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ABSTRACT

Introduction: Most current treatment strategies
and investigations on cryptococcal meningitis
(CM) focus primarily on the central nervous
system (CNS), often overlooking the complex
interplay between the CNS and the peripheral
system. This study aims to explore the charac-
teristics of central and peripheral metabolism in
patients with CM.

Methods: Patients diagnosed with CM as per
the hospital records of the Fourth People’s
Hospital of Nanning were retrospectively ana-
lyzed. Patients were divided into two groups,
non-structural damage of the brain (NSDB) and
structural damage of the brain (SDB), according
to the presence of brain lesions as detected with
imaging. Based on the presence of enlarged
cerebral ventricles, the cases in the SDB group
were classified into non-ventriculomegaly
(NVM) and ventriculomegaly (VM). Various
parameters of cerebrospinal fluid (CSF) and
peripheral blood (PB) were analyzed.
Results: A significant correlation was detected
between CSF and PB parameters. The levels of
CSF-adenosine dehydrogenase (ADA), CSF-pro-
tein, CSF-glucose, and CSF-chloride ions were
significantly correlated with the levels of PB-
aminotransferase, PB-bilirubin, PB-creatinine
(Cr), PB-urea nitrogen, PB-electrolyte, PB-pro-
tein, and PB-lipid. Compared with NSDB, the
levels of CSF-glucose were significantly
decreased in the SDB group, while the levels of
CSF-lactate dehydrogenase (LDH) and CSF-pro-
tein were significantly increased in the SDB
group. In the SDB group, the levels of PB-
potassium, PB-hemoglobin(Hb), and PB-albu-
min were significantly decreased in the patients
with VM, while the level of PB-urea nitrogen
was significantly increased in these patients.
Conclusion: Metabolic and structural alter-
ations in the brain may be associated with
peripheral metabolic changes.
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Key Summary Points

Why carry out this study?

Cryptococcal meningitis (CM) which
imposes an enormous burden on patients,
families, and society will result in serious
consequences of central nervous system
(CNS) and peripheral system (also clarified
as peripheral organ systems).

Most current treatment strategies and
investigations often overlook the complex
interplay between the CNS and the
peripheral system.

What was the hypothesis of the study?

The lesions of CNS (including metabolic
disorders followed by structural damage)
may affect the energy metabolism of
peripheral systems.

What were the study outcomes/conclusions?

Metabolic and structural alterations in the
brain may be associated with peripheral
metabolic changes in patients with CM.

What has been learned from the study?

Timely detection of metabolic changes in
the CNS to avoid structural damage in the
CNS.

In addition to paying attention to CNS
lesions, it is necessary to consider the
impact that CNS lesions may have on the
peripheral system, especially the systemic
imbalance of energy metabolism.

INTRODUCTION

Cryptococcal meningitis (CM) is an infectious
disease of the central nervous system (CNS)

caused by the fungal pathogen Cryptococcus
neoformans. The disease has a very high mor-
tality rate of 83.30–90.00% [1–3]. C. neoformans
first invades the pia, and, with the progression
of the disease, it gradually invades the brain
parenchyma and may even affect the cere-
brovascular and cerebral ventricles [4]. It can
also cause functional disorders of the CNS,
resulting in various neurological defects, such as
headaches, seizures, changes in consciousness,
and limb motor dysfunction [5], which impose
an enormous burden on patients, families, and
society [6].

Previous studies have identified two stages of
pathogenic microorganism-induced CNS dam-
age, where the first stage involves metabolic
disorders [7–9], while the second involves
structural lesions [10]. As per the results of
previous experiments, structural damage of the
brain was observed in 86.84–90.00% of patients
with CM, while no structural damage of the
brain was observed in the remaining patients
[11, 12]. Zhong et al. demonstrated that the
brain structure of patients with CM was normal
in the early stage, manifesting only a few
symptoms of nerve damage, followed by grad-
ually appearing imaging changes, namely,
structural damage [11]. This suggested that the
effects of C. neoformans on the brain also pro-
gress from early non-structural damage of the
brain to structural damage. Tu et al. found that
patients with CM with structural damage of the
brain had a higher percentage of poor prognosis
[13]. Studies have consistently shown that
patients with structural damage of the brain not
only have neurological disorders but also may
have damage to multiple organ systems
throughout the body [14–16].

Accumulating evidence suggests that com-
plex interaction exists between CNS and other
systems, where the brain acts as the higher
regulatory center, and the autonomic nervous
system (ANS) is the final effector in regulating
the activities of other systems, particularly the
energy metabolism of peripheral systems (also
clarified as peripheral organ systems) [17–19].
While the brain is diseased, the normal neu-
roregulatory network is affected, resulting in
changes in the peripheral system [16, 20–23].
Most current treatment strategies and
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investigations on CM focus primarily on the
CNS, often overlooking the complex interplay
between the CNS and the peripheral system.

Energy metabolism homeostasis is an essen-
tial requirement to maintain a biological pro-
cess [19, 24], and is regarded as a key factor
affecting the prognosis of patients with CNS
lesions [25–27]. Energy metabolism homeostasis
mainly includes the metabolism of the CNS and
that of the peripheral system. In addition,
lesions in the CNS may cause metabolic abnor-
malities in the peripheral system, leading to
malnutrition, such as electrolyte disconcert,
abnormal lipid metabolism, and abnormal pro-
tein metabolism [28–30]. Even worse, peripheral
metabolic disorders can lead to CNS damage
[31]. Our previous study confirmed that the
disruption of glucose metabolism predated
neuronal damage [32], which suggested that
correcting the disruption of energy metabolism
may save neurons and avoid damage to multi-
ple organ systems. Therefore, maintaining cen-
tral/peripheral metabolic homeostasis for
patients with CM is extremely important to
protect the nervous system and to improve their
prognosis. Nevertheless, there is a paucity of
data on central/peripheral metabolic changes in
patients with CM, which makes their treatment
challenging. In light of this challenge, we con-
ducted a retrospective analysis of 120 patients
with CM, who were divided into two groups:
non-structural damage of the brain (NSDB) and
structural damage of the brain (SDB) via brain
imaging. We compared the differences in cere-
brospinal fluid (CSF) and peripheral blood (PB)
between different groups to provide theoretical
guidance for CM treatment.

METHODS

Study Design

In this retrospective study, patients diagnosed
with CM as per the hospital records of the
Fourth People’s Hospital of Nanning from Jan-
uary 2019 to December 2022 were selected. The
hospital Institutional Ethics Committee
reviewed and approved the study protocol. The
Ethics Committee of the Fourth People’s

Hospital of Nanning waived patient informed
consent because we used anonymous patient
electronic medical records in this study. The
study was in accordance with the Declaration of
Helsinki. This study was approved by the Fourth
People’s Hospital of Nanning and registered
under project number [2023] 69.

Patient Enrollment and Diagnostic
Criteria for CM

All enrolled patients had CM, and the definitive
diagnosis was based on a positive CSF test result,
including the isolation of C. neoformans in CSF
cultures, a positive cryptococcal antigen in CSF,
or a positive ink stain in CSF. Cases with
incomplete neuroimaging or cerebrospinal fluid
data and cases with a history of metabolic dis-
ease (such as diabetes, hyperthyroidism, Cush-
ing’s syndrome, primary hyperaldosteronism,
etc.) were excluded. According to the above
criteria, we obtained the data from 120 patients
with CM.

Demographic and Clinical Data Collection

We conducted a retrospective analysis of 120
patients with CM, including gender, age,
height, weight, treatment regimen, results of
CSF analysis, and peripheral blood PB analysis.
The results of CSF analysis included white cell
counts, glucose, adenosine dehydrogenase
(ADA), lactate dehydrogenase (LDH), chloride
ion (Cl), and proteins. The results of PB analysis
included glucose, hemoglobin (Hb), aspartate
aminotransferase (AST), alanine aminotrans-
ferase (ALT), total bilirubin (TBIL), direct
bilirubin (DBIL), total protein, globulin, albu-
min (ALB), creatinine (Cr), urea, uric acid (UA),
potassium (K), sodium (Na), calcium (Ca),
chloride ion (Cl), total cholesterol (TC),
triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), and low-density lipopro-
tein cholesterol (LDL-C). Based on the results of
brain imaging, patients with CM with normal
brain imaging were a part of the NSDB group,
and those with abnormal brain imaging were a
part of the SDB group. SDB was defined as CM-
related brain damage.
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Table 1 The characteristics of the patient population

Total Male Female
No. (%) 120 (100) 92 (76.67) 28 (23.33)

Age, mean ± SD (years) 48.66 ± 13.88 47.29 ± 14.49 53.18 ± 10.70

B 30 16 (13.33) 14 (15.22) 2 (7.14)

31–40 21 (17.50) 20 (21.74) 1 (3.57)

41–50 27 (17.5) 19 (20.65) 8 (28.57)

51–60 31 (25.83) 22 (23.91) 9 (32.14)

C 61 25 (20.83) 17 (18.48) 8 (28.57)

Height, mean ± SD (cm) 163.64 ± 6.65 166.17 ± 5.17 155.32 ± 3.6

Weight, mean ± SD (kg) 54.23 ± 10.11 56.85 ± 9.53 45.63 ± 6.93

BMI, mean ± SD 20.18 ± 3.21 20.58 ± 3.31 18.88 ± 2.53

CM 42 (35.00) 32 (34.78) 10 (35.71)

CM ? TB 7 (5.83) 5 (5.43) 2 (7.14)

CM ? HIV 45 (37.50) 34 (36.96) 11 (39.29)

CM ? HIV ? TB 26 (21.67) 21 (22.83) 5 (17.86)

NSDB 48 (40.00) 37 (40.22) 11 (39.29)

SDB 72 (60.00) 55 (59.78) 17 (60.71)

Cured 1 (0.83) 1 (1.09) 0 (0.00)

Improved 97 (80.83) 78 (84.78) 19 (67.86)

Not improved 10 (8.33) 6 (6.52) 4 (14.29)

Death 13 (10.83) 7 (7.61) 6 (21.43)

Antifungal therapy 118 (98.33) 91 (98.91) 27 (96.43)

Simple drug 49 (40.83) 36 (39.13) 13 (46.43)

VRC 1 (0.83) 0 (0.00) 1 (3.57)

FC 4 (3.33) 4 (4.35) 0 (0.00)

FCZ 40 (33.33) 30 (32.61) 10 (35.71)

ITRA 3 (2.50) 2 (2.17) 1 (3.57)

AmpB 1 (0.83) 0 (0.00) 1 (3.57)

Two drug 50 (41.67) 40 (43.48) 10 (35.71)

FC ? ITRA 1 (0.83) 1 (1.09) 0(0.00)

FC ? AmpB 7 (5.83) 7 (7.61) 0 (0.00)

FCZ ? FC 24 (20.00) 18 (19.57) 6 (21.43)

FCZ ? AmpB 16 (13.33) 13 (14.13) 3 (10.71)

FCZ ? ITRA 2 (1.67) 1 (1.09) 1 (3.57)
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Statistical Analysis

SPSS 25.0 was used for statistical analysis. The
correlation between the data was estimated
using Pearson’s correlation coefficient. An
independent-sample t test was conducted to
assess the significance of the differences
between the two data groups. The data are
expressed in terms of the mean ± standard
deviation. A P value\0.05 was regarded as sta-
tistically significant.

RESULTS

Population Characteristics

The characteristics of the patient population are
summarized in Table 1. There were 92 males
and 28 females, aged 48.66 ± 13.88 years, with
height 163.64 ± 6.65 cm, weight
54.23 ± 10.11 kg, and BMI 20.18 ± 3.21. The
prognosis of all 120 patients with CM was as
follows: cured patients, 1; improved patients,
97; not improved patients, 10; patients who
died, 13. A total of 118 patients received anti-
fungal therapy, with the main drugs being
Voriconazole (VRC), Fluorocytosine (FC), Flu-
conazole (FCZ), Itraconazole (ITRA), and
Amphotericin B (AmpB).

Imaging Characteristics of the Brain

There were 48 patients in the NSDB group and
72 in the SDB group. The patients in the NSDB

group were characterized by normal brain
imaging (Fig. 1A). The patients in the SDB group
were primarily characterized by CM-related
brain damage(Fig. 1B). The characteristics of the
NSDB and SDB groups are summarized in
Table 2. In patients with CM alone, the BMI of
patients in the SDB group was significantly
lower than that in the NSDB group (Table 2).

Biochemical Characteristics of CSF
and Peripheral Blood

We detected a correlation between CSF and PB
characteristics (Table 3). In all patients, the
levels of CSF-ADA were negatively correlated
with the levels of PB-ALT and PB-Cl. The levels
of CSF-protein were negatively associated with
the levels of PB-ALT, PB-Cr, PB-UA, and PB-Cl,
but positively linked to that of PB-HDL-C. The
levels of CSF-glucose were positively correlated
with the levels of PB-TBIL, PB-urea, PB-Cr, PB-
UA, PB-Na, PB-Cl, and PB-TG. The levels of CSF-
Cl pairs were significantly positively associated
with the levels of PB-ALB, PB-TBIL, PB-DBIL, PB-
UA, PB-Na, and PB-Cl, but significantly nega-
tively linked to the levels of PB-HDL-C. Subse-
quently, we respectively detected a correlation
between CSF and PB characteristics in the NSDB
and SDB groups. In the NSDB group, the levels
of CSF-ADA were negatively correlated with the
levels of PB-Na and PB-Cl, but positively linked
to the levels of PB-TBIL. The levels of CSF-glu-
cose were positively correlated with the levels of
PB-urea and PB-TG. The levels of CSF-Cl were
positively linked to the levels of PB-Na and PB-

Table 1 continued

Total Male Female
No. (%) 120 (100) 92 (76.67) 28 (23.33)

Three drug 19 (15.83) 15 (16.3) 4 (14.29)

FC ? FCZ ? AmpB 18 (15.00) 14 (15.22) 4 (14.29)

ITRA ? FCZ ? AmpB 1 (0.83) 1 (1.09) 0 (0.00)

No antifungal therapy 2 (1.67) 1 (1.09) 1 (3.57)

SD standard deviation; BMI body mass index; CM cryptococcal meningitis; TB tuberculosis; HIV human immunodefi-
ciency virus; NSDB non-structural damage of the brain; SDB structural damage of the brain; VRC Voriconazole; FC
Fluorocytosine; FCZ Fluconazole; ITRA Itraconazole; AmpB Amphotericin B
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Cl, but negatively associated with the levels of
PB-AST and PB-ALT. In the SDB group, the levels
of CSF-ADA were negatively correlated with PB-
AST and PB-ALT. The levels of CSF-protein were
negatively linked to the levels of PB-AST, PB-
ALT, and PB-Cl, but positively associated with
the levels of PB-TC and PB-LDL-C. The levels of
CSF-Cl were positively correlated with the levels
of PB-ALB, PB-TBIL, PB-UA, PB-Na, and PB-Cl,
but negatively linked to PB-HDL-C.

The results of the analysis of the character-
istics of CSF and PB in the NSDB and SDB groups
are summarized in Table 4. Compared with the
NSDB group, the levels of CSF-glucose were
significantly decreased in the SDB group
(P\0.05), and the levels of CSF-LDH (P\0.05)
and CSF-protein (P\0.01) were significantly
increased in the SDB group (P\0.05). Based on
the imaging of the brain, the difference in CSF
and PB characteristics between NSDB and SDB
in patients with CM alone, CM combined with
TB, CM combined with HIV, and CM combined
with HIV and TB are specified in Table 5. In
patients with CM alone, the levels of CSF-glu-
cose in the SDB group were significantly lower
than those in the NSDB group (P\0.05), and
the levels of PB-K were higher than those in the
NSDB group (P\0.05).

Characteristics of Patients
with Alterations in Cerebral Ventricles

In the SDB group, there were 27 patients with
and ventriculomegaly (VM; Fig. 1C). The
patients in the SDB group were divided into the
non-VM (NVM) and VM groups. The general
characteristics of patients in these groups are
enumerated in Table 5. The age of patients in
the NVM group (45.27 ± 12.45 years) was sig-
nificantly lower than that in the VM group
(55.89 ± 14.30 years; P\0.01). The results of

the analysis of the characteristics of CSF and PB
in these two groups are summarized in Table 6.
Compared with the NVM group, the levels of
PB-Hb (P\0.05), PB-ALB (P\0.05), and PB-K
(P\0.01) were significantly decreased in the
VM group, and the levels of PB-UA (P\0.05)
were significantly increased in the VM group. Of
note, hypokalemia is recognized as a common
side effect of AmpB [33]. To ascertain whether
AmpB led to alterations in the peripheral
metabolism, the patients in the SDB group were
divided into two groups, namely, the non-re-
ceived AmpB group and the received AmpB
group. The results revealed no significant dif-
ference in the levels of PB-K, PB-Hb, PB-ALB,
and PB-UA (Table 7).

DISCUSSION

C. neoformans may lead to astrocyte prolifera-
tion, microglial activation, and neuronal apop-
tosis after its entry into the CNS via direct
transmembrane transport, disruption of the
blood–brain barrier, and ‘‘Trojan horse’’(dis-
semination to the brain by indirect carriage
within host mononuclear phagocytes) [34–37].
During this process, the brain is observed to
have a significant inflammatory response,
which can lead to brain damage [38]. The first
manifestation of brain damage is metabolic
disorders, followed by structural damage
[10, 39–41]. After an invasion of the CNS by
pathogenic microorganisms, the patients with
CNS infectious diseases may experience some
symptoms [7], including seizures, abnormal
mental status, apraxia, etc., although there is no
significant observable loss of neurons or other
substantial pathological changes detected in
those patients during this stage [8, 42]. Previous
studies have suggested that the abnormal levels
of glucose and adenosine triphosphate (ATP) in
brain were observed during this stage [43–-
45].Before the structural damage of the brain
was observed, the concentrations of CSF-glu-
cose in some individuals with CM were found to
be lower than the normal level, which seemed
to indicate that these individuals already have a
disorder of brain energy metabolism [11]. As the
disease advances, the patients with CNS

bFig. 1 MRI in NSDB and SDB groups: A MRI in NSDB
group; B MRI in SDB group (NVM); C MRI in SDB
group (VM); red arrows cryptococcal meningitis-related
brain damage, yellow arrows ventriculomegaly. MRI mag-
netic resonance imaging; NSDB non-structural damage of
the brain; SDB structural damage of the brain; NVM non-
ventriculomegaly; VM ventriculomegaly
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Table 3 The correlation between CSF and PB characteristics

Population characteristics CSF PB r p

120 patients with CM CSF-ADA PB-ALT – 0.24 0.01

PB-Cl – 0.21 0.02

CSF-protein PB-ALT – 0.25 0.01

PB-Cr – 0.18 0.05

PB-UA – 0.20 0.03

PB-Cl – 0.23 0.01

PB-HDL-C 0.20 0.03

CSF-glucose PB-TBIL 0.21 0.02

PB-urea 0.30 0.00

PB-Cr 0.20 0.04

PB-UA 0.30 0.00

PB-Na 0.25 0.01

PB-Cl 0.19 0.04

PB-TG 0.30 0.00

CSF_Cl PB-ALB – 0.20 0.03

PB-TBIL 0.57 \0.0001

PB-DBIL 0.22 0.01

PB-UA 0.37 \0.0001

PB-Na 0.29 0.00

PB-Cl 0.29 0.00

PB-HDL-C – 0.23 0.01

48 patients with CM in NSDB group CSF-ADA PB-Na – 0.29 0.05

PB-Cl – 0.31 0.03

CSF-glucose PB-TBIL 0.39 0.01

PB-urea 0.32 0.03

PB-TG 0.40 0.00

CSF_Cl PB-Na 0.58 \0.0001

PB-Cl 0.55 \0.0001

PB-HDL-C – 0.32 0.02
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infectious diseases often experience worsening
motor dysfunction and cognitive impairments,
and structural damage of the brain may be
observed, such as basal meningeal enhance-
ment, hydrocephalus, or cryptococcoma [46].
Moreover [47], a brain with structural damage
may also be accompanied by severe metabolic
disorders [46, 48]. The normal central–periph-
eral regulatory network may be affected by
brain damage, resulting in changes in the
peripheral system [16, 20–23]. We found that
the levels of CSF metabolites in patients with
CM were correlated with electrolytes, proteins,
lipids, and metabolites of liver and kidney
function in peripheral blood. Even in the NSDB
group, there was a significant correlation
between the CNS and the levels of metabolites

in the peripheral system, which also suggested
that the disorder of CNS metabolism may lead
to a disorder of peripheral metabolism. These
patients with CM with a normal brain structure
also progress to the second stage of brain
structural damage [11]. Based on the imaging of
the brain, we found that patients with CM with
structural damage of the brain accounted for
60%, while patients with CM with non-struc-
tural damage of the brain accounted for 40%.
This result is fairly different from the studies of
Zhong et al. [11] and Anjum et al. [12], possibly
due to regional and population differences. The
levels of CSF-protein are considered an indica-
tor of the severity of inflammation in the brain
[49]. We found that the level of CSF-protein in
the SDB group was significantly higher, which

Table 3 continued

Population characteristics CSF PB r p

72 patients with CM in SDB group CSF_ADA PB-AST – 0.27 0.02

PB-ALT – 0.29 0.01

CSF-protein PB-AST – 0.26 0.03

PB-ALT – 0.28 0.02

PB-Cl – 0.26 0.03

PB-TC 0.29 0.02

PB-LDL 0.28 0.02

CSF-Glucose PB-AST 0.30 0.01

PB-urea 0.28 0.02

PB-UA 0.35 0.00

PB-Na 0.26 0.00

PB-Cl 0.24 0.05

CSF-Cl PB-ALB – 0.25 0.03

PB-TBIL 0.80 \0.0001

PB-DBIL 0.93 \0.0001

PB-UA 0.46 \0.0001

PB-Na 0.31 0.01

PB-Cl 0.33 0.01

PB-HDL – 0.26 0.03

CM cryptococcal meningitis; NSDB non-structural damage of the brain; SDB structural damage of the brain; CSF cerebrospinal fluid; PB peripheral blood;

AST aspartate aminotransferase; ALT alanine aminotransferase; TBIL total bilirubin; DBIL direct bilirubin; ALB albumin; Cr creatinine; UA uric acid; Na

sodium; CI chloride ion; TC total cholesterol; TG triglyceride; HDL-C high-density lipoprotein cholesterol; LDL-C low-density lipoprotein cholesterol
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suggested that the more severe the inflamma-
tory response, the more likely the brain struc-
tural changes. In addition, Yang et al.
demonstrated that patients with stroke were
observed the elevated protein levels in CSF,
suggesting that structural damage may lead to
higher level of protein in CSF [50]. Our results
also suggested that the structural damage lead-
ing from C. neoformans may lead to higher
protein elevation. The long-term disturbance of
energy metabolism in the CNS may be a crucial
factor leading to structural damage [32]. The
energy utilization of the brain is mainly
dependent on ATP, which mainly comes from
glucose [51, 52]. The decreased concentration of
CSF-glucose is considered an independent
prognostic factor, which represents an unsatis-
factory outcome in patients with CM [53]. After
the invasion of the brain, C. neoformans leads to
a decrease in the concentration of CSF-glucose,
resulting in an insufficient energy supply of
cells, which eventually damages neurons and
gradually leads to structural changes in the
brain [54]. There are several reasons for the
decreased concentration of glucose in the brain
caused by C. neoformans. When invading the
brain, C. neoformans may destroy the blood–-
brain barrier, especially the functional struc-
tures of endothelial cells, which can create
obstacles in the glucose’s access to the brain
[55]. Astrocyte–neuron metabolic coupling is
the primary mechanism of brain energy meta-
bolism [56]. The astrocyte proliferation induced
by C. neoformans may lead to changes in the
glucose levels of the brain [34]. In addition, C.
neoformans reproduction takes in a large
amount of glucose from the outside, resulting
in its decreased levels in the brain [57]. Zhang
et al. suggested that the lower the level of CSF
glucose, the worse the prognosis of patients
with CM [58]. Considering the importance of
CSF glucose levels, we compared the CSF-glu-
cose levels of patients in the NSDB group and
the SDB group, and the results revealed that the
CSF-glucose levels in the SDB group were lower.
This result also suggested that decreased levels
of cerebral glucose are associated with structural
brain damage in patients with CM, and that
levels of CSF glucose may be regarded as a cru-
cial indicator of possible structural damage.T
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Table 5 The general characteristics of patients in NVM/VM group

72 patients with CM in SDB group

SDB-NVM SDB-VM
No. (%) 45 27

Male 33 (73.33) 22 (81.48)

Female 12 (26.67) 5 (18.52)

Age, mean ± SD (years) 45.27 ± 12.45 55.89 ± 14.30*

B 30 7 (15.56) 1 (3.7)

31–40 10 (22.22) 4 (14.81)

41–50 12 (26.67) 4 (14.81)

51–60 11 (24.44) 8 (29.63)

C 61 5 (11.11) 10 (37.04)

Height, mean ± SD (cm) 163.51 ± 6.91 164.07 ± 6.88

Weight, mean ± SD (kg) 54.15 ± 11.42 53.28 ± 8.65

BMI, mean ± SD 20.13 ± 3.45 19.75 ± 2.66

Cured 1 (2.22) 0 (0)

Improved 36 (80) 20 (74.07)

Not improved 4 (8.89) 3 (11.11)

Death 4 (8.89) 4 (14.81)

Antifungal therapy 44 (97.78) 26 (96.3)

Simple drug 18 (40) 7 (25.93)

VRC 0 (0) 0 (0)

FC 1 (2.22) 1 (3.7)

FCZ 16 (35.56) 6 (22.22)

ITRA 1 (2.22) 0 (0)

AmpB 0 (0) 0 (0)

Two drug 19 (42.22) 15 (55.56)

FC ? ITRA 0 (0) 0 (0)

FC ? AmpB 3 (6.67) 3 (11.11)

FCZ ? FC 7 (15.56) 8 (29.63)

FCZ ? AmpB 7 (15.56) 4 (14.81)

FCZ ? ITRA 2 (4.44) 0 (0)

Three drug 7 (15.56) 4 (14.81)

FC ? FCZ ? AmpB 7 (15.56) 4 (14.81)

ITRA ? FCZ ? AmpB 0 (0) 0 (0)
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Therefore, in the face of patients with CM, we
not only need to carry out antifungal treatment
for the patients but also need to pay attention
to the levels of CSF glucose and timely correc-
tion of CNS glucose metabolism disorders and
avoid structural brain damage. In addition to
CSF-glucose, the CSF/blood glucose (reference
value 50–70%), is considered as an indicator of
the prognosis of CNS infectious disease [59–61].
Previous studies suggested that the low CSF/
blood glucose ratio was associated with poor
outcomes, including seizures, deep coma, or
death [61, 62]. Zheng et al. demonstrated that
CSF/blood glucose ratio was the factor signifi-
cantly related to the survival time in patients
with CM with acute/subacute onset [63]. How-
ever, we found no significant difference in the
CSF/blood glucose ratio between the NSDB
group and the SDB group. The result of the CSF/
blood glucose ratio differs from Zhong et al.,
possibly due to differences in sample size and
inclusion criteria [11]. There was no significant
difference in mortality between the NSDB group
and the SDB group, which was consistent with
Zhong et al [11], suggesting that structural
damage of the brain may not affect the survival
of patients with CM.

Besides the alteration in the CNS glucose
metabolism, the lactate metabolism in the CNS
must also be considered. Previous studies have
demonstrated that abnormal lactate metabo-
lism in patients with CM brain are closely rela-
ted to poor prognosis and can also lead to
serious consequences such as abnormal mental
state, seizures, and significant increase in
intracranial pressure [46, 64, 65]. In this study,

higher levels of CSF-LDH were observed in the
SDB group, which suggested that the abnormal
lactate metabolism of the CNS may be related to
the structural damage of the brain. Astro-
cyte–neuron coupling is the chief mechanism of
lactate metabolism in the brain [66]. When
vascular endothelial cells transfer glucose from
peripheral blood to the CNS, astrocytes absorb
glucose into the cells and then gradually trans-
form glucose into pyruvate through aerobic
fermentation, participating in the tricarboxylic
acid cycle to produce ATP, and some pyruvic
acid is converted into lactate by LDH5, one of
the subtypes of LDH [16, 67]. Astrocytes lactate
is transported from the intracellular to extra-
cellular by monocarboxylate transporter 4
(MCT4), which forms a ‘‘lactate pool’’ between
the astrocytes and neurons [68, 69]. The lactate
from the lactate pool is transported to neurons
by monocarboxylate transporter 2 (MCT2)
[16, 70, 71]. The lactate that enters the neuron
is converted into pyruvate under the action of
LDH1, another subtype of LDH, which partici-
pates in the tricarboxylic acid cycle of the neu-
ron and produces ATP [66, 70, 72]. The levels of
LDH1 and LDH5 determine the efficiency of the
conversion of lactate to pyruvate and regulate
the levels of lactate in the brain. Nussinovitch
et al. found that infection of the brain by
pathogenic microorganisms could lead to a
decrease in the proportion of CSF-LDH1 and an
increase in the proportion of CSF-LDH5 [73].
We noticed an increase in the levels of CSF-
LDH, but could not obtain the data of CSF-
LDH5 and CSF-LDH1.We speculate that there
may also be a decrease in LDH1 and/or an

Table 5 continued

72 patients with CM in SDB group

SDB-NVM SDB-VM
No. (%) 45 27

NO antifungal therapy 1 (2.22) 1 (3.7)

CM cryptococcal meningitis; SDB structural damage of the brain; NVM nonventriculomegaly; VM ventriculomegaly; SD
standard deviation; BMI body mass index; VRC Voriconazole; FC Fluorocytosine; FCZ Fluconazole; ITRA Itraconazole;
AmpB Amphotericin B
*\0.05 compared with NVM
**\0.01 compared with NVM
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Table 6 The results of the analysis of the characteristics of CSF and PB in NVM and VM groups

SDB

NVM VM

CSF-Cell (9 10^6/L) 92.31 ± 132.89 186.65 ± 358.63

CSF-LDH (U/L) 44.85 ± 43.1 61.68 ± 127.31

CSF-ADH (U/L) 2.08 ± 1.72 2.74 ± 2.75

CSF-protein (mg/L) 1067.59 ± 839.66 1202.72 ± 913.18

CSF-glucose (mmol/L) 2.16 ± 1.02 1.88 ± 1.23

CSF-Cl (mmol/L) 128.46 ± 59.19 116.02 ± 8.23

PB-Hb (g/L) 117 ± 24.56 105.44 ± 20.07*

PB-total protein (g/L) 68.76 ± 7.26 69.06 ± 10.73

PB-GLB (g/L) 32.3 ± 6.79 36.25 ± 10.78

PB-ALB (g/L) 36.46 ± 6.92 32.82 ± 6.98*

PB-AST (U/L) 22.76 ± 21.31 25.64 ± 17.24

PB-ALT (U/L) 23.85 ± 24.12 25.99 ± 19.29

PB-TBIL (lmol/L) 9.56 ± 7.67 9.91 ± 3.94

PB-DBIL (lmol/L) 4.02 ± 6.39 3.79 ± 1.69

PB-urea (mmol/L) 4.05 ± 1.66 5.24 ± 2.67*

PB-Cr (lmol/L) 63.97 ± 18.71 69.03 ± 21.41

PB-UA (umol/L) 250.38 ± 145.05 234.94 ± 98.8

PB-K (mmol/L) 3.62 ± 0.47 3.31 ± 0.45**

PB-Na (mmol/L) 134.4 ± 5.62 132.94 ± 6.76

PB-Cl (mmol/L) 99.01 ± 5.36 97.71 ± 6.55

PB-Ca (mmol/L) 2.18 ± 0.17 2.09 ± 0.21

PB-TG (mmol/L) 1.74 ± 1.11 1.42 ± 0.75

PB-TC (mmol/L) 4.28 ± 1.08 4.04 ± 1.16

PB-HDL-C (mmol/L) 1 ± 0.42 0.91 ± 0.3

PB-LDL-C (mmol/L) 2.58 ± 0.8 2.61 ± 0.88

SDB structural damage of the brain; VM ventriculomegaly; NVM nonventriculomegaly; CSF cerebrospinal fluid; PB
peripheral blood; Hb hemoglobin; AST aspartate aminotransferase; ALT alanine aminotransferase; TBIL total bilirubin;
DBIL direct bilirubin; K potassium; GLB globulin; ALB albumin; Cr creatinine; UA uric acid; Na sodium; CI chloride ion;
TC total cholesterol; TG triglyceride; HDL-C high-density lipoprotein cholesterol; LDL-C low-density lipoprotein
cholesterol
*\0.05 compared with NVM
**\0.01 compared with NVM
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increase in LDH5 in the CSF of patients with
CM. However, this hypothesis needs to be cor-
roborated by more experimental data.

In the SDB group, we noted that patients
with CM with VM were older, an observation
similar to that made by Kellogg et al. [74], sug-
gesting that VM may be age-related. However,
we were more interested in the presence of sig-
nificant peripheral metabolic abnormalities in
patients with CM with VM. The levels of PB-UA
were significantly increased in patients with
VM, while the levels of PB-K, PB-Hb, and PB-
ALB were significantly decreased, suggesting
that these patients may have abnormal energy
metabolism and poor nutritional status, which
would affect the prognosis of neurological dis-
eases [75, 76]. The most common peripheral
metabolic change in patients with CM is
hypokalemia, which is also a difficult and major
challenge in the treatment of CM [33, 77, 78].
Hypokalemia is often associated with renal
toxicity caused by AmpB [33]. However, we
compared the levels of PB-Cr between the NVM
and VM groups and detected no significant
difference, which does not support changes in
blood potassium due to renal toxicity. To
determine whether AmpB is associated with
hypokalemia, patients with CM were divided
into two groups: those who did not use AmpB
and those who used AmpB. The results revealed
no significant difference in serum potassium
concentrations between the two groups, which
suggested that AmpB is not a major factor for
the disorder of peripheral metabolism. Based on
our results, we conclude that VM may be the

main factor leading to abnormal peripheral
energy metabolism.

It is well known that the hypothalamus is an
important brain region responsible for regulat-
ing energy metabolism throughout the body,
including energy intake, energy expenditure,
and energy storage [19, 79]. The glucose-sensing
neurons (GSNs) in the hypothalamus play a key
role in energy intake, energy expenditure, and
energy storage [80]. When GSNs receive brain
glucose signals, the hypothalamus outputs sig-
nals through the ANS to regulate pancreatic
function and gastrointestinal function to
achieve the balance of body energy metabolism
[81, 82]. When glucose levels in the brain are
reduced, GSNs inhibit anorexic behavior, acti-
vate gastrointestinal neurons, increase energy
intake, and reduce energy expenditure [83].
However, the hypothalamus does not contact
CSF directly. Instead, it senses changes in CSF-
glucose levels by receiving signals from tany-
cytes located in the cerebral ventricles [84].
Tanycytes play an important role in energy
metabolism [85], and disruption of their func-
tion can lead to abnormalities in food intake, fat
mass, and fatty acid oxidation [86]. Since the
CSF glucose level is low in patients with CM
with structural damage of the brain, VM may
disrupt the function of tanycytes and affect
glucose signaling in the hypothalamus, result-
ing in insufficient energy intake and excessive
energy consumption, as well as decreased levels
of PB-K, PB-Hb, and PB-ALB and increased levels
of PB-urea.

Taken together, we observed that the meta-
bolic and structural changes in CNS in patients
with CM are related to the energy metabolism
of the peripheral system. However, due to the
lack of data in some cases and the shortage of
the study sample, this research has a few limi-
tations, which should be acknowledged. There
is no direct evidence to confirm whether the
disruption of central energy metabolism caused
by C. neoformans affects peripheral energy
metabolism. The research was based on a ret-
rospective analysis, and further clinical or
experimental evaluation should be necessary to
verify the causal relationship between CNS
changes and peripheral system changes in CM.
Meanwhile, it is necessary to build reliable

Table 7 The results of PB-K, PB-Hb, PB-ALB, and PB-
UA in non-received AmpB group and the received AmpB
group

NO-AmpB AmpB

PB-Hb (g/L) 113.87 ± 20.85 110.67 ± 27.7

PB-K (mmol/L) 3.51 ± 0.47 3.48 ± 0.52

PB-ALB (g/L) 34.94 ± 7.39 35.34 ± 6.77

PB-UA (umol/L) 261.46 ± 131.19 216.48 ± 122.82

AmpB Amphotericin B; PB peripheral blood; K potassium;
Hb hemoglobin; ALB albumin; UA uric acid
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in vitro and in vivo models to identify the
potential mechanisms of CNS regulation of
peripheral system energy metabolism in CM.

CONCLUSIONS

We have found that structural damage of the
brain may be related to abnormal CNS energy
metabolism and further revealed that VM might
be related to peripheral energy metabolism dis-
orders. This study provides two ideas for us to
face CNS diseases in the future: (1) timely
detection of metabolic changes in the CNS to
avoid structural damage in the CNS, and ( 2) in
addition to paying attention to CNS lesions, it is
necessary to consider the impact that CNS
lesions may have on the peripheral system,
especially the systemic imbalance of energy
metabolism.
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82. Simon Á, Oláh J, Komlósi I, et al. Changes in
expression of neuropeptides and their receptors in
the hypothalamus and gastrointestinal tract of
calorie restricted hens. Acta Biol Hung. 2017;68:
237–47.

83. Wu Q, Boyle MP, Palmiter RD. Loss of GABAergic
signaling by AgRP neurons to the parabrachial
nucleus leads to starvation. Cell. 2009;137:
1225–34.

84. Akmayev IG. Popov AP Morphological aspects of
the hypothalamic-hypophyseal system. VII. The
tanycytes_ Their relation to the hypophyseal
adrenocorticotrophic function. An ultrastructural
study. Cell Tissue Res. 1977;180:263–82.

85. Ebling FJP, Lewis JE. Tanycytes and hypothalamic
control of energy metabolism. Glia. 2018;66:
1176–84.

86. Imbernon M, Saponaro C, Helms HCC, et al.
Tanycytes control hypothalamic liraglutide uptake
and its anti-obesity actions. Cell Metab. 2022;34:
1054-1063.e1057.

784 Neurol Ther (2024) 13:763–784

https://doi.org/10.1093/ofid/ofu070
https://doi.org/10.1093/ofid/ofu070
https://doi.org/10.1186/s12883-022-02803-1
https://doi.org/10.1186/s12883-022-02803-1

	A Retrospective Analysis of Central and Peripheral Metabolic Characteristics in Patients with Cryptococcal Meningitis
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study Design
	Patient Enrollment and Diagnostic Criteria for CM
	Demographic and Clinical Data Collection
	Statistical Analysis

	Results
	Population Characteristics
	Imaging Characteristics of the Brain
	Biochemical Characteristics of CSF and Peripheral Blood
	Characteristics of Patients with Alterations in Cerebral Ventricles

	Discussion
	Conclusions
	Author Contributions
	Data Availability
	References




