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Abstract.
Background: Studies have found a disruption of the blood-brain barrier (BBB) in patients with Alzheimer’s disease (AD),
but there is little evidence of the changes in the BBB over time. The cerebrospinal fluid’s (CSF) protein concentration can be
used as an indirect measurement for the permeability of the BBB using the CSF/plasma albumin quotient (Q-Alb) or total
CSF protein.
Objective: In the current study, we wanted to investigate the changes in Q-Alb in patients with AD over time.
Methods: A total of 16 patients diagnosed with AD, who had at least two lumbar punctures performed, were included in the
current study.
Results: The difference in Q-Alb over time did not show a significant change. However, Q-Alb increased over time if the
time interval was > 1 year between the measurements. No significant associations between Q-Alb and age, Mini-Mental State
Examination, or AD biomarkers were found.
Conclusion: The increase in Q-Alb suggests that there is an increased leakage through the BBB, which may become more
prominent as the disease progresses. This may be a sign of progressive underlying vascular pathology, even in patients with
AD without major vascular lesions. More studies are needed to further understand the role of BBB integrity in patients with
AD over time and the association with the progression of the disease.
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INTRODUCTION

The blood-brain barrier (BBB) is essential for nor-
mal brain function [1] and has shown to be disrupted
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in patients with dementia due to different etiolo-
gies [2,3]. To measure the permeability of the BBB,
studies have previously used the concentration of
cerebrospinal fluid (CSF) protein [4]. Specifically,
the CSF cerebrospinal fluid/plasma albumin quotient
(Q-Alb) serves as a standard measurement and is an
ideal parameter for the permeability of the BBB. Pre-
vious studies have found that Q-Alb may be a possible
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marker of disease for both Lewy body dementia and
vascular dementia [3,5–7].

In patients with Alzheimer’s disease (AD), the
results have varied [7–11]. One meta-analysis showed
that Q-Alb is not suitable as a biomarker for AD
[8]. However, other studies, using dynamic contrast-
enhanced magnetic resonance imaging (MRI), which
uses gadolinium as a contrast agent, have shown
breakdown of the BBB in the hippocampus [2] or
a global BBB leakage [12] in the early stages of AD.
In addition, postmortem studies of patients with AD
have also shown a breakdown of the BBB [13,14],
which may suggest that the BBB is part of the patho-
physiological processes in AD. Since albumin is a
large protein with a molecular weight of 66 kDa, it
cannot be used to determine if patients have smaller
leaks in the BBB. However, an increased permeability
of the BBB would be expected as the disease pro-
gresses, and Q-Alb may therefore increase in patients
with AD.

In the current exploratory study, we investigated
the changes in the BBB over time measured with
Q-Alb in patients with AD from a retrospective clin-
ical cohort. The cross-sectional analysis of Q-Alb
has previously been investigated [11]. In addition, we
investigated the association between Q-Alb and age
in patients with AD, as well as cognitive performance
as measured with the Mini-Mental State Examination
(MMSE).

METHODS

The data was obtained from the Danish Demen-
tia Biobank (approved by the Danish Data protection
agency case no RH-30-0284/00622). The included
patients underwent diagnostic evaluation at the Mem-
ory Clinic, Rigshospitalet and gave informed consent
for their data and biological samples to be used for
research purposes. This project was approved by the
Danish Data Protection agency VD-2018-62/6279.

Participants

The included patients with AD fulfilled the NIA-
AA criteria or the NINCDS-ADRDA criteria for AD
[15,16] and had at least two lumbar punctures per-
formed. Standard diagnostic evaluation at the Danish
Dementia Research Centre included medical his-
tory, informant-based history, standard blood tests,
neurological examinations, cognitive testing, includ-
ing the MMSE [17] and Addenbrooke’s Cognitive
Examination (ACE) [18], as well as a structural

scan (MRI or computed tomography). Based on clin-
ical evaluation, supplementary investigations were
administered; [18F]Fluro-deoxy-glucose-PET (FDG-
PET), full neuropsychological examination, and in
the current study, lumbar puncture. The reason for
multiple lumbar punctures were either 1) participat-
ing in a clinical trial in the placebo group, 2) the
finding of a slightly increased number of cells in the
CSF, which at the following lumbar puncture per-
formed within a month was normal, 3) a new referral
to the clinic due to new symptoms that were inter-
preted as symptoms of a neurodegenerative disorder,
or 4) as part of the diagnostic evaluation for idiopathic
normal pressure hydrocephalus (iNPH) in patients
who were later diagnosed with AD. The latter group
consisted of one patient, who at the first visit fulfilled
criteria for possible iNPH [19], but after evaluation
the diagnosis was ruled out. After re-referral (because
of progressive cognitive dysfunction), a new evalua-
tion led to a diagnosis of AD. If the patients had any
shunt operations performed, they were not included
in the study. If the CSF sample was contaminated with
blood (500 red blood cells/ � L [20]), it was excluded.
For a full overview of the patients, see Table 1.

A total of 63% (10/16) of the patients underwent
MRI scan at the same time as the first lumbar punc-
ture (<6 months apart). Of the MRI scans, Fazekas
score was possible to obtain in nine of the MRI scans.
While some of the patients had multiple MRI scans,
we did not conduct any further analysis of the asso-
ciation between Q-Alb and Fazekas score due to the
low sample size, lack of MRI scans for some of the
participants and a difference in time between MRI
acquisition and lumbar puncture.

Due to the retrospective nature of the study, we
were only able to obtain AD biomarker values for a
limited number of participants for amyloid (n = 11),
phosphorylated tau (p-tau) (n = 11) and total tau
(n = 10). For phosphorylated tau and total tau, the
threshold were 80 pg/ml and 400 pg/ml, respectively.
For amyloid-� 1-42 (A�42), an upwards drift in the
CSF levels has been reported [21], and we have there-
fore only reported whether the A�42 values were
above or below the year-specific threshold.

Measurements

All analyses were performed as part of the routine
diagnostic assessment of the patients. All analyses
were performed on Cobas 8000 (Roche diagnostics)
instruments at the Department of Clinical Bio-
chemistry at Rigshospitalet, using commercial and
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Fig. 1. Scatterplot showing the change in QAlb and time between
the two measurements. A larger difference was seen when longer
time passed between lumbar punctures.

validated kits. Plasma albumin levels were analyzed
by absorption, and CSF albumin levels were analyzed
by an immunoturbidimetric assay.

Statistics

All statistics were performed in RStudio
(v1.2.1335). When more than two lumbar punctures
had been performed (n = 5), the first and last lumbar
punctures were used for the primary analysis. Here,
we performed a one-sample t-test using the percent-
age change between baseline and follow-up Q-Alb
score (follow-up Q-Alb/baseline Q-Alb *100–100).
Furthermore, paired t-test was computed. Since
we found a possible association with time between
lumbar punctures and Q-Alb (see Fig. 1), we used
a Mann-Whitney U test (unpaired, two-sample),
to examine if the difference in Q-Alb between the
first and last lumbar puncture was different between
the patients, who had the first and the last lumbar
punctures performed within one year (group 1), as
compared to those who had the lumbar punctures
performed with a time gap of more than a year
(group 2).

Since both gender and age have an impact on Q-
Alb [22], we performed a linear regression between
baseline Q-Alb and age. The number of males and
females was equal, and therefore we did not consider
this as a confounding factor. Furthermore, we inves-
tigated if there was an association between baseline
Q-Alb and MMSE, p-tau, and total tau.

The R code and all output from the subsequent
analyses can be found in the Supplementary Material.

RESULTS

Demographics

A total of 16 patients with AD were included in
this study with even male (n = 8) and female (n = 8)
distribution. The mean age for all patients was 66.9
(SD: 9.8), and MMSE was available for 15 patients
with a mean score of 24.1 (SD: 3.7). In patients who
had AD CSF markers, we found that all were amyloid
positive (n = 11), but the mean total tau (mean (SD):
524.3 (271.3)) and p-tau (mean (SD): 85.3 (36.5))
values were above the cut-off values. In those who had
an MRI with Fazekas score (9/16), six patients had
a Fazekas score of one, whereas three had a score of
two. For a full overview of the age, MMSE score and
all Q-Alb values including time interval between first
and last Q-Alb measurement can be seen in Table 1.

Changes in cerebrospinal fluid/plasma albumin
ratio

The one-sample t-test for the difference in Q-
Alb over time did not show a significant change
(t = 1.7717, p = 0.0968, 95% CI: –0.29–3.12). Fur-
thermore, no significant differences were found for
the paired t-tests with or without log-transformation.
When examining the association between Q-Alb and
the time between the lumbar punctures (see Fig. 1), a
larger difference was seen when longer time passed
between the lumbar punctures. When performing a
Mann–Whitney U test between the Q-Alb values for
the participants, who had an additional lumbar punc-
ture within one year (n = 8) and after more than one
year (n = 8), a significant difference (p = 0.0281) was
found.

Correlations between Q-Alb and biomarkers,
age, and MMSE

No significant correlations were found between
baseline Q-Alb and age at baseline (p = 0.216),
MMSE (p: 0.42), p-tau (p: 0.62), or total tau (p: 0.65).

DISCUSSION

In the current retrospective study, we found that
Q-Alb increased in patients with AD over time when
the time interval was > 1 year between the measure-
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Table 1
Characteristics of the study cohort. Table showing the sex, age, and MMSE including all Q-Alb values and time between first and last lumbar

puncture for all patients

ID Sex (M/F) Age at first
LP

MMSE at
first LP

Q-Alb at
first LP

Q-Alb at
second LP

Q-Alb at
third LP

Q-Alb at
fourth LP

Time
between first
at last LP
(days)

Reasons for
more than
one LP

1 M 80 28 12.00 21.42 – – 1,092 Re-referral
2 M 52 26 3.18 11.75 – – 1737 Trial

(placebo)
3 F 79 23 6.50 8.75 – – 73 N.A.
4 M 69 19 15.20 15.80 12.90 14.40 370 Trial

(placebo)
5 F 57 23 6.40 6.80 – – 58 N.A.
6 M 68 N.A. 5.40 5.70 6.40 8.60 1,688 Trial

(placebo)
7 F 79 19 8.70 8.90 – – 16 Increased

number of
cells (14) in
CSF

8 M 63 24 8.00 8.60 6.80 8.00 396 Trial
(placebo)

9 M 62 21 7.70 6.40 8.30 – 639 Trial
(placebo)

10 F 77 29 4.20 4.00 – – 139 Trial
(placebo)

11 F 55 17 2.20 3.60 – – 1,964 Re-referral
12 F 76 26 4.00 3.60 – – 27 Increased

number of
cells (8) in
CSF

13 M 67 29 4.90 3.40 – – 237 Trial
(placebo)

14 M 56 28 5.50 5.30 6.00 – 566 Trial
(placebo)

15 F 77 23 4.10 2.80 – – 224 Trial
(placebo)

16 F 54 26 4.90 5.20 – – 184 Trial
(placebo)

ID, identification number; M, male; F, female; MMSE, mini mental state examination; LP, lumbar puncture; Q-Alb, CSF/plasma albumin
quotient; N.A., not available; CSF, cerebrospinal fluid.

ments. In addition, we found that there seemed to be
little variability between the measured Q-Alb if it was
repeated within the first year (see Fig. 1). However,
more studies are needed to further understand the
variability in BBB leakage in patients with AD. No
significant associations were found between baseline
Q-Alb and MMSE, age, p-tau, or total tau.

One explanation for the increasing Q-Alb in
patients with AD may be an increasing load of vas-
cular pathology, which has been shown to be an
important factor for worsening of cognitive func-
tions [23]. In patients with vascular dementia, studies
have found significant higher Q-Alb as compared
to healthy control [24]. This may suggest that AD
leads to an increased number of vascular lesions and
subsequently an increased Q-Alb. Furthermore, an
autopsy study has shown that in patients with AD,

80% had vascular pathology and this was associated
with worse cognitive test score [25], which suggests
that vascular pathology plays a substantial role in
AD. Overall, a theory, which has been named “the
two-hit vascular hypothesis of AD” [26], suggests
that damage to blood vessels causes BBB dysfunc-
tion and diminished brain perfusion, which leads to
neuronal injury [27–29]. However, more studies are
needed to confirm this theory. In addition, since albu-
min is a large protein, no changes in Q-Alb can be
observed in early disease stages but become evident
as the breakdown of the BBB worsens. This could be
due to a much more rapid increase in BBB perme-
ability at the later stages of AD. A proposed model
for the BBB leakage in patients with AD and the
possibility to observe these changes with dynamic
contrast-enhanced MRI and Q-Alb is presented in
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Fig. 2. A proposed model for the BBB leakage in patients with AD
and the possibility to observe these changes with dynamic contrast-
enhanced MRI and Q-Alb. As can be seen from the figure, we
hypothesize that the increased BBB permeability is only observed
in the later stages of AD.

Fig. 2. As can be seen from the figure, we hypoth-
esize that the increased BBB permeability is only
observed for Q-Alb in the later stages of AD. There-
fore, dynamic contrast-enhanced MRI may be better
suited to investigate the changes in the BBB in the
early stages of AD. Furthermore, it would be of inter-
est to understand other molecular biomarkers of BBB
damage in CSF. Here, soluble platelet-derived growth
factor � (sPDGFR�), a biomarker of pericyte injury
and subsequent BBB breakdown, could be a candi-
date [30]. Studies have found that increased levels of
sPDGFR� in the CSF of APOE �4 carriers, which
was positively correlated with Q-Alb, could predict
future cognitive decline [31]. Furthermore sPDGFR�
has been shown to be present early in the disease [32].
Therefore, future studies on CSF markers of BBB
injury in patients with early AD should investigate
sPDGFR�.

In a previous study, examining the BBB using Q-
Alb, Q-Alb was stable over one year of examination
[33], which is similar to our findings (see Fig. 1). In
the current study, we found an increasing Q-Alb over
time, which could suggest that Q-Alb is associated
with progression of the disease or possibly underly-
ing vascular pathology. Further studies are needed
to understand the variability of BBB leakage and
the possible association with the progression of the
disease.

Studies have found a positive association between
Q-Alb and age in healthy controls [34, 35], and there-
fore we investigated the possible association with
baseline Q-Alb in patients with AD. Here, we did
not find any association, which may be due to the
low sample size. Furthermore, we did not find any

association with MMSE, which may be due to low
sample size, Since leakage through the BBB in the
hippocampus has been found to be present in the early
disease stages [2], it would be interesting to investi-
gate the association between Q-Alb and more specific
neuropsychological tests, measuring memory.

The current study has some limitations. The data
were collected retrospectively from a clinical cohort,
which means that the time intervals were not set at
specific time points and that multiple lumbar punc-
tures may have been performed due to diagnostic
challenges or unexpected findings (Table 1). Further-
more, information on some patient characteristics,
like disease duration, could not reliably be inter-
preted, which meant that we could not understand
the role of Q-Alb as a prognostic marker. In addition,
we did not have any information of APOE carrier
status, as this is not investigated during routine clini-
cal examination. Since one APOE �4 allele has been
shown to be associated with elevated Q-Alb in older
cognitively normal subjects [36], APOE carrier sta-
tus should be included in future studies. However, the
largest difference in Q-Alb was seen in the patients
for whom the lumbar punctures were justified from
participation in a clinical trial (placebo group), which
suggests that our findings cannot be ascribed to alter-
native etiologies of cognitive impairment or cells
in the spinal fluid. Furthermore, the low number
of patients/participants may influence the findings.
Therefore, more studies are needed to investigate the
role of Q-Alb or dynamic contrast enhanced MRI
imaging over time in order to understand the neu-
ropathological role of the BBB and the variability in
BBB leakage in patients with AD.

Conclusions

In the present study, we found that Q-Alb increases
in patients with AD over time, and we speculate that
this may be a sign of underlying vascular pathology.
Furthermore, within the first follow-up year Q-Alb
was stable for most of the patients, which suggests
that longer periods of time are needed to observe
changes in the BBB with Q-Alb. More studies are
needed to further understand the neuropathological
role and variability in BBB leakage in patients with
AD over time.
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