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Abstract

Background: Chronic itch (CI) in hemodialysis (HD), also called uremic pruritus (UP), is a common, distressing, and unpleasant
symptom. Fibroblast growth factor 23 (FGF23) is a bone-secreted phosphaturic factor. Several bone diseases can accompany kidney
diseases. It is unclear whether the common disturbance of calcium/phosphate homeostasis can cause Cl in chronic kidney disease.
Objectives: This study investigated the association between FGF23 and UP among HD patients in northern Iran.

Methods: Patients undergoing maintenance HD at four referral medical centers were recruited in this cross-sectional survey. The
enzyme-linked immunosorbent assay was used to evaluate serum FGF23 levels. An interview questionnaire was used to analyze the
various aspects of pruritus.

Results: Of 237 subjects, 54.01% had UP. There was no difference in serum FGF23 levels between patients with and without UP (413.17
+ 416.97Vvs. 410.81+ 444.49,P=0.85). Those with UP required dialysis for a longer period (P=0.02). FGF23 was shown to be associated
with parathyroid hormone in UP (P=0.02,r = 0.41).

Conclusions: There was no linear correlation between FGF23 and UP in this study.
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1. Background 2. Objectives

In the present study, we investigated the prevalence of
UPamong HD patients. We assessed serum FGF23 levels and
other demographic and biochemical parameters. We tried

Uremic pruritus (UP) is a frequently experienced, tor-
P (UP) q yexp to find the factors potentially influencing the FGF23 level

menting, and challenging problem in advanced or end-

in HD patients.
stage renal disease (1). There has been an ongoing debate tn HD patients
regarding if UP in chronic renal disease (CDK) is caused
by the common disturbance of calcium/phosphate home- 3. Methods

ostasis (2, 3). Recently, a vicious circle of metabolic de-

rangements, including malnourishment, inflammation, 3.1 Patients

and arteriosclerosis, has been proposed that may clarify
the overwhelming morbidity and mortality in hemodial-
ysis (HD) patients. Among other factors contributing to UP
in HD, inflammation sounds the most deleterious (4, 5). Fi-
broblast growth factor 23 (FGF23) is a key player in regulat-
ing calcium/phosphate. It has been revealed that high lev-
els of FGF23 have been linked to increased inflammation,
morbidity, and mortality in those with CDK (6).

This analytical observational multicenter study was
performed between May and November 2018. The insti-
tutional review board of Guilan University of Medical Sci-
ences approved the study protocol. All the participants
gave their informed consent. The inclusion criteria in-
cluded all HD patients aged over 18 years admitted to four
dialysis centers in Guilan province. Those HD patients
with primary pruritic skin lesions, infectious cutaneous

Copyright © 2022, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http:[/creativecommons.org/licenses/by-nc/4.0[) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.


https://doi.org/10.5812/numonthly-128834
https://crossmark.crossref.org/dialog/?doi=10.5812/numonthly-128834&domain=pdf
https://orcid.org/0000-0001-8213-6056
https://orcid.org/0000-0001-9415-9319
https://orcid.org/0000-0003-0850-488X
https://orcid.org/0000-0002-5231-1658

Uncorrected Proof

Azimi SZ et al.

disorders such as scabies, inflammatory skin disorders like
atopic dermatitis, lichen planus, prurigo nodularis, and
neoplastic skin diseases such as mycosis fungoides were ex-
cluded from the study. Those suspected of senile xerosis
were treated with emollients and reevaluated one month
later. The patients were asked for chronic itch (duration
above six weeks). The characteristic of itch was defined as
atleast three episodes of itch during two weeks or less, the
itch happening several times a day and lasting for more
than five minutes, and annoying (7). Then, the patients
were categorized into two groups with and without UP.
The dialysis sessions and hours were adjusted according to
the patient’s residual kidney function. Most of them were
dialyzed 2 - 3 times a week. None of the individuals had
received ultraviolet (UV) phototherapy within six months
preceding the research. A single dermatologist conducted
a thorough physical examination of all UP patients. Those
suffering from UP were requested to score the severity of
their present itch based on a visual analog scale (VAS). The
VAS spans from 0 for no itch to 10 for the most severe imag-
inable itch (8). The different characteristics of pruritus
were asked in a precise interview. The same dermatologist
gathered data and evaluated the inclusion and exclusion
criteria.

3.2. Experimental Methods

In both groups, 10 mL of blood was taken after a long
dialysis-free weekend immediately before starting HD. In
addition to the routine laboratory measurements, we also
assessed FGF23, 25-hydroxyvitamin D3 (25[OH] D3), albu-
min, calcium, phosphate, and C-reactive protein (hsCRP).

An enzyme-linked immunosorbent assay measured
FGF23 (C-terminal, ELISA, Biomedica Austria) (ELISA). The
KT/V was adjusted between 1.2 and 1.4.

3.3. Statistical Analysis

SPSSversion 20.0 software was used for statistical anal-
ysis. The frequency, median, and means + standard devi-
ation (SD) were reported using descriptive statistics. The
non-parametric Mann-Whitney U test or the y2-test (for
nominal variables) was used to examine differences be-
tween patients with and without UP. Pearson’s univariate
correlation analysis, followed by stepwise and multiple lin-
earregression approaches, was utilized to discover the cor-
relations. P-values of less than 0.05 were considered statis-
tically significant.

4. Results

Among 237 patients who remained in the study, 134
were male with a mean age of 57.09 + 15.35 years (range 19
-94), and 103 were female with a mean age of 61.90 * 13.57
years (range 25 - 86). In total, 128 patients had UP, while 109
patients on HD did not report UP at least within the last six
months.

The median itch intensity of patients with UPwas 5.47+
2.46. The most dermatologic sign of HD patients with pru-
ritus was dryness (n =116, 91%).

There were no significant differences between the
two groups in mean FGF23 (P = 0.85). The phosphorous
and hemoglobin levels were not significantly different be-
tween the two groups (Table 1).

There were no differences between the two groups re-
garding their end-stage renal disease (ESRD) etiology. Of
note, hyperlipidemia patients were more non-UP than UP;
however, this difference was not statistically significant (n
=11vs. n =5, P=0.07). The mean level of FGF23 was higher
inurban than rural patients (P=0.002). Comparing UP and
non-UP groups showed that the difference was only within
the UP group (0.004), and non-UP patients had no differ-
ence in this regard (P = 0.143) (Table 2). Spearman correla-
tion showed that among 237 participants, FGF23 levels had
a negative correlation with age and positive correlations
with dialysis duration and serum creatinine (P < 0.05). We
detected a borderline correlation between FGF23 and PTH
levels (P = 0.085). This correlation was only among the UP
subgroup (P < 0.05).

Among non-UP patients, there were correlations be-
tween FGF23 levels and age, skin dryness, dialysis duration,
serum creatinine, and calcium (P < 0.05) (Table 3).

Among demographic factors, sex, smoking, and occu-
pation had no relationship with FGF23 levels.

5. Discussion

The prevalence of UP in our study was estimated at
54.01%. Several studies reported a range of 10% to 85% for
UP. This broad range may explain the different used mea-
sures; for example, some studies evaluated the lifetime
prevalence of UP, while others only evaluated the current
prevalence of UP. We estimated the current prevalence of
UP in our study. The burden and prevalence of UP are of-
ten undervalued. Since the increase in the survival of ESRD
will increase the number of patients on HD, UP is highly
important. The high prevalence of UP in our study may
be explained by improper cooperation of HD patients with
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Table 1. Comparison of Quantitative Variables Among Two Groups with and Without Uremic Pruritus

Pruritus
Yes (n=128) No (n=109) »
Mean t SD Med Mean + SD Med
FGF23 413.17 £416.97 24035 410.81+ 444.49 225.00 0.85
Age (y) 59.80 £ 15.47 60.50 58.45 * 13.94 62.00 0.63
Duration of ESRD (y) 4.0345.88 1.00 4.11% 5.59 1.00 0.40
Duration of dialysis (mo) 44.69 £ 43.24 36.00 38.87+ 50.73 22.00 0.02
WBC (per /L) 7354.2612819.9 6900.00 7023.59 £ 2017.63 6900.00 0.89
RBC (per pL) 3.87+ 0.68 3.80 3.91% 0.70 3.85 0.38
Hb (g/dL) 10.86 + 1.86 10.75 1112 £ 2.00 11.20 0.19
HCT (%) 3419 + 5.49 33.80 35.11+ 5.73 35.20 0.3
MCV (fL) 89.41+ 9.36 9130 89.71+ 8.99 91.40 0.81
ESR (mm/h) 4522+ 38.24 30.00 39.24  26.72 37.00 0.84
CRP (mg/L) 10.22 £ 17.41 2.00 8.44 £ 12.20 4.00 0.53
FBS (mg/mL) 125.74 + 83.01 96.00 122.42 + 68.66 92.00 0.94
BUN (mg/mL) 60.15 * 18.51 58.90 60.63 £ 16.93 60.00 0.98
CR (mg/mL) 7.99 + 2.94 7.88 7.84+ 3.06 7.90 0.82
URR 0.67% 0.12 0.67 0.69 £ 0.09 0.69 0.21
Kt/V 134+ 0.32 130 136+ 0.28 131 0.42
SGPT (18 - 48) 1818+ 9.78 16.00 17.46 + 9.79 15.00 0.55
SGOT (20-50) 19.24 + 15.57 15.50 17.79 £ 9.96 16.00 0.65
AIKP (40 -350) 302.65 + 187.66 221.00 325.60 + 223.29 253.00 0.38
Ca (mg/mL) 8.88+ 131 8.80 8.77+ 0.88 8.70 0.69
P (mg/mL) 5.60% 1.75 530 5.48 % 1.80 5.40 0.58
PTH (pg/mL) 393.55 + 38.41 271.00 404.54 + 477.80 129.70 0.75
iPTH (pg/mL) 23115 + 244.18 130.30 21836 + 240.82 119.60 0.42
Vitamin D (ng/mL) 33.48 + 18.46 30.50 3414+ 15.74 32.00 0.64
Albumin (g/dL) 3.85+ 0.40 3.90 3.91% 0.48 4.00 0.26
Uric acid (mg/dL) 6.52+ 1.85 6.30 6.60 £ 1.51 6.40 0.81
Ca*P 49.52+ 16.43 44.77 47.84 £ 15.85 46.97 0.70

Abbreviations: WBC, white blood cell; RBC, red blood cell; HB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; CRP, C-reactive protein; ESR, estimated
sedimentation rate; FBS, fasting plasma glucose; BUN, blood urea nitrogen; Cr, creatinin; URR, urea reduction ratio; Kt/V, a measure of the dose of dialysis given in a
session where K presence the dialyzer urea clearance, t presence the total treatment time, and V presence the total volume within the body that urea is distributed; SGPT,
serum glutamic pyruvic transaminase; SGOT, serum glutamic-oxaloacetic transaminase; AlkP, alkaline phosphatase; Ca, calcium; PTH, parathyroid hormone, iPTH, intact

parathyroid hormone; SD, standard deviation; ESRD, end-stage renal disease.

their physicians, inadequate therapy, and inappropriate
response to treatment.

The results of our study demonstrated that HD patients
experienced a moderate itch, which may, to some extent,
clarify why UP is underestimated among HD patients. The
pathophysiology of pruritus in ESRD is poorly identified.
Based on several observational and clinical trials, there are
rising data that UP is a systemic rather than an isolated cu-
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taneous disorder(4,9). Itisassumed to be due to the imbal-
ance of Thi cytokines and the presence of a proinflamma-
tory state. Also, the C-reactive protein level is much higher
in ESRD patients. Kimmel et al. found that HD patients had
a prominent increased level of IL-6 and Thi cytokines (4).
Peripheral neuropathy is common in ESRD. One hypothe-
sis is that the itch in ESRD could be related to neuropathy.
However, other studies do not support it.
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Table 2. Comparison of FGF23 Levels by Qualitative Variables in Two Groups with and Without Uremic Pruritus *

Pruritus
FGF23
Yes P No P
Sex 0.868 0.368
Male 406.37 = 398.55 323.64 + 318.87
Female 422.20 + 443.82 521.59 + 549.35
Place 0.004 0.143
Urban 452.58 + 441.62 437.01+% 456.22
Rural 250.81+ 238.84 322.80 + 398.48
Occupation 0.686 0.393
Currently works 439.93 + 452.18 526.83 £ 554.07
Currently does not work 394.27 £ 392.22 322.86 + 316.31
Smoking 0.864 0.825
Yes 513.16 + 514.27 430.64 £ 555.10
Never 396.59 + 405.30 421.22 + 450.76
Quitted 399.26 + 344.39 267.65* 119.46
Background disease number 0.469 0.259
0.00 1042.04 £ 760.08 0
1.00 395.57+ 360.38 406.71+ 429.42
2.00 29131+ 245.45 311.69 * 338.60
3.00 386.80 £ 418.67 551.81+ 584.83
4.00 555.37+ 589.43 625.10 + 571.67
5.00 457.35 + 431.55 149.83 £ 56.50
Etiology of ESRD 0.371 0.603
Primary GN 288.81+ 217.42 373.34 + 304.00
PCKD 646.76 = 553.42 772.35* 496.67
DM 344.45 + 368.46 385.10 + 394.87
HIN 407.33 £ 464.02 369.85% 396.50
Not known 444.21+ 416.51 468.36 + 491.49
Reflux nephropathy 317.57 + 232.13 287.59 + 224.33
uo 428.57+ 599.78 146.95 + 25.95
DM & HTN 42515 * 416.94 340.26 £ 326.99
Other 855.50 + 749.00 855.50 + 749.00
DM and OU 36132+ 261.69 391.57+ 340.73
Total 412.09 *+ 428.93 413.17 + 416.97
? Values are expressed as mean + SD.
Many other pathways were postulated in the patho- itch (3).
physiology of ESRD pruritus. Another possible reason for
ESRD itch was the inadequate removal of medium molecu- The main strength of our investigation is that, to the
lar weight uremic toxins (10). Recently, it was found that best of our knowledge, this is the first study to evaluate a
the removal of small molecular toxins with greater effi-  large HD population regarding FGF23 levels and UP. Previ-

ciency by standard assessment of Kt/V was related to ESRD ~ Ously, a letter evaluated 18 cases of UP and could not find
any association between UP and FGF23 levels (11). The small

4 Nephro-Urol Mon. 2022;14(4):e128834.
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number of cases in that study was a notable limitation.
Other studies evaluated FGF23 in CKD patients.

FGF23,anovel disease biomarker in nephrology, is a sig-
nificant player in regulating calcium, phosphate, and min-
eral bone homeostasis (12, 13). FGF23 is constructed and se-
creted in bone by osteocytes. However, the primary target
tissues are the distal nephron and the parathyroid gland.
The FGF23 receptor complex consists of two components
of FGFreceptor 1c (FGFRIc) and membrane-bound aKlotho,
both expressed in target tissues (14-16). When FGF23 binds
toits receptor, signal transduction occurs in the cytoplasm
by activating tyrosine kinases (9-11). FGF23 regulates phos-
phate reabsorption in the kidney, PTH secretion, and vita-
min D metabolism.

Therefore, FGF23 prevents positive phosphate balance
and hyperphosphatemia. Consequently, observations
showed that CKD patients have a substantial increase
in serum FGF23 levels through their compromised renal
phosphate clearance (14).

Remarkably, epidemiological studies in both the gen-
eral population and patients with kidney disease demon-
strated an association of FGF23 with significant medical re-
sults related to inflammation, cardiovascular disease, and
mortality (17-19). The association between FGF23 and mor-
tality enrolled patients on dialysis; FGF23 was unlikely to
impact tubular function in that population, indicating an-
other mechanism of action14.

Also, after adjusting for potential confounders, includ-
ing phosphate concentrations, the association between
FGF23 and mortality was not attenuated. Thus, adjustment
only supported the link between FGF23 concentrations and
mortality. 14ver aside from its impact on renal phosphate,
FGF23 influences vitamin D metabolism, which also occurs
in the convoluted tubule.

The conversion of 25-hydroxycholecalciferol to 1,25-
dihydroxycholecalciferol is prevented by inhibiting
the 1-hydroxylase enzyme, which is responsible for this
metabolic step13ver. On the other hand, FGF23 endorses
vitamin D catabolism by up-regulating 24-hydroxylase,
which inactivates 1,25-dihydroxycholecalciferol.  So, a
decrease in circulating active vitamin D is essential in the
phosphate-lowering effects of FGF23. Also, the decrease in
active vitamin D diminishes the gastrointestinal uptake of
phosphate (20, 21).

In our study, the mean vitamin D level was 33.82 +
17.06, and the median FGF23 level was 412.09 + 428.93.
Obviously, the balance was distorted in our HD patients.
The increased FGF23 level and phosphate secretion were
expected since the kidneys’ filtration function was de-

Nephro-Urol Mon. 2022;14(4):e128834.

creased.

PTH secretion is also influenced by FGF23 (20, 21). In
CKD, the role of constantly increasing FGF23 levels in the
progression of hyperparathyroidism opens a discussion.
The FGF receptor is down-regulated in the parathyroid
gland in uremic situations, thus bringing to mind FGF23
resistance (22).

Our study showed no significant difference between
the two groups of HD patients regarding serum-calcium,
serum-phosphate, and 25(OH) D3 values (11, 23).

In our study, FGF23 levels were not significantly dif-
ferent between patients with and without UP and did not
show any association with pruritus in HD patients. Thus,
the role of this protein in the pathogenesis of UP in HD re-
mains questionable.

Notably, epidemiological research found a statisti-
cally significant relationship between FGF23 levels and C-
reactive protein (CRP) and IL-6 levels in CKD patients (24).
The fact that inflammation is a significant inducer of FGF23
release from bone cells may help to explain the previously
reported association (25-27).

In our study, HD patients with UP did not exhibit signif-
icantly higher CRP levels than those without UP. This is in
line with other observational studies (23). But, some previ-
ous experimental studies did not find such associations (4,
5, 11). More research is needed to identify whether inflam-
mation is a cause of persistent pruritus in hemodialysis pa-
tients and determine the specific involved pathways.

The mean FGF23 level in our study was correlated with
the duration of dialysis (42.00 + 46.84 months). Also,
Negishi et al. found that the serum FGF23 level in dialy-
sis patients was 1171 £ 553 pg/mL. The mean dialysis dura-
tion was 5.8 + 5.0 years, and the concentration of FGF23 in-
creased with the duration of dialysis (28).

Concerning the present study’s limitations, we did not
evaluate FGF23 levels at the beginning and end of one
dialysis session for each patient. We could not assess the
changesin PTH, calcitriol,and other minerals. In this study,
residual kidney function was also not evaluated due to the
administration limitations and the lack of cooperation of
patients for 24-hour urine collection. The level of coopera-
tion of patients could be a limitation.

In conclusion, UP needs serious attention because of its
increasing frequency and subsequent burden. This study
found no linear correlation between UP and FGF23 levels.
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Table 3. Correlation of FGF23 with Quantitative Variables in the General Uremic Population of Study and Groups with and Without Uremic Pruritus

FGF23
All the Participants n =237 ur Non-UP

Age

Correlation coefficient -0.134 -0.078 -0.201

Sig. (2-tailed) 0.039 0380 0.036

N 237 128 109
Duration of ESRD

Correlation coefficient -0.052 -0.035 -0.058

Sig. (2-tailed) 0.434 0.699 0.554

N 232 126 106
Duration of dialysis

Correlation coefficient 0.163 0.149 0.190

Sig. (2-tailed) 0.012 0.095 0.048

N 236 127 109
WBC

Correlation coefficient -0.136 -0.186 -0.058

Sig. (2-tailed) 0.042 0.040 0.559

N 225 122 103
RBC

Correlation coefficient 0.051 0.048 0.085

Sig. (2-tailed) 0.442 0.603 0391

N 225 122 103
HB

Correlation coefficient 0.014 -0.011 0.051

Sig. (2-tailed) 0.835 0.905 0.607

N 227 124 103
HCT

Correlation coefficient 0.004 -0.019 0.054

Sig. (2-tailed) 0.953 0.838 0.586

N 226 123 103
MCV

Correlation coefficient -0.079 -0.010 -0.162

Sig. (2-tailed) 0.235 0.910 0.103

N 226 123 103
ESR

Correlation coefficient -0.027 -0.174 0.140

Sig. (2-tailed) 0.765 0.172 0.278

N 125 63 62
CRP

Correlation coefficient -0.041 -0.082 -0.036

Sig. (2-tailed) 0.618 0.488 0.762

N 148 73 75
FBS

Correlation coefficient -0.072 0.018 -0.241

Sig. (2-tailed) 0.408 0.875 0.083

N 133 80 53
BUN

Correlation coefficient 0.073 -0.010 0.170

Sig. (2-tailed) 0.276 0.910 0.085

N 226 123 103
CR

Correlation coefficient 0.218 0.132 0.314

Sig. (2-tailed) 0.001 0.148 0.001

N 225 122 103
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URR

Correlation coefficient -0.058 -0.092 -0.004

Sig. (2-tailed) 0.428 0363 0.973

N 191 99 92
KTV

Correlation coefficient -0.127 -0.164 -0.091

Sig. (2-tailed) 0.076 0.099 0382

N 196 102 94
SGPT

Correlation coefficient -0.042 -0.146 0.073

Sig. (2-tailed) 0.590 0.191 0.506

N 166 82 84
SGOT

Correlation coefficient -0.046 -0.181 0.108

Sig. (2-tailed) 0.554 0.105 0.326

N 166 82 84
AlkP

Correlation coefficient -0.019 0.005 -0.036

Sig. (2-tailed) 0.814 0.964 0.747

N 163 82 81
Ca

Correlation coefficient -0.026 0.135 -0.232

Sig. (2-tailed) 699 0.144 0.019

N 221 19 102
P

Correlation coefficient -.039 -0.114 0.036

Sig. (2-tailed) 0.573 0.235 0.726

N 210 111 99
PTH

Correlation coefficient 0.232 0.414 0.017

Sig. (2-tailed) 0.086 0.021 0.935

N 56 31 25
iPTH

Correlation coefficient 0.025 -0.082 0.136

Sig. (2-tailed) 0.787 0.537 0.297

N 120 59 61
Vitamin D

Correlation coefficient 0.053 0.230 -0.148

Sig. (2-tailed) 0.545 0.067 0.233

N 131 64 67
Albumin

Correlation coefficient 0.101 0.117 0.082

Sig. (2-tailed) 0.216 0313 0.478

N 153 76 77
Uric acid

Correlation coefficient -0.002 0.046 -0.055

Sig. (2-tailed) 0.982 0.682 0.632

N 160 81 79

Abbreviations: WBC, white blood cell; RBC, red blood cell; HB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; CRP, C-reactive protein; ESR, estimated
sedimentation rate; FBS, fasting plasma glucose; BUN, blood urea nitrogen,; Cr, creatinin; URR, urea reduction ratio; Kt/V, a measure of the dose of dialysis given in a
session where K presence the dialyzer urea clearance, t presence the total treatment time, and V presence the total volume within the body that urea is distributed; SGPT,
serum glutamic pyruvic transaminase; SGOT, serum glutamic-oxaloacetic transaminase; AIkP, alkaline phosphatase; Ca, calcium; PTH, parathyroid hormone, iPTH, intact
parathyroid hormone; SD, standard deviation; ESRD, end-stage renal disease.
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