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Abstract. Systemic comorbidity precipitates the risk for dementia. To comprehend the underlying mechanisms into a thera-
peutic perspective, we analyzed how comorbidity affects neurodegeneration-related cerebrospinal fluid (CSF) biomarkers of
55 cognitively intact subjects. The Charson Comorbidity Index (CCI) was correlated with CSF amyloid-�42 (A�42), amyloid-
�40, total-tau, 181-phosphorylated-tau (p-tau), the A�42/p-tau ratio, neurogranin, and lactate. The age-related brain lesions
at imaging were also considered. CCI had a raw association with A�42/p-tau and p-tau, and a stronger, age-independent
correlation with lactate. These preliminary findings suggested that, in normal subjects, systemic comorbidity might increase
CNS oxidative stress and, together with aging, contribute to develop an Alzheimer’s disease-like biochemical profile.
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INTRODUCTION

With the worldwide increase of life expectancy
and the parallel growing of neurodegenerative dis-
eases cases, including Alzheimer’s disease (AD) and
Parkinson’s disease (PD) [1], the number of people
living with dementia is destined to rise dramatically
in next years.

Given the absence of disease-modifying treat-
ments for dementia and idiopathic neurodegenerative
disorders, prevention raises as a viable alternative
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to counteract such emerging issues. Indeed, sev-
eral modifiable risk factors for dementia have been
identified, including low educational level, blood
hypertension, obesity, hearing loss, traumatic brain
injury, alcohol misuse, smoking, depression, physical
inactivity, social isolation, diabetes, and air pollution.

In addition, people with dementia suffer more
frequently than general older population with
comorbidities (e.g., cerebrovascular disease, stroke,
diabetes), which in turn precipitate functional decline
and quality of life [2]. Therefore, the chronic, sys-
temic, age-related conditions [3–6] seem to impact on
brain functions and contribute to clinic-pathological
progression of dementia along its entire course, thus
representing ideal targets for prevention strategies.
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Because of its proximity to the central nervous
system (CNS), cerebrospinal fluid (CSF) reflects
neuropathological changes earlier than they become
clinically manifest, thus providing an ideal source to
track in vivo molecular events underlying neurode-
generative diseases [7].

Although still lacking, studies exploring rela-
tionships between medical comorbidity and CSF
biomarkers of neurodegeneration in individuals with-
out overt neurological impairment might help to
elucidate mechanisms of neuronal vulnerability and
provide hints to develop potential neuroprotective
interventions.

Consequently, here we conducted a retrospective
study in a group of cognitively intact subjects to
define how systemic diseases could affect the bio-
chemical profile of CSF. In particular, we investigated
the association of the Charlson Comorbidity Index
(CCI), a measure of comorbidities’ total burden
[8], with a panel of CSF neurodegeneration-related
biomarkers, including either the AD pathology’s
markers or neurogranin and lactate levels, which
assess respectively the development of a specific neu-
ropathological process [9], or synaptopathy [10] and
metabolic distress [11], two events profoundly inter-
twined with neurodegeneration.

METHODS

The study was performed at the Neurology Unit
of Tor Vergata University Hospital (Rome, Italy)
and involved 55 subjects without dementia receiv-
ing lumbar puncture for diagnostic purpose. None of
them was suffering with neurodegenerative diseases
(including parkinsonian syndromes, dementias, and
motor neuron diseases). The prevalence of final neu-
rological diagnoses were: headache/cerebrovascular
condition = 27%; peripheral nervous system dis-
eases = 21%; psychogenic disorders = 35%; confu-
sional state 17%.

Dementia was ruled out by the Clinical Dementia
Rating scale [12] and/or Mini-Mental State Exam-
ination (MMSE)>25 [13]. To avoid misdiagnosis,
subjects with CSF amyloid-�42/181-phosphorylated-
tau (A�42/p-tau) ratio suggestive of AD (<6.4) [14,
15] were excluded.

For all subjects, demographics and clinical data
were collected and the CCI calculated. CCI is a global
score that assesses (0 to 31 points) age and presence
of 16 different comorbidities (myocardial infarc-
tion, congestive heart failure, peripheral vascular

disease, cerebrovascular accident/transient ischemic
attacks, dementia, chronic obstructive pulmonary dis-
ease, connective tissue disease, peptic ulcer disease,
liver disease, diabetes mellitus, hemiplegia, chronic
kidney disease, solid tumor, leukemia, lymphoma,
AIDS) [8].

The burden of relevant brain lesions was con-
sidered by the age-related white matter changes
(ARWMC) score, which evaluates the presence of
both white matter and basal ganglia lesions on com-
puter tomography or magnetic resonance imaging
brain scans [16].

Lumbar puncture and CSF analysis were per-
formed according with standard procedures, as previ-
ously described [10, 11]. The following biomarkers
were assessed: amyloid-�42 (A�42), amyloid -�40
(A�40), total tau (t-tau), 181-phosphorylated-tau (p-
tau), the A�42/p-tau ratio, neurogranin (NG), and
lactate.

The study was conducted in agreement with local
ethical standards and principles of Helsinki decla-
ration. An informed consent was acquired for each
participant.

Statistical analysis

The distribution of variables was evaluated with
the Shapiro-Wilk test and the non-normally dis-
tributed were Log10-transformed to allow statistical
calculations.

Correlations among clinical and biochemical vari-
ables were explored by the Pearson’s test. Then, a
linear regression model adjusted for age was created
to limit the effect of the main potential confounding
factor.

Because of the possible gender difference of
comorbidity [17], CCI was compared between in
males and females by one-way ANOVA. A second
linear regression analysis, including both age and sex
as covariates, was thus performed.

A p value <0.05 was considered significant. Anal-
ysis was conducted in blind, by IBM-SPSS-22.

RESULTS

Demographic and clinical data are summarized in
Table 1. Prevalence of main comorbidities in the pop-
ulation was: heart/vascular disorders = 38%; diabetes
mellitus = 23%; solid localized tumor = 10%; other
internal disorders = 13%; age >50 years = 90%.

CCI significantly correlated with p-tau (direct,
R = 0.3, p = 0.02), A�42/p-tau ratio (inverse, R =
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–0.43, p = 0.001), lactate (direct, R = 0.37, p = 0.007)
(Fig. 1A). No correlations resulted with ARWMC
score.

The linear model adjusted for age confirmed
an independent association between CCI and lac-
tate [F(2,49)=23.7, R2 = 0.49, p < 0.0001; T = 2.2,
p = 0.03] (Fig. 1B) but not with p-tau and A�42/p-tau.

Gender effect

The burden of comorbidity was significantly
higher in males (4.8 ± 1.9, mean ± st.dev.) than
females (3.5 ± 12.1, p = 0.02). The linear model
adjusted for both sex and age did not show significant
associations between CCI and biomarkers.

Table 1
Clinical and demographic data of the population

Variable Descriptive statistics

Sex (Female %) 56%

mean st.dev.

Age (y) 66.4 13.0
CCI 4.0 2.1
t-tau (pg/ml) 228.1 121.4
p-tau (pg/ml) 38.1 17.8
A�42 (pg/ml) 1044.9 554.7
A�40 (pg/ml) 8287.3 3711.6
A�42/p-tau 29.4 12.8
NG (pg/ml) 324.3 208.4
Lactate (mmol/l) 1.8 1.0
ARWMC-wm 1.0 0.9
ARWMC-bg 0.3 0.7

DISCUSSION

This study aimed to explore whether systemic
comorbidities (evaluated by CCI) may affect the
profile of neurodegeneration-related biomarkers in a
group of subjects without dementia or neurodegener-
ative diseases. Given the overall scarcity of studies in
this field, we provided initial evidence that the burden
of systemic diseases could effectively influence the
level of CSF biomarkers, probably as a consequence
of brain changes.

CSF lactate is considered a readout of brain mito-
chondrial activity and redox balance; accordingly, a
higher content has been found in several neurodegen-
erative disorders [11, 18]. Even in our population,
lactate levels increased in parallel with CCI score,
suggesting that bioenergetics impairment, mitochon-
drial dysfunction, and oxidative stress might mediate
the neuronal injury induced by systemic conditions,
independently from an age-related effect.

Although CCI evaluates up to 16 different patholo-
gies, none of our subjects suffered with connective
tissue and liver diseases, leukemia, lymphoma, or
AIDS; conversely, they were mostly affected by
heart and cerebrovascular diseases or diabetes, con-
ditions typically associated to neurodegenerative
diseases, which may precipitate neuronal vulnerabil-
ity via oxidative stress and mitochondrial dysfunction
[19–21]

Modification of AD core biomarkers (amyloid
and tau proteins, and the synthetic ratio A�42/p-tau)

Fig. 1. Association between CCI and CSF lactate. A) Graph representing direct correlation. B) Graph representing the linear model adjusted
for age.
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may long precede clinical onset of dementia,
mirroring an on-going pathological process with mul-
tifactorial origin [22]. Although within a range of
normality [23–25], here the CSF levels of AD core
biomarkers, namely p-tau and A�42/p-tau, showed
raw associations with CCI, direct and inverse respec-
tively. However, when the model was adjusted for
age, the correlation was lost, suggesting that aging,
more than systemic comorbidities, may favor an AD-
like pathology as other authors similarly observed
[26–28].

As well, CSF levels of NG were unrelated to sys-
temic comorbidities burden. NG is a postsynaptic
protein localized in dendritic spines, whose increased
CSF content often reflects progression of cogni-
tive impairment in patients with AD and PD as a
consequence of spreading synaptopathy and neu-
rodegeneration [10]. The absence of such correlation
probably indicates its role as a specific marker of
synaptic dysfunction rather than of global neuronal
injury, consistently with previous findings [29, 30].
After all, none of the patients here enrolled was
diagnosed with neurodegenerative diseases, which
typically underlie an overt process of synaptopa-
thy with subsequent changes of related biomarkers
[31–33].

Our study also disclosed relevance of gender
in comorbidity’s occurrence. In fact, as also other
authors demonstrated [17], CCI score was higher
in males than females. Consequently, when sex was
introduced as covariate in regression analysis, no sig-
nificant results were obtained.

Finally, the lack of correlations between ARWMC
scores and either CCI or CSF biomarkers suggests
how the significant clinic-biochemical associations
were not basically related to major brain lesions.

Definitely there are a number of limitations to
be considered in this study, including the sam-
ple size, the cross-sectional design, the absence of
biomarkers tracking other molecular events (e.g., vas-
cular impairment, myelin disruption, neuronal loss),
which indeed might have further outlined the impact
of comorbidity on CNS. Then, we have also to
acknowledge that underlying neurological conditions
of enrolled subjects could affect to some extent CSF
composition and biomarkers content [34].

Nevertheless, we found that systemic comorbidi-
ties (mostly vascular risk factors) reflect at CNS level
with a subsequent modification of CSF biomark-
ers levels. The tendency is that concurrent medical
conditions may increase oxidative stress, which is
a well-known determinant of neurodegeneration. In

addition, together with aging, they may predispose
toward the development of an AD-like biochem-
ical profile. Again, recent evidence demonstrated
that frailty, intended as an accumulation of deficits
weakening health outcomes, contributes to the patho-
physiology and clinical manifestation of dementia,
and, consequently, influences the expression of neu-
ropathology and biomarkers [35–39].

Although further confirmatory studies, especially
in prospective frames, are now necessary, these
preliminary findings encourage strategies of neuro-
protection based on prevention and cure of systemic
diseases [32, 40].
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