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Plasma alkaline phosphatase is elevated in Alzheimer’s
disease and inversely correlates with cognitive function
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Abstract: Alkaline phosphatase is present on neuronal membranes and plasma alkaline phosphatase activity in-
creases in brain injury and cerebrovascular disease, suggesting that plasma alkaline phosphatase may partly reflect
neuronal loss. As neuronal loss occurs in Alzheimer’s disease (AD), we hypothesised that alterations in plasma alka-
line phosphatase activity may correlate with cognitive impairment. Plasma alkaline phosphatase activity was meas-
ured in the longitudinal Oxford Project to Investigate Memory and Aging (OPTIMA) cohort (121 AD patients, 89 mild
cognitive impairment (MCI) patients and 180 control subjects). Plasma alkaline phosphatase activity was significantly
higher in the AD patients relative to the controls (p<0.001). In the MCI patients, plasma alkaline phosphatase was at
a level in between that seen in control and AD subjects, consistent with the clinical status of this group. Furthermore,
plasma alkaline phosphatase activity inversely correlated with cognitive function (assessed by the Cambridge Exami-
nation for Mental Disorders (CAMCOG)) in controls (z=-2.21 p=0.027), MCI (z= -2.49, p=0.013) and AD patients (z= -
3.61, p=0.0003). These data indicate that plasma alkaline phosphatase activity is increased in AD and inversely

correlates with cognitive function regardless of diagnostic status.
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Introduction

Alzheimer’s disease (AD) is a major neurodegen-
erative disease whose socio-economic impact is
increasing as the population ages [1, 2]. The
symptoms of AD typically progress from mild
symptoms of memory loss (mild cognitive im-
pairment; MCI) to severe dementia. Population
studies of ageing and cognition suggest that
impairment in multiple cognitive domains is
observable several years before a clinical diag-
nosis of AD is made [3]. As this observed cogni-
tive dysfunction is not qualitatively different
from that seen in normal ageing, a continuum
from normal ageing to preclinical dementia has
been proposed [4].

Alkaline phosphatase (AP) is a cell surface pro-
tein that is also present as a soluble form in
plasma and other body fluids [5]. There are four
isoforms of AP in mammals: germ-cell, placen-
tal, intestinal and tissue non-specific [6, 7].

Changes in specific isoforms of AP are charac-
teristic of particular diseases [6] and analysis of
AP activity in plasma is routinely used in bio-
chemical analysis for disease diagnosis, primar-
ily in liver and bone diseases. Tissue non-
specific AP is expressed in virtually all tissues
particularly in the liver, kidney and in bone [8]
and is also present in the brain in endothelial
cells, at neuronal membranes and in synaptic
contacts [9]. Due to a role in y-aminobutyric acid
(GABA) metabolism [10, 11], this neuronal AP
has been proposed to play a role in develop-
mental plasticity and activity-dependent cortical
functions [9, 12]. Changes in cerebrospinal fluid
[13] and plasma AP activity [14, 15] occur as a
result of central nervous system injury.

As neuronal loss occurs in AD [16], we hypothe-
sised that alterations in plasma AP activity may
occur in AD, that could reflect central neuronal
loss. Previous work suggested that plasma AP
activity may be increased in patients with vascu-
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lar dementia compared to those with AD [17],
indicating that changes in plasma AP may in-
deed occur as a result of neurodegenerative
disease; however, this study [17] did not com-
pare plasma AP activity in AD subjects with that
of age-matched controls. Therefore, to deter-
mine whether plasma AP activity is altered in AD
we designed the present study which involved
the analysis of clinical data from the Oxford Pro-
ject to Investigate Memory and Aging (OPTIMA).
Our first aim was to establish whether AD pa-
tients have altered plasma AP activity and our
second aim was to examine the relationship
between plasma AP activity and cognitive func-
tion. We established that plasma AP activity is
increased in AD patients and is inversely corre-
lated with cognitive function.

Materials and methods
Subject characteristics

Samples obtained from subjects recruited for
OPTIMA were used. All procedures received
prior approval from the Central Oxford Research
Ethics Committee and all participants and their
carers gave prior informed consent. The present
study included 121 National Institute of Neuro-
logical and Communicative Disorders and
Stroke-Alzheimer’s Disease and Related Disor-
ders Association work group (NINCDS-ADRDA)
‘probable’ or pathologically confirmed AD pa-
tients, 89 MCI patients and 180 cognitively-
screened non-demented controls assessed us-
ing the Cambridge Examination for Mental Dis-
orders (CAMCOG) [18]. The study excluded pa-
tients with NINCDS-ADRDA diagnoses of
‘Possible’ AD. Analysis was restricted to partici-
pants who were over 60 at their first assess-
ment, with at least 2 assessments with qualify-
ing CAMCOG scores and plasma AP measure-
ments. The number of follow-up assessments
ranged from 2 to 12 (median 3) and the total
duration of follow-up in each group was as fol-
lows (median (lower quartile, upper quartile):
control subjects 2.05 (2.00, 3.00) years; MCI
patients 2.03 (1.94, 2.16) years; AD subjects
2.01 (1.05, 3.06) years.

Biochemical analyses
Blood samples were taken between 9 am and 1
pm and sent to the local clinical biochemistry

laboratory to be assayed for AP. AP activity was
measured with p-nitrophenyl phosphate as sub-
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strate [19] and activity is shown as International
Units (IU; the amount of AP that catalyses the
transformation of 1 umol p-nitrophenyl phos-
phate/min). As increases in plasma AP activity
can occur in other diseases, most notably liver
and bone disease, as well as in acute inflamma-
tion. We also assessed the levels of a number
of other clinically used markers to assess any
changes observed in plasma AP activity as a
result of such conditions. The markers assessed
were y-glutamyl transferase (y-GT), calcium, inor-
ganic phosphate, albumin and erythrocyte sedi-
mentation rate (ESR). y-GT was assayed with L-y-
glutamyl-3-carboxy-4-nitroanilide as substrate
with glycylglycine as the acceptor for the y-
glutamyl residue [19]. The liberated 5-amino-2-
nitro-benzoate was measured at 410 nm. Cal-
cium ions were measured by their formation of
a complex with Arsenazo Il at pH 5.9 whose
absorbance was monitored at 658 nm [20].
Inorganic phosphate was measured through its
reaction with ammonium molybdate in the pres-
ence of sulphuric acid and monitored at 340
nm [20]. Albumin was measured by its quantita-
tive binding to bromocresol green to form a
complex that absorbs at 596 nm [21]. In addi-
tion, due to changes in AP activity that can re-
sult from acute inflammation, we also assessed
the use of non-steroidal anti-inflammatory drugs
(NSAIDs) in the subject groups. As apolipopro-
tein E (APOE &£4) is a known genetic risk factor
for AD [22] we also assessed the percentage of
APOE &4 carriers in the subject groups and fi-
nally, within the AD and MCI groups, we also
determined the number of participants taking
cholinesterase inhibitors and memantine, both
used in the treatment of AD. Demographic and
clinical profiles of the subjects who participated
in this study are summarised in Table 1.

Statistical analysis

All analyses used the open-source statistical
programming language ‘R’ (www.R-project.org.)
(http://CRAN.R-project.org/package=Ime4). All
demographic data to compare control, MCI and
AD subjects was analysed using the Kruskal-
Wallis rank sum test, except for gender, APOE
&4 status and NSAID use which were analysed
by Fisher’s exact test for count data. All data are
presented as median (lower quartile, upper
quartile) (Table 1). To analyse the relationships
between plasma AP activity, diagnosis and cog-
nition, mixed effects models were constructed;
details of these are given with the relevant re-
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Table 1. Demographic data showing group effects in control, MCI and AD groups at first visit

Characteristic Control (n=180) MCI (n=89) AD (n=121) p value
725 75.4 741 L NG 23
Age (yrs) (67.6, 78.1) (70.4, 80.1) (68.8, 78.8) 0.004 % NS
Male % 47.8 49.4 43.4 NS 123
100.0 97.0 72.0 2s
CamCOG Score (97, 102) (93, 100) (56, 83) <0.001
NSAID use % 51.1 56.2 39.0 0.04520.0173 NS 1
APOE e4 allele % 222 227 68.3 <0.001 23 NS 1
] 19.0 22.0 15.0 ) ) s
gGT (IU/1) 14, 25 (16, 37) (11, 25) 0.031 0.009 2 <0.001
. 2.37 2.40 2.34 ) aNG 1
Calcium (mmol/1) (2.29, 2.46) (2.33, 2.45) (2.27,2.41) 0.022<0.001 NS
Inorganic phosphate 0.98 0.96 0.98 NS 123
(mmol/1) (0.88, 1.06) (0.86, 1.09) (0.86, 1.06)
. 45.0 44.0 43.0 . NG 3
Albumin (g/1) (43, 47) (42, 46) (41, 46) 0.021<0.0012NS
149.5 164.0 165.5 ) NG 18
AP (1U/1) (130.0, 178.0) (129.0, 196.0) (139.5,195.8) 0-0052 NS
8.00 9.00 9.00 .
ESR (mmy/h) (4.00, 14.25) (5.00, 16.00) (5.00, 15.25) NS

Data are shown as median (lower quartile, upper quartile) from initial patient assessment. 1 MCI compared to con-
trol, 2AD compared to control, 3AD compared to MCI. NS not significant.

sults for each model in the results section. For
all models AP, y-GT and ESR measurements
were log-transformed and then all data were z-
transformed to standardise the data for analy-
sis; statistical significance was taken at the
level of p<0.05.

Results

We hypothesised that as a result of neuronal
loss, circulating AP may be increased in AD sub-
jects compared to controls. To test this, we
measured AP activity in the plasma of AD pa-
tients, MCI patients and control subjects from
the OPTIMA cohort. The demographic data from
these groups is shown in Table 1; the median
age of the MCI group was older than that of the
control group (p=0.004) but there was no differ-
ence in gender. NSAID use was lower in the AD
group than in either control or MCI groups
(p=0.045 and p=0.017, respectively) and 11%
of the AD patients took cholinesterase inhibitors
during the study, with one taking both a choli-
nesterase inhibitor and memantine. There was
a significantly greater proportion of subjects
with at least one copy of the APOE &4 allele in
the AD group (p<0.001) compared to the con-
trol or MCI group.
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Relationship of plasma AP activity to diagnosis

Mixed-effects models with repeated measures
over follow-up were used to explore whether
plasma AP activity depended on diagnostic cate-
gory. Using repeated measures in the analysis
accounted for the rapid changes that may occur
in each participant’'s CAMCOG score [23]. This
allowed for the estimation and elimination of
individual-specific parameters, and enabled
assessment of the association of fixed covari-
ates with the disease process in an average
patient. In addition, we also assessed several
other clinically used markers to account for
changes in AP activity as a result of liver and
bone disease or acute inflammation (Table 1).
Of the factors measured there were significant
differences in y-GT levels between all groups
(p=0.03 control vs MCI, p=0.009 control vs AD
and p<0.001 MCI vs AD), calcium levels were
significantly higher in the AD group than in ei-
ther control or MCI groups (p=0.02 and
p<0.001, respectively) and albumin levels in the
control group were significantly higher than in
either the MCI or AD groups (p=0.02 and
p<0.001, respectively). There were no signifi-
cant differences in the levels of inorganic phos-
phate or ESR. These differences were subse-
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Figure 1. Comparison of plasma AP activity between
control, MCI, and AD subjects from the OPTIMA co-
hort adjusted for covariates (see text). Plasma AP
activity is significantly increased in AD patients com-
pared to control subjects with MCI patient plasma AP
activity at a level in between control and AD. Data
are represented in an error bar graph showing ad-
justed mean + SEM.

quently accounted for in the statistical analysis
of plasma AP activity by using each term as a
covariate.

The results from the analysis revealed that
plasma AP activity was significant higher in the
AD group (adjusted mean = SEM) (146.83 +
1.03 1U/L) compared to the control group
(131.42 + 1.42 1U/L) (t-score=3.29, 302df,
p=0.001) (Figure 1). In the MCI group, the
plasma AP activity of these patients was at a
level in between that seen in the control and AD
groups (137.50 + 1.42 1U/L) but this was not
significantly different to the control group (t-
score=1.88, 269df, p=0.065) (Figure 1). The
results were essentially unchanged when ad-
justed for the use of cholinesterase inhibitors
(AD: t-score=3.23, MCI: t-score=1.84). AP levels
did not relate to cholinesterase use (t-score=-
0.06; NS) nor to APOE &4 genotype (though
there was a tendency for AP to be lower in APOE
4-positive participants: t-score=-1.68, 381df,
p=0.093).

Relationship of CAMCOG scores to plasma AP
activity

Our next aim was to assess the dependence of

AP activity on CAMCOG scores in the AD group.
To do this a linear mixed-effects model was con-
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Figure 2. Representation of the relationship between
CAMCOG score over 5 years and plasma AP activity
in the AD group. The graph shows the changes in
CAMCOG score at the mean + 1 SD level of plasma
AP activity and indicates an inverse correlation be-
tween plasma AP activity and CAMCOG score over
the 5 year period irrespective of the cognitive level at
first assessment.

structed with random intercepts and slopes for
each participant’s AP levels over follow-up. The
initial fixed effects were age, gender, y-GT, inor-
ganic phosphate, calcium, albumin, choli-
nesterase use and ESR. The results from this
model showed that there was a strong main
effect of plasma AP activity (z=-3.33,
p=0.0008), where higher plasma AP activity
related to lower CAMCOG scores, over all as-
sessments. This dependence of CAMCOG
scores on AP activity in the AD group remained
significant after covarying y-GT, inorganic phos-
phate, calcium, albumin, cholinesterase use
and ESR (z=-3.61, p=0.0003). The results from
this modelling are shown in Figure 2, which
shows the relationship between CAMCOG
scores and time since the first assessment with
mean + 1SD plasma AP activity in the AD group.
The results from this indicate that although the
rate of decline is not dependent on plasma AP
activity (as indicated by the parallel slopes),
there is a significant effect of plasma AP activity
on cognitive level; those with a higher plasma
AP activity have a lower CAMCOG score, sug-
gesting that plasma AP activity may reflect
changes in cognitive function in any given indi-
vidual.

Int J Mol Epidemiol Genet 2011:2(2):114-121



Plasma alkaline phosphatase in Alzheimer’s disease

Following this analysis in the AD group, we then
extended our analysis further to examine the
relationship between CAMCOG scores and
plasma AP activity in the other two diagnostic
groups. To do this we used a generalised linear
mixed effects model, which included random
intercepts and slopes for changes in CAMCOG
scores in each participant. The model’s fixed
effects were the same as the model of AP activ-
ity, but now included AP activity, diagnostic cate-
gory and its interaction with follow-up. The re-
sults from this analysis revealed a similar in-
verse correlation between CAMCOG scores and
plasma AP activity in both the control group (z= -
2.21, p=0.027) and in the MCI group (z= -2.49,
p=0.013) but showed that there was no signifi-
cant effect of diagnostic category on this corre-
lation.

Discussion

Taken together our statistical analyses of these
data reveal that plasma AP activity is related to
cognitive level by a measure of diagnosis;
plasma AP activity is significantly higher in the
AD group and is also increased (although not
significantly) in the MCI group compared to con-
trol levels, plasma AP activity also correlates,
inversely, with cognitive level in all three diag-
nostic groups suggesting that changes in
plasma AP activity may reflect changes in cogni-
tion in any individual, regardless of their cogni-
tive function. Although plasma AP is increased
in acute inflammation and in liver and bone
diseases [6], co-varying for markers of inflam-
mation (ESR) or for other plasma markers of
liver and bone diseases (y-GT, calcium, inor-
ganic phosphate and albumin) revealed that the
elevation in plasma AP activity was still signifi-
cant in the AD group. In addition, plasma AP
activity in MCI patients was increased in com-
parison to controls but not to the extent of that
in the AD patients. This intermediate increase in
plasma AP activity is consistent with the clinical
status of these individuals. It should be noted
that although plasma AP activity was increased
in AD patients, the values were still within the
normal clinical range thereby excluding meas-
urements of plasma AP activity as a predictive
or diagnostic biomarker for AD.

The prevalence of the APOE &4 allele in the OP-
TIMA cohort was similar to that seen in other
studies [24, 25], although somewhat higher
then generally seen in Caucasian populations
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[26]. The reason for this is not immediately obvi-
ous, however, it is unlikely to have confounded
the results as the inverse correlation between
plasma AP and cognitive function was also
found in the controls and MCI groups where the
prevalence of the APOE &4 allele was signifi-
cantly lower.

Diagnosis of AD is difficult and within any se-
lected AD group there will be a broad spectrum
of disease progression in the individuals in-
volved, and even studies which minimise such
differences at the recruitment stage would find
a differential progression within individuals
throughout the period of study. We were able to
determine whether changes in plasma AP activ-
ity occur in parallel to disease severity by ana-
lysing repeated measurements of individual
cases. Plasma AP activity was shown to in-
versely correlate with cognitive function not only
in the AD patients but also in the MCI patients
and control subjects. This indicates that plasma
AP activity increases with cognitive impairment
at all levels, no matter what the clinical status
of the individual. The existence of a relationship
between plasma AP activity and cognitive func-
tion in the control and MCI groups further sup-
ports this hypothesis. This inverse correlation of
plasma AP activity with cognitive function in
controls, MCl and AD patients is consistent with
a continuum of cognitive dysfunction from nor-
mal ageing to preclinical dementia [4]. However,
the large overlap in AP levels between AD pa-
tients, MCI patients and controls means that
our findings in isolation are unlikely to be useful
for the predictive diagnosis of AD. Future work
could explore whether using each person as
their own control would make plasma AP meas-
urements a simple, sensitive, non-invasive, and
inexpensive procedure to perform for monitor-
ing the effectiveness of therapeutics or to follow
disease progression in individual AD patients.

Changes in other plasma proteins have been
identified in AD patients, and these include «2-
macroglobulin and complement factor H [27],
al-antitrypsin [28, 29], insulin-like growth factor
-1 [24, 30], angiotensin-converting enzyme [31],
al-antichymotrypsin [32-34] and apolipoprotein
A1l [35, 36]. Of these, only al-antichymotrypsin
and apolipoprotein A1 have been found to sig-
nificantly correlate with cognitive function in AD
patients [29, 33, 35]. However, as yet none of
these plasma proteins have achieved the diag-
nostic power, sensitivity or reproducibility re-
quired to be a useful biomarker for AD [37]. As
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mentioned previously, the measurements of
plasma AP activity were not outside the ‘normal’
clinical range, and therefore this measurement
could not be used in isolation as a diagnostic
biomarker. However, whether measuring a
combination of AP and these other plasma pro-
teins which correlate with cognitive function,
could be used as a combined biomarker test for
AD awaits further study.

The findings that plasma AP activity is inversely
correlated to cognitive function both in a normal
aging population and in AD patients supports
the hypothesis that plasma AP activity may to
some extent reflect neuronal loss in the brain:
although the molecular mechanism underlying
this is not clear. However, recently the activity of
AP was reported to be increased in the brains of
AD cases relative to non-demented controls and
this increase was correlated with the neurotoxic
effect of extracellular tau protein [38]. The
dephosphorylation of tau by AP was shown to
transform tau into a muscarinic receptor agonist
that promoted death of the neurons. The higher
activity of AP in post-mortem brain of AD pa-
tients is indicative that it may play a role in the
progression of AD [38]. Our observation of in-
creased plasma AP activity in AD patients is
consistent with these findings, although it is
currently unclear whether the increase of
plasma AP activity is a direct consequence of
the increase of AP in the brain or reflects a
more global alteration in AP expression. In addi-
tion, our data do not allow us to determine
whether the change in plasma AP activity is a
primary mechanism underlying the development
of AD or rather is a secondary consequence of
other neurodegenerative changes.

In conclusion, we have shown that plasma AP
activity is significantly increased in AD patients
relative to control subjects and that in all sub-
jects plasma AP activity inversely correlates with
cognitive function.
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