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ABSTRACT
Background: Biomarkers of oxidative stress (OS) have been poorly explored in fungal peritonitis
(FP). Potassium is a regulator of pro-oxidants and antioxidants. Albumin and vitamin B12 (B12)
are vital antioxidant agents in the circulatory system. This study aimed to investigate the antiox-
idative role of serum potassium, albumin and B12 in FP.
Methods: Serum levels of potassium, albumin and B12 were retrospectively analyzed in 21
patients with a confirmed diagnosis of FP, 105 bacterial peritonitis (BP) patients and 210
patients receiving peritoneal dialysis without peritonitis.
Results: Serum levels of potassium, albumin and B12 were lower in FP patients than in BP patients.
Serum potassium concentration was statistically related to albumin concentration in peritonitis
patients. Univariate and multivariate binary logistic regression analysis suggested that serum level of
potassium and albumin were independent risk factors of FP when compared with BP. Lower potas-
sium and B12 levels were independently associated with higher rates of technique failure in peritonitis.
Conclusion: These findings suggest lower serum potassium, albumin and B12 as potential oxida-
tive stress markers of FP and raise the hypothesis that an increased level of OS could contribute
to FP.

KEY MESSAGES

� FP remains a serious complication of peritoneal dialysis (PD), with higher morbidity (1–23.8%)
and mortality (2–25%), and oxidative stress plays a role in it.

� Our study suggested serum potassium, albumin and vitamin B12 as potential oxidative stress
markers of fungal peritonitis.
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1. Introduction

Fungal peritonitis (FP) remains a serious complication
of peritoneal dialysis (PD), with higher morbidity
(1–23.8%) and mortality (2–25%) than bacterial PD-
related peritonitis (PDRP). Updated guidelines recom-
mend effective antifungal therapy and expeditious
catheter removal once the diagnosis is established.
However, early diagnosis and treatment are often diffi-
cult since the clinical manifestations are not specific
and microbiological results are belated [1]. Therefore,
it is urgent to identify inexpensive, accessible, and
sensitive laboratory markers for predicting the disease.

Elevated level of oxidative stress (OS) status in the
PD population contributes to peritonitis [2]. On the

other hand, inflammation such as peritonitis induces
OS which often leads to reduced antioxidant levels
and elevated production of oxidants [3].
Unfortunately, literatures comparing levels of OS
between bacterial peritonitis (BP) and FP are scarce,
and there have been no accessible laboratory markers
to suggest the OS of FP. Previous studies suggested
that the transition of potassium was associated with
OS [4–6]. Albumin, a non-enzymatic antioxidant, is the
main component of total antioxidants [7,8]. Vitamin
B12 (B12) possesses the most antioxidant capacity via
scavenging free radical reactive oxygen species (ROS)
and modulating cytokine and growth factors [9,10]. It
suggested that the OS process in peritonitis may
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involve alterations of Kþ channel and antioxidants
including albumin and B12 [5,10,6].

Hypokalaemia has been tightly associated with peri-
tonitis [11]. Although hypokalaemia is common in FP
[12], few studies have been designed to investigate
the difference in serum potassium between FP and
BP. It was reported that lower serum albumin was
strongly correlated to the risk of peritonitis in PD
patients [13,14]. FP patients showed a lower level of
serum albumin than BP patients in several studies
[12,15,16]. To our knowledge, it is the first study on
the comparison of serum B12 between FP and BP.
Overall, the role of serum potassium, albumin and B12
as markers of antioxidant status in FP is not well
established.

The aim of this study was to explore that serum
potassium together with albumin and B12 is the
accessible biomarkers of the OS process in FP patients
when compared with BP.

2. Materials and methods

This is a single-center and retrospective analysis of all
patients suffering FP in the Fifth Affiliated Hospital of
Sun Yat-Sen University, Zhuhai, China between April
2015 and April 2020. All FP episodes (FP group) were
matched in a 1:5 ratio with bacterial peritonitis
patients (BP group) diagnosed and hospitalized in the
same period. PD patients without peritonitis (control
group) were matched with FP patients in a 1:10 ratio.

2.1. Inclusion and exclusion criteria

PDRP was defined based on the current guidelines
[17], and confirmed when meeting at least 2 of the
following criteria: (1) clinical manifestations of periton-
itis; (2) dialysis effluent leukocyte >100/lL; (3) a posi-
tive effluent culture. FP and BP were demonstrated by
the isolation of microorganisms from effluent culture.
Serial 3 dialysate cultures were taken after admission.
If no microbial growth occurred the media were incu-
bated for 7 days before being regarded as negative.
The exclusion criteria were as follows: (1) <14 years
old; (2) severe hepatic impairment and/or thyroid dis-
ease; (3) other ongoing infection; (4) pre-existing ter-
minal illness, for instance, haemato-oncological
diseases; (5) routine B12 supplementation.

2.2. Data collection and measurements

All medical records and data were collected including
demographic data, cause for end-stage renal disease

(ESRD), comorbidities, clinical features, lab parameters,
antifungal therapy, and outcomes.

Serum levels of biochemical parameters including
potassium, albumin and vitamin B12 (B12) were meas-
ured using a Cobas c702 or 801 automatic biochemical
analyzers (Roche, Basel, Switzerland). Haemocytes were
measured using a Sysmex XN-10 (B1) automatic haema-
tology analyzer (Sysmex Corporation, Kobe, Japan).

Hypokalaemia was generally defined as a low
serum potassium level of <3.5mmol/L and severe
hypokalaemia as a serum potassium level of
<3.0mmol/L.

2.3. Microorganism identification

In the laboratory, BAC-T/ALERTVR 3D Blood Culture
Instrument and BACT/Alert FA (BioM�erieux, Durham,
NC, USA) were used for inoculation and anaerobic cul-
tures were obtained using blood agar, MacConkey
agar, chocolate agar, and Schindler’s agar. Sabouraud
agar was used for fungal cultures.

Potassium, albumin, B12 and microbial culture were
measured on the day of admission.

2.4. Treatment

Empirical antibiotic regimen (voriconazole as the first
choice) would eventually be adjusted according to
results of culture and susceptibilities. Catheter removal
was the main treatment of fungal peritonitis except
when patients strongly disagreed or died. All the man-
agement was based on clinical features, guidelines of
ISPD [17], and our experience.

2.5. Clinical outcome of the study

The outcome was technique failure defined as transfer
to haemodialysis for �30 days or death (including
death within 30 days of transferring to haemodialysis)
[18]. Resolved in this study was defined as recovery
from peritonitis without ever transferring to haemodi-
alysis or death.

2.6. Statistical analysis

Data were reported as mean± standard variation,
median (interquartile range, IQR), or count with per-
cent determined by continuity and distribution.
Kolmogorov-Smirnov was conducted to test continu-
ous variables for normality and the one-way ANOVA
was performed to test homoscedasticity. Differences
between groups (FP group and BP group) were
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evaluated by Student’s t-test for parametric data and
Mann–Whitney U test for nonparametric data. Fisher’s
exact test or Chi-squared test for comparisons of per-
centages between groups. Pearson or Spearman corre-
lations were used to determine the correlation
between two parameters. The associations of parame-
ters with risk factors of peritonitis were examined
using univariate and multivariate logistics regression
models. Univariate and stepwise multivariate binary
logistic regression models were performed using the
type of peritonitis as the dependent variable to deter-
mine significant predictors for FP. Among peritonitis
patients, univariate and stepwise multivariate binary
logistic regression models were performed using the
clinical outcome as the dependent variable to deter-
mine significant predictors for technique failure. We
used IBM# SPSSVR Statistics Version 25 for statistical
analyses. A p-value < .05 was considered statistically
significant.

3. Results

A total of 291 episodes of peritonitis were observed
between April 2015 and April 2020, including 21 cases
of FP. The peritonitis incidence was 0.249 episode/
patient-year.

3.1. Clinical characteristics

Patients’ demographic and clinical characteristics
between FP and BP groups were similar (Table 1).
There was no significant difference in sex and age
between FP and BP groups. The aetiologies of ESRD
between the two groups were similar, for instance,
chronic glomerulonephritis, diabetic mellitus, hyper-
tension (all p > .05). And FP patients were more likely
to have cerebrovascular diseases as comorbidity than
BP patients (p < .05). High incidence of anuric (>50%)

and lack of urine output were observed in FP and BP
(all p> .05). FP patients had higher rates of previous
antibiotic use than BP patients (p< .05).

FP patients were older than the control group and
showed a higher incidence of ischaemic heart disease
and cerebrovascular disease (all p< .01). Peritonitis
patients (FP and BP group) had less urine output than
the control group (p< .05). Patients in the FP group
showed higher rates of previous antibiotic use and
immunosuppressive therapy than those in the control
group (both p< .05).

3.2. Causative fungi

Of the patients with fungal peritonitis, Candida species
accounted for 13 of 21 (61.90%) (Figure 1(a)). The
remaining episodes were caused by Aspergillus species,
Trichosporon species, Trichosporon asahii, Rhodotorula
species and unclassified species. Of the FP patients, 5
of 13 (38.46%) of Candida isolates were Candida albi-
cans; 4 (30.77%) were Candida parapsilosis; 4 (30.77%),
Candida tropicalis. Antifungal susceptibility tests indi-
cated that most of the isolates were susceptible to the
antifungal drugs itraconazole, voriconazole, flucon-
azole, amphotericin B and 5-fluorocytosine. Only 1 iso-
late (Candida tropicalis) showed an intermediate range
for itraconazole. Regarding the death cases, Candida
parapsilosis (1 episode), Candida tropicalis (3 episode),
Candida albicans (2 episodes) and unclassified species
(1 episode) were identified in FP patients. Pathogenic
bacteria in the BP group are shown in Figure 1(b).

3.3. Treatment and outcome

Anti-fungal treatment was immediately initiated after
the PD effluent culture was reported. None of these
patients had received antifungal prophylaxis. IP (intra-
peritoneal injection) or IV (intravenous injection)

Figure 1. (a, b) Microbiological findings in the FP and BP.
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fluconazole was initially administrated in most FP
patients except oral itraconazole was used in two of
them. IP cefazolin combined with ceftazidime was used
as empiric therapy in all BP patients, and therapeutic
regimens were adjusted according to results of culture
and susceptibilities when peritonitis was not resolved.
Details of the 21 fungal peritonitis are shown in Table 2.

Regarding the clinical outcome (Table 1), patients
with FP had a longer duration of hospitalization and a
higher rate of ICU admission than BP (p< .05). FP

peritonitis was associated with a significantly higher
rate of technique failure and death (85.14% vs 16.19%,
33.33% vs 4.76%, respectively) (p< .05) (Table 1).

3.4. Comparison between FP, BP, and
control group

Summarised clinical features and laboratory parame-
ters associated with different types of peritonitis are
illustrated in Supplementary data, Table S1. When

Table 1. Characteristics of patients with fungal and bacterial peritonitis (1:5 ratio matching).

Characteristics

Fungal peritonitis
n¼ 21

Median [IQR] or
n (%)

Bacterial peritonitis
n¼ 105

Median [IQR] or
n (%)

Control
group
n¼ 210

Median [IQR] or
n (%) p1-Valuea p2-Valueb p3-Valuec

Median age (years) 61.00 [46.00–71.50] 50.00 [43.00–60.50] 51.00 [42.75–61.00] .053 .024� .921
Female 11/21 (52.38) 54/105 (51.43) 109/210 (51.90) .936 .967 .936
PD duration (months) 43.00 [19.00–65.50] 42.00 [12.00–72.00] 18.00 [5.00–64.25] .874 .076 .023�
Diabetes mellitus 5/21 (23.81) 14/105 (13.33) 74/210 (35.24) .312 .293 .000���
Ischaemic heart disease 7/21 (33.33) 26/105 (24.76) 16/210 (7.62) .424 .002�� .000���
Chronic lung disease 1/21 (4.76) 4/105 (3.81) 1/210 (0.48) 1.000 .174 .044�
Cerebrovascular disease 8/21 (38.10) 16/105 (15.24) 16/210 (7.62) .029 .000��� .035�
Previous failed kidney transplant 0/21 (0.00) 3/105 (2.86) 0/210 (0.00) 1.000 .036�
Hypertension 17/21 (80.95) 90/105 (85.71) 157/210 (74.76) .522 .530 .026�
Hepatopathy 3/21 (14.29) 14/105 (13.33) 23/210 (10.95) 1.000 .714 .536
Anuric 13/21 (61.90) 54/105 (51.43) 68/210 (32.38) .475 .007�� .001��
Urine output (mL/day) 0 [0–250.00] 87.50 [0–650.00] 500.00 [0–1000.00] .072 .000��� .000���
Exchange volume (L/day) 8.00 [8.00–8.00] 8.00 [7.00–8.00] 8.00[6.00–10.00] .803 .975 .674
1.5% DS exchange volume 5.00 [2.50–6.00] 6.00 [4.00–8.00] 6.00 [4.00–8.00] .424 .053 .083
2.5% DS exchange volume 4.00 [0–6.00] 2.00 [0–4.00] 0 [0–4.00] .297 .053 .186
4.25% DS 0/21 (0.00) 1/105 (0.95) 4/210 (1.90) 1.000 1.000 .668
Previous peritonitis episodes 10/21 (47.62) 26/105 (24.76) .061
Poor appetite 15/21 (71.43) 64/105 (60.95) 30/210 (18.10) .462 .000��� .000���
Vomiting 5/21 (23.81) 22/105 (20.95) 7/210 (3.33) .774 .002�� .000���
Diarrhoea 6/21 (28.57) 27/105 (25.71) 13/210 (6.19) .789 .003�� .000���
Time between culture positivity

and onset of symptoms (days)
7.00 [7.00–15.50] 4.00 [3.75–6.00] .000���

Hospital stay (days) 22.00 [13.50–32.00] 14.00 [13.00–19.00] – .013�
Aetiology ESRD
Chronic glomerulonephritis 11/21 (52.38) 68/105 (64.76) 108/210 (51.43) .327 .934 .025�
Diabetic mellitus 2/21 (9.52) 9/105 (8.57) 42/210 (20.00) 1.000 .382 .009��
Hypertension 3/21 (14.29) 5/105 (4.76) 19/210 (9.05) .128 .432 .177
Polycystic kidney disease 0/21 (0.00) 7/105 (6.67) 2/210 (0.95) .600 1.000 .007��
Systemic lupus erythematosus 1/21 (4.76) 1/105 (0.95) 4/210 (1.90) .307 .382 .668
ANCA-relate glomerulonephritis 2/21 (9.52) 3/105 (2.86) 0/210 (0.00) .194 .008�� .036�
Othera 2/21 (9.52) 12/105 (11.43) 35/210 (16.67) 1.000 .542 .219

Accompanying medication
Diuretics or Kþ-binding resins 0/21 (0.00) 3/105 (2.86) 7/210 (3.33) 1.000 1.000 1.000
RAAS inhibitors 9/21 (42.86) 46/105 (43.81) 80/210 (38.10) .936 .669 .329
Under
immunosuppressive therapy

3/21 (14.29) 6/105 (5.71) 4/210 (1.90) .172 .018� .089

Previous antibiotic useb 7/21 (33.33) 11/105 (10.48) 10/210 (4.76) .013� .000��� .055
Duration of antibiotic
treatment (days)

14.00 [12.00–14.00] 14.00 [13.00–14.00] 3.00 [3.00–5.00] .954 .002�� .002��

Outcome
Resolved (%) 3/21 (14.29) 88/105 (83.91) .000���
Catheter removal (%) 12/21 (57.14) 8/105 (7.62) .000���
Technique failure (%) 18/21 (85.14) 17/105 (16.19) .000���
Time to occurrence (days) 8 [6–19] 5 [1.5–17] .229
Death 7/21 (33.33) 5/105 (4.76)c .001���
Time to occurrence (days) 17 [5.5–24.75] 1 [1–1] .400
ICU-admission 3/21 (14.29) 1/105 (0.95) .015�

Abbreviations. PD: peritoneal dialysis; ESRD: end stage renal disease; DS: dialysis solution; RAAS: renin-angiotensin-aldosterone system.
aIncludes gouty nephropathy, renal calculi disease.
bWithin the preceding 3months.
cIncludes 4 patients giving up treatment and without exact death date.
p1: FP vs. BP patients; p2: FP patients vs. control group; p3: BP patients vs. control group. The differences were considered significant if p-value < .05.���p-value < .001; ��p-value < .01; �p-value < .05.
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compared with the BP group, the FP group showed
significantly lower systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), serum levels of creatine
(Cr), potassium, total protein, albumin and B12 (all p <

.05) (Figure 2).
In this study, 76.19% of the patients were compli-

cated with hypokalaemia in the FP group and 53.33%
in the BP group (p¼ .058). Potassium concentrations
lower than 3mmol/L were found in more patients in FP
than in the BP group, 61.90% and 24.76%, respectively
(p¼ .001). Although hypokalaemia was also prevalent in
FP patients in the study of Hu et al., statistical differ-
ence of serum potassium levels between FP and BP
patients has not been observed [12].

In peritonitis patients, SBP, DBP, Cr, potassium and
albumin were positively related to the risk of FP using
the univariable binary logistic regression model (all
p< .05) (Table 3). After including these variables in the
same model, only serum potassium and albumin level
were still independently associated with the risk of FP
(both p< .05), while SBP, DBP and Cr were no longer
related (Table 3).

After including those significant variables found in the
univariable logistic regression model, multivariate logistic
regression analysis was performed using the control
group as a reference group (Supplementary data, Table
S2). The results indicated that serum potassium, albumin,
total protein, percentage of neutrophil, C-reactive protein,
chlorine levels, and temperature were independently
associated with risk of peritonitis (all p< .05).

Three groups were stratified for urine output.
Among patients with urine output �100mL/day,
serum potassium and albumin levels were lowest in
FP and highest in the control group (Supplementary
data, Table S3).

3.5. Comparison of peritonitis patients with
different clinical outcomes

When compared to resolved patients, patients with
technique failure showed significantly lower urine out-
put, SBP, DBP, serum levels of potassium, albumin, dir-
ect bilirubin (DBIL) and B12 (all p < .05) (Figure 1).
Summarized clinical features and laboratory parame-
ters of peritonitis associated with different clinical out-
comes are illustrated in Supplementary data, Table S4.

Urine output, SBP, DBP, potassium, albumin and B12
were positively related to the risk of technique failure
using the univariable logistic regression model (all p <

.05) (Supplementary data, Table S5). After including
these variables in the same model, only urine output,
serum potassium and B12 level were still statistically
significant (all p < .05).

Bivariate correlation analysis (Spearman’s rho) in all
the peritonitis patients between potassium and BMI,
SBP, DBP, albumin, Cr, DBIL and B12 were calculated
(Supplementary data, Table S6). Serum potassium level
was correlated with SBP, DBP, albumin and Cr levels in
peritonitis patients (all p < .05).

3.6. ROC analyses

To explore the predictive ability of albumin, potassium
and B12 level in FP, ROC curve analyses were per-
formed (Figure 3(a)). The AUC for albumin, potassium
and B12 was 0.766 (0.666–0.866), 0.758 (0.642–0874)
and 0.641 (0.506–0.777), respectively (all p < .05). The
cut-off value of albumin, potassium and B12 was
29.5 g/L, 3.05mmol/L and 558 pg/mL with a sensitivity
of 85.71%, 71.43% and 71.43%, and specificity of
59.62%, 69.52% and 59.62% (Figure 3(a)).

Table 2. Clinical and laboratory details of the 21 fungal peritonitis.
n (%) Remarks

Aged � 65 years 9 (42.86)
PD duration � 3 years 13 (61.90)
Cloudy effluent 20 (95.24)
Abdominal pain 21 (100)
Gastrointestinal symptoma 19 (90.48)
Fever 13 (61.90)
Hypotensionb 8 (38.10)
Peripheral WBC elevated 7 (33.33%)
Hypoalbuminemia 21 (100) Serum albumin reached severe low level (< 25 g/L) in 11 patients
Anaemia 15 (71.43) Serum haemoglobin � 90g/L in 7 patients
With intestinal obstruction 3 (14.29)
Early antifungal administrationc 9 (42.86)
Initial treatment with IP fluconazole 11 (52.38)
Fluconazole as IV choice 9 (42.86)
Had oral antifungal administration 14 (66.67)
Had 2 antifungal drugs 6 (28.57)

Abbreviations. IP: intraperitoneal injection; IV: intravenous injection.
aIncludes nausea, vomiting, diarrhoea, or abnormal findings from stool examination.
bSBP � 90mmHg and (or) DBP � 60mmHg.
cAntifungal administration within 5 days after admission.
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To identify technique failure, the AUC for albumin,
potassium and B12 was 0.659 (0.546–0.773), 0.681
(0.583–0.779) and 0.651 (0.543–0.759), respectively (all
p < .01). The cut-off value of albumin, potassium and
vitamin B12 was 28.85 g/L, 3.72mmol/L and 558 pg/mL
with a sensitivity of 62.86%, 88.57% and 65.71%, and
specificity of 68.89%, 41.11% and 62.22% (Figure 3(b)).

4. Discussion

Interestingly, we documented lower serum potassium,
albumin, B12 in fungal peritonitis. Lower levels of

potassium and albumin B12 were associated higher
risk of fungal peritonitis, and decreased potassium and
B12 concentrations were independently associated
with technique failure of peritonitis.

Previous studies revealed that OS might play a vital
role in the pathogenesis and prognosis of peritonitis
in humans [15], however, the role of the serological
parameter as a biomarker of OS in FP is not well
established. Taken together, lower potassium, albumin
and B12 concentrations were considered as biomarkers
of the higher level of OS in FP patients for the first
time. In addition, an increased level of OS of

Figure 2. Comparison of serum levels of potassium, albumin and vitamin B12 in patients with fungal peritonitis, bacterial periton-
itis, resolved outcome and technique failure. (a) Serum potassium (b) Serum albumin (c) Vitamin B12. ���p-value < .001; ��p-
value < .01; �p-value < .05.
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decreased potassium, albumin and B12 concentrations
may be a marker associated with a bleak prognosis in
peritonitis.

4.1. Low serum potassium and FP

Our study suggested that lower serum potassium was
associated with an increased risk factor of fungal peri-
tonitis. Hypokalaemia was common in PD patients
accounting for 10–60% [19–21]. Losses of potassium in
dialysate, urinary and gastrointestinal tract were con-
tributing factors to hypokalaemia in PD patients in
some studies [22–24]. However, we found no statistical
difference in the gastrointestinal tract (percentage of
poor appetite, vomiting and diarrhoea, Fisher’s exact
or Chi-squared test) and urinary tract (percentage of
anuric and urine output) (all p> .05). And there were
no significant differences in the use of accompanying

medication (such as diuretic, Kþ-binding resins and
RAAS inhibitors) and acid-base statuses (carbon diox-
ide combining power) (all p> .05). It is reasonable to
speculate that peritoneum is most likely associated
with loss of potassium in FP patients in this study.

In PD patients, peritoneal clearance of potassium
depends on the characteristics of the peritoneum, the
dialysis solution, and importantly inflammatory states
of the peritoneum oftentimes increase the clearance
of potassium to the dialysate. In this study, serum
potassium concentration was not correlated with peri-
toneal daily exchange volume and use of dialysis solu-
tion of different concentrations (Spearman’s rho, all
p> .05). Studies confirm impaired free water transport
is present during peritonitis [25], which is usually asso-
ciated with the peritoneal handling of Kþ [26].
Kþ deficiency could induce OS [5,27] through regulat-
ing the pathophysiologic equilibrium between pro-oxi-
dants and antioxidants [6], and OS conversely affected
potassium activities [4,28]. Therefore, a higher level of
OS associated with hypokalaemia is the most
likely mechanism.

Interestingly, a study showed that PD patients with
hypokalaemia had a higher prevalence of abnormal
breath hydrogen test, which suggested intestinal bac-
terial overgrowth [29]. Na, K-ATPase was found a vital
regulator of bacterial penetration through the intes-
tinal epithelial barrier [30]. In this study, gastrointes-
tinal infection (5 episodes) accounted for 23.81% of
the FP. Thus, we hypothesize that FP may be one of
the frequent consequences of fungal transition in the
gastrointestinal tract via OS and potassium.

Figure 3. ROC curves comparing the potential of different variables to predict FP and technique failure in peritonitis (a) The pre-
diction of FP variables (b) Predictive ability of different variables of technique failure in peritonitis patients. Blue, albumin; red,
potassium; green, vitamin B12; orange, reference line.

Table 3. Predictors of FP: univariate and multivariate binary
logistic regression analysis.

Univariate analysis Multivariate analysis

OR 95% CI p-Value OR 95% CI p-Value

SBP (mmHg) 1.032 1.011–1.052 .002�� 1.017 0.991–1.045 .207
DBP (mmHg) 1.063 1.023–1.105 .002�� 1.027 0.978–1.078 .281
Cr (mmol/L) 1.003 1.001–1.005 .014� 1.000 0.997–1.003 .904
Potassium

(mmol/L)
4.921 2.021–11.982 .000��� 2.828 1.014–7.888 .047�

Albumin (g/L) 1.203 1.087–1.333 .000��� 1.17 1.022–1.340 .023�
B12 (pg/mL) 1.001 1.000–1.002 .141 1.001 1.000–1.003 .080

ORs indicate the relative increased risk of FP with each change in SD (for
SBP, DBP, Cr, potassium and albumin) when compared with BP. In multi-
variable regression analysis, these five variables were included in the
same model.
Abbreviations. OR: odds ratio; CI: confidence interval.
The differences were considered significant if p-value < .05. ���p-value
< .001; ��p-value < .01; �p-value < .05.
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4.2. Low serum albumin and FP

Some published studies showed lower albumin in fun-
gal peritonitis patients when compared to bacterial
peritonitis [12]. In this study, lower serum concentra-
tion of albumin was associated with FP and technique
failure, and statistically related to potassium concen-
tration in peritonitis patients. Generally, serum albu-
min levels depend on the general state of health,
nutrition [16,31], liver function, urinary losses and
inflammatory states. In PD patients, peritoneal losses
are clinically most relevant and those losses are poten-
tiated during PD-associated peritonitis. However, this
study noted no difference in other nutritive indicators
(weight, BMI and serum lipid), digestive symptoms
(poor appetite, nausea, vomiting and diarrhoea) and
liver function (cholinesterase and bilirubin) between
the FP group and BP group (all p> .05). Moreover,
albumin concentrations were significantly lower in BP
and FP group than in the control group. Thus, we
attribute hypoproteinemia mainly to peritoneal loss.

Albumin represents the most abundant protein
with a potent antioxidant capacity in the circulation,
associated with the properties to bind metal ions and
scavenge free radicals [7,8]. Hypoalbuminemia was
observed to increase blood ROS levels in PAN neph-
rotic rats, and sphingosine 1 phosphate (S1P) may be
a possible connection between hypoalbuminemia and
peritoneal oxidative stress [32], which further causes
peritonitis. Observational studies have suggested that
inflammation reduced protein levels by inhibiting syn-
thesis, increasing catabolism and vascular permeability
[33]. Thus, one can hypothesize that albumin reduc-
tion is the vital explanation for OS in FP and hypopro-
teinemia is one of the biomarkers of the OS in
FP patients.

4.3. Low serum vitamin B12 and FP

To our knowledge, no literature is available to investi-
gate the relationship between serum vitamin B12 con-
centration and fungal peritonitis. In the current study,
serum levels of vitamin B12 in the FP group were sig-
nificantly lower than in the BP group and lower B12
was associated with technique failure. However, none
of the patients in our study accepted vitamin B12 sup-
plementation. And there was no significant difference
in haemoglobin concentration between FP and BP
patients (p> .05). It is well known that long-term B12
deficiencies are linked with anaemia [34]. Thus, our
results suggest lower B12 level was related to the
instantaneous reaction in FP patients.

It was observed that the growth of fungi requires
B12 [35,36], and patients with chronic exposures to
fungi had persistent vitamin B12 deficiencies [37].
Moreover, evidence suggests that B12 has potential
antioxidant properties: (1) a direct scavenger of ROS
[10,38]; (2) an indirect stimulation of ROS scavenging
by the preservation of glutathione [9,39]; (3) modu-
lates cytokine and growth factor production to protect
against immune response-induced OS [40]; (4) induces
reduction of OS caused by homocysteine [41] and
advanced glycation end products (AGE) [42,43].
Although clearance of vitamin B12 by peritoneal dialy-
sis is generally minimal [44], lower serum B12 levels
may be associated with activated OS in FP in
our study.

Our study has some limitations. First, this is a cross-
sectional retrospective study, thus it remains uncertain
if the associations between FP and serum potassium,
albumin and B12 are causal. Second, although we
excluded many confounders, levels of potassium or
vitamin B12 in the dialysate were not measured in
patients. More multicenter, prospective, clinical studies
and confirmatory studies are warranted in the future,
to investigate whether the higher level of OS partici-
pates in FP, or that the elevated OS status represents
a marker of FP.

5. Conclusion

Our study reported for the first time that serum levels
of potassium, albumin and B12 are lower in FP patients
than in BP patients. Moreover, decreased potassium
and albumin were independently associated with FP,
and lower potassium and B12 levels were associated
with technique failure. These findings suggest lower
serum potassium, albumin and B12 as potential oxida-
tive stress markers of FP and raise the hypothesis that
a high level of OS could contribute to FP, which
requires replication in confirmatory studies.
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