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Ozgiin Arastirma/Original Investigation

Peritonitis Incidence is Correlated with Increased Leptin
and CD4/CD8 Ratio in Peritoneal Dialysis Patients

Periton Diyaliz Hastalarinda Peritonit Insidansi Artmis Leptin
ve CD4/CDS8 Orani ile Korelasyon Gostermektedir

ABSTRACT

Peritonitis is one of the leading cause of hospitalization in peritoneal dialysis patients. Although
inflammatory markers show an increased inflammatory response, cellular immune response is decreased
in ESRD patients. Uremia has many affects on leptin and T lymphocytes that are basic elements of the
cellular immune system. In this study, we aimed to demonstrate the relationship between peritonitis
and the CD4, CD8 positive lymphocyte count and ratio, and serum leptin level in peritoneal dialysis
patients.

Forty-six ESRD patients who had been receiving peritoneal dialysis therapy for at least 12 months were
enrolled to the study. Serum leptin level, WBC count, and the CD4 and CD8 T lymphocyte count and
ratio were measured. A healthy control group was also enrolled to the study.

The measured mean serum leptin level of the patient group was statistically significantly higher than
the control group (1697.673+1586.081 and 478.057+601.654). The calculated peritonitis incidence was
0.49 peritonitis/year. The number of peritonitis attacks significantly correlated with the duration of
peritoneal dialysis, BMI, CD4:CDS ratio, ESR and serum leptin level.

In conclusion, although the ESRD patients have increased leptin and CD4 percentage of T lymphocytes,
their immune system is not healthy to combat infections satisfactorily due to possible multifactorial
reasons such as increased inflammation and decreased lymphocyte count.
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Periton diyaliz hastalarinda hastane yatis nedenleri arasinda peritonit ilk sirada gelmektedir. Her
ne kadar SDBY (son donem borek yetmezligi) hastalarinda enflamatuvar belirtecler artmis bir
enflamasyona isaret etse de bu hastalarm hiicresel immiin yanit1 azalmigtir. Uremi leptin ve hiicresel
immiin yanitin temel elemant olan T lenfositler iizerine bir ¢ok etkiye sahiptir. Biz bu ¢calismada periton
diyaliz hastalarinda serum leptin diizeyi, CD4, CD8 T lenfosit sayilari ile peritonit siklig1 arasindaki
iligkiyi arastirmak istedik.

SDBY olup, en az 12 aydan beri periton diyalizi yapan 46 hasta ¢aligmaya dahil edildi. Serum leptin
diizeyleri, l6kosit say1s1, CD4, CDS8 pozitif T lenfosit say1s1 6l¢iildii. Saglikli kontrol grubuda ¢aligmaya
dahil edildi.

Olgiilen ortalama serum leptin diizeyi hasta grubunda kontrol grubundan istatistiksel olarak anlaml1
yiiksek bulundu (1697,673+1586,081 ve 478,057+601,654). Hesaplanan peritonit insidanst 0,49
peritonit/y1l idi. Peritonti atak sayisi ile periton diyaliz siiresi, viicut kitle indeksi (VKI), CD4/
CDS8 orani, eritrosit sedimantasyon hizi (ESH) ve serum leptin diizeyi arasidan istatistiksel anlaml
korelasyon tespit edildi.

Sonug olarak; SDBY hastalarinda serum leptin diizeyi ve CD4 T lenfosit orani yiiksek bulunmusg olsa
da bu hasta grubunda immiin sistem enfeksiyonlar ile miicadelede yeterli savunma yapamamaktadir.
Bunun sebepleri ¢ok faktorlii olup bu faktorlerin bir tanesi de azalmis lenfosit sayisi olabilir.
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INTRODUCTION

End-stage renal disease has a high worldwide prevalence and
incidence. Patients on long-term dialysis have high morbidity and
mortality rates. Associated risk factors are age, gender, duration
of dialysis, concomitant diseases, presence of complications
and inflammatory diseases. Hospitalization requirement is more
frequent and the duration is longer in dialysis patients especially
in patients with comorbid infection and cardiovascular disease
(1). Peritonitis is one of the leading cause of hospitalization in
peritoneal dialysis patients (2).

Immune system functions are affected in uraemia. Although
inflammatory markers show an increased inflammatory response,
cellular immune response are decreased in ESRD patients.
Decreased T cell counts have been reported in ESRD patients
(3). Leptin is a regulatory protein for body composition through
the control of appetite and energy expenditure. Serum leptin
levels are increased in obesity, hyperglycaemia and uraemia due
to decreased renal excretion (4.5). In this study, we aimed to
detect the possible relationship between peritonitis incidence
and the serum leptin level and peripheral blood T lymphocyte
count in ESRD patients who were being treated with continuous
peritoneal dialysis.

MATERIALS and METHODS

The study design was cross-sectional. Patients were selected
from the out-patient clinic of Atatiirk University Medical
Faculty’s Nephrology Department between September 2012
and December 2012. The study was approved by the local ethics
committee. Informed consent of the patient and control groups
were collected before the study. 46 ESRD patients (18 males, 28
females) who had been receiving peritoneal dialysis treatment
for at least 12 months were enrolled to the study. Patients with
active viral or bacterial infection, malignancy, inflammatory
disease, and those using immunosuppressive medication were
all excluded from the study. Age- and sex-matched 36 (16 male,
20 female) healthy control subjects were also enrolled to the
study. The control group was tested only for the serum leptin
level.

Blood samples for leptin, CD4, CD8, and whole blood count
were collected from the forearm by venipuncture in the morning.
Whole blood count and CD4, CD8 measurements were done 30
min after sampling. Whole blood count was done with Beckman
Coulter LH 750 USA with commercial kits.

Flowcytometry

Collected whole blood samples were preincubated with 2%
human AB serum to block non-specific binding to fc receptors.
Next, 50 ul of blood sample was stained with 5 i1 of an antibody
containing CD4 FITC, CD8 PE and corresponding isotypic mAb
controls. After 15 min incubation at room temperature in the
dark, 450 ul of lysine solution was added. Data were acquired
using a five-color Cytomics FC 500 (Beckman Coulter USA),

and analyzed with CXP software (Beckman Coulter). CD4 and
CDS8 were analysed only in the patient group because it has been
widely studied in the healthy population and normal levels can
be found from the literature.

Human Serum Leptin Analysis

Samples for serum leptin were centrifuged at 1000 rpm for
15 min within 30 minutes after collection. Supernetant serum
samples were stored at -20 C° until the analysis. Serum leptin
levels were analysed with Boster’s Human leptin ELISA kit (Lot
No:156833426).0.1 ml 4000 pg/ml leptin solution was aliquoted
to each well. 0.1 ml diluted human serum sample was added and
incubated at 37°C for 90 min. Anti-human leptin antibody was
added and incubated for 60 min. Plates were washed three times
with washing TBS solution. 0.1 ml of Avidin-Biotin-Peroxidase
Complex (ABC) was added to each well and incubated for
30 min. Plates were washed with TBS solution. 90 1 TMB
color developing agent was added to each well and incubated
for 15 min in the dark. 0.1 ml TMB stop solution was added.
Absorbance was analysed at 450 nm 30 min after stop solution
was added.

Patient characteristics, concomitant diseases, duration of
peritoneal dialysis, age, gender, sex, number of peritonitis
attacks, cultured microorganism, etiologic cause of ESRD, Body
mas indexes, Erythrocyte sedimentation rate, C-reactive protein
level, white blood cell count, lymphocyte count, blood glucose,
calcium, phosphate and albumin levels were all recorded. The
frequency of peritonitis attacks was calculated by dividing the
number of peritonitis attacks into total follow-up times per year
(attack/patient year).

Statistical Analysis

The IBM SPSS 20.0 for Windows (SPSS Inc, Chicago,
Illinois, USA) software was used in analyzing the data. Parametric
tests were applied to the data with normal distribution, whereas
nonparametric tests were applied to the data with non-normal
distribution. Chi-square tests were used for categorical variables.
One-way ANOVA test and Kruskal-Wallis One-Way Analysis of
Variance on Ranks Test were applied to determine the difference
between independent groups. In addition, Tukey HSD and
Dunn’s Post Hoc Tests were applied to check the differences.
The relationships between the variables were evaluated using
Pearson and Spearman’s rho correlation analysis. Results were
expressed as mean + SD and median (interquartile range), and a
p value <0.05 was considered statistically significant.

RESULTS

Forty-six ESRD patients who had received at least 12
months of peritoneal dialysis were enrolled to the patient group
and 35 healthy subjects were enrolled as the control group.
Characteristic properties of the patient group and summary of
the results are given in Table I.
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Table I: Descriptive properties of the patient group and summary of the results.

n Minimum Maximum Mean Std. Deviation
Age (Patient) 46 18 80 4841 15.678
Duration of Peritoneal Dialysis 46 7 100 39.74 25.614
BMI (Patient) 46 18 37 24.19 4403
Peritonitis attack/patient (#) 46 0 7 1.54 1.722
Peritonitis incidence /year 46 000 159 04130 045255
WBC x 10°/ml 46 3600 16600 7652.17 2798.550
Lymphocyte count x 10%/ml 46 300 2600 1513.04 531.500
ESR mm/h 27 9 89 38.33 20424
CRP mg/dl 46 2.90 47.00 6.8189 8.06653
LEPTIN (zg/ml) patient group 45 62.50 4000.00 1697.6731 1586.08164
LEPTIN (¢ g/ml) Control group 35 62.50 2970.97 478.0574 601.65452
CD4+ positive T cell (%) 46 16 60 39.15 9.165
CD8 positive T cell (%) 46 8 44 26.07 8.523
CD4:8 Ratio 46 62 3.75 1.6966 75027
CD4 positive T cell count x 10%/ml 46 196 1260 596.72 267.924

BMI: Body mass index, WBC: White blood cell count, ESR: Eryhtrocyte sedimentation rate, CRP: C-Reaktive protein, CD: cluster fo

differentiation.

The calculated peritonitis incidence was 0.0106 peritonitis
attack per patient year (total number or peritonitis attacks was
71 and total follow-up period of the 46 PD patients was 1828
months). A causative bacterial organism was isolated in 58.7% of
peritonitis attacks. It was detected that the number of peritonitis
attack significantly correlated with the duration of peritoneal
dialysis, BMI, CD4:CD8 ratio, ESR, and serum leptin level
(p=0.003,p=0.006, p=0.021, p=0.024, p=0.021 respectively).

The calculated mean number of CD4 and CD8 positive T lym-
phocytes were 596.72+267.924 (196-1260) and 392.45+186.550
(95-900) respectively. The calculated mean CD4:CDS8 ratio of
the patients was 1.696 +0.750 (range 0.62-3.75). CD4:CD8 ratio
was detected to be statistically significantly correlated with the
duration of peritoneal dialysis, BMI, and number of peritonitis
attacks (p=0.016, p=0.024, p=0.021 respectively). The CD4
positive Lymphocyte ratio was also detected to be statistically
significantly correlated with the duration of peritoneal dialysis
(p=0.005), and serum albumin level (p=0.039). Such a correlation
was not detected for the CDS positive lymphocyte ratio.

The mean serum leptin level of the patient and control groups
were 1697.673+1586.081 (62.5-4000.0) and 478.057+601.654
(62.5-2970.97) respectively. The mean serum leptin level of
the patient group was statistically significantly higher than the
control group (p<0.001). There was a statistically significant
correlation between serum leptin level and duration of peritoneal

dialysis, BMI, number of peritonitis attacks, and primary cause
of renal failure in the patient group (p=0.014, p<0.001, p=0.021,
p=0.04 respectively). The serum leptin levels of the peritoneal
dialysis patients with DM and/or hypertension were significantly
higher than the patients with glomerulonephritis or other primary
causes of end-stage renal disease (Figure 1).
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Figure 1: Mean serum leptin level of the patients according to primary
causer of end stage renal disease (ESRD).
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DISCUSSION

In this study, the number of peritonitis attack was detected to
be significantly correlated with the duration of peritoneal dialysis,
BMI, CD4:CD8 ratio, ESR and serum leptin level of peritoneal
dialysis patients. Both CD4 and CDS8 lymphocyte numbers of
peritoneal dialysis patients were detected to be lower than the
normal healthy population (Normal mean CD4 and CD8 positive
T lymphocyte counts 727-865/uLL, 539-552/uL respectively)(6-
9). The CD4:CD8 ratio significantly correlated with the duration
of peritoneal dialysis, BMI and number of peritonitis attacks.
Peritoneal dialysis patients had significantly higher serum leptin
levels compared to control group. Also, the serum leptin level
of peritoneal dialysis patients was significantly correlated with
the duration of peritoneal dialysis, BMI, number of peritonitis
attacks and primary cause of peritonitis. In subgroup analysis,
we detected that the leptin level was correlated also with the
primary cause of renal failure.

Soluble factors of immune system and their ancestry cellular
parents comprise a complex set of interaction to defend the
host against various diseases and conditions. The basic event is
inflammation that causes destruction and damage as a response
to infection and tissue damage. Both immune activation and
immune deficiency simultaneously present in end-stage renal
disease (ESRD) patients. Increased systemic inflammation
provokes cardiovascular disease, cerebrovascular disease and
mortality while immune deficiency leads to impaired response to
vaccination, and poor outcome of microbial infections (10,11).

Reduced T cell counts and reduced T-cell proliferation have
been reported in dialysis and ESRD patients. Additionally,
a significantly increased percentage of CD4 positive T cells
is associated with high cytokine production in hemodialysis
patients (12,13). In patients with recurrent bacterial infections,
decreased CD4+ T cell counts were detected and interpreted as
impaired cellular immunity that affects both T cell counts and
antibody levels in case of acute infection. It was demonstrated
that T-helper cells are also important in generating B cell—
mediated antibody responses (14). Although the CD4 positive
T cell percentage was detected to be higher in patients with
recurrent peritonitis attack in our study, CD4 positive T cell
counts were lower than normal levels as expected according
to the literature. Decreased T cell counts are interpreted as an
additional cause of immune deficiency in ESRD.

Leptin, which is a large-molecular weight protein, is an
adipocyte-derived satiety hormone and is also known as
a pro-inflammatory cytokine. It is also noted as a uremic
toxin because serum leptin concentrations are significantly
higher in hemodialysis patients and it cannot be removed by
hemodiafiltration. Leptin mediates an anti-appetite role via
specific receptors in the brain and peripheral tissue. Leptin has
also emerged as a potential mediator of inflammatory status and
a positive modulator of IL-1a, TNF-o and IL-6 secretion. Leptin

also increases IFN-vy, producing Th1 polarized cells and exerts its
bioactivity at developmental, proliferation and activation levels
(15-18). Although we did not detect a significant correlation
between leptin and peritonitis incidence in our previous study
(19), in the present study we detected that serum leptin levels
of peritoneal dialysis patients were significantly higher than
the control group. The serum leptin level was also significantly
correlated with the duration of peritoneal dialysis, BMI and
number of peritonitis attacks. According to subgroup analysis,
we detected that patients with diabetes mellitus or hypertension
as a primary cause of ESRD had significantly higher serum
leptin levels compared to other causes of ESRD.

Our study has limitations regarding the factors that may
affect this result. First of all, this is a cross-sectional study and
it is not adequate to detect cause and response relationship
accurately. Although the number of the patients is adequate for
a single study, the patient group is heterogeneous for primary
causes and larger study populations are needed to detect the
differences between subgroups of ESRD.

In conclusion, ESRD patients have higher serum leptin
levels compared to healthy adults. Increased leptin is correlated
with BMI, and duration of peritonitis. Patients with ESRD have
decreased CD4 and CDS8 lymphocyte counts that contribute to
immune system impairment. The CD4 ratio increases as the
duration of peritoneal dialysis and the number of peritonitis
attacks increase. We conclude that although ESRD patients have
increased leptin levels and CD4 percentage of T lymphocytes,
their immune system is not healthy as to combat infections
satisfactorily due to multifactorial reasons. Further larger-
scale prospective studies are required to reveal the relationship
between lymphocyte functions and leptin in ESRD patients.

REFERENCES

1. Usvyat LA, Kooman JP, van der Sande FM, Wang Y, Maddux
FW, Levin NW, Kotanko P: Dynamics of hospitalizations in
hemodialysis patients: results from large US provider. Neprol Dial
Transplant 2014;29(2):442-448

2. Quintanar LJA, Palomar R, Dominguez-Diez A, Salas C, Ruiz-
Criado J, Rodrigo E, Martinez De Francisco AL, Arias M:
Microbiological profile of peritoneal dialysis peritonitis and
predictors of hospitalization. Adv Perit Dial 2011;27:38-42

3. Guo CH, Wang CL, Chen P, Yang TC: Linkage of some trace
elements, peripheral blood lymphocytes, inflammation, and
oxidative stress in patients undergoing either hemodialysis or
peritoneal dialysis. Perit Dial Int 2011;31(5):583-591

4. Erdem F, Capoglu I, Carmik H, Uniivar N, Y1ldiz L: The relationship
between leptin levels and weight loss in patients with malign tumors.
EAJM 2005;37:61-65

5. Ulutas O, Taskapan H, Cagatay MC, Taskapan I: Vitamin D
deficiency, insulin resistance, serum adipokine, and leptin levels in
peritoneal dialysis patients. Int Urol Nephrol 2013;45:879-884

310

Turk Neph Dial Transpl 2015; 24 (3): 307-311



Tiirk Nefroloji Diyaliz ve Transplantasyon Dergisi
Turkish Nephrology, Dialysis and Transplantation Journal

Bilen Y et al: Peritonitis Incidence is Correlated with Leptin and CD4/CD9 Ratio

6. Jiang W, Kang L, Lu HZ, Pan X, Lin Q, Pan Q, Xue Y, Weng X,
Tang YW: Normal values for CD4 and CD8 lymphocyte subsets in
healthy Chinese adults from Shanghai. Clini Diagn Lab Immunol
2004;11(4):811-813

7. Oladepo DK, Idigbe EO, Audu RA, Inyang US, Imade GE, Philip
AO, Okafor GO, Olaleye D, Mohammed SB, Odunukwe NN, Harry
TO, Edyong-Ekpa M, Idoko J, Musa AZ, Adedeji A, Nasidi A,
Ya’aba Y, Ibrahim K: Establishment of reference values of CD4 and
CDS8 lymphocyte subsets in healthy Nigerian adults. Clin Vaccine
Immunol 2009;16(9):1374-1377

8. Uppal SS, Verma S, Dhot PS: Normal values of CD4 and CD8
lymphocyte subsets in healthy indian adults and the effects
of sex, age, ethnicity, and smoking. Cytometry B Clin Cytom
2003;52(1):32-36

9. Shokouhi Shoormasti R, Azimdoost A, Saghafi S, Movahhedi
M, Haghi Ashtiani MT, Pourpak Z, Eslami MB: Normal range
determination of lymphocytes subsets in normal adults in Iran. Iran
J Allergy Asthma Immunol 2011;10(4):295-298

10. Vaziri ND,Pahl MV, Crum A, Norris K: Effect of uremia on structure
and function of immune system. J Ren Nutr 2012;22(1):149-156

11. Girndt M, Sester U, Sester M, Kaul H, Kohler H: Impaired cellular
immunity in patients with end-stage renal failure. Nephrol Dial
Transplant 1999;14:2807-2810

12.Huang KC, Hsu SP, Yang CC, Ou-Yang P, Lee KT, Morisawa
S, Otsubo K, Chien CT: Electrolysed-reduced water dialysate
improves T-cell damage in end-stage renal disease patients with
chronic haemodialysis. Nephrol Dial Transplant 2010;25:2730-
2737

13.Yoon JW, Gollapudi S, Pahl MW, Vaziri ND: Naive and central
memory T-cell lymphopenia in end-stage renal disease. Kidney
International 2006;70:371-376

14.Shama SK, Casey JR, Pichichereo ME: Reduced memory CD4+
T-cell generation in the circulation of young children may contribute
to the otitis-prone condition. J Infect Dis 2011;204(4):645-653

15.Fang TC, Lee CJ, Wang CH, Liou HH, Hsu BG: Fasting serum
leptin level correlates with mid-arm fat area in peritoneal dialysis
patients. Ther Apher Dial 2010;14(6):583-588

16.Tsai JP, Tsai CC, Liu HM, Lee CJ, Liou HH, Hsu BG:
Hyperleptinaemia positively correlated with metabolic syndrome in
hemodialysis patients. Eur J Intern Med 2011;22(6):¢105-109

17.Lam MF, Leung JC, Lo WK, Tam S, Chong MC, Lui SL, Tse KC,
Chan TM, Lai KN: Hyperleptinaemia and chronic inflammation after
peritonitis predicts poor nutritional status and mortality in patients
on peritoneal dialysis. Nephrol Dial Transplant 2007;22:1445-1450

18.Sigh UP, Singh NP, Guan H, Busbee B, Price RL, Taub DD, Mishra
MK, Fayad R, Nagarkatti M, Nagarkatti PS: The emerging role of
leptin antagonist as potential therapeutic option for inflammatory
bowel disease. Int Rev Immunol 2014;33(1):23-33

19.Bilen Y, Cankaya E, Bilen N, Keles M, Erdem F, Uyanik A, Uyanik
MH: Peritonitis incidence was correlated with duration of Peritoneal
dialysis rather than leptin and neutrophil to lymphocyte (N/L) ratio
in peritoneal dialysis patients. Eurasian J Med 2014;46(3):145-150

Turk Neph Dial Transpl 2015; 24 (3): 307-311

311



