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Abstract

Objectives: Cerebrospinal fluid (CSF) is a clear, colorless
body fluid filling the central nervous system. The deter-
mination of the CSF total protein (TP) content represents an
important screening test of various pathologies. We aimed
to address the effect of sex and age on CSF-TP content and
the use of the current upper reference limits (URLs).
Methods: CSF-TP content was analysed in a selected
population of 1,252 patients (648 women and 604men; age
18–89 years) who underwent lumbar puncture as a part of
the diagnostic work-up. Samples presenting (i) more than 5
white blood cells (WBC)/µL, (ii) discolorations and (iii)
reduced glucose were not included.

Results: The CSF-TP content median values were signifi-
cantly higher inmen than in women (46 vs. 37mg/dL) even
after adjusting for age and different hospital inpatients.
CSF-TP content positively correlated with age both in men
and in women with a constant difference between sexes of
8.5 mg/dL. Applying the most used URLs (mainly 45 and
50 mg/dL, but also 60 mg/dL), men received a laboratory
report suggestive of altered CSF-TP content more
frequently than women. The use of age- and sex-calibrated
CSF-TP URLs reduced, but not eliminated, this sex-gap.
Conclusions: Using the current URLs, a condition of
“elevated CSF-TP content”may be overestimated inmen or,
conversely, underestimated inwomen, regardless of the age
and of the diagnosis. These results highlighted the need to
apply CSF-TP URLs values normalized for both sex and age.

Keywords: age; biomarker; cerebrospinal fluid; sex; total
protein content.

Introduction

Cerebrospinal fluid (CSF) is a clear, colorless body fluid
filling the brain and the spinal cord. The CSF composition is
very similar to a plasma ultrafiltrate with low protein con-
centration and fewcells [1]. Thediagnostic lumbar puncture,
or spinal tap, is a mini-invasive procedure used to withdraw
CSF from the spinal subarachnoid space [2]. With the only
exception of brain biopsy, the CSF examination represents
the only tool available to investigate the occurrence of (i)
inflammatory, (ii) infectious, (iii) degenerative conditions,
as well as (iv) the presence of CT-negative subarachnoidal
haemorrhage and (v) of leptomeningeal metastases [3, 4].

CSF chemical and physical analyses are usually
performed within 2 h from time of collection, and yield
information on the fluid appearance, presence of discol-
orations, glucose content, circulating cell count and
protein content [5].

Although the CSF/serum albumin ratio is considered
the preferred marker to assess the blood-CSF-barrier
(B-CSF-B) function [6], the determination of the CSF total
protein (TP) content is – in routine clinical practice – an
important screening test [7] for conditions such as bacterial
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meningitis, viral infections, autoimmune poly-
neuropathies, infectious polyneuropathies, subarachnoid
hemorrhages and brain metastases [3].

An international agreement on the applicability of
upper reference limits (URLs) for CSF-TP content is still
lacking. A recently conducted web-based survey has dis-
closed that 45 mg/dL remains the most commonly used
URL worldwide [8]. Higher CSF-TP content is found mainly
in infants (<1 year) and premature babies [9, 10] due to an
immature B-CSF-B, and in the elderly [3, 11], yet less than
5% of the participating centers reported the use of age-
adjusted reference limits for adults and/or newborns [8].

Studies on the CSF/serum albumin ratio have recently
demonstrated an increase in B-CSF-B permeability to pro-
teins in men compared to women [12, 13]. Although this
may lead to a difference in CSF protein content between the
two sexes, to date only a few studies have explored this
aspect [14] and above mentioned sex differences have not
yet been considered in the daily laboratory practice.

With this work we aimed to address the effect of sex
and age on the TP content in CSF obtained from diagnostic
lumbar puncture, so as to provide some scientific ground
for potential reconsideration of CSF-TP reference values.

Materials and methods

Study design

The study was performed on CSF obtained for diagnostic purposes
from patients who were hospitalized at the ‘S. Anna’ University Hos-
pital (Azienda Ospedaliero-Universitaria S. Anna), Ferrara, northern
Italy in the period 2010–2018. The study was approved by the local
Committee for Medical Ethics in Research (Comitato Etico di Area
Vasta Emilia Centro della Regione Emilia-Romagna, Prot. N. 770/2018/
Oss/AOUFe). Written informed consent was obtained and the data
were collected in anonymized form.

Laboratory and demographic data were retrospectively collected
from a population of 2,617 patients.

Exclusion criteria were the lack of demographic data (sex and/or
age) and the presence of CSF abnormalities. Briefly, patients were
excluded from the analysis applying these criteria: samples with (i)
incomplete data (n=92), (ii) CSF white blood cells (WBC) > 5/μL (n=625),
(iii) CSF discolorations (n=59), CSF glucose ≤ 2.5 mmol/L (n=172), CSF
repeated samples (n=45). After this first check, outliers (n=99) and
patients with less than 18 years (n=273) were also excluded.

A population of 1,252 patients, 648 women and 604 men, was
finally included in the study. Patients were analysed blindly with
respect to diagnostic suspicion and definite clinical diagnosis.

Sample analysis

CSF-TP contentwasmeasured in all samples as a part of the diagnostic
work-up at the Chemical-Clinical Analysis Laboratory, “S. Anna”

University Hospital (Ferrara, Italy). All the analysis was performed on
the 1st–4th mL of CSF after lumbar puncture. CSF samples were ana-
lysed at room temperature, immediately after centrifugation and
within 2 h from sample withdrawal with the Beckman Coulter AU640/
AU640e automated chemistry analyzer. According to the manufac-
turer’s instructions, human serum albumin was used as a calibrator
(0.50 g/L), and intra- and inter-assays variations were <2% and <5%
respectively. The lower detectable analyte level was estimated to be
7 mg/dL, with a sample interval of 1–199 mg/dL.

Statistical analysis

Continuous variables presenting with a non-normal distribution (Kol-
mogorov Smirnov test) were reported as median and interquartile range
(IQR). All comparisons were made with Mann–Whitney test. Categorical
variableswere reportedas counts (percentages) and theFisher’s exact test
was used for comparison. Correlations between age and CSF-TP content
were investigated with Spearman test. In regression analysis F-test was
used to compare the fits of linear models. Analysis of covariance
(ANCOVA) was used to compare log-transformed CSF-TP content in men
and women using age as covariate in the model. Furthermore, in the
absence of information related to a diagnostic suspect and/or definition,
the hospital units of sample provenience were grouped into intensive
care, oncohaematological, infectious disorders, internal medicine,
neurosurgical and neurological units, and this variable was included in
the ANCOVA model as covariate. Two tailed p-values <0.05 were
considered statistically significant. The Statistical Package for the Social
Sciences (SPSS®) version 21.0 forWindows,OSX (SPSS Inc., IBM®, Somers,
New York, USA) and Prism® 8 (GraphPad Software Inc.) were used for the
statistical analysis. Outliers were determined using the robust regression
and outlier removal (ROUT) method, assuming a maximum desired false
discovery rate (Q) equal to 1%.

Results

Patient’s characteristics

The study population women: men ratio was 1.07. At the
time of sample withdrawal, men had a higher median age
than women (56 vs. 51 years; Mann–Whitney, p=0.0001).
The age range was the same for men and women: 18–79
years. The distribution of patients in the various age groups
is shown in Table 1.

Cerebrospinal fluid total protein
concentrations in the study population

The CSF-TP content median values were significantly higher
inmen than inwomen in the overall study population (46 vs.
37mg/dL) (Figure 1A). Stratifying the patients by age groups,
the CSF-TP content was significantly higher in men than
women in all agegroups: 18–30year (34 vs. 32mg/dL); 31–40
years (44 vs. 34mg/dL); 41–50 years (45 vs. 33mg/dL); 51–60
years (51 vs. 41 mg/dL); 61–70 years (50 vs. 39 mg/dL); over
70 years (46.5 vs. 40 mg/dL) (Figure 1B).
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In a multivariate model, natural log-transformed (ln)
CSF-TP mean content (mg/dL) was significantly higher in
men than in women even after adjusting for age at the time
of lumbar puncture (3.80 vs. 3.59) and different hospital
units of sample provenience (3.80 vs. 3.59) (Table 2).

Correlation between age, sex and
cerebrospinal fluid total protein

Age positively correlated to CSF-TP content in both women
(Spearman, r=0.2086; p<0.0001) and men (Spearman,
r=0.1540; p<0.0001). The difference between the slopes of
the two sex-specific regression lines was not significant
(F=0.007339; p=0.9317) while the difference between the
elevations was significant (F=76.32; p<0.0001) indicating a
constant gap of 8.5 mg/dL between men and women over
the age of 18 (Figure 2).

Use of different reference threshold values
for the cerebrospinal fluid total protein
concentrations

In our overall study population the frequency of an elevated
CSF-TP content was analysed in men and women. Different

thresholdvalueswereused. Inparticular, the followingURLs
were applied: 45 mg/dL, i. e., the URL used in our practice
[14], 50 mg/dL and, only for patients over 30 years old,
60 mg/dL [11]. As reported in Table 3, men featured CSF-TP
content above the thresholds more frequently than women
using theURLof45mg/dL(50.2vs.28.9%), theURLof50mg/
dL (41.4 vs. 22.1%) and the URL of 60 mg/dL (27.9 vs. 11%).

A difference between the two sexes was also observed
with the use of age- and sex-adjusted URLs as previously
proposed [14]. Although the use of these thresholds
reduced the percentage of positives in men (20.9%) and
women (13%) and the gap between the two sexes was
smaller, it still remained statistically significant
(p=0.0002) (Table 4). Interesting, these positivities were
found only in three of 14 age subgroups, in particular men
had CSF-TP content higher than the specific URL more
frequently than women in the 41–45 (23.4 vs. 5.7%), 56–60
(24.1 vs.6.9%) and 81–85 (40 vs. 5.9%) years subgroups.

Discussion

Our study shows that CSF-TP content is higher in men than
women at all ages in a large population of adult patients
undergoing lumbar puncture for diagnostic purposes. Be-
ing CSF-TP determination a widely used screening test for
diverse neurological conditions [7], our findings show how
abnormal CSF-TP content is more frequently reported for
male than female individuals, irrespective of age.

The CSF-TP analysis is a laboratory tool commonly
used in clinical practice, and a useful diagnostic support
already in the earliest stages of the patient’s clinical con-
dition, by virtue of the short time needed for analysis and
report from sample withdrawal [3].

An increased CSF-TP content with age has been re-
ported in the literature [7] which could be explained by an
increase B-CSF-B permeability [6, 15, 16] and a progressive

Table : Patients’ age distribution.

Age class, years Men, n (%) Women, n (%)

–  (.)  (.)
–  (.)  (.)
–  (.)  (.)
–  (.)  (.)
–  (.)  (.)
over   (.)  (.)
Total  (.)  (.)

Figure 1: Cerebrospinal fluid (CSF) total protein
(TP) levels in thestudypopulationanalysedas
a whole (A) and stratified by age (B).
Mann-Whitney U-test was used for all
comparisons. CSF-TP content was higher in
men than in women in the entire population
(p<0.0001) (A) and in all age groups: 18–30
years (p=0.0474); 31–40 years (p>0.0001);
41–50 years (p<0.0001); 51–60 years
(p=0.0016); 61–70 years (p=0.0002); >70
years (p=0.0015) (B). The linewithin the box
indicates themedian. The boundaries of the
box represent the 25th–75th quartiles. The
whiskers above and below the box
correspond to the highest and lowest
values.
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reduction of the CSF turnover both associated to ageing
[1, 17]. The assessment of CSF-TP content has little diag-
nostic value in newborns’ neurological diseases due to the
large variation for this parameter as a consequence of birth
trauma and of the immaturity of the brain barriers [7, 10].

Recent studies propose age-dependent reference
values for CSF-TP content [8, 11, 14]. In particular,
McCudden and colleagues highlighted that the URL of
0.45 mg/dL, currently the most used reference value
worldwide, could produce 25% false positive patients aged
over 65 years in the absence of neurological diseases [14].
In the attempt to reduce this ageing effect, some authors
have proposed to use increasing URL values (e. g. 0.50mg/
dL for patients below age 30 and 0.60 mg/dL for older
patients), but at present these thresholds have not yet
entered into clinical practice anywhere in the world [8, 11].

Not onlydoesage affect theCSF composition but sex too
seems to play an important role. Despite higher contents of
glucose, albumin, gamma globulins and TPs were reported
in men as compared to women [18], these differences were
never considered in setting the URLs for these analytes.

Recently, a 6mg/dL differencewas reported for CSF-TP
content between men and women [14], yet sex-adjusted
URL are highly overlooked in clinical practice.

Our present work is in line with this evidence, but we
highlight a larger difference between the two sexes at all
age groups, of both the median value and the linear
regression coefficients, and of about 8.5/9.0 mg/dL. This
observed difference from the cited work [14] appears to be
partially artefactual due to the samples selection proced-
ures. McCudden and coworkers excluded samples from
patients with diseases that could increase of the CSF-TP
content which however accounted only for nearly 19% of
the pre-selected samples. In our work, while clinical di-
agnoses were not available for any of the samples, the
hospital unit of provenience was known for each sample

Table : Sex-specific mean (% confidence intervals, CI) of the natural log-transformed (ln) cerebrospinal fluid (CSF) total protein (TP)
content (mg/dL).

Men Women p-Valuea Men Women p-Valueb Men Women p-Valuec

. . <. . . <. . . <.
(.–.) (.–.) (.–.) (.–.) (.–.) (.–.)

Men =  (.%); Women =  (.%). Natural log-transformed (ln) distribution for CSF-TP content (mg/dL) and age at lumbar puncture
(years). aStudent’s t-test for independent variables, crude means. bModel  (ANCOVA): marginal means adjusted for ln-transformed age at
lumbar puncture. cModel  (ANCOVA): marginal means adjusted for ln-transformed age at lumbar puncture and hospital units of samples
provenience. Bold p-values = statistically significant.

Figure 2: Linear regression analysis of
cerebrospinal fluid (CSF) total protein (TP)
content and age in men and women.
aCSF TP and age were positively correlated
both in men (Spearman, p<0.0001) and
women (Spearman, p<0.0001). bThe
difference between the slopes was not
significant (F=0.007339; p=0.9317) while
cthe difference between the elevations was
significant (F=76.32; p<0.0001).

Table : Frequency of increased cerebrospinal fluid (CSF) total
protein (TP) concentrations using different upper reference limits
(URL).

Men Women p-Value

Altered CSF TP, n (%)
URL  mg/dL  (,)  (.) <.
URL  mg/dL  (.)  (.) <.
URL  mg/dL  (.)  (.) <.

Fisher’s exact test was used for all comparisons. Bold p-values =
statistically significant.
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and the analysis was adjusted for this covariate which had
no impact on the effect of sex over the CSF-TP content.

Moreover and to the best of our knowledge, we show for
the first time a nearly fixed sex difference of CSF-TP content
over the age of 18, and with parallel increase with age.

Proteins cross through the B-CSF-B by receptor-medi-
ated transcytosis/endocytosis or by fluid phase absorption
[19, 20]. Although no sex-related differences have been re-
ported in the literature for these mechanisms, we now know
that the B-CSF-B permeability to proteins is greater in men
than in women, regardless of age and disease [12, 13], a
mechanismwhich is likely ascribed to female hormones [21,
22]modulatingadifferent expressionof enzymes involved in
the remodeling and turnover of the B-CSF-B [23, 24].

Confirming the effect of sex on the CSF-TP content, our
study reiterates the need to re-define the application of the
URLs for this analyte, which should be normalized for age
and sex, in order to overcome the overestimation of CSF-TP
content in men or, conversely, the underestimation in
women, regardless of the age. Interestingly, in our study
population, the use of URLs normalized by age and gender
according to McCudden and co-workers [14] reduces this
sex gap only partially.

Our study has some limitations. Due to the invasive
nature of the lumbar puncture, which is performed for
diagnostic or therapeutic purposes, our analyses did not
include a population of healthy controls. To overcome such
limitation, several studies have attempted to derive upper
reference values from patient samples [11, 25]. As in our

study, the effect of peripheral blood contamination was
minimized by removing the CSF samples with discolor-
ations or increased WBC. Moreover, the lack of clinical
diagnoses did not allow us to exclude patients with clinical
conditions associated with a high CSF-TP content and this
could account for the slightly higher CSF-TP levels as
compared to studies conducted on “normal” subjects [14].

In conclusion, our study confirms a sexual dimor-
phism in the CSF-TP with a greater CSF-TP content more
frequently assessed in men than in women, and that its
values exceed themost commonly URLs references (45mg/
dL and 50 mg/dL).

In the era of precision medicine, better normalized
CSF-TP reference values will have relevant implications on
practice, adding further value to the CSF analysis, a pre-
ciously informative and quickly accessible ‘window’ to the
CNS.

We encourage the use of sex- and age-normalized
URLs in the daily CSF-TP analysis, as well as the search of
the best sex- and age-specific threshold values by imple-
menting a network of expertise and a larger study popu-
lation, possibly including healthy CSF donors.
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Table : Frequency of increased cerebrospinal fluid (CSF) total protein (TP) concentrations using upper reference limits (URL) adjusted for age
according to McCudden and colleagues [].

Men Women p-Value

URL, mg/dL Positive, n (%) URL, mg/dL Positive, n (%)

ALL  (.)  (.) .
Age, years
–   (.)   (.) >.
–   (.)   (.) .
–   (.)   (.) .
–   (.)   (.) .
–   (.)   (.) .
–   (.)   (.) .
–   (.)   (.) >.
–   (.)   (.) .
–   (.)   (.) .
–   (.)   (.) .
–   (.)   (.) >.
–   (.)   (.) .
–   (.)   (.) .
>   (.)   (.) >.

Fisher’s exact test was used for all comparisons. Bold p-values = statistically significant.
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