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ABSTRACT
Background: One of most prevalent cause of death in patients on hemodialysis (HD) is
cardiovascular disease (CVD). Cardiovascular events in HD patients are significantly predicted by
ultrasound measurements of carotid intima media thickness (cIMT). The hypothesis that
serum fibroblast growth factor-23 (FGF-23) may be independently correlated with cardiovascular risk
factor has been suggested because of the substantial correlation between altered mineral metabolism
and increased cardiovascular risk in patients with chronic kidney disease (CKD). This study's objective
was to assess the plasma FGF-23 level and its correlation to cIMT in patients with kidney failure on
HD.
Methods: 100 participants on regular HD participated in the study. Two groups of patients were
created based on cIMT; group 1 consisted of 50 participants with increased cIMT > 1 mm, and group
2 consisted of 50 participants with cIMT below 1 mm. Patients with diabetes mellitus, patients on
anticoagulant therapy and those with history of parathyroidectomy were excluded from the study. High
resolution B-mode ultrasonography was utilized to evaluate cIMT at the common carotid artery.
Results: The study showed that FGF-23 was significantly greater in patient group with increased
cIMT, however it wasn't a reliable indicator of increased cIMT on regression analysis. cIMT was in a
strong correlation with duration of dialysis, PTH and phosphorus and in a negative correlation with
body mass index. FGF-23 was strongly and positively linked with both age and PTH.
Conclusion: Phosphorous level and duration of dialysis and not FGF-23 were the significant
independent predictors for increased cIMT.

Keywords: cardiovascular mortality, carotid intima media thickness, fibroblast growth factor-23,
hemodialysis
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INTRODUCTION

Patients with chronic kidney disease (CKD) and
those with kidney failure on hemodialysis
(HD) commonly die from cardiovascular disease
(CVD) (1, 2). In both HD patients and the wider
populace, assessing the carotid intima media
thickness (cIMT) by ultrasonography is a strong
indicator of cardiovascular events (3-5).

Osteocytes and osteoblasts both generate
fibroblast growth factor-23 (FGF-23). There is a
complex that is formed between this
phosphaturic hormone and its co-receptor,
Klotho. This complex is crucial for regulating
mineral metabolism (6). Early in the evolution of
CKD, FGF-23 levels begin to rise and continue
to grow as the disease progresses (7, 8).

In HD patients, FGF-23 levels are often
considerably raised, and this increase has been
independently linked to death in this patient
population (9). The study's purpose was to
determine the plasma level of FGF-23 as well as
its relationship to cIMT in HD patients.

METHODS
The purpose of this cross-sectional observational
research was to assess any potential links
between elevated cIMT and FGF-23 in patients
undergoing HD. Participants who attended Tanta
University Hospitals' HD unit between August
2022 and February 2023 were the subjects of the
study. 100 patients who were 18 years of age or
older, receiving regular HD at least for one year,
and receiving adequate dialysis, determined
according to a urea reduction ratio (URR) > 65%
throughout the six months just before the trial,
were included in the study. The research
excluded individuals with diabetes mellitus,
those on anticoagulant therapy, and those with a
history of parathyroidectomy.

High-resolution B-mode ultrasound (Siemens
Sono-Line G60F, Germany) was used to measure
the cIMT at the common carotid artery (CCA).
Used transducer frequencies ranged from 5 to 10
MHz. Within that 4-cm portion before the carotid
bifurcation, cIMT was evaluated by scanning the
near and far CCA walls. cIMT measurement > 1
mm were considered as thick. For the purpose of
detecting plaques, arteries were examined both

transversely and longitudinally. When the artery
wall was > 50% thicker than the surrounding
sites, a localised echostructure that was intruding
into the lumen of the vessel was determined to be
plaque (10).

Participants were divided into two groups based
on cIMT; group 1 had 50 patients with increased
cIMT (>1 mm), while group 2 contained 50
patients with cIMT (< 1 mm). Both groups were
matched for age and sex.

All study population underwent thorough history
taking focusing on possible causes of kidney
disease, dialysis duration, vascular access and
current  medications.  Complete  clinical
examination was performed with special focus on
blood pressure measurement, signs of volume
overload and body mass index (BMI). Mean
arterial pressure (MAP) was calculated from the
mean of three measurements taken at various
times while the patient was seated. (11).

Investigations (during the non-dialysis day)
included total calcium, phosphorous, blood urea,
serum albumin, total cholesterol, triglyceride
(Synchron CX5, Beckman, USA), full blood
count (ERMA, Tokyo, Japan), intact PTH (using
ELISA technigue) (12) and FGF-23. Using an
enzyme-linked immunosorbent technique with
two sites (C-terminal/NH2-terminal), the plasma
levels of the intact FGF-23 molecules had
been measured. (Shanghai Sunred Biological
Technology Co., Ltd) based on the instructions
provided by the manufacturer. All parameters'
serum samples were taken at the same time.

Data were entered into the computer, and SPSS
version 23 was used to analyze them (SPSS Inc.,
Chicago, IL, USA). Number and percentage were
used to describe qualitative data. Quantitative
data was presented using the mean, SD, and/or
median, as well as the range (minimum and
maximum). The acquired findings were
considered significant at the 5% level. (13).

RESULTS
This cross-sectional observational research was
carried out on 100 regular HD patients at our
hemodialysis unit. 50 patients in group 1 had
cIMT > 1 mm, whereas 50 patients in group 2 had
cIMT that was less than 1 mm. The most
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prevalent causes of kidney disease in the study
population  were  hypertension,  chronic
pyelonephritis, and glomerulonephritis (Table 1).

Relevant medications received by our study

population included calcium carbonate (77
patients), calcium acetate (7 patients),
alfacaclcidiol (62 patients), cinacalcit (18

patients), sevelamer (12 patients), and statins (23
patients) (Table 2).

There was also no statistically
substantial variation in either group's age
(p=0.460), sex (p=0.636), BMI (p=0.725),

dialysis duration (p=0.179), or smoking status (p
value=0.806). Group 1 had a higher MAP (p
value<0.001) (Table 3).

Regarding laboratory parameters, URR and
serum albumin did not significantly vary between
the two groups (p values 0.757 and 0.626
respectively). Calcium and hemoglobin levels in

group 1 were substantially lower (p values 0.016
and < 0.001, correspondingly), whereas group 2
had substantially greater levels of cholesterol (p
< 0.001), triglyceride (p = 0.001), phosphorus (p
= 0.001), parathyroid hormone (p = 0.001), and
FGF-23 (p = 0.001) (Table 4).

cIMT was significantly higher in group 1 (p value
= 0.001) (Table 5). Age and PTH were
significantly and positively linked with FGF-23
in the study group (Table 6). There was a
substantial positive link between cIMT and
duration of dialysis, phosphorus, smoking and
PTH but negative correlation with BMI (Table
7). For other measured parameters we found no
statistically significant correlation. Multiple
regression analysis of variables predicting cIMT
showed that phosphorous level and duration of
dialysis were the significant independent
predictors for cIMT (Table 8)

TABLE 1: Possible causes of kidney disease in the study population

Cause of kidney disease | Group 1 [n (%)] | Group 2 [n (%0)]
Hypertension 18(36%) 17 (34%)
Pyelonephritis 10 (20%) 11 (22%)
Glomerulonephritis 8 (18%) 7 (14%)
Obstructive uropathy 6 (12%) 7 (14%)
Unknown 8 (16%) 8 (16%)

TABLE 2: Relevant medications received by study group patients

Type of medication | Group 1 [n (%)] | Group 2 [n (%0)] | Total
Calcium carbonate 38 (76%) 39 (78%) 77
Calcium acetate 2 (4%) 5 (10%) 7
Alfacalcidiol 31 (62%) 31 (62%) 62
Cinacalcit 10 (20%) 8 (16%) 18
Sevelamer 7 (14%) 5 (10%) 12
Statins 12 (24%) 11 (22%) 23

TABLE 3: Comparison of clinical and demographic characteristics between both groups.

Groups
Group 1 Group 2 p value
Age (years) Min. 20 32
Max. 80 72 0.460
Mean (£SD) 46.84 +13.62 | 44.35+13.85
Sex [n(%)] Male 33 (66%) 30 (60%) 0.636
Female 17 (34%) 20 (16%) '
BMI (kg/m2) Min. 18 21
Max. 43 34 0.725
Mean (£SD) 28.32+5.21 27.87 £ 3.58
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MAP (mmHg) Min. 69.9 73
Max. 123 111 <0.001*
Mean (+SD) 9450+ 12.15 | 90.60 * 5.92

Dialysis duration | Range 17.0 - 180.0 15.0 - 120.0

(months) Median (IQR) 48.0 36.0 0.179

(24.0-84.0) (12.0 - 55.0)

Smoking, n(%) 26 (54) 24 (48) 0.806

* statistically significant

BMI: body mass index, MAP: mean arterial pressure, Max.: maximum, Min.: miniumum, n:

number, SD: standard deviation.

TABLE 4: Comparison of laboratory parameters between both groups.

Groups
Group 1 Group 2 p value
URR (%) Min. 0.65 0.65
Max. 0.9 0.88 0.757
Mean (xSD) 0.7+0.1 0.7£0.2
Serum albumin (gm/dl) Min. 2.0 2.2
Max. 3.8 45 0.626
Mean (£SD) 34+04 34+05
Hemoglobin Min. 5.6 6.5
(gm/dI) Max. 13.5 15.7 <0.001*
Mean (£SD) 9.2 £21 10.9+3.0
Serum cholesterol Min. 130.0 120.00
(mg/dl) Max. 230.00 185.00 < 0.001*
Mean (xSD) 187.90 + 25.6614 | 164.80 + 21.
Serum triglyceride Min. 85 90
(mg/dl) Max. 326 150 0.001*
Mean (£SD) 187.3 + 66.41 113 +25.73
CRP (mg/dl) Min. 2 2.1
Max. 24 23.2 0.521
Mean (xSD) 12.25+6.79 121+6.74
Calcium Min. 5.70 9.10
(mg/dl) Max. 11.58 11.00 0.016*
Mean (£SD) 9.25+1.29 9.99 £ 0.59
Phosphorous Min. 2.90 3.50
(mg/dI) Max. 6.30 4.50 0.001*
Mean (£SD) 5.68+0.7 3.90 £ 0.308
PTH Min. 15.0 63.0
(pg/ml) Max. 1720.0 815.0 0.009%
Median (IQR) 589 2385
(2545 - 871.0) (102.5- 380.0)
FGF-23 Min. 413.2 123.13 0.001*
(pg/ml) Max. 968.9 435.11
Mean (xSD) 696.39 + 139.85 281.83 +121.83

* statistically significant
Ca: calcium, FGF-23: fibroblast growth factor-23, PTH: parathyroid hormone, Max.: maximum, Min.:
minimum, n: number, SD: standard deviation.
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TABLE 5: Comparison of cIMT between both groups.

Groups
cIMT (mm) Group 1 Group 2 p value
Min. 1.1 0.6
Max. 1.9 0.95 0.001*
Mean (xSD) 1.41+0.23 0.77+0.11
Max.: maximum, Min.: minimum, n: number, SD: standard deviation.

TABLE 6: Correlation of FGF-23 with various parameters in the study groups.

Parameter FGF-23 (pg/ml)
r p
Age 0.382 0.006*
Duration 0.074 0.609
BMI 0.261 0.067
MAP 0.128 0.393
URR 0.017 0.906
Albumin - 0.048 0.746
Hb. 0.078 0.593
Cholesterol 0.194 0.178
CRP 0.410 0.499
Ca 0.188 0.191
P 0.096 0.506
PTH 0.315 0.026*
* statistically significant
BMI: body mass index, Ca: calcium, Ca*P: Calcium*phosphorous product, CCA-IMT: common
carotid artery intima-media thickness, FGF-23: fibroblast growth factor-23, Hb: hemoglobin,
MAP: mean arterial pressure, PTH: parathyroid hormone.

TABLE 7: Correlation of cIMT with various parameters in the study groups.

Parameter CIMT (mm)
r p

FGF-23 (pg/ml) 0.059 0.513
Age 0.105 0.469
Duration 0.977 0.001*
BMI -0.393 0.005*
MAP 0.101 0.501
URR 0.156 0.278
Albumin 0.041 0.784
Hb. 0.169 0.241
Cholesterol 0.166 0.248
CRP 0.086 0.596
Calcium 0.179 0.215
Phosphorous 0.328 0.020*
PTH 0.395 0.005*
Smoking, pack/year 0.312 0.005*

* statistically significant

BMI: body mass index, Ca: calcium, Ca*P: Calcium*phosphorous product, cIMT: carotid
intima-media thickness, FGF-23: fibroblast growth factor-23, Hb: hemoglobin, MAP: mean
arterial pressure, PTH: parathyroid hormone,

J Popul Ther Clin Pharmacol Vol 30(7):e148-e156; 08 April 2023.

This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©2021 Muslim OT et al.

el52




Association of Fibroblast Growth Factor-23 Level with Carotid Intima Media Thickness in Hemodialysis Patients

TABLE 8: Predictors of increased cIMT using multiple regression analysis.

B Significance
Age 0.914 0.369
Hemodialysis duration 2.191 0.037*
BMI -1.108 0.278
MAP 0.857 0.399
URR 1.058 0.289
Albumin 0.659 0.516
Hb. 1.517 0.141
Cholesterol 0.708 0.485
CRP 0.501 0.187
Ca 0.212 0.834
P 2.328 0.028*
PTH 0.595 0.557
FGF-23 0.535 0.597
* statistically significant
BMI: body mass index, Ca: calcium, Ca*P: Calcium*phosphorous product, CCA-IMT:
common carotid artery intima-media thickness, FGF-23: fibroblast growth factor-23, Hb:
hemoglobin, MAP: mean arterial pressure, PTH: parathyroid hormone

FIGURE 1: cIMT with increased thickness (1.4 mm)

DISCUSSION

An essential method for evaluating vascular
atherosclerosis that represent the extent of
arterial damage in other body parts is high-
resolution carotid ultrasonography (14). In HD
patients, presence of left ventricular hypertrophy
(LVH) and elevated cIMT are related with an
increasing risk of cardiovascular fatality (15).
FGF-23 has been linked to LVH (16),
cardiovascular and overall causes of mortality in
CKD patients (17). In some studies, this
association was independent of kidney function
(18, 19).

The current study's goal was to determine if FGF-
23 is related to elevated cIMT in HD patients.
Study participants were classified into two
groups; 50 patients in group 1 had cIMT >1 mm,
while 50 patients in group 2 had cIMT less than
1 mm.

Many studies showed that FGF-23 levels
increase with CKD progression (20, 21) and that
levels are higher in patients on HD patients (7,
22) and those on peritoneal dialysis (23).
According to Imanishi Y et al., HD patients had
considerably greater levels of FGF-23 than CKD
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patients and healthy participants had. Moreover,
CKD patients' FGF-23 levels were greater than
those of healthy participants. (7).

FGF-23 was considerably greater in group 1 in
the current investigation (p = 0.001), whereas
FGF-23 wasn't an important indicator of elevated
cIMT. Balci M et al. found, in contrast to our
investigation, that elevated FGF-23 levels were
linked to carotid artery atherosclerosis in HD
patients. Also, they found a strong association
between cIMT and plasma levels of FGF-23 in
their investigation (24).

On the reverse hand, another study found that
FGF-23 level was an independently a negative
predictor of peripheral but not aortic vascular
calcification independent of serum phosphorous
level (25). Higher FGF-23 tertiles were linked to
lesser increase in IMT levels in a cross-sectional
study of 196 individuals, and this connection
remained after adjusting for phosphorus. (26).
Variation in findings across studies may be
related to study sample and variation in duration
of HD as well as medications related to CKD-
mineral bone disease (CKD-MBD) management.

The conflicting relationship between FGF-23 and
cIMT was also evident in studies that included
patients with CKD. In agreement with our results,
according to Kaya B et al., levels of FGF-23 did
not correlate with cIMT in CKD patients (27).
However, Yilmaz G et al. discovered that level
of FGF-23 was an independent indicator for
IMT (28).

In this research, there was a substantial and
positive correlation between FGF-23 with PTH
and patient age. No significant correlation was
found with serum phosphorous. In several
investigations, patients with CKD were shown to
have an inverse correlation between serum level
of FGF23 and serum phosphorus (27, 29, 30).
Similar findings were shown in patients on HD
(16, 31), suggesting that phosphaturic effect of
FGF23 still persists. Similar to our findings,
Ashikaga E et al. found that FGF-23 level was
correlated with age and PTH but in contrast to our
findings, FGF-23 was correlated to phosphorous
(26). Sliem et al. found that though FGF-23 was
positively correlated to PTH, but neither age nor
PTH were found to be independent predictors for
FGF-23 (22).

In this research, cIMT had a negative correlation
with BMI and a positive correlation with the
duration of dialysis, PTH, and phosphorus. No
statistically significant correlation was found
with FGF-23, age, hemoglobin, albumin, CRP,
total calcium, cholesterol or triglyceride. The
negative correlation between cIMT and BMI in
our study was an example of inverse biology in
HD patients (32). The positive correlation
between cIMT and duration of dialysis found in
our study, was also reported by other studies (33,
34). Other studies also found a positive
correlation of cIMT with serum phosphorous (24,
35, 36).

Diversity in study results may be related to
variation of serum phosphorous level in different
studies. Another explanation could be that
variations in metabolism of phosphorus across
time cannot be determined by a single test of
blood phosphorus (37).

Our research has a number of limitations. This
research examined a small cohort cross-
sectionally. We used a single measurement of
biomarkers and cIMT. A  cause/effect
relationship can't be concluded; only association
data were presented.

CONCLUSIONS
FGF-23 was considerably greater in the patient
group with higher cIMT, however on regression
analysis, it wasn't an important indicator for
increased cIMT. Phosphorous level and dialysis
duration were the significant independent
predictors for increased cIMT which was in a
strong correlation with duration of dialysis, PTH
and phosphorus and in a negative correlation
with BMI. FGF-23 was strongly and positively
associated to both PTH and age.

Ethical considerations

The Faculty of Medicine at Tanta University in
Egypt's Research Ethics Committee gave its
approval to the research.(approval code:
35925/10/22). All participants had s written
informed consent before study inclusion.

J Popul Ther Clin Pharmacol Vol 30(7):e148-e156; 08 April 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

el54



Association of Fibroblast Growth Factor-23 Level with Carotid Intima Media Thickness in Hemodialysis Patients

Conflict of Interest
There was no conflicting interests. There was no
particular funding for this study.

Author Contributions

The conception, design, analysis, and
interpretation of the data were significantly
influenced by the contributions of all authors. All
agreed to submit the manuscript to the current
journal after critically editing it or writing it. All
agreed to be responsible for all aspects of the
work.

Data Availability Statement
The study data will be made available by the
corresponding author on reasonable request.

REFERENCES

1. Junyent M, Martinez M, Borras M, Coll B,
Valdivielso JM, Vidal T, et al. Predicting
cardiovascular disease morbidity and mortality in
chronic kidney disease in Spain. The rationale
and design of NEFRONA: a prospective,
multicenter, observational cohort study. BMC
nephrology. 2010;11:1-8.

2. Cozzolino M, Galassi A, Pivari F, Ciceri P, Conte
F. The cardiovascular burden in end-stage renal
disease. Expanded Hemodialysis. 2017;191:44-
57.

3. Salonen JT, Salonen R. Ultrasonographically
assessed carotid morphology and the risk of
coronary heart disease. Arteriosclerosis and
thrombosis: a journal of vascular biology.
1991;11(5):1245-9.

4. Nishizawa Y, Shoji T, Maekawa K, Nagasue K,
Okuno S, Kim M, et al. Intima-media thickness of
carotid artery predicts cardiovascular mortality in
hemodialysis patients. American journal of
kidney diseases. 2003;41(3):S76-S9.

5. Ekart R, Hojs R, Hojs-Fabjan T, Balon BP.
Predictive value of carotid intima media thickness
in hemodialysis patients. Artificial organs.
2005;29(8):615-9.

6. Hu MC, Shiizaki K, Kuro-o M, Moe OW.
Fibroblast growth factor 23 and Kilotho:
physiology and pathophysiology of an endocrine
network of mineral metabolism. Annual review
of physiology. 2013;75:503-33.

7. Imanishi Y, Inaba M, Nakatsuka K, Nagasue K,
Okuno S, Yoshihara A, et al. FGF-23 in patients

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

with end-stage renal disease on hemodialysis.
Kidney international. 2004;65(5):1943-6.
Isakova T, Wahl P, Vargas GS, Gutiérrez OM,
Scialla J, Xie H, et al. Fibroblast growth factor 23
is elevated before parathyroid hormone and
phosphate in chronic kidney disease. Kidney
international. 2011;79(12):1370-8.

Gutiérrez OM, Mannstadt M, Isakova T, Rauh-
Hain JA, Tamez H, Shah A, et al. Fibroblast
growth factor 23 and mortality among patients
undergoing hemodialysis. New England Journal
of Medicine. 2008;359(6):584-92.

Mukherjee D, Yadav JS. Carotid artery intimal-
medial thickness: Indicator of atherosclerotic
burden and response to risk factor modification.
American heart journal. 2002;144(5):753-9.
Salvi P. Mean arterial pressure. Pulse Waves:
Springer, Milano; 2012. p. 3-7.

Calam RR, Benoit SW, Foreback CC. Procedures
for the Handling and Processing of Blood
Specimens (approved Guideline): National
Committee for Clinical Laboratory Standards;
1990.

Dawson B, Trap R. Basic and clinical
biostatistics. . 3rd ed. New York: McGrow Hill
Medical Publishing Division; 2001.

Mannami T, Konishi M, Baba S, Nishi N, Terao
A. Prevalence of asymptomatic carotid
atherosclerotic lesions detected by high-
resolution ultrasonography and its relation to
cardiovascular risk factors in the general
population of a Japanese city: the Suita study.
Stroke. 1997;28(3):518-25.

BENEDETTO FA, MALLAMACI F, TRIPEPI
G, ZOCCALI C. Prognostic Value of
Ultrasonographic Measurement of Carotid Intima
Media Thickness in Dialysis Patients. Journal of
the  American Society of  Nephrology.
2001;12(11):2458-64.

Kirkpantur A, Balci M, Gurbuz OA, Afsar B,
Canbakan B, Akdemir R, et al. Serum fibroblast
growth  factor-23  (FGF-23) levels are
independently associated with left ventricular
mass and myocardial performance index in
maintenance haemodialysis patients. Nephrology
Dialysis Transplantation. 2011;26(4):1346-54.
Scialla JJ, Xie H, Rahman M, Anderson AH,
Isakova T, Ojo A, et al. Fibroblast growth factor-
23 and cardiovascular events in CKD. Journal of
the  American  Society of  Nephrology.
2014;25(2):349-60.

Parker BD, Schurgers LJ, Brandenburg VM,
Christenson RH, Vermeer C, Ketteler M, et al.
The associations of fibroblast growth factor 23
and uncarboxylated matrix Gla protein with
mortality in coronary artery disease: the Heart and

J Popul Ther Clin Pharmacol Vol 30(7):e148-e156; 08 April 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

el55



Association of Fibroblast Growth Factor-23 Level with Carotid Intima Media Thickness in Hemodialysis Patients

19.

20.

21.

22,

23.

24,

25.

26.

27.

Soul Study. Annals of internal medicine.
2010;152(10):640-8.

Udell JA, Morrow DA, Jarolim P, Sloan S,
Hoffman EB, O'Donnell TF, et al. Fibroblast
growth factor-23, cardiovascular prognosis, and
benefit of angiotensin-converting enzyme
inhibition in stable ischemic heart disease.
Journal of the American College of Cardiology.
2014;63(22):2421-8.

Fliser D, Kollerits B, Neyer U, Ankerst DP,
Lhotta K, Lingenhel A, et al. Fibroblast growth
factor 23 (FGF23) predicts progression of chronic
kidney disease: the Mild to Moderate Kidney
Disease (MMKD) Study. Journal of the American
Society of Nephrology. 2007;18(9):2600-8.

Ix JH, Shlipak MG, Wassel CL, Whooley MA.
Fibroblast growth factor-23 and early decrements
in kidney function: the Heart and Soul Study.
Nephrology Dialysis Transplantation.
2010;25(3):993-7.

Sliem H, Tawfik G, Moustafa F, Zaki H.
Relationship of associated secondary
hyperparathyroidism to serum fibroblast growth
factor-23 in end stage renal disease: A case-
control study. Indian journal of endocrinology
and metabolism. 2011;15(2):105-9.

Zeng Y, Feng S, Han O, Shen H, Jin D, Shi Y.
Role of fibroblast growth factor-23 in the
pathogenesis of atherosclerosis in peritoneal
dialysis patients. Genet Mol Res.
2015;14(1):719-29.

Balci M, Kirkpantur A, Gulbay M, Gurbuz OA.
Plasma fibroblast growth factor-23 levels are
independently associated with carotid artery
atherosclerosis in maintenance hemodialysis
patients. Hemodialysis International.
2010;14(4):425-32.

Inaba M, Okuno S, Imanishi Y, Yamada S, Shioi
A, Yamakawa T, et al. Role of fibroblast growth
factor-23 in peripheral vascular calcification in
non-diabetic and diabetic hemodialysis patients.
Osteoporosis International. 2006;17(10):1506-
13.

Ashikaga E, Honda H, Suzuki H, Hosaka N, Hirai
Y, Sanada D, et al. Impact of fibroblast growth
factor 23 on lipids and atherosclerosis in
hemodialysis patients. Therapeutic Apheresis and
Dialysis. 2010;14(3):315-22.

Kaya B, Seyrek N, Paydas S, Karayaylali i, Balal
M, Aikimbaev K. Serum fibroblast growth factor
23 levels do not correlate with carotid intima-
media thickness in patients with chronic kidney
disease. Saudi Journal of Kidney Diseases and
Transplantation. 2019;30(5):1010-21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Yilmaz G, Ustundag S, Temizoz O, Sut N, Demir
M, Ermis V, et al. Fibroblast Growth Factor-23
and Carotid Artery Intima Media Thickness in
Chronic Kidney Disease. Clinical laboratory.
2015;61(8):1061-70.

Unsal A, Budak SK, Koc Y, Basturk T, Sakaci T,
Ahbap E, et al. Relationship of fibroblast growth
factor 23 with left ventricle mass index and
coronary calcificaton in chronic renal disease.
Kidney and Blood Pressure Research.
2012;36(1):55-64.

Kim CS, Bae EH, Ma SK, Han SH, Lee K-B, Lee
J, et al. Chronic kidney disease-mineral bone
disorder in Korean patients: A report from the
KoreaN Cohort Study for Outcomes in Patients
With Chronic Kidney Disease (KNOW-CKD).
Journal of Korean  medical  science.
2017;32(2):240-8.

Turan MN, Kircelli F, Yaprak M, Sisman AR,
Gungor O, Bayraktaroglu S, et al. FGF-23 Levels
Are Associated With Vascular Calcification, but
Not With Atherosclerosis, in Hemodialysis
Patients. International urology and nephrology.
2016;48(4):609-17.

Cianciolo G, La Manna G, Donati G, Persici E,
Dormi A, Cappuccilli ML, et al. Coronary
calcifications in end-stage renal disease patients:
a new link between osteoprotegerin, diabetes and
body mass index? Blood purification.
2010;29(1):13-22.

Blacher J, Guerin AP, Pannier B, Marchais SJ,
London GM. Arterial calcifications, arterial
stiffness, and cardiovascular risk in end-stage
renal disease. Hypertension. 2001;38(4):938-42.
Guérin AP, London GM, Marchais SJ, Metivier
F. Arterial stiffening and vascular calcifications
in end-stage renal disease. Nephrology Dialysis
Transplantation. 2000;15(7):1014-21.
Kuswardhani RT, Wiradharma KG, Kandarini Y,
Widiana GR, Martadiani ED. Factors associated
with carotid intima-media thickness in patients on
maintenance hemodialysis. International journal
of general medicine. 2019;12:1-6.

Salem IM, Ghonemy TA, Alsyaed SF, Allam
HM, Shendi A, El-Hendy YA, et al. Plasma
Fibroblast Growth Factor-23 Level and its
Relation to Carotid Artery Atherosclerosis in
Hemodialysis Patients. Urology & Nephrology
Open Access Journal. 2017;4(1):00117.

Wang M, Li H, You L, Yu X, Zhang M, Zhu R,
et al. Association of serum phosphorus variability
with coronary artery calcification among
hemodialysis patients. PLoS One.
2014;9(4):e93360.

J Popul Ther Clin Pharmacol Vol 30(7):e148-e156; 08 April 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

e156



