
Apolipoprotein E e4 allele affects risk of hyperhomocysteinemia in
the elderly1–3

Giovanni Ravaglia, Paola Forti, Fabiola Maioli, Martina Chiappelli, Fausta Montesi, Marisa Bianchin,
Federico Licastro, and Christopher Patterson

ABSTRACT
Background: Apolipoprotein E (APOE) plays a central role in
VLDL metabolism. Both APOE e4 allele (APOE4) and C-reactive
protein (CRP) are associated with greater risk of dementia and vas-
cular disease, but APOE4 carriers have lower blood concentrations
of CRP than do noncarriers, possibly through a mechanism favoring
the clearance of the CRP VLDL–bound fraction. Homocysteine,
another risk factor for vascular disease and dementia, also binds to
VLDL in blood. However, the association between APOE4 and
hyperhomocysteinemia has never been thoroughly investigated.
Objective: We investigated in an elderly population whether 1)
APOE4 is associated with hyperhomocysteinemia [plasma total
homocysteine (tHcy) � 15 �mol/L], 2) hyperhomocysteinemia
affects the association between APOE4 and high CRP (serum
CRP � 3 mg/L), and 3) B vitamin status affects these associations.
Design: APOE4 genotypes were assessed and tHcy, CRP, and serum
concentrations of folate and vitamin B-12 were measured in 671
cognitively healthy subjects (52% women; mean age: 73 y) from an
Italian population–based prospective cohort study.
Results: APOE4 carriers without high CRP [multivariate-adjusted
odds ratio (OR): 0.22; 95% CI: 0.08, 0.59] had a lower risk of
hyperhomocysteinemia than did noncarriers. The risk of high CRP
was lower in APOE4 carriers without hyperhomocysteinemia
(multivariate-adjusted OR: 0.51; 95% CI: 0.31, 0.85) than in non-
carriers. The associations were not affected by B vitamin status.
Conclusion: Independently from B vitamin status, APOE4 carriers
have a lower risk of hyperhomocysteinemia and of high CRP than do
noncarriers, but the presence of one condition attenuates the asso-
ciation of APOE4 with the other condition. Am J Clin Nutr
2006;84:1473–80.
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INTRODUCTION

Apoliproprotein E (APOE) plays a central role in lipid metab-
olism as a component of VLDL and chylomicrons (1). The APOE
gene, located at chromosome 19, is polymorphic with 3 common
alleles—e2, e3, and e4 (2). The APOE e4 allele (APOE4) is a
main risk factor for Alzheimer dementia and is also associated
with vascular dementia and ischemic heart disease (2, 3). With
respect to noncarriers, APOE4 carriers have lower blood con-
centrations of the inflammatory marker C-reactive protein (CRP)
(4–7), which is also a predictor of both vascular events (8) and

dementia (9, 10). The ability of circulating CRP to bind to APOE
(11) and VLDL (12) may explain the association with APOE4
(5), because carriers of this allele have the lowest APOE con-
centrations and, in them, VLDL is removed from the blood with
particular efficiency (2).

Elevated blood concentrations of the sulfur amino acid homo-
cysteine are another emerging risk factor for dementia (13, 14)
and a predictor of vascular risk (15). Moderate hyperhomocys-
teinemia is common in elderly people and is usually caused by
poor B vitamin status and reduced renal function (16, 17). An
important fraction of plasma total homocysteine (tHcy) circu-
lates bound to lipoproteins, particularly to VLDL (18–20), but
the possible association of APOE4 with homocysteinemia has, to
our knowledge, never been thoroughly investigated. In this
study, we used data from an elderly Italian cohort 1) to verify the
hypothesis that APOE4 is associated with lower plasma concen-
trations of tHcy, 2) to investigate whether hyperhomocysteine-
mia affects the known association between circulating CRP and
APOE4, and 3) to assess the effects of vitamin B status on these
associations.

SUBJECTS AND METHODS

Study population

The Conselice Study of Brain Ageing (CSBA) is a population-
based prospective survey described in detail elsewhere (21, 22),
with the principal aim of exploring the epidemiology of and risk
factors for dementia in the elderly. Briefly, in 1999–2000, 1016
(75%) of the 1353 persons aged �65 y residing in the Italian
municipality of Conselice (the Emilia-Romagna region of Italy)
participated in the prevalence study. Participants were screened
with the Italian version of the Mini Mental State Examination
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(MMSE; 23), and participants scoring �24 underwent further
examination with the Mental Deterioration Battery (24). Demen-
tia was diagnosed without further neuropsychological evaluation
for participants with MMSE scores �10. Standardized informa-
tion on the general functional and mental status of these subjects
was also obtained from a collateral informant (a relative or other
person with reliable knowledge of the subject, such as the sub-
ject’s physician). Dementia was defined with the use of clinical
criteria from the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (25). The same protocol was used to
collect data on cognitive status at follow-up examination (in
2003–2004) for 676 persons who were free of dementia at
baseline. For the other 124 persons who were free of dementia
at baseline and who survived but declined to participate at
follow-up or died before reexamination, information from
multiple sources (the subjects themselves, relatives, general
practitioners, and death certificates) was used to define the
presence or absence of dementia.

Subjects were considered eligible for the present study only if
they had a baseline MMSE score � 24 and had not developed
dementia by the time of follow-up, because all the main outcome
measures are risk factors for this condition and the resulting
confounding might obscure the association. Complete data
were available for 671 of the 865 eligible persons (574 who
undertook the follow-up examination and 97 who did not
participate at follow-up but had adequate information for cog-
nitive diagnosis). A flow chart that details the sample deriva-
tion is shown in Figure 1.

Written informed consent for the collection and use of this
information was obtained from the subjects or their relatives. The
study protocol was approved by the Isnstitutional Review Board
of the Department of Internal Medicine, Cardioangiology, and
Hepatology of the University of Bologna.

Laboratory investigations

At baseline, fasting venous blood samples were taken; they
were immediately sent to the biochemical laboratory for process-
ing. Serum folate and vitamin B-12 were measured with the use
of immediate immunoelectrochemiluminescence analysis
(Elecsys Folate Immunoassay and Elecsys B12 Immunoassay
for Elecsys 2010 System; Roche Diagnostics Italia SpA, Monza,
Italy). Serum total cholesterol and triacylglycerols were mea-
sured with the use of an enzymatic assay (Roche Diagnostics) on
a Hitachi 917 System autoanalyzer (Boehringer Mannheim,
Mannheim, Germany). Serum creatinine was measured by using
the Jaffé method adapted for autoanalyzers. Serum CRP was
measured with the use of the N–high-sensitivity CRP assay on a
BN II analyzer (Dade Behring, Milan, Italy). Plasma tHcy was
measured with the automated IMx assay (Abbott Laborato-
ries, Abbott Park, IL) on plasma samples stored at �70 °C for
�12 mo. Intraassay and interassay CVs for homocysteine,
serum B vitamins, and serum CRP were reported in detail
elsewhere (14, 26).

Apolipoprotein E genotypes

A commercial kit (QiAmp blood kit; Kaga, Crawley, United
Kingdom) was used for genomic DNA extraction. Standardized
polymerase chain reaction protocols were used for genotyping of
APOE (27) and the 677 (C3T) polymorphism of the gene was
used for methylenetetrahydrofolate reductase (MTHFR) (28), a

key enzyme in homocysteine metabolism. The variant T/T ge-
notype is associated with the highest homocysteine concentra-
tions under conditions of impaired folate status (29). Subjects
were categorized as carriers or noncarriers of APOE4 and 677
MTHFR T/T genotypes.

Covariates

Covariates were selected on the basis of preliminary analyses
(14, 28) and previous reports of homocysteine determinants (16,
17, 29) and were defined with the use of data collected at base-
line. Educational status was categorized as 3 y compared with �4
y of formal education, because only a few participants had com-
pleted 5 y of formal education. Smoking habit was categorized as
never smokers, ex-smokers, and current smokers. Physical ac-
tivity was categorized as sedentary or active lifestyle, defined as
performing at least moderate physical activity for a minimum of
4 h/wk. Diagnoses of cardiovascular disease (myocardial infarc-
tion, angina, peripheral vascular disease, congestive heart fail-
ure) and stroke were based on medical history provided by the
patients and confirmed by their physicians. When available, pre-
vious medical records were also reviewed. Body mass index (in
kg/m2) was calculated.

Statistical analysis

Continuous variables are presented as means � SDs, and cat-
egorical variables (except plasma tHcy, serum folate, serum vi-
tamin B-12, and serum CRP because of their highly skewed
distribution) are presented as number and percentage. Natural
log–transformed values provided the best-fitting model for anal-
yses in which plasma tHcy, serum folate, and serum vitamin B-12
were treated as continuous variables, and values were reported as
geometric means and 95% CIs. Hyperhomocysteinemia was de-
fined as plasma tHcy �15 �mol/L (14), which corresponds to the
standard definition for hyperhomocysteinemia by international
consensus (29). Because combined B vitamin deficits are more
influential as a cause of hyperhomocysteinemia than are single
deficits (16), we created a B vitamin index of 4 categories, based
on the median value of each serum vitamin: combined B vitamin
depletion (serum folate �5.3 ng/mL and serum vitamin B-12
�341 pg/mL), selective folate depletion (serum folate
�5.3 ng/mL and serum vitamin B-12 �341 pg/mL), selective
vitamin B-12 depletion (serum folate �5.3 ng/mL and serum
vitamin B-12 �341 pg/mL), and B vitamin repletion (serum
folate �5.3 ng/mL and serum vitamin B-12 �341 pg/mL).
These thresholds fall near the upper limits of the range at which
plasma tHcy is reported to begin increasing steeply [serum fo-
late: 3– 4.4 ng/mL (7–10 nmol/L); vitamin B-12: 271–339
pg/mL (200–250 pmol/L)] (29). As expected (16), the highest
mean plasma concentration of tHcy (approximately correspond-
ing to the cutoff for hyperhomocysteinemia) was found for com-
bined B vitamin depletion (Table 1).

Serum CRP distribution was so skewed that none of the com-
monly used mathematical transformations, including loga-
rithms, allowed a satisfactory normalization. Therefore, CRP
was dichotomized at the median value (3 mg/L), which corre-
sponds to a significant increase in cardiovascular disease risk
(30), and analyzed only as a categorical variable.

We used t tests and chi-square tests for comparisons between
groups. Factorial analysis [2 � 3 analysis of variance (ANOVA)]
was used to assess the effect of APOE4, high CRP, and B vitamin
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status (categorical) on plasma tHcy. Because our primary con-
cern was the concurrent effect of these variables on homocys-
teinemia, the most relevant statistics were the interaction terms
APOE4� B vitamin status and APOE4� high CRP. In the event
of a statistically significant interaction term, Tukey’s test for all
pairwise comparisons was used to compare the subgroups ob-
tained, by stratifying the sample for both the variables included
in the interaction term. The ANOVA model was also tested after

adjustment for possible confounders. A first group of confound-
ers (model 1) included all the study covariates giving a statisti-
cally significant contribution to the model (ie, age, sex, educa-
tion, serum concentration of creatinine, physical activity,
cardiovascular disease, stroke, and baseline MMSE). A second
group of confounders (model 2) included all the variables of
model 1 along with other variables that were biologically impor-
tant variables without statistically significant effect on the model

FIGURE 1. Flow chart detailing the derivation of the study sample.
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(ie, smoking habit, serum concentrations of total cholesterol and
triacylglycerols, body mass index, and MTHFR genotype).

The effect of APOE4 on CRP as a continuous variable could
not be analyzed by using a factorial ANOVA design because of
the failure to normalize its skewed distribution. However, the OR
and 95% CI for the association of APOE4 (dependent variable)
with high CRP and hyperhomocysteinemia (independent vari-
ables) were estimated by using a logistic regression model that
also included the interaction term high CRP � hyperhomocys-
teinemia. The interaction term was again the most relevant sta-
tistic of this analysis because our primary aim was to investigate
whether and how each of the variables affected the association of
APOE4 with the other. In the event of the interaction term’s being
significant, ORs were estimated from the model according to the
procedure described by Hosmer and Lemeshow (31). For this
analysis, homocysteine was treated as a categorical variable to
make it easier for the reader to understand the meaning of the
ORs. Results were also tested by running additional logistic
models adjusted for B vitamin status (categorical) and all of the
other covariates used for multivariable adjustment of the
ANOVA models. In preliminary analyses, the logistic model was
also checked for interactions between B vitamin status (both as a
categorical variable and as continuous log-transformed serum
folate and vitamin B-12) and all the variables of interest. How-
ever, these interactions were not included in the final analysis
because they were not significant (P � 0.200 for all) (31). Sta-
tistical analyses were performed with the use of SYSTAT soft-
ware (version 10; SPSS Inc, Chicago, IL). Statistical significance
was set at P � 0.050.

RESULTS

Plasma total homocysteine and APOE genotype

As expected, e3/e3 was the most frequent APOE genotype
(n � 488; 72.7%), and e3/e4 (n � 89; 13.3%), e3/e2 (n � 77;
11.5%), e4/e2 (n � 9; 1.3%), e2/e2 (n � 3; 0.4%), and e4/e4
(n � 5; 0.7%) ranked next in descending order. The character-
istics of study population by APOE4 status are detailed in Table
2. Mean plasma tHcy and prevalence of hyperhomocysteinemia
were lower in APOE4 carriers than in noncarriers. No associa-
tion with APOE4 status was found for the other study variables.
The lack of difference in plasma tHcy across the 677 MTHFR
genotypes, either in the population as a whole or with respect
only to those subjects with selective folate depletion (P � 0.100

for all), is in agreement with other results (28, 32), which sug-
gests that the effect of the 677 MTHFR variant loses importance
in older age.

The multivariable ANOVA model confirmed the significant
effect of APOE4 (F � 6.073, P � 0.014) and B vitamin status
(F � 18.455, P � 0.001) on plasma tHcy and also showed that
these variables are related to homocysteinemia independently of
each other, because their interaction was not significant (F �
1.470, P � 0.221). In the same model, CRP was not significantly
associated with homocysteinemia (F � 0.402, P � 0.526), but
the interaction term APOE4� high CRP was significant (F �
8.014, P � 0.005), which suggests the need to investigate spe-
cific differences across plasma homocysteine concentrations
stratified by APOE4 and CRP. As shown in Table 3, the asso-
ciation between APOE4 and lower plasma tHcy was confirmed
only in subjects without concurrent high CRP.

Multivariate adjustment did not affect the statistical signifi-
cance of APOE4� high CRP (model 1: F � 8.014, P � 0.005;
model 2: F � 8.821, P � 0.003) or the results for the correspond-
ing pairwise comparisons (APOE4 carriers compared with non-
carriers among subjects without high CRP: P � 0.003 for both
models 1 and 2). APOE4 noncarriers with low CRP had the
highest homocysteine concentration but did not differ signifi-
cantly from subjects with high CRP. Results did not change when
log-transformed serum folate and vitamin B-12 were used in-
stead of the categorical variable B vitamin status.

Information was also available about baseline alcohol and
caffeine intakes, serum thyrotropin and plasma pyridoxal-5�-
phosphate, diabetes, hypertension, and the use of nonsteroidal
antiinflammatory drugs and statins. Adjustment for these addi-
tional variables did not alter the results (data not shown).

Association of APOE4 with high serum C-reactive protein
and effect of hyperhomocysteinemia

The unadjusted logistic model that examined the simultaneous
association of high CRP and hyperhomocysteinemia with
APOE4 confirmed that the condition of being an APOE4 carrier
was associated with a lower risk of both high CRP (OR � 0.57;
95% CI: 0.36, 0.91) and hyperhomocysteinemia (OR � 0.25;
95% CI: 0.10, 0.65) than was the condition of being a noncarrier.
However, the high CRP � hyperhomocysteinemia interaction
term was also significant (P � 0.034) and remained so after
multivariate adjustment (P � 0.05 for both models 1 and 2),
which indicatied the need to estimate separate ORs for each

TABLE 1
Mean plasma total homocysteine (tHcy) by categories of B vitamin status1

Combined B vitamin
depletion

Selective folate
depletion

Selective vitamin B-12
depletion

B vitamin
repletion P

n 181 149 156 174
Plasma tHcy (�mol/L) 14.8 (14.2, 15.4)2,a 12.8 (12.3, 13.4)b 12.0 (11.5, 12.5)c 11.1 (10.6, 11.5)d � 0.001

1 Values are estimated by using a one-factor ANOVA model adjusted for age, sex, and serum creatinine. Combined B vitamin depletion indicates serum
folate �5.3 ng/mL and serum vitamin B-12 �341 pg/mL; selective folate depletion indicates serum folate �5.3 ng/mL and serum vitamin B-12 �341 pg/mL;
selective vitamin B-12 depletion indicates serum folate �5.3 ng/mL and serum vitamin B-12 �341 pg/mL; and B vitamin repletion indicates serum folate �5.3
ng/mL and serum vitamin B-12 �341 pg/mL. Values with different superscript letters are significantly different, P � 0.05 (Tukey’s test for all pairwise multiple
comparisons).

2 Geometric x�; 95% CIs in parentheses (all such values).
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variable stratified by the other. As shown in Table 4, the prob-
ability of high CRP was lower for APOE4 carriers than for non-
carriers only if the carriers were without hyperhomocysteinemia.
Conversely, in agreement with the results from the ANOVA
model, the probability of hyperhomocysteinemia was lower for

APOE4 carriers than for noncarriers but only if the carriers were
without high CRP. Among subjects with both high CRP and
hyperhomocysteinemia, the prevalence of high CRP tended to be
higher in APOE4 carriers than in noncarriers, but the association
was not significant.

TABLE 2
Characteristics of the study population1

APOE4 noncarriers
(n � 568)

APOE4 carriers
(n � 103) P2

Age (y) 72.9 � 6.03 72.0 � 5.4 0.117
Female [n (%)]4 291 (51.2) 56 (54.4) 0.558
Education �3 y [n (%)] 145 (25.5) 30 (29.1) 0.444
Plasma total homocysteine (�mol/L) 12.7 (12.4, 13.1)5 11.8 (11.0, 12.6) 0.035
Hyperhomocysteinemia [n (%)]6 137 (24.1) 14 (13.6) 0.019
Serum folate (ng/mL) 5.2 (5.0, 5.4) 4.9 (4.4, 5.4) 0.241
Serum vitamin B-12 (pg/mL) 333 (318, 347) 318 (287, 352) 0.418
B vitamin status7

Combined B vitamin depletion [n (%)] 145 (25.5) 36 (34.9) 0.178
Selective folate depletion [n (%)] 130 (22.9) 19 (18.4)
Selective vitamin B-12 depletion [n (%)] 131 (23.1) 25 (24.3)
B vitamin repletion [n (%)] 162 (28.5) 23 (22.3)

677 MTHFR T/T genotype [n (%)] 119 (20.9) 20 (19.4) 0.825
Serum C-reactive protein � 3 mg/L [n (%)] 291 (51.2) 44 (42.7) 0.112
Serum creatinine (mg/dL) 0.99 � 0.22 0.96 � 0.20 0.126
Serum total cholesterol (mg/dL) 240 � 39 246 � 41 0.180
Serum triacylglycerols (mg/dL) 122 � 61 124 � 64 0.788
Smoking status

Smokers [n (%)] 56 (9.9) 10 (9.7) 0.860
Ex-smokers [n (%)] 191 (33.6) 32 (31.1)
Never-smokers [n (%)] 321 (56.5) 61 (59.2)

Active lifestyle [n (%)] 356 (62.7) 66 (64.1) 0.786
BMI (kg/m2) 28.9 � 4.4 28.3 � 4.0 0.223
Cardiovascular disease [n (%)] 100 (17.6) 16 (15.5) 0.609
History of stroke [n (%)] 15 (2.6) 2 (1.9) 0.678
Baseline Mini Mental State Examination (score) 28.3 � 1.4 28.5 � 1.2 0.174

1 APOE4, apolipoprotein E e4 allele; tHcy, total homocysteine; MTHFR, methylenetetrahydrofolate reductase.
2 P values for differences between the groups were calculated by using t test (continuous variables) and chi-square test (categorical variables).
3 x� � SD (all such values).
4 Percentage values are categorical variables.
5 Geometric x�; 95% CIs in parentheses (all such values).
6 Hyperhomocysteinemia indicates total plasma homocysteine �15 �mol/L.
7 Combined B vitamin depletion indicates serum folate �5.3 ng/mL and serum vitamin B-12 �341 pg/mL; selective folate depletion indicates serum folate

�5.3 ng/mL and serum vitamin B-12 �341 pg/mL; selective vitamin B-12 depletion indicates serum folate �5.3 ng/mL and serum vitamin B-12 �341 pg/mL;
B vitamin repletion indicates serum folate �5.3 ng/mL and serum vitamin B-12 �341 pg/mL.

TABLE 3
Mean plasma total homocysteine (tHcy) by APOE4 carrier status and serum C-reactive protein (CRP)1

Low CRP2 High CRP3

P for APOE4 � CRP
interaction

APOE4
noncarriers

APOE4
carriers

APOE4
noncarriers

APOE4
carriers

n 277 59 291 44
Plasma tHcy (�mol/L) 13.6 (13.1, 14.2)4,a 12.1 (11.6, 12.5)b 12.3 (11.4, 13.3)a,b 12.2 (11.1, 13.5)a,b 0.005

1 Values are estimated from a multifactorial design (2 � 3 ANOVA), including APOE4, CRP, and B vitamin status (categorical). Values with different
superscript letters are significantly different, P � 0.001 [post hoc analysis of the significant interaction term APOE4 � CRP (Tukey’s test for all pairwise
multiple comparisons)].

2 Defined as CRP �3 mg/L.
3 Defined as CRP �3 mg/L.
4 Geometric x�; 95% CIs in parentheses (all such values).
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DISCUSSION

The current study showed that, in an elderly population, hy-
perhomocysteinemia was less prevalent among APOE4 carriers
than among noncarriers but only if the carriers were without high
CRP. Moreover, the study confirmed and extended previous
sporadic reports (4–7) of an association between APOE4 and
lower prevalence of high CRP, which showed that the association
was limited to subjects without hyperhomocysteinemia. All as-
sociations were found to be independent of B vitamin status.

A possible explanation for our findings is that, as has been
hypothesized for VLDL-bound CRP (5), APOE4 affects the
clearance of the lipoprotein-bound homocysteine fraction. Ap-
proximately 80% of homocysteine circulates in blood bound to
proteins, with albumin as the main carrier (29). However, 	27%
of all protein-bound homocysteine circulates bound to lipopro-
teins, and VLDL has the highest binding capacity, possibly be-
cause of its apolipoprotein B content (18–20). APOE4 carriers
have the highest apolipoprotein B concentrations and are partic-
ularly efficient in clearing VLDL from blood (1, 2). Therefore,
under conditions leading to hyperhomocysteinemia, APOE4 car-
riers may have greater binding of homocysteine to lipoproteins,
a faster clearance of the lipoprotein-bound homocysteine frac-
tion, or both. Further support to the hypothesis is the fact that the
association of APOE4 with a lower risk of hyperhomocysteine-
mia weakens under conditions of high CRP, whereas the asso-
ciation of APOE4 with a lower risk of high CRP weakens under
conditions of hyperhomocysteinemia. These facts combine to
suggest that CRP and homocysteine may compete for the same
mechanism (perhaps a lipoprotein carrier) that favors their blood
clearance in APOE4 carriers. Alternatively, APOE4 may be in
linkage disequilibrium with other unknown genes that are able to
affect both homocysteine and CRP metabolism.

The results that 1) the highest homocysteine concentration was
actually found in APOE4 noncarriers with low CRP and 2)
APOE4 carriers with high CRP had average homocysteine con-
centrations not significantly different from those in both APOE4
carriers and noncarriers with low high CRP may seem inconsis-
tent with the hypothesis that high CRP attenuates the
homocysteine-lowering effect of APOE4. However, by looking
at the percentage of subjects with hyperhomocysteinemia in each
group, it can be observed that the figures for subjects with high
CRP and for APOE4 noncarriers with low CRP are almost 3 times
the figures for APOE4 carriers with low CRP. Therefore, it may
be speculated that, above a certain threshold of homocysteine-
mia, the hypothesized APOE4-related mechanism for removal of
the homocysteine-lipid bound fraction is saturated, and other,
more efficient, catabolic pathways are activated. That possibility
may explain why the subjects with high CRP had lower homo-
cysteinemia than expected: that is, the concurrent presence of
high CRP so attenuates the efficiency of lipid-bound homocys-
teine removal that, independently of APOE, additional catabolic
pathways are triggered. At the same time, that possibility may
justify the unexpectedly high homocysteinemia found in APOE4
noncarriers with low CRP: that is, they lack the APOE4-related
advantage for removal of the homocysteine lipid-bound quote,
but their low CRP does not interfere with the normal VLDL or
VLDL-like mechanism, so the threshold for activation of the
additional mechanisms is not reached. Of course, because of the
scant numbers in the APOE4 carrier subgroups, it cannot be
excluded that the post hoc all-pairwise comparison test failed to
identify existent significant differences.

No association between homocysteinemia and APOE4 was
reported in previous investigations of Polish (33) or adult
Taiwanese (34) subjects. Those investigations, however, were

TABLE 4
Relation of APOE4 carrier status with high C-reactive protein (CRP; �3 mg/L) and hyperhomocysteinemia (plasma total homocysteine �15 �mol/L)1

Cases2
Unadjusted

OR (95% CI)
Model 13

OR (95% CI)
Model 24

OR (95% CI)

n (%)

High CRP
Without hyperhomocysteinemia

APOE4 carriers (n � 89) 54 (39.1) 0.57 (0.36, 0.91) 0.50 (0.26, 0.34) 0.51 (0.31, 0.85)
APOE4 noncarriers (n � 431) 229 (53.1) Reference Reference Reference

With hyperhomocysteinemia
APOE4 carriers (n � 14) 9 (64.3) 2.18 (0.69, 6.89) 2.05 (0.64, 6.60) 2.21 (0.68, 7.19)
APOE4 noncarriers (n � 137) 62 (45.3) Reference Reference Reference

Hyperhomocysteinemia
Without high CRP

APOE4 carriers (n � 59) 5 (8.5) 0.25 (0.10, 0.64) 0.23 (0.08, 0.61) 0.22 (0.08, 0.59)
APOE4 noncarriers (n � 277) 75 (27.1) Reference Reference Reference

With high CRP
APOE4 carriers (n � 44) 9 (20.4) 0.65 (0.30, 1.42) 0.62 (0.25, 1.55) 0.61 (0.24, 1.53)
APOE4 noncarriers (n � 291) 61 (20.4) Reference Reference Reference

1 OR, odds ratio; APOE4, apolipoprotein E e4 allele. Unadjusted ORs were estimated from a logistic model by using APOE4 as the dependent variable
and including hyperhomocysteinemia, CRP, and an interaction term high CRP � hyperhomocysteinemia as the main independent variables. The interaction
term high CRP � hyperhomocysteinemia was significant for each model (P � 0.05), which indicated the need to stratify each variable for the other.

2 Refers to subjects with high CRP or with hyperhomocysteinemia.
3 Adjusted as model 1 and additionally adjusted for age, sex, education, serum creatinine, B vitamin status (categorical), active lifestyle, cardiovascular

disease, history of stroke, serum CRP, and baseline Mini Mental State Examination.
4 Additionally adjusted for all the covariates of model 1 plus smoking, serum cholesterol, serum triacylglycerols, BMI, and 677 methylenetetrahydrofolate

reductase T/T genotype carrier status.
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not specifically focused on the association of interest, and they
had small population sizes. Differences in APOE4 frequencies
related to differences in the ethnic origin of the samples (1) and
to the selection criteria used for the present investigation—that
is, APOE4 and other genotypes associated with risk of cognitive
impairment are likely to be underrepresented in this study sam-
ple because of the exclusion of subject with prevalent and inci-
dent dementia—and to the better B vitamin status of the Polish
population may have contributed to the different results obtained
in those studies.

The main strengths of the current investigation are its popu-
lation size, the large number of covariates available in the CSBA
database, and the specific selection of persons free of dementia
both at baseline and after a 4-y follow-up, which avoids the
confounding effect of known associations between cognitive
status and the variables of interest. The study, however, has
several limitations. First, results for the analysis examining the
interactions of hyperhomocysteinemia and CRP in their associ-
ation with APOE4 are based on relatively small numbers of
subjects. Second, because of its skewed distribution, CRP could
be analyzed only as a categorical variable. Third, serum folate
and vitamin B-12 are not the best indicators of metabolic vitamin
deficiency, and other unmeasured vitamins may influence ho-
mocysteine metabolism (35). Fourth, only a single measurement
of laboratory values was available. Fifth, although APOE4, ho-
mocysteine, and CRP are all associated with a greater risk of
atherosclerotic events, we did not systematically excluded per-
sons with vascular disease. The CSBA design did not include an
assessment of cardiovascular conditions beyond clinical diagno-
sis, and it relied on data provided by participants and their phy-
sicians. Moreover, incident atherothrombotic events were not
actively sought among those persons who refused to participate
or who died before follow-up. However, the presence of vascular
conditions at baseline was considered among the covariates, and
inclusion of incident vascular events in the models as an addi-
tional covariate did not substantially change the results (data not
shown). Sixth, although we did not genotype the cohort for
known CRP genetic polymorphisms, evidence suggests that
these polymorphisms have no effect on the association between
APOE4 and serum CRP (6). Seventh, it may be speculated that
the somewhat paradoxical association between a genetic risk
factor for dementia and the lower concentrations of putative
dementia risk factors that we found in this sample is the reason
that the APOE4 carriers included in the study did not develop
dementia during follow-up. In particular, it would have been
interesting to verify whether the association was also present in
the CSBA subjects who were cognitively normal at baseline but
who received a diagnosis of dementia at follow-up and were
excluded from the present investigation. However, the smallness
of the latter group (only 12 subjects with full laboratory data) did
not allow any reliable statistical analysis, and further studies on
larger samples and with longer follow-up time are needed to
investigate the hypothesis that blood concentrations of homo-
cysteine and CRP may affect the risk of Alzheimer dementia
associated with APOE4. A larger study sample is also needed to
look for a confirmation of the nonsignificant trend we observed,
under condition of hyperhomocysteinemia, for APOE4 carriers
to have a higher prevalence of high CRP than noncarriers, be-
cause these subjects may be at greater risk of dementia.

In conclusion, this study suggests that, in comparison with
noncarriers, APOE4 carriers have, independently from B vitamin

status, a lower risk of hyperhomocysteinemia and of high CRP.
However, the presence of one condition attenuates the associa-
tion of APOE4 with the other, and it cannot be excluded that, for
substantial increases in CRP and homocysteine, their hypothe-
sized competition at a common APOE4-related mechanism may
be bypassed by the intervention of other, more efficient elimi-
nation pathways. Given the growing interest of researchers in
homocysteine and CRP as risk factors for vascular events and
dementia (2, 3, 8–10), our results suggest the need to take the
APOE genotype into account in future studies that involve blood
measurement of these markers.
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