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Background and Objectives. Hyperparathyroidism and hyperphosphatemia contribute to the inflammatory effects in chronic
hemodialysis (HD) patients. Interleukin-17-producing CD

4

+ effector memory T (Th17) cells and CD4+CD25+Foxp3 regulatory
T (Treg) cells both play critical roles in immune activation and inflammation. We investigated the relationship between the Treg
andTh17 cells and the phosphate level in chronic HD patients.Methods. 105 patients aged ≥35 years on chronic HD over 3 months
were enrolled.The peripheral blood mononuclear cells were collected, cultured, and stimulated by phytohemagglutinin-L, phorbol
myristate acetate, and ionomycin at different time points for T cell differentiation. Results. The T cell differentiation was as follows:
Th17 cells (mean ± standard deviation (SD): 25.61% ± 10.2%) and Treg cells (8.45% ± 4.3%). The Th17 cell differentiation was
positively correlated with the phosphate and albumin levels and negatively correlated with age. The Treg cell differentiation was
negatively correlated with albumin level and age. In the nondiabetes group (𝑛 = 53), theTh17 cell differentiation was predominantly
correlated with the phosphate and iPTH (intact parathyroid hormone) levels as well as the dialysis vintage. Conclusion. Higher
phosphate and iPTH levels and longer dialysis durationmay increaseTh17 cell differentiation, especially in the nondiabetic chronic
HD patients.

1. Introduction

The number of patients with end-stage renal disease (ESRD)
is growing in developed countries, and hemodialysis (HD)
is a major renal replacement therapy in these patients.
Patients on HD have significant immune dysregulation as
compared with the general population and, subsequently,
have a high susceptibility to infection and high incidence
of malignancy and cardiovascular disease [1]. Uremia and
its treatment cause immune alterations in HD patients [2].
Several factors influence the immunity of these patients, such
as uremic toxin,malnutrition, chronic inflammation, vitamin

D-parathyroid hormone axis alternation, and therapeutic
dialysis modalities [3–5].

CD4
+ T cells regulate several immune responses and

inflammatory processes. Currently, CD4
+ T cells can be

divided into several subsets, including Th1, Th2, Th17, and
regulatory T cells (Treg) in the adaptive immune system
[6]. A subset of interleukin (IL)-17-producing Th17 cells,
distinct from the Th1 and Th2 cells, have an important role
in the development of tissue inflammation and autoimmune
disease such as rheumatoid arthritis and allergen-specific
responses [7, 8].TheTh17 cell expresses a transcription factor,
retinoic acid-related orphan receptor-𝛾t (ROR𝛾t), and plays
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a crucial role in the induction of autoimmune disease and
inflammation [9].The combination of acute phase protein IL-
6 and transforming growth factor (TGF)-𝛽 induces the differ-
entiation of Th17 cells from näıve T cells. Another small pro-
portion of CD4

+ T cells develop into Treg cells by their coex-
pression of high levels of surface CD25 and intracellular fork-
head/winged helix transcription factor (Foxp3) [10, 11]. The
Treg cells have an anti-inflammatory role and control autoim-
mune diseases by releasing IL-10 and TGF-𝛽 [12]. Therefore,
the balance between Th17/Treg cells plays an important role
in the inflammation in the adaptive immune system.

In chronic kidney disease-mineral and bone disorders
(CKD-MBD), hyperphosphatemia plays a major role, caus-
ing secondary hyperparathyroidism, calcium and vitamin
D derangements, vascular calcification, and several mineral
bone disorders [13]. Increased serum calcium-phosphate
product and mineral metabolism disorders may induce
cardiovascular calcification [14]. Accelerated atherosclerosis
and vascular calcification are involved in the pathogenesis
of cardiovascular disease in CKD patients. Apart from tra-
ditional risk factors such as male gender, diabetes, ageing,
dyslipidemia, and smoking, nonclassical risk factors such
as malnutrition, microinflammation, hyperphosphatemia,
hyperparathyroidism, and oxidative stress are important in
the pathogenesis of cardiovascular disease in dialysis patients
[15, 16]. Therefore, dietary phosphate control and use of
phosphate binders are important in HD patients with hyper-
phosphatemia.

Studies have shown that, in dialysis patients, Th17 cells
increase, but Treg cells decrease [17, 18]. From this perspec-
tive, whether T cell differentiation is correlated to factors in
chronic HD patients and whether the phosphate levels influ-
ence T cell differentiation remain unclear. Hence, this study
aimed at investigating the Th17/Treg cell differentiation in
chronic HD patients and the correlation between Th17/Treg
cell imbalance and serum biochemistry results.

2. Materials and Methods

2.1. Study Design and Populations. This study was conducted
at a dialysis clinic in a regional hospital in Taiwan. In total,
105 patients aged ≥35 years on chronic HD for at least 3
months were enrolled. Patients with concurrent systemic
infection or malignancy and those who were administered
immunosuppressive medications known to interfere with the
immune system were excluded from this study. Medications,
when necessary, included antihypertensive treatments, oral
hypoglycemic drugs or insulin therapy, antidyslipidemia
medication, laxatives, and/or coronary vasodilator. In the
subanalysis, we divided the 105 patients into 2 groups, the
diabetes and nondiabetes groups due to the possible immune
alteration by the glycemic control.

Dialysis was performed with bicarbonate dialysate and a
high-flux polysulfone membrane dialyzer without reprocess-
ing. Each hemodialysis session was performed for 3-4 h using
the dialyzer with a blood flow rate of 200–300mL/min and a
dialysate flowof 500mL/min.All patients gave informed con-
sent for this study, and the study was reviewed and approved

by the Human and Ethics Committee of the Cardinal Tien
Hospital, Yonghe Branch, Taiwan (IRB-A101002).

2.2. Isolation and Culture Conditions of Peripheral Blood
Mononuclear Cells. Blood samples (10mL) were collected
just before the second dialysis session of the week (midweek
predialysis). The peripheral blood mononuclear cells were
isolated from the buffy coats using Ficoll-Paque (Pharmacia
Biotech AB, Uppsala, Sweden) density gradient centrifuga-
tion. Cells were cultured at 2 × 106 cells/mL in RPMI-1640
(Gibco BRL, Paisley, Scotland) medium with a supplement
of 10% fetal calf serum (Biochrome KG) and antibiotics
(100 IU/mL penicillin, 100 𝜇g/mL streptomycin). Peripheral
blood mononuclear cells were primarily stimulated for 4 h
using 20 ng/mL phorbol myristate acetate (PMA, Sigma) and
1 𝜇M/mL ionomycin (Sigma) in the presence of the intracellu-
lar cytokine transport inhibitor GolgiStop (1𝜇L/mL, BD Bio-
sciences, San Jose, CA, USA). The cells were all cultured in a
humidified incubator at 37∘Cand 5%CO

2
.The cells were then

stained to identify surface and intracellular cytokinemarkers.

2.3. Antibodies. All antibodies were labeled by different fluo-
rescence.Themonoclonal antibody used to detect the surface
antigen was FITC-labeled anti-CD4 (Beckman). Antibodies
used for the intracellular stain were ECD-labeled anti-CD25
(Beckman), PE-labeled anti-IL17𝛼 (eBioscience, San Diego,
CA, USA), and PECy7-labeled anti-FoxP3 (eBioscience).

2.4. Intracellular Cytokine Staining. After stimulation with
PMA and ionomycin, as previously mentioned, the aliquots
with 105 cells/tube were used for intracellular cytokine stain-
ing. To detect Th17 cells, the cells were incubated with FITC
anti-CD4 at 4∘C for 20min and stained with PE-labeled anti-
IL17𝛼 after fixation and permeabilization, according to the
manufacturer’s instructions. To detect Treg cells, the cells
were incubated with FITC anti-CD4 and ECD-labeled anti-
CD25 for surface staining. After fixation and permeabiliza-
tion, the cells were stained with PECy7-labeled anti-FoxP3.
The cells were resuspended andwashedwith phosphate buffer
saline and analyzed with FACS Calibur (Becton Dickinson,
Franklin Lakes, NJ, USA) using CellQuest software (Becton
Dickinson). Isotype controls were used as compensation
controls, and antibody specificity was confirmed.

2.5. Biochemistry Analysis. Biochemical and hematological
parameters were obtained by midweek predialysis in chronic
HD patients. Hemoglobin and hematocrit levels were evalu-
ated using an XT100i automated chemistry analyzer (Sysmex,
Japan). Prehemodialysis blood urea nitrogen, creatinine, total
calcium, serum phosphate, and serum albumin levels were
evaluated using an LX20 automated analyzer (Beckman
Coulter, CA, USA). Kt/V, a marker of dialysis efficiency, was
determined according to the Gotch procedure.

2.6. Statistical Analysis. Continuous variables were expressed
as mean ± standard deviation, and categorical values were
expressed as percentages. The differences between the dia-
betes and nondiabetes groups were analyzed by independent
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Table 1: Baseline clinical characteristics of subjects (mean ± SD) in the diabetes and nondiabetes groups.

Total Diabetes group Nondiabetes group
Patients (𝑛) 105 52 53
Age (years) 65.72 ± 13.7 66.35 ± 12.6 65.11 ± 14.8
Sex (M/F) 55/50 29/23 26/27
HBsAg (+/−) 8/97 4/48 4/49
Anti-HCV (+/−) 14/91 3/49 11/42∗

Cause of end-stage renal
disease

ADPKD: 3, CGN: 13, diabetes: 44,
heart failure: 1, HTN: 36, obstructive

nephropathy: 4, and SLE: 3

CGN: 1, diabetes: 44,
heart failure: 1, and

HTN: 6

ADPKD: 3, CGN: 12, HTN: 30, heart
failure: 1, obstructive nephropathy: 4,

and SLE: 3
Dialysis vintage
(months) 55.3 ± 58.6 46.21 ± 37.5 64.25 ± 73.1
∗
𝑃 < 0.05 versus the diabetes group.

CGN: chronic glomerulonephritis; HTN: hypertension; ADPKD: autosomal dominant polycystic disease; SLE: systemic lupus nephritis.

𝑡-tests. Pearson correlations were derived to evaluate the
possible correlations between the biological markers and
continuous variables. Significance was defined by 𝑃 values
<0.05. Statistical analyses were performed with the Statistical
Package for the Social Sciences, version 17.0 (SPSS Inc.,
Chicago, IL, USA).

3. Results

3.1. General Characteristics of the Study Subjects. The mean
age of patients was 65.72 ± 12.7 years, and 52 of the 105
patients had diabetes. The causes of ESRD in the diabetes
group were diabetes (𝑛 = 44), hypertension (𝑛 = 6), chronic
glomerulonephritis (𝑛 = 1), and heart failure (𝑛 = 1). In the
nondiabetes group, the causes of ESRD were hypertension
(𝑛 = 30), chronic glomerulonephritis (𝑛 = 12), obstructive
nephropathy (𝑛 = 4), autosomal dominant polycystic disease
(𝑛 = 3), systemic lupus nephritis (𝑛 = 3), and heart failure
(𝑛 = 1).More patients in the nondiabetes groupwere infected
with the hepatitis C virus than those in the diabetes group.
There was no statistically significant difference in age, sex,
dialysis vintage, or hepatitis B virus infection between the 2
groups.The baseline characteristics data are shown in Table 1.

3.2. The Biochemistry and T Cell Differentiation Results of
the Study Population. The T cell differentiation of the total
population was as follows: Th17 cells (25.61% ± 10.2%) and
Treg cells (8.45% ± 4.3%). The total white cell count was
greater in the diabetes group than in the nondiabetes group
(𝑃 < 0.05), but no statistically significant difference was
found in the lymphocyte count (𝑃 = 0.06). The glucose
and triglyceride levels were higher in the diabetes group.
However, there were no statistically significant differences
in the hemoglobin, albumin, intact parathyroid hormone
(iPTH), calcium, phosphate, alkaline phosphate, and C-
reactive protein (CRP) levels, as well asTh17 cell and Treg cell
differentiation between the 2 groups (Table 2).

3.3. Th17 and Treg Cell Frequencies Are Correlated with
Phosphorus Level, Age, and Albumin Level. The Th17 cell
differentiation was correlated with the phosphate level, age,

Table 2: Biochemistry and flow cytometry results of subjects (mean
± SD) in the diabetes and nondiabetes groups.

Diabetes group Nondiabetes group
Patients (𝑛) 52 53
Hemoglobin (g/dL) 10.43 ± 1.4 10.14 ± 1.8
Glucose (mg/dL) 155.4 ± 82.3 98.25 ± 22.6∗∗

Albumin (g/dL) 4.02 ± 0.3 3.90 ± 0.5
Predialysis BUN (mg/dL) 60.62 ± 18.5 57.19 ± 16.8
Predialysis Cre (mg/dL) 9.59 ± 2.4 9.80 ± 2.6
Kt/V 1.62 ± 0.3 1.71 ± 0.3
Uric acid (mg/dL) 6.70 ± 1.4 6.68 ± 1.4
Triglyceride (mg/dL) 191.10 ± 137.9 130.53 ± 92.3∗∗

Total cholesterol (mg/dL) 174.38 ± 42.4 170.79 ± 40.9
Alkaline phosphate (IU/L) 69.94 ± 30.8 63.32 ± 22.5
Total calcium (mg/dL) 9.43 ± 0.7 9.38 ± 0.9
Phosphate (mg/dL) 4.99 ± 1.6 5.04 ± 1.9
iPTH (pg/dL) 212.12 ± 228.2 250.59 ± 286.2
WBC counts (×1000/𝜇L) 6.80 ± 1.4 6.15 ± 1.8∗

Lymphocyte count (×1000/𝜇L) 1.78 ± 0.5 1.55 ± 0.7
Th17 cell (%) 26.43 ± 10.1 24.82 ± 10.3
Treg cell (%) 8.19 ± 4.4 8.70 ± 4.2
CRP (mg/dL) 0.96 ± 2.0 0.57 ± 1.0
∗
𝑃 < 0.05 versus the diabetes group ∗∗𝑃 < 0.01 versus the diabetes group.

Cre: creatinine; iPTH: intact parathyroid hormone; WBC: white blood cell;
CRP: C-reactive protein.

and albumin level, but not with the iPTH level (Figure 1).The
Treg cell differentiation was also correlated with age and the
albumin level, but not with the phosphate level or iPTH level
(Figure 2). TheTh17 cell and Treg cell differentiation was not
correlated with the glucose, hemoglobin, calcium, alkaline
phosphate, or CRP levels.

3.4.Th17 Cell DifferentiationWas Significantly Correlated with
Phosphate Levels, iPTHLevels, andDialysis Vintage in Patients
without Diabetes. In chronic HD patients without diabetes,
the Th17 cell differentiation was predominantly correlated
with the phosphate level, iPTH level, and dialysis vintage.
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Figure 1: IL-17-producing CD4
+ T cell differentiation was correlated with phosphorus (a), albumin (b), age (c), and intact parathyroid

hormone (iPTH) (d).

Patients with higher serum phosphate levels had more severe
secondary hyperparathyroidism, longer dialysis vintage, and
moreTh17 cells (Figure 3). However, no such correlation was
noted in the diabetes group.

3.5. Treg Cell Differentiation Was Positively Correlated with
Age but Negatively Correlated with the Phosphate Level and
Dialysis Vintage. In chronic HD patients without diabetes,
Treg cell differentiation was found to be correlated with age
but negatively correlatedwith the phosphate level and dialysis
vintage. Patients without diabetes who were older and had
lower serumphosphate levels and shorter duration ofHDhad
more Treg cells (Figure 4).

4. Discussion

The results of this study indicate that Th17 cells are increased
whereas Treg cells are decreased in chronic HD patients.

There was a significant correlation between the Th17/Treg
differentiation and the phosphate level, albumin level, and
age. In the chronic HD patients without diabetes, the corre-
lation was more significant between the Th17 cells and the
phosphate level, iPTH level, and dialysis vintage. The Treg
cells had a negative linear correlationwith the phosphate level
and dialysis vintage. These results suggest that Th17 cell and
Treg cell differentiation are related to the serum phosphate
level, nutritional status, and the duration of dialysis in chronic
HD patients.

For many years, the heterogeneity of CD4
+ T helper

(Th) cells has been limited to Th1 and Th2 cells, which are
considered to be responsible not only for different types
of protective responses, but also for the pathogenesis of
many disorders [19]. Th1 cells, which produce interferon-
𝛾 and tumor necrosis factor-𝛼, are effective in eliminating
intracellular pathogens and have a proinflammatory and
proatherogenic role in atherosclerosis [20–23].Th2 cells, with
IL-4 as the major cytokine, are important for the production
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Figure 2: CD4+CD25+Foxp3 T cell differentiation was correlated with phosphorus (a), albumin (b), age (c), and parathyroid hormone (d).

of immunoglobulin, clearance of extracellular organisms,
and protection against helminthes; in addition, they are
responsible for the pathogenesis of allergic diseases [24, 25].
In a previous study, we found that Th2 differentiation was
correlated with age and serum vitamin D levels in chronic
HD elderly patients, and treatment with activated vitamin
D in secondary hyperparathyroidism patients enhanced Th2
differentiation [26]. In recent years, the importance of the
role of Th17 and Treg cells in the adaptive immune system
has become more evident. The Th17 cell is a key player
in the pathogenesis of autoimmune disease, while the Treg
cell inhibits excessive effector T cell response. Excessive
Th17 function or increased Th17 cell numbers and defects
in Treg function or reduced Treg cell numbers may trigger
an inflammatory process [27]. Because of the reciprocal
developmental pathway for the generation of Th17 and Treg
cells, and their opposing effects, Th17/Treg subsets may have
evolved to induce or regulate tissue inflammation, parallel to
the dichotomyofTh1/Th2Tcell subsets. Any imbalance in the
Th17/Treg ratio with increased Th17 cells and/or decreased

Treg cells may induce local tissue inflammation. ATh17/Treg
functional imbalance exists in uremic patients and is asso-
ciated with the development of acute cardiovascular events,
myocardial injury, and microinflammation [17, 28]. In ESRD
patients, the CD4+CD25+Foxp3 T cells are overactivated but
functionally impaired [29]. In the chronic HD patients of
the present study, Th17 cell differentiation was greater than
that of Treg cells, and our results are consistent with those
of previously published studies. In the diabetes group, there
were a relatively higher number of Th17 cells and lower
number of Treg cells than those in the nondiabetes group.
In the study by Campean et al. [30] higher inflammatory
status of coronary lesions aswell as involvement of theCD40–
CD154 signaling cascade in CRF patients was reported,
especially in cases of calcified atherosclerotic lesions. In
our study, the inflammatory marker—CRP level—was also
relatively higher in diabetes patients than in patients without
diabetes, but there was no statistically significant difference
between the 2 groups, possibly because of the small sample
size.
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Figure 3: The Th17 cell differentiation correlated with phosphorus level (𝑃 < 0.001, (a)), iPTH level (𝑃 < 0.05, (c)), and dialysis vintage
(𝑃 < 0.01, (b)).

Regarding CKD-MBD, hyperphosphatemia, hypercal-
cemia, and hyperparathyroidism contribute to the develop-
ment of vascular calcification and cardiovascular disease,
especially in patients on dialysis for a long duration. As
CKD progresses, the compensation of elevations in PTH and
fibroblast growth factor-23 (FGF-23) and decreased levels of
1,25(OH)

2
D
3
becomes inadequate and inappropriate, result-

ing in hyperphosphatemia, abnormal bone, and extraskeletal
calcification. There is much evidence that strict phosphate
control may improve the overall survival and reduce the
incidence of cardiovascular events [31–33]. Phosphate toxicity
due to excessive retention of phosphate in the body can
cause a wide range of cellular and tissue injuries [34].
When hyperphosphatemia occurred in the HD patients, the
serum FGF-23 level elevated, 1,25(OH)

2
D
3
level decreased,

and renin-angiotensin-aldosterone system activation, all may
deteriorate the systemic inflammation. Besides, hyperphos-
phatemia causes secondary hyperparathyroidism also cause
inflammation in chronic HD patients. The findings of this

study suggest that the phosphate level is associated with
Th17 cell differentiation, as a higher number of Th17 cells
were noted in those with higher serum phosphate levels.
PTH has been identified as a regulator in the immune
system and regulated the inflammatory processes. Chronic
PTH exposure in ESRD patients decreased T lymphocyte
proliferation and changed the CD4/CD8 ratio [35]. In in vitro
and in vivomodels, PTHmay induce IL-6 production by liver
cells and osteoblast [16]. In primary hyperparathyroidism, the
parathyroid glands contribute markedly to IL-6 production
and elevate the serum IL-6 level [36]. Our previous study
also demonstrated that increased serum iPTH level would
enhance serum IL-6 production in HD patients [16]. Cal-
citriol treatment significantly attenuates inflammation and
oxidative stress inHDpatients with secondary hyperparathy-
roidism [35]. The serum vitamin D level is correlated with
Th2 differentiation, and supplement/treatment with activated
vitamin D in secondary hyperparathyroidism HD patients
can enhance Th2 differentiation [26]. From this study, we
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Figure 4: The Treg cell differentiation correlated with phosphorus level (𝑃 < 0.01, (a)), dialysis vintage (𝑃 < 0.05, (c)), and albumin level
(𝑃 < 0.05, (b)).

noted that Th17 cell—a kind of inflammatory marker—
positively correlated to the serum iPTH level in the HD
patients without diabetes. In the Floege study, there is a linear
trend between the phosphate, serum iPTH, and albumin level
in chronic HD patients [33]. In these HD patients, higher
serum iPTH level patients also had a higher serum phosphate
level and albumin level. This is the reason that Th17 cell
differentiation correlated to the serum phosphate, iPTH, and
albumin level in our study.

We found the phosphate level to be a significant predictive
factor for Th17 and Treg cell differentiation in patients with-
out diabetes. In patients with type 2 diabetic nephropathy,
the role of Th17 and Treg cells in the pathogenesis of diabetic
nephropathy remains unclear [37]. The study by Ishimura et
al. [38] reported that the risk factor for vascular calcification
in dialysis patients with and without diabetes is different.
Glycemic control and phosphate control are important for
HD patients with and without diabetes, respectively, to avoid
vascular calcification. In the present study, Th17 and Treg
cell differentiation was not correlated with the phosphate

level in the diabetes group, but the correlation was significant
in the nondiabetes group. It is possible that HD patients
with diabetes have multiple metabolic factors that may affect
T cell differentiation before they initiate dialysis, including
hyperglycemia, dyslipidemia, insulin resistance, advanced
glycosylation end (AGE) products, or oxidative stress. In
diabetes patients, the AGE or AGE-modified proteins would
bind to the receptor for AGE on macrophages and T
cells, stimulating synthesis and release of proinflammatory
cytokines [37]. Hence, we were not able to identify the
association between the phosphate or iPTH level and T cell
differentiation in our HD patients with diabetes.

In the nephrology field, much evidence has shown that
Th17 and Treg cells have an important role in the inflamma-
tory process. In patients with acute coronary syndrome, the
number of peripheral bloodTh17 cells,Th17-related cytokines
(IL-17, IL-6, and IL-23), and transcription factor (ROR𝛾t)
levels are significantly increased, and the number of Treg cells,
Treg-related cytokines (IL-10 and TGF-𝛽1), and transcription
factor (Foxp3) levels in the serum are decreased [39]. The
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Th17/Treg ratio is involved in inflammation control and may
be important in the pathogenesis of plaque destabilization.
Many chronic renal diseases have inflammation and infil-
tration of leukocytes, while Th17/Treg cell imbalance during
renal injury is involved in the strong relationships between
chemokines and T cell infiltration in the development of
kidney disease [40]. The Th17/Treg cell ratio is a useful
indicator of the severity of tissue injury and renal allograft
dysfunction and for predicting the clinical outcome of acute
T cell-mediated rejection [41]. Using calcineurin inhibitors
after transplantation would influence the Th17/Treg cell
imbalance in patients with renal dysfunction [42]. In children
with primary nephrotic syndrome, Th17 and Treg cells are
in a dynamic equilibrium, and these cells may be important
in the development of renal tubulointerstitial lesions [43].
Therefore, finding a way to decrease inflammatory Th17 cells
and increase anti-inflammatory Treg cells in clinical practice
is challenging.

The present study had several limitations. Because of the
current cross-sectional study design, long-term followup is
needed to confirm if T cell differentiation changes after strict
phosphate control. In addition, we only enrolledHDpatients,
and peritoneal dialysis or CKD patients who may have had
different patterns of associations between the phosphate level
and Th17/Treg cells were not included. Finally, cytokine
analyses may be needed to strengthen our results, including
Th17 cell-related cytokines (IL-17 and IL-6) and Treg cell-
related cytokines (TGF-𝛽 and IL-10). Therefore, our results
regarding Th17/Treg cell differentiation and phosphate level
need to be confirmed by a prospective long-term follow-up
study in the future.

5. Conclusion

The ratio of Th17/Treg cells is imbalanced in chronic HD
patients. Chronic HD patients with higher phosphate and
albumin levels, as well as younger patients, have increased
Th17 cells and decreased Treg cell differentiation. Th17 and
Treg cell differentiation was predominantly correlated with
phosphate, iPTH levels, and dialysis vintage in HD patients
without diabetes.
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