
ach examination) of 91%, 83%, 70% and 71%, respec-
ively (Lissner et al., 2003). Psychiatric examinations were
erformed at every stage of the study. Dates of death were
btained from the Swedish Population Register. The Ethics
ommittee of Gothenburg University approved the study. All

ubjects gave informed consent to participate, in accordance
ith the provisions of the Helsinki Declaration.

.2. Blood samples

The original survey (Bengtsson et al., 1973) included fast-
ng blood sampling aimed both for immediate and future
nalyses. Approximately 120 ml blood was drawn from each
tudy subject. A small part of the blood at the baseline exam-
nation was used for the initial analyses and the rest was
llowed to clot in room temperature for 2–3 h. After cen-
rifugation the serum was stored at −20 ◦C in 2.5 ml covered
olystyrene cups enclosed together in small batches, in firmly
ied plastic bags. The original frozen samples in the present

tudy were stored for 28 years at −20 ◦C, thawed once for
ther analyses and restored for 2 years at −80 ◦C. Stabil-
ty of tHcy in long time stored samples has been previously
eported by other investigators (Israelsson et al., 1993).
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Total tHcy was determined in all the original serum
amples by the Abbott IMX homocysteine assay (Abbot Lab-
ratories, Abbot Park, IL, USA). We have reported close
greement between previously thawed vs. non-thawed sam-
les regarding tHcy (Zylberstein et al., 2004). S-creatinine,
-triglycerides, s-cholesterol and vitamin B12 were among
he blood tests originally performed at the baseline examina-
ion in 1968–1969.

.3. Diagnoses of dementia

.3.1. Psychiatric and medical examinations
Neuropsychiatric examinations were performed in

968–1969, 1974–1975, 1980–1981 and 1992–1993 by psy-
hiatrists, and in 2000–2003 by experienced psychiatric
urses. All examinations were semi-structured, thus allow-
ng for clarifying questions, and included a comprehensive
sychiatric interview and observation of mental symptoms
uring the interview. More detailed assessments of cog-
itive symptoms were included at the examinations in
992–1993 and 2000–2003, as the population reached ages
hen dementia is common. These examinations used identi-

al instruments and included ratings of common signs and
ymptoms of dementia, e.g. assessments of memory, ori-
ntation, general knowledge, apraxia, visuospatial function,
nderstanding proverbs, following commands, naming abil-
ty and language. The neuropsychiatric batteries used in the
xaminations included the Comprehensive Psychopathologi-
al Rating Scale (Åsberg et al., 1978), Gottfries–Bråne–Steen
cale (Gottfries et al., 1982), the Mini Mental State Exam-

nation (Folstein et al., 1975), the Alzheimer’s Disease
ssessment Scale (ADAS-Cog) (Rosen et al., 1984), and the
linical Dementia Rating (CDR) (Hughes et al., 1982).

The nurses who performed the examinations in 2000–2003
ere supervised and trained by psychiatrists who were

nvolved in the examinations in 1992–1993. In training ses-
ions, nurses and psychiatrists rated symptoms and signed
oth on demented and non-demented persons. Inter-rater reli-
bility between examiners was studied in 50 individuals.
appa estimates for the presence vs. absence of signs and

ymptoms used in the dementia diagnoses (e.g. memory, lan-
uage, visouspatial ability, apraxia) were between 0.74 and
.00.

Close informant interviews were performed by psychi-
trists and psychiatric research nurses in 1992–1993 and
000–2003. The interviews were semi-structured and com-
rised questions about changes in behaviour and intellectual
unction, psychiatric symptoms, activities of daily living, and,
hen relevant, age of dementia onset and disease course, as
ell as the Informant Questionnaire on Cognitive Decline in

he Elderly (IQCODE) (Jorm and Korten, 1988). The inter-
iews have been described in detail previously (Skoog et al.,

993).

Medical records on all women were collected from all
npatient and outpatient departments and general practition-
rs’ offices in Gothenburg. The Swedish Hospital Discharge
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Table 1
Baseline characteristics in 1968/69 of 1368 women born 1908, 1914, 1918, 1922 and 1930 and followed for 35 years.

Total Without dementia (n = 1217) With dementia (n = 151a)

Systolic BP mmHg mean (±SD) 135.5(22.7) 135.3(23.0) 137.4(19.6)
Diastolic BP mmHg mean (±SD) 84.9(11.4) 84.9(11.5) 85.5(10.7)
BMI mean (±SD) 24.0(3.8) 24.0(3.0) 24.5(3.7)
Cholesterol mmol l mean (±SD) 6.8 (1.1) 6.8(1.1) 7.1(1.0)
Triglycerides mmol l mean (±SD) 1.22(0.55) 1.22(0.56) 1.26(0.53)
B12 pmol l mean (±SD) 396.9(138.4) 396.5(137.9) 401.6(144.9)
Dietary folate �g-day mean (±SD) 170.2(90.2) 170.9(91.3) 161.5(74.8)
Creatinine �mol l mean (±SD) 76.7(22.7) 76.6(23.4) 78.7(11.3)
Smokers (%) 40 40 35
Education above mandatory (%) 30 31 26
Minimal physical activity (%) 18 18 19
M
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ean age in 1968/69 (years) 46.8
ean tHcy 1968/69 �mol/l (+SD) 11.8(4.6)
a All dementia types.

egistry provided information on diagnoses of all indi-
iduals discharged from hospitals on a nationwide basis
ince 1978.

.3.2. Diagnostic criteria
Final dementia diagnoses were made by geriatric psychi-

trists based on the symptoms rated by the examiners during
he neuropsychiatric examinations and close informant inter-
iews, as described in detail elsewhere (Skoog et al., 1993).
iagnoses were made according to the Diagnostic and Sta-

istical Manual of Mental Disorders (third edition, revised)
DSM-III-R) criteria (APA, 1987). Altogether 113 cases of
ementia were diagnosed among participants in the exami-
ations.

Dementia diagnoses for individuals lost to follow-up were
ased on information from medical records evaluated by
eriatric psychiatrists in consensus conferences, and the
wedish Hospital Discharge Registry. The diagnoses had

o be compatible with DSM-III-R criteria. This procedure
ielded another 38 dementia cases (6 from medical records,
0 from the Hospital Discharge Register, 22 from both med-
cal records and hospital discharge register). Among those
iagnosed with dementia from the examinations, 45 (40%)
ere also detected by medical records and–or hospital dis-

harge registry.
Subtypes of dementia were also diagnosed by geriatric

sychiatrists. AD (probable or possible) was diagnosed
ccording to the criteria of the National Institute of Neu-
ological and Communicative Disorders and Stroke and
he Alzheimer’s Disease and Related Disorders Association
NINCDS-ADRDA, 1985). The criteria for vascular demen-
ia (VaD) were similar to the criteria proposed by the National
nstitute of Neurological Disorders and Stroke and the Asso-
iation Internationale pour la Recherce et l’Enseignement en
eurosciences (NINDS-AIREN) (Roman et al., 1993). Pure
aD was diagnosed when there was a temporal relationship
within 1 year) between a history of acute focal neurological
ymptoms and signs (hemiparesis or motor aphasia) and the
rst symptoms of dementia. Due to the difficulties to diag-
ose dementia subtypes because of the controversy regarding

i
r
o
d

46.5 50.0
11.8(4.6) 12.1(4.0)

he relative importance of cerebrovascular disease (CeVD),
e explored various ways of defining dementia subtypes. The
D group was divided into AD with or without CeVD. We

lso created a group ‘dementia with CeVD’ which included
ndividuals with dementia and stroke without considering the
emporal relationship between the occurrence of dementia
nd stroke. Practically, this group includes pure VaD and AD
ith CeVD. Other dementias were diagnosed when other

auses were likely to have caused the dementia.

.4. Statistical methods

Cox regression models were used to study tHcy and rel-
vant baseline covariates in 1968–1969 in relation to the
ncidence of dementia from 1968 to 2003. The hazard ratios
HR) are given for each tertile of tHcy, where the low-
st tertile is the reference representing HR = 1. The hazard
atios were also calculated with tHcy as a continuous vari-
ble (per �mol/l). The basic model included age only. The
ull models were adjusted for age, education, BMI, choles-
erol, triglycerides, systolic and diastolic blood pressure,
moking, creatinine and vitamin B12. Additional control-
ing for dietary folate and physical activity (not shown)
id not modify the results, and were not included in the
odel.
For non-demented women, person-years at risk were cal-

ulated from the date of the baseline examination to (a) the
ate of the last follow-up examination for participants in
000–2003; (b) the date of death for those who died during
ollow-up; or (c) December 31, 2003 for surviving drop-
uts. For women who developed dementia, person-years at
isk were calculated from the date of the baseline exami-
ation to the estimated date of dementia onset. Information
n dementia onset was obtained only from the close infor-
ant interview in 50 (33%) cases, only from medical records

nd–or hospital registry in 44 (29%) cases, and from both

nformant interview and medical records and–or hospital
egistry in 39 (26%) cases. For cases lacking information
n dementia onset from these sources (n = 18), the date of
ementia onset was estimated as the midpoint between the
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Table 2
Hazard ratios (HR, 95% confidence intervals) for all dementia and for the subgroups.

First tertile
(range 3.1–9.8)

Second tertile
(range 9.8–12.6)

Third tertile
(range 12.6–78.9)

All dementia n = 151 mean tHcy 12.1 �mol/l (4.0)
Adjusted for age only 1 1.70(0.77–1.78) 1.38(0.92–1.78)
Fully adjusted 1 1.30(0.84–2.0) 1.67(1.10–2.57)

All AD n = 100, mean tHcy 12.8 �mol/l (4.2)
Adjusted for age only 1 1.47(0.85–2.56) 1.86(1.10–3.18)
Fully adjusted 1 1.59(0.91–2.79) 2.13(1.22–3.73)

AD without CeVD n = 68, mean tHcy 12.5 �mol/l (3.9)
Adjusted for age only 1 1.40(0.72–2.74) 1.94(1.02–3.67)
Fully adjusted 1 1.54(0.78–3.05) 2.43(1.25–4.71)

AD with CeVD n = 32, mean tHcy 13.3 �mol/l (4.9)
Adjusted for age only 1 1.72(0.65–6.61) 2.0(0.76–5.30)
Fully adjusted 1 1.56(0.57–4.26) 1.70(0.61–4.73)

VaD n = 37, mean tHcy 10.3 �mol/l (3.0)
Adjusted for age only 1 0.75(0.36–1.71) 0.51(0.22–1.20)
Fully adjusted 1 0.76(0.35–1.64) 0.70(0.28–1.72)

Dementia with CeVD n = 69, mean tHcy 11.7 �mol/l (4.3)
Adjusted for age only 1 1.01(0.57–2.54) 0.95(0.52–1.72)

0.99(0.55–1.80) 1.04(0.55–1.98)

C B12, education, and risk factors. First tertile is the reference with the hazard ratio
s ase; VaD, vascular dementia; tHcy, total homocysteine.
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Fig. 1. Survival function estimate for Alzheimer’s disease with CeVD (37
cases of vascular dementia and 14 cases of other type excluded) as a function
of years since baseline examination, stratified according to the tertiles of
homocysteine: open diamonds correspond to the two lowest tertiles pooled
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Fully adjusted 1

ox regression analyses. Fully adjusted model included creatinine, vitamin
et, per default, to 1. AD, Alzheimer’s disease; CeVD, cerebrovascular dise

xamination when dementia was first diagnosed and the pre-
ious examination.

The statistical software used was SAS version 8.02.

. Results

The baseline characteristics of the sample in 1968 strati-
ed by later development of dementia are shown in Table 1.
n total, 151 individuals developed dementia, 100 any AD
68 pure AD, i.e. without known cerebrovascular disease
CeVD), and 32 AD with CeVD), 37 pure VaD, and 14 other
ypes of dementia. None of the variables differ significantly
etween the stratified groups.

The hazard ratios for dementia and its subtypes in rela-
ion to tHcy in 1968 are shown in Table 2. The results are
djusted for age only and fully adjusted. Belonging to the
ighest tertile of tHcy in 1968 (compared to the lowest ter-
ile) was associated with an increased risk for developing any
ementia (HR = 1.67 (95% CI 1.10–2.57)), AD (HR = 2.13
95% CI 1.22–3.73)) and AD without cerebrovascular dis-
ase (HR = 2.43 (95% CI 1.25–4.71)) in fully adjusted model.
one of the covariates except age and Hcy was associated
ith dementia either analysed alone or in the full model.
The cumulative risk for dementia development is shown

n Fig. 1.
The clear separation of strata arms cannot be observed

ntil after approximately 22 years of follow-up. Additional

nalyses of the data including only those who developed
ementia after 1992 (N = 110, 74 AD), showed similar point
stimates for the associations between tHcy in 1968 and total
ementia and AD, but the confidence intervals widened due

i
o
i
a

homocysteine ≤ 12.6 �mol/l, 54 events, 876 individuals at risk) and filled
ots give the result for the highest tertile (>12.6 �mol/l, 46 events, 441
ndividuals at risk).

o fewer demented cases (HR, fully adjusted, for all dementia
.84 (95% CI 1.1–3.1) and for AD 2.3 (95% CI 1.2–4.5)).

. Discussion

To the best of our knowledge, this is the first study to exam-

ne the association between tHcy in midlife and development
f dementia in late life. We found that elevated tHcy levels
n middle aged women followed for 35 years were related to
n increased risk of dementia and AD in late life. The results
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ere consistent irrespective of whether analysing tertiles of
Hcy or tHcy as a continuous variable, and the results were not
ttenuated by inclusion in the models of covariates otherwise
ssociated with CeVD. Our findings are in line with those
rom four prospective studies (Haan et al., 2007; McCaddon
t al., 1998; Ravaglia et al., 2005; Seshadri et al., 2002) show-
ng that elevated tHcy is related to AD, and at odds with one
hich did not find associations between tHcy and dementia
evelopment (Luchsinger et al., 2004). Previous studies mea-
ured tHcy in populations with mean ages above 70 years, and
ad follow-ups of 4–8 years, while our study measured tHcy
n midlife (mean age 47 years) and had a 35-year follow-up.
n our study, the obvious separation of strata arms occurred
fter 22 years of follow-up, in parallel with our previous paper
n Hcy and cardiovascular endpoints in the same population
Zylberstein et al., 2004). This probably reflects the age of
ur population at baseline in contrast to almost immediate
eparation of the strata arms in the Framingham study where
ndividuals had a mean age of 76 years. Furthermore, in the
resent study higher tHcy remained a risk factor when only
ases with onset at least 24 years after the blood sampling
ere included. It is remarkable that one measure of tHcy

n blood sampled in 1968 is related to the development of
ementia more than three decades later. In future studies, it
ould be preferable to have serial measurements of tHcy, to

lucidate whether higher tHcy was a life-long trait in these
omen. To our knowledge there is no longitudinal study of

Hcy levels over several decades. The question of whether
idlife tHcy is more important for dementia than late-life

Hcy cannot be answered with our data. However it might be
plausible assumption that individuals have similar ranking
ver decades, even if the population distribution shifts.

High tHcy has repeatedly been associated with increased
isk for cerebrovascular disease and its pathogenic mecha-
isms (Hogervorst et al., 2002; Sachdev, 2004), and would
herefore be expected to be associated with VaD, a hypothesis
hat we could not confirm. A similar pattern of associations
etween lower midlife respiratory function and dementia has
reviously been reported in this population (Guo et al., 2007).
ne reason for the lack of association with VaD may be selec-

ive survival. We have previously reported that tHcy is related
o increased total morbidity and mortality from cardiovascu-
ar disease in this cohort. It may also be mentioned that 47%
f subjects with lacunar infarcts in 1992–1993 (Zylberstein
t al., 2008) were still alive 2000 as compared to 67% of the
ubjects without. Moreover, homocysteine is strongly associ-
ted with all cause mortality in our cohort. Thus women with
igh tHcy have an increased risk of dying before reaching
lder ages when dementia is likely to occur. Earlier mortality
ue to cardiovascular disease in individuals at risk of devel-
ping VaD may underestimate the relationship between tHcy
nd VaD during long follow-up.
It is also possible that higher tHcy is a predictor or marker
or late-life dementia rather than a causal factor. Total homo-
ysteine is related to present and past general health (Ueland
nd Refsum, 1989). Besides cardiovascular disorders, tHcy

a
o
s
C

of Aging 32 (2011) 380–386

s associated with socioeconomic status, nutritional status,
nd lifestyle factors such as smoking and physical activity
Dankner et al., 2004). However, our findings remained after
djustment for numerous baseline covariates, and remained
lso when only those who developed dementia after more
han 24 years follow-up were included.

The results in the present study are mainly driven by
D. There are several possible explanations for this obser-
ation. As already mentioned, tHcy is associated with
ardiovascular disorders and risk factors which have also
een associated with AD (Mielke et al., 2007). Homo-
ysteine may also be directly associated with pathogenic
echanisms of AD, such as stimulation of beta-amyloid pro-

uction (Ho et al., 2001), downregulation of cholinesterases
Darvesh et al., 2007), activation of glutamate receptors
Boldyrev and Johnson, 2007), induction of tau phosphory-
ation (Mondragon-Rodriguez et al., 2008), upregulation of
resenilin 1, BACE and amyloid-beta (Fuso et al., 2005), and
xidative stress (Ho et al., 2001).

The strengths of this study include a population based sam-
le, which was representative for the female population in
othenburg, the long follow-up with baseline measurement

n midlife, above average participation rate as compared to
imilar studies, continuous monitoring of dementia incidence
sing multiple information sources, allowing for the diagno-
is of dementia even in those lost to follow-up, and access
o tHcy in samples obtained already in 1968, i.e. many years
efore the women were likely to be demented.

However, some methodological issues need to be consid-
red. First, cumulative attrition is a problem in long-term
ollow-up studies. While this problem was, to some extent,
lleviated by using medical records and the hospital reg-
stry data to diagnose dementia in those lost to follow-up,
hese sources probably underestimate the number of dementia
ases. In fact, only 44% of those diagnosed in the exami-
ations were also detected by medical records in our study
Guo et al., 2007). It should be noted, however, that almost
ll people in Sweden receive their hospital treatment within
he public health system, and that the Swedish Hospital Dis-
harge Register thus covers almost all hospitalizations in
he entire country. Furthermore, the incidence of demen-
ia in the present study is in agreement with other studies
Fratiglioni et al., 2000; Zhu et al., 2000) and the number
f cases detected in the different age groups is what could
e expected based on other incidence studies. Second, it is
ifficult to diagnose dementia subtypes on clinical grounds
lone. Individuals with AD often have CeVD and individuals
ith VaD often have concomitant AD pathology; and CeVD
ay influence the presence and severity of clinical symptoms

f AD (Mielke et al., 2007). It is thus often difficult to make
clear distinction between AD and VaD in patients with a

istory of stroke or CeVD, both on clinical grounds and at

utopsy. As it is difficult to evaluate the relative importance
f CeVD, we explored various ways of defining dementia
ubtypes (e.g. ‘AD with and without CeVD’, ‘dementia with
eVD’) and their relation to tHcy in 1968. Third, only women
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ere enrolled in this study, we can thus not comment on the
elevance of these findings in men. The Framingham Study
id not analyse men and women separately, however, includ-
ng sex as a covariate did not attenuate their results. Fourth,
he semi-structured examinations were performed by expe-
ienced psychiatrists in 1968–1969, 1974–1975, 1980–1981
nd 1992–1993, and by experienced psychiatric nurses in
000–2003. The instruments used were identical across
xaminations, and inter-rater reliability between psychiatrists
nd nurses regarding the symptoms assessed was satisfactory.
t is therefore not likely that the use of different assessors
ould have influenced the main results of this study. Finally,
erum samples were analysed for tHcy after 32 years of stor-
ge. Others have reported that long-term storage do not affect
he reliability of the tHcy analyses (Israelsson et al., 1993).

Although our previous findings and those in this study sug-
est that high homocystein is a risk factor for cardiovascular
isease and dementia, several recent trials do not support
hat Hcy lowering improve cardiovascular health and cogni-
ive function (Bonaa et al., 2006; Ebbing et al., 2008; Lonn
t al., 2006; McMahon et al., 2006). However, one of these
tudies (HOPE-2) demonstrated an effect for stroke in a sub
nalysis, and several others report protective effects against
arying aspects of CVD with Hcy lowering therapy (Mashavi
t al., 2008; Righetti et al., 2006; Björkegren and Svärdsudd,
004). There may be several reasons for negative effects of
cy lowering in trials. First, the present study, as well as our
revious report (Zylberstein et al., 2004) show that strata arms
eparate after many years. Therefore, the trials performed so
ar might have had too short follow-up. Second, several stud-
es started when participants already had vascular disease or
ognitive impairment. It might then be too late to expect an
ffect of Hcy lowering. Third, there is an issue of a dosage of
itamins, and there may be interactions between the vitamins
sed, making it necessary to carefully consider proportions
etween the vitamins (Wang et al., 2006). Fourth, the risk for
VD is not linear in respect to tHcy concentrations. There

eems to be a threshold in tHcy above which the vascular
vents are more likely to occur. We found such a threshold
or dementia at 12.6 �mol/l and for myocardial infarction
t 14.2 �mol/l (Zylberstein et al., 2004). Therefore, studies
ith low mean tHcy level at baseline might fail to show the

ffect of Hcy lowering. Finally, it has been suggested that
olic acid treatment and not Hcy lowering is responsible for
ositive outcomes in intervention studies (Campbell et al.,
005). However, we did not find an interaction between tHcy
nd folate for the outcome of dementia in our study.

In conclusion, we found that higher tHcy in midlife is
elated to increased risk of AD in old age. We have previ-
usly found that high midlife tHcy is related to increased
isk of cardiovascular disease (Zylberstein et al., 2004) and
acunar infarcts (Zylberstein et al., 2008). This emphasizes

he potential importance of detecting high tHcy in middle
ged women, as homocysteine lowering treatment, if shown
romising in ongoing and future studies, is safe and not
ostly.

D

E

of Aging 32 (2011) 380–386 385

onflict of interest statement

None of the authors has conflict of interest. The corre-
ponding author (DEZ) had full access to all the data in the
tudy and had final responsibility for the decision to submit
or publication.

cknowledgements

The authors thank The Swedish Research Council
11267, 2003-4443, 2005-8460, 2006-2782, 825-2007-
462), Swedish Council for Working Life and Social
esearch (no 2001-2835, 2001-2646, 2003-0234, 2004-
150, 2006-0020, 2004-0145, 2006-0596, 2008-1229,
piLife), The Alzheimer’s Association Zenith Award

ZEN-01-3151), The Alzheimer’s Association Stephanie B.
verstreet Scholars (IIRG-00-2159), The Bank of Sweden
ercentenary Foundation, Swedish Brain Power, Stiftelsen
öderström-Königska Sjukhemmet, Stiftelsen för Gamla
jänarinnor, Handlanden Hjalmar Svenssons Forsknings-

ond, Stiftelsen, Professor Bror Gadelius’ Minnesfond.

eferences

PA, 1987. Diagnostic and Statistical Manual of Mental Disorders, 3rd ed
(revised (DSM-III-R)).

sberg, M., Montgomery, S.A., Perris, C., Schalling, D., Sedvall, G., 1978. A
comprehensive psychopathological rating scale. Acta Psychiatr. Scand.
(Suppl. (271)), 5–27.

engtsson, C., Blohme, G., Hallberg, L., Hällström, T., Isaksson, B., Korsan-
Bengtsen, K., Rybo, G., Tibblin, E., Tibblin, G., Westerberg H., 1973.
The study of women in Gothenburg 1968–1969—a population study.
General design, purpose and sampling results. Acta Med. Scand. 193
(4.), 311–318.

jörkegren, K., Svärdsudd, K., 2004. A population-based intervention study
on elevated serum levels of methylmalonic acid and total homocysteine
in elderly people: results after 36 months of follow-up. J. Intern. Med.
256 (5), 446–452.

lasko, I., Jellinger, K., Kemmler, G., Krampla, W., Jungwirth, S., Wichart,
I., Tragl, K.H., Fischer, P., 2008. Conversion from cognitive health
to mild cognitive impairment and Alzheimer’s disease: prediction by
plasma amyloid beta 42, medial temporal lobe atrophy and homocys-
teine. Neurobiol. Aging 29 (1), 1–11.

oldyrev, A.A., Johnson, P., 2007. Homocysteine and its derivatives as pos-
sible modulators of neuronal and non-neuronal cell glutamate receptors
in Alzheimer’s disease. J. Alzheimers Dis. 11 (2), 219–228.

onaa, K.H., Njolstad, I., Ueland, P.M., Schirmer, H., Tverdal, A., Steigen,
T., Wang, H., Nordrehaug, J.E., Arnesen, E., Rasmussen, K., 2006.
Homocysteine lowering and cardiovascular events after acute myocardial
infarction. N. Engl. J. Med. 354 (15), 1578–1588.

ampbell, A.K., Jagust, W.J., Mungas, D.M., Miller, J.W., Green, R., Haan,
M.N., Allen, L.H., 2005. Low erythrocyte folate, but not plasma vitamin
B-12 or homocysteine, is associated with dementia in elderly Latinos. J.
Nutr. Health Aging 9 (1), 39–43.

ankner, R., Chetrit, A., Lubin, F., Sela, B.A., 2004. Life-style habits and
homocysteine levels in an elderly population. Aging Clin. Exp. Res. 16

(6), 437–442.

arvesh, S., Walsh, R., Martin, E., 2007. Homocysteine thiolactone and
human cholinesterases. Cell Mol. Neurobiol. 27 (1), 33–48.

bbing, M., Bleie, O., Ueland, P.M., Nordrehaug, J.E., Nilsen, D.W., Vollset,
S.E., Refsum, H., Pedersen, E.K., Nygard, O., 2008. Mortality and



3 biology

F

F

F

F

G

G

H

H

H

H

H

I

J

L

L

L

M

M

M

M

M

N

R

R

R

R

S

S

S

S

U

V

W

Z

Z

86 D.E. Zylberstein et al. / Neuro

cardiovascular events in patients treated with homocysteine-lowering
B vitamins after coronary angiography: a randomized controlled trial.
JAMA 300 (7), 795–804.

erri, C.P., Prince, M., Brayne, C., Brodaty, H., Fratiglioni, L., Ganguli, M.,
Hall, K., Hasegawa, K., Hendrie, H., Huang, Y., Jorm, A., Mathers, C.,
Menezes, P.R., Rimmer, E., Scazufca, M., 2005. Global prevalence of
dementia: a Delphi consensus study. Lancet 366 (9503), 2112–2117.

olstein, M.F., Folstein, S.E., McHugh, P.R., 1975. “Mini-mental state”.
A practical method for grading the cognitive state of patients for the
clinician. J. Psychiatr. Res. 12 (3), 189–198.

ratiglioni, L., Launer, L.J., Andersen, K., Breteler, M.M., Copeland, J.R.,
Dartigues, J.F., Lobo, A., Martinez-Lage, J., Soininen, H., Hofman, A.,
2000. Incidence of dementia and major subtypes in Europe: a collab-
orative study of population-based cohorts. Neurologic Diseases in the
Elderly Research Group. Neurology 54 (11 Suppl. 5), pp. S10–S5.

uso, A., Seminara, L., Cavallaro, R.A., D’Anselmi, F., Scarpa, S., 2005.
S-adenosylmethionine/homocysteine cycle alterations modify DNA
methylation status with consequent deregulation of PS1 and BACE and
beta-amyloid production. Mol. Cell Neurosci. 28 (1), 195–204.

ottfries, C.G., Brane, G., Gullberg, B., Steen, G., 1982. A new rating scale
for dementia syndromes. Arch. Gerontol. Geriatr. 1 (4), 311–330.

uo, X., Waern, M., Sjogren, K., Lissner, L., Bengtsson, C., Bjorkelund, C.,
Ostling, S., Gustafson, D., Skoog, I., 2007. Midlife respiratory function
and incidence of Alzheimer’s disease: a 29-year longitudinal study in
women. Neurobiol. Aging 28 (3), 343–350.

aan, M.N., Miller, J.W., Aiello, A.E., Whitmer, R.A., Jagust, W.J., Mungas,
D.M., Allen, L.H., Green, R., 2007. Homocysteine, B vitamins, and
the incidence of dementia and cognitive impairment: results from the
Sacramento Area Latino Study on Aging. Am. J. Clin. Nutr. 85 (2),
511–517.

o, P.I., Collins, S.C., Dhitavat, S., Ortiz, D., Ashline, D., Rogers, E., Shea,
T.B., 2001. Homocysteine potentiates beta-amyloid neurotoxicity: role
of oxidative stress. J. Neurochem. 78 (2), 249–253.

ogervorst, E., Ribeiro, H.M., Molyneux, A., Budge, M., Smith, A.D., 2002.
Plasma homocysteine levels, cerebrovascular risk factors, and cerebral
white matter changes (leukoaraiosis) in patients with Alzheimer disease.
Arch. Neurol. 59 (5), 787–793.

ughes, C.P., Berg, L., Danziger, W.L., Coben, L.A., Martin, R.L., 1982.
A new clinical scale for the staging of dementia. Br. J. Psychiatry 140,
566–572.

umphrey, L.L., Fu, R., Rogers, K., Freeman, M., Helfand, M., 2008. Homo-
cysteine level and coronary heart disease incidence: a systematic review
and meta-analysis. Mayo Clin. Proc. 83 (11), 1203–1212.

sraelsson, B., Brattstrom, L., Refsum, H., 1993. Homocysteine in frozen
plasma samples. A short cut to establish hyperhomocysteinaemia as a risk
factor for arteriosclerosis? Scand. J. Clin. Lab. Invest. 53 (5), 465–469.

orm, A.F., Korten, A.E., 1988. Assessment of cognitive decline in the elderly
by informant interview. Br. J. Psychiatry 152, 209–213.

issner, L., Skoog, I., Andersson, K., Beckman, N., Sundh, V., Waern, M.,
Zylberstein, D.E., Bengtsson, C., Bjorkelund, C., 2003. Participation bias
in longitudinal studies: experience from the Population Study of Women
in Gothenburg, Sweden. Scand. J. Prim. Health Care 21 (4), 242–247.

onn, E., Yusuf, S., Arnold, M.J., Sheridan, P., Pogue, J., Micks, M.,
McQueen, M.J., Probstfield, J., Fodor, G., Held, C., Genest Jr., J., 2006.
Homocysteine lowering with folic acid and B vitamins in vascular dis-
ease. N. Engl. J. Med. 354 (15), 1567–1577.

uchsinger, J.A., Tang, M.X., Shea, S., Miller, J., Green, R., Mayeux, R.,
2004. Plasma homocysteine levels and risk of Alzheimer disease. Neu-
rology 62 (11), 1972–1976.

ashavi, M., Hanah, R., Boaz, M., Gavish, D., Matas, Z., Fux, A.,
Shargorodsky, M., 2008. Effect of homocysteine-lowering therapy on

arterial elasticity and metabolic parameters in metformin-treated diabetic
patients. Atherosclerosis 199 (2), 362–367.

cCaddon, A., Davies, G., Hudson, P., Tandy, S., Cattell, H., 1998. Total
serum homocysteine in senile dementia of Alzheimer type. Int. J. Geriatr.
Psychiatry 13 (4), 235–239.

Z

of Aging 32 (2011) 380–386

cMahon, J.A., Green, T.J., Skeaff, C.M., Knight, R.G., Mann, J.I.,
Williams, S.M., 2006. A controlled trial of homocysteine lowering and
cognitive performance. N. Engl. J. Med. 354 (26), 2764–2772.

ielke, M.M., Rosenberg, P.B., Tschanz, J., Cook, L., Corcoran, C., Hay-
den, K.M., Norton, M., Rabins, P.V., Green, R.C., Welsh-Bohmer,
K.A., Breitner, J.C., Munger, R., Lyketsos, C.G., 2007. Vascular factors
predict rate of progression in Alzheimer disease. Neurology 69 (19),
1850–1858.

ondragon-Rodriguez, S., Basurto-Islas, G., Santa-Maria, I., Mena, R.,
Binder, L.I., Avila, J., Smith, M.A., Perry, G., Garcia-Sierra, F., 2008.
Cleavage and conformational changes of tau protein follow phos-
phorylation during Alzheimer’s disease. Int. J. Exp. Pathol. 89 (2),
81–90.

INCDS-ADRDA, 1985. Criteria for the clinical diagnosis of Alzheimer’s
disease. Excerpts from the NINCDS-ADRDA Work Group report. J.
Am. Geriatr. Soc. 33 (1), 2–3.

avaglia, G., Forti, P., Maioli, F., Martelli, M., Servadei, L., Brunetti, N.,
Porcellini, E., Licastro, F., 2005. Homocysteine and folate as risk fac-
tors for dementia and Alzheimer disease. Am. J. Clin. Nutr. 82 (3),
636–643.

ighetti, M., Serbelloni, P., Milani, S., Ferrario, G., 2006. Homocysteine-
lowering vitamin B treatment decreases cardiovascular events in
hemodialysis patients. Blood Purif. 24 (4), 379–386.

oman, G.C., Tatemichi, T.K., Erkinjuntti, T., Cummings, J.L., Masdeu,
J.C., Garcia, J.H., Amaducci, L., Orgogozo, J.M., Brun, A., Hofman, A.,
et al., 1993. Vascular dementia: diagnostic criteria for research studies.
Report of the NINDS-AIREN International Workshop. Neurology 43
(2), 250–260.

osen, W.G., Mohs, R.C., Davis, K.L., 1984. A new rating scale for
Alzheimer’s disease. Am. J. Psychiatry 141 (11), 1356–1364.

achdev, P., 2004. Homocysteine, cerebrovascular disease and brain atrophy.
J. Neurol. Sci. 226 (1–2), 25–29.

eshadri, S., Beiser, A., Selhub, J., Jacques, P.F., Rosenberg, I.H.,
D’Agostino, R.B., Wilson, P.W., Wolf, P.A., 2002. Plasma homocys-
teine as a risk factor for dementia and Alzheimer’s disease. N. Engl. J.
Med. 346 (7), 476–483.

koog, I., Nilsson, L., Palmertz, B., Andreasson, L.A., Svanborg, A., 1993.
A population-based study of dementia in 85-year-olds. N. Engl. J. Med.
328 (3), 153–158.

rikanth, V.K., Quinn, S.J., Donnan, G.A., Saling, M.M., Thrift, A.G., 2006.
Long-term cognitive transitions, rates of cognitive change, and predic-
tors of incident dementia in a population-based first-ever stroke cohort.
Stroke 37 (10), 2479–2483.

eland, P.M., Refsum, H., 1989. Plasma homocysteine, a risk factor for
vascular disease: plasma levels in health, disease, and drug therapy. J.
Lab. Clin. Med. 114 (5), 473–501.

icenzini, E., Ricciardi, M.C., Altieri, M., Puccinelli, F., Bonaffini, N., Di
Piero, V., Lenzi, G.L., 2007. Cerebrovascular reactivity in degenerative
and vascular dementia: a transcranial Doppler study. Eur. Neurol. 58 (2),
84–89.

ang, X., Demirtas, H., Xu, X., 2006. Homocysteine, B vitamins, and car-
diovascular disease. N. Engl. J. Med. 355 (2), 207–209 (author reply
9–11).

hu, L., Fratiglioni, L., Guo, Z., Basun, H., Corder, E.H., Winblad, B.,
Viitanen, M., 2000. Incidence of dementia in relation to stroke and
the apolipoprotein E epsilon4 allele in the very old. Findings from a
population-based longitudinal study. Stroke 31 (1), 53–60.

ylberstein, D.E., Bengtsson, C., Bjorkelund, C., Landaas, S., Sundh, V.,
Thelle, D., Lissner, L., 2004. Serum homocysteine in relation to mortality
and morbidity from coronary heart disease: a 24-year follow-up of the
population study of women in Gothenburg. Circulation 109 (5), 601–606.
ylberstein, D.E., Skoog, I., Bjorkelund, C., Guo, X., Hulten, B., Andreas-
son, L.A., Palmertz, B., Thelle, D.S., Lissner, L., 2008. Homocysteine
levels and lacunar brain infarcts in elderly women: the prospective pop-
ulation study of women in Gothenburg. J. Am. Geriatr. Soc. 56 (6),
1087–1091.


	Midlife homocysteine and late-life dementia in women. A prospective population study
	Introduction
	Methods
	Subjects
	Blood samples
	Diagnoses of dementia
	Psychiatric and medical examinations
	Diagnostic criteria

	Statistical methods

	Results
	Discussion
	Conflict of interest statement
	Acknowledgements
	References


