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Abstract:

Background: Fibroblast growth factor 23 (FGF23) has been identified
as one of the first hormonal changes occurring in early stages of kidney
disease as well as chronic kidney disease (CKD) and could be promising
biomarker in the early stages of kidney diseases

Methodology: This case-control study enrolled 80 patients with early
renal dysfunction and 20 healthy controls and measured the levels of
FGF23 in relation to serum urea, creatinine and phosphate (PO.),
estimated glomerular filtration rate (GFR) from the period of November
2025 to March 2026.

Results: The patients showed a significant increase in serum urea,
creatinine, phosphate, and FGF23 and a significant decrease in GFR (all
p <0.03). Compared to the controls (49.77 £ 2.24 vs. 38.77 £ 4.19 pg/mL,
p =0.03) and at a stage of only moderate phosphate elevation, circulating
FGF23 was significantly higher in patients. ROC analysis pinpointed a
diagnostic threshold of 46.76 pg/mL (AUC = 0.66, p = 0.009). Given the
absence of significant correlations with individual biochemical metrics
and the analysis of FGF23 positioned as a hormonal sentinel of renal
tubular phosphate stress, FGF23 is more likely an early-phase player and
not a linear biochemical replacement.

Conclusion: In conclusion this study position FGF23 as an early
hormonal marker of renal tubular phosphate stress and provides a
clinically useful hormonal cutoff to advocate for the use of FGF23 in
conjunction with the standard biochemical markers for early
identification of renal impairment.
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1. Introduction

Chronic kidney disease leads to gradual loss of nephrons, disrupting systemic endocrine homeostasis, and causing
hormonal changes that occur prior to clinical renal failure. One of the first changes observed, and one of the most important,
is the disruption of the homeostasis of phosphate, controlled by a bone-derived hormone that is partially characterized and
changes in its function remain elusive to researchers during the early stages of renal disease (Driieke and Massy, 2012;
Hum et al., 2017) Fibroblast Growth Factor 23 (FGF23) has developed into the major hormonal controller of phosphate
regulation in the kidneys, working through a highly controlled endocrine system that connects the sensory perception of
minerals in the skeleton to the transport function of the renal tubules (Russo and Battaglia, 2011) FGF23 is produced by
osteocytes and osteoblasts as a response to elevated levels of phosphates and 1,25-dihydroxyvitamin Ds, as well as dietary
phosphate absorption. FGF23 targets the renal proximal tubule epithelium to reduce the activity of sodium-phosphate
cotransporters and, at the same time, decreases the activity of renal 1a-hydroxylase in a coordinated response that decreases
renal tubular reabsorption of phosphates and the bioactivation of vitamin D (Clinkenbeard and White, 2016) The endocrine
axis of bone and kidney is a clear example of the physiological range of inter-organ communication and its dysfunction,
particularly with respect to kidney disease, triggers a distinct and often severe range of dysregulation of minerals, with
serious implications for the whole body. . Unlike traditional renal biomarkers, FGF23 indicates renal tubular stress before
glomerular filtration metrics fall outside reference ranges. FGF23 increases prior to elevations in serum phosphate,
parathyroid hormone, and creatinine, as nephron mass decreases, and phosphate handling impaired tubular. This
phenomenon is known to occur long before those other biomarkers are clinically relevant. For this reason, FGF23 is a
responsive marker in the early stages of renal tubule dysfunction (Yang et al., 2016) In contrast, FGF23 is a pathobiological
marker. FGF23 can promote renal tubular inflammation, reduce nitric oxide signaling in endothelial cells, cause left
ventricular hypertrophy, and accelerate progressive CKD through tubule fibrosis. This systemic effect causes organ damage
and is especially true of FGF23 that is above compensatory levels (Giuliani et al., 2024) Under conditions of increasing
renal loss of the receptor a-Klotho which is necessary for FGF23 receptor (FGFR1) complex formation and signaling (Faul
et al., 2011) the hormonal interplay with FGF23 becomes even more complex. As renal expression of a-Klotho diminishes
with increasing nephron loss, FGF23 hormonal resistance occurs, a condition where despite the presence of a significantly
elevated FGF23, the patient is biochemically-assessed as FGF23 resistant, and, to make matters even more complicated,
there is a hormonal excess that increases off target organ dysfunction and alters the patient hormonal balance, all without
restoring the organism phosphate balance (Seiler, Heine and Fliser, 2009) This lack of correlation between FGF23 levels
and biological . Despite the extensive body of evidence linking FGF23 to the pathophysiology of CKD, multiple clinically
pertinent aspects of its hormonal profile in early renal dysfunction remain elusive. In early-stage clinical cohorts, where
the hormonal signal is present, the biochemical relationships between circulating FGF23 and standard markers of
glomerular filtration and tubular phosphate handling are poorly defined. FGF23 potential as an independent early hormonal
biomarker in comparison to established biochemical markers has also not been thoroughly investigated in this setting,
including any formal diagnostic studies. Filling these gaps is clinically important, as the FGF23-triggered phosphate
hormonal dysregulation is an early event that can be targeted by nephroprotective strategies prior to the development of
irreversible tubular damage and CKD-MBD.

Aims of the study

This study aimed to characterize the hormonal profile of circulating FGF23 in early renal dysfunction and evaluate its

biochemical correlations with glomerular filtration and phosphate metabolism.
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2. Materials and Methods

2.1. Subjects and methods

This case-control study aims to describe the profile of the circulating FGF23 hormonal in early renal dysfunction in relation
to some established markers of glomerular filtration and some markers/phosphate metabolism.

2.2. Participant and Sample Description

One hundred adult participants were divided into two groups as follows: 80 patients with renal dysfunction, and 20 controls
who were healthy. Of the patient cohort, there were 52 females and 28 males, and in the control, there were 14 females and
6 males. For all participants, demographic parameters were captured, including age, sex, height, weight body mass index
(BMI).

2.3. Sample Size and Power Analysis

The sample size was calculated with G* Power version 3.1.9.7, considering the independent samples t-test with a moderate
effect size (d = 0.5), alpha error probability of 0.05, and statistical power of 80%, which is estimated to be 100 participants.
2.4. Inclusion and Exclusion Criteria

The study enrolled adult participants with Early Renal Dysfunction confirmed both clinically and biochemically, as well
as healthy controls. Participants with autoimmune diseases, malignancies, or other systemic diseases that would confound
the assessment of kidney biochemistry or alter circulating FGF23 levels were excluded.

2.5.  Sample Collection
Venous blood samples were collected from all study participants. The serum was separated and processed for biochemistry
by the standard operating procedure in the laboratory.

2.6. Biochemical Analysis

The serum biochemical parameters analyzed included urea, creatinine, the estimated glomerular filtration rate (GFR), Urea,
Creatinine, phosphate (PO.) and circulating FGF23 (pg/mL) for both groups.

2.7. Statistical Analysis

The analysis of statistical data was performed using IBM SPSS Statistics version 27 and GraphPad Prism version 10.
Continuous variables were expressed as mean + standard error (SE). For intergroup comparisons, independent samples t-
test was performed. For correlation analysis, Spearman’s rank correlation coefficient (r) was used. The diagnostic
performance of FGF23 and biochemistry parameters was evaluated using the Receiver Operating Characteristic (ROC)
curve analysis. Area under the curve (AUC), with 95% confidence interval, sensitivity, and 95% confidence interval,
specificity, and optimal cut-off values were calculated using the Youden index. A p-value less than 0.05 was considered
statistically significant.

Ethical Approval

The study followed ethical and institutional guidelines, and informed consent was obtained from participants prior to
sample collection in the study.

3. Results

3.1. Demographic Characteristics

The mean age of the patients was significantly greater than that of the control group (67.36 + 1.40 vs. 49.25 + 3.59 years,
p < 0.001). There were no statistically significant intergroup differences regarding height, weight, BMI, or gender (p =
0.56, 0.38, 0.62, 0.67), demonstrating appropriate anthropometric parity between groups. As illustrated in the Tablel.
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Tablel: Demographic Characteristics of The Control and Patient Groups.

Variable Control (n =20) Patient (n = 80) P value
Age (years) 49.25 + 3.59 67.36 £ 1.40 <0.001
Height (cm) 163.85 + 2.02 165.10 + 0.93 0.56
Weight (kg) 75.50 £ 3.93 78.26 £ 1.24 0.38
BMI (kg/m2) 28.02£1.30 28.64 +0.53 0.62
Female 14 (70.00%) 52 (65.00%) 0.67
Male 6 (30.00%) 28 (35.00%) 0.67
Data are presented as Mean + SE or n (%). P-values were calculated using independent samples t-test
for continuous variables and chi-square test for categorical variables. A p-value < 0.05 was considered
statistically significant.

3.2. Biochemical Parameters

The biochemical profile of patients was indicative of early renal dysfunction. Compared to controls, the serum urea of
patients was significantly higher (58.53 + 1.59 vs. 31.46 + 1.66 mg/dL, p < 0.001). Serum creatinine was higher in the
patients compared to the controls (1.27 = 0.04 vs. 0.74 + 0.03 mg/dL, p < 0.001). Serum phosphate (PO.) was also
significantly elevated in the patients as compared to the controls (4.25 = 0.08 vs. 3.38 £ 0.14 mg/dL, p < 0.001). In contrast,
estimated GFR was significantly lower in the patient group compared to controls (56.45 + 1.89 vs. 105.20 + 2.82
mL/min/1.73m2, p < 0.001). Circulating FGF23 was significantly higher in patients as compared to controls (49.77 £ 2.24
vs. 38.77 £ 4.19 pg/mL, p = 0.03), indicating an early hormonal dysregulation of the metabolism of phosphate, before the
occurrence of overt mineral imbalances. As shown in Table2.

Table2: Biochemical Parameters of Interest in The Control and Patient Groups

Parameter Control (n = 20) Patient (n = 80) P-value
Urea (mg/dL) 31.46 £ 1.66 58.53 + 1.59 <0.001
Creatinine (mg/dL) 0.74+0.03 1.27+0.04 <0.001
GFR (mL/min/1.73m?) 105.20 + 2.82 56.45 + 1.89 <0.001
PO4 (mg/dL) 3.38+0.14 4.25+0.08 <0.001
FGF23 (pg/mL) 38.77+4.19 49.77+2.24 0.03
Data are presented as Mean + SE. P-values were calculated using independent samples
t-test. A p-value < 0.05 was considered statistically significant.

3.3. Diagnostic Performance and Correlation Analysis of FGF23 and Biochemical Markers
Receiver operating characteristic (ROC) analysis showed a discriminatory performance hierarchy among each of the
studied biomarkers. Among the studied biomarkers, urea was able to achieve perfect discrimination (AUC=1.00, sensitivity
96.00%, specificity 98.00%, cutoff 42.75 mg/dL) followed by creatinine (AUC=0.97, sensitivity 88.80%, specificity
95.00%, cutoff 0.93 mg/dL) and phosphate (AUC=0.82, sensitivity 53.80%, specificity 95.00%, cutoff 4.25 mg/dL, all p
< 0.001 respectively). GFR showed a negative ROC GFR (AUC=0.02) due to significantly low GFR values among the
patients studied, when considering test directionality, this is statistically equivalent to near perfect discriminatory
performance (sensitivity 98.00%, specificity 97.00%, p < 0.001). There was statistically significant, performance of
diagnostic discrimination by circulating FGF23 (AUC=0.66, sensitivity 63.30%, specificity 65.00%, cutoff 46.76 pg/mL,
p=0.009), and thus FGF23 should be considered a positive early-phase functional endocrine biomarker rather than a
primary diagnostic biomarker. As reported in Fig.1. Among the patient subgroups, Spearman’s correlation analysis showed
that some biochemical and hormonal parameters are interrelated. Urea, on the one hand, showed a significant positive
correlation with both creatinine (r=0.38, p <0.001) and PO+ (r=10.28, p <0.01), as well as a significant negative correlation
with GFR (r = -0.53, p < 0.001). Its correlation with FGF23, however, was non-significant (r = -0.06, p = ns). On the other
hand, GFR showed a significant negative correlation with POs (r = -0.22, p < 0.05) and FGF23 (r = 0.06, p = ns). PO4 and

FGF23 showed no significant correlation with the exception of one (r = -0.04, p = ns). As demonstrated in the Fig.1.

541



Mohamed & Ahmed

1504

1007

Serum Level

50

Biochermical Markers in patients

C

1.001

ROC Curve

0.75

Sensitivity
o
w
o

Source of the Curve
Urea {AUC = 1.000)
Creatinine (AUC = 0.970)
GFR (AUC = 0.980)

POs (AUC = 0.820)

FGF23 (AUC = 0.660)

==+ Reference line (AUC = 0.500)

0.00 0.25 0.50 0.75 1.00
1 - Specificity

0.25

Kerbala Journal of Pharmaceutical Sciences (2026)

B
1501
ERTTE
5]
-
E
=
¢ 50
ol e
> @ B
Nl Q,&"P & L i',5;’::"“
&

Biochemical Markers in controls

1.00

0.28 -0.06
Urea s e e
0.16 0.02 %59

Creatinine - £ ha

0.06
e -0.00
-=0.25

-0.04
ns
-0.50

-0.06 0.02 0.06 -0.04 -0.75
ns ns ns ns
' . y -1.00

FGF23-

Urea -
Creatinine -
GFR
PO4
FGF23

Figurel: Comparison of The Biochemical and Hormonal Data of Renal Dysfunction Markers in The Patient and
Control Cohorts. (A) Box plots for the patient cohort data of serum urea, creatinine, GFR, PO4, and FGF23. (B)
Control cohort data for the same parameters shown with corresponding box plots. (C) Receiver Operating Characteristic
(ROC) curves for the patient and control cohort markers that best differentiated the cohorts; urea and creatinine had the
greatest discriminatory power, (AUC = 1.000 and 0.970 respectively), then GFR (AUC = 0.980, reverse direction), PO
(AUC =0.820), and FGF23 (AUC = 0.660). (D) The Spearman's correlation matric of the five parameters in the patient
cohort; the different colors denote the correlation (blue = positive, red = negative). The asterisks indicate the level of
significance (* p < 0.05, ** p < 0.01, *** p < 0.001); ns = non-significant.
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4. Discussion

The study indicated that FGF23 could more clinically positive and biochemically constructive approach at the very first
stages of renal impairment by treating FGF23 as a primary hormonal factor. The significant age of the patient cohort
corresponds with the well-established epidemiological and physiological association of age and progressive nephron
senescence with measurable declines in glomerular filtration that has been documented in varying ethnic groups (Grabner
et al., 2015) The patient cohorts biochemical profile exhibiting both significantly high serum urea, creatinine, and
phosphate and considerably low estimated GFR which remains consistent with study established biochemical effects of
early nephron loss and reduced tubular secretory capacity (Hu et al., 2015) A compatible study was performed with CKD
patients and also reported significantly high urea, creatinine, and phosphate and low GFR [13]. In addition, another study
confirmed that in CKD patients, even if phosphate levels are elevated but remain at or near the upper reference limit, it
indicates early failure of the tubular phosphate secretory mechanism when there is no failure in the system and clinically
apparent thresholds, representing the phase that more sensitive hormonal biomarkers are aimed to capture (Wolf et al.,
2016; Sriperumbuduri et al., 2020) The statistically significant increase of circulating FGF23 in the study cohort, which is
in accordance with the emerging paradigm of the early compensatory increase of FGF23 in CKD and before the
development of overt hyperphosphatemia and the metabolic imbalances (Isakova et al., 2018) Another study that
corroborated the findings of the current study was done on subjects with early nephropathy, which reported significantly
increased levels of circulating FGF23 in comparison to their paired controls, even in subjects with biochemically normal
levels of phosphatemia, therefore indicating an early compensatory phosphaturic hormonal response to incipient tubular
phosphate retention sub clinically (Levin et al., 2017) Study demonstrated that the increase FGF23 levels in CKD phase
occurs much before the increase of the there is a marked increase in parathyroid hormone, serum phosphate, and creatinine
levels, indicating that FGF23 is the first of the CKD endocrine disorders (Scialla and Wolf, 2014) The slight increase of
FGF23 observed in the present cohort is statistically significant but is much lower than the expected strong increase in
FGF23 in advanced stages of CKD, which indicates an early adaptive response. . This early adaptive response indicates
that the FGF23 levels are adjusting to the level of sub clinically retained tubular phosphate, and there is no receptor level
resistance that would move the compensatory response to a pathological level of hormonal dysregulation (Raju and Saxena,
2025) The analysis of the diagnostic performance provides a clinically useful and informative description of biomarker
discriminatory performance. (Laville et al., 2023) Although phosphate is discriminatory and excellent, it is still less so than
the filtration markers, but it provides reason to indicate that it is a sensitive, early marker of tubular performance impairment
with respect to mineral management. Levin and colleagues reported a study that demonstrated that phosphate abnormalities
in CKD patients were revealed at GFR levels that were significantly greater than those levels at which creatinine-based
staging identified the disease, thus positioning phosphate as a useful biomarker in the early detection of renal dysfunction
(Fang et al., 2020) Of the discriminatory performances of the FGF23 that are moderate, statistically significant, but
markedly lower than the traditional biochemical ones, it is completely consistent with its pathophysiological role, which is
that of a hormonal early warning system working upstream of the biochemical changes that it is intended to prevent. A
study supporting this position, pointing out that the clinical utility of FGF23 is not in its either/or diagnostic potential, but
rather in its differentiation of hormonal risk and forecasting of negative renal outcomes, even at a stage where standard
biochemical metrics are optimistically normal (Bikbov et al., 2020) This suggests that FGF23 should function primarily as
a hormonal supplement in a multi-marker diagnostic approach, rather than as a sole diagnostic biomarker, a differentiation
that holds substantial practical value in positioning FGF23 for meaningful use in early renal practice. The lack of

statistically significant correlations between circulating FGF23 and individual biomarkers of glomerular filtration and
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phosphate metabolism in the present patient cohort is of considerable mechanistic interpretive value (Komaba and
Fukagawa, 2012) The apparent disconnection between FGF23 levels and standard biochemical markers in the early stages
of renal impairment is consistent with the FGF23 hypothesis as an upstream hormonal mediator, whose levels are
influenced by integrated skeletal and tubular phosphate sensing mechanisms that are not captured in a linear fashion by
any individual biochemical marker (Hu, Kuro-O and Moe, no date) Wolf's study is consistent with this hypothesis; he
showed that in early CKD the relationship between FGF23 and serum phosphate is understood to be non-linear and
contextual, with the two variables becoming decoupled during the compensatory phase when FGF23 is able to maintain
phosphate equilibrium despite its progressive increase (Martin-Virgala et al., 2024) In addition, the absence of a
considerable FGF23-GFR relationship at this early stage of the disease is in contrast to the classical and well-established
presence of a strong inverse relationship in advanced CKD, which suggests that the current cohort's glomerular filtration
rate (GFR) deficit has not yet reached a level where FGF23 accumulation becomes its predominant determinant, which
will occur at more advanced levels of nephron loss (Donate-Correa et al., 2024) The absence of an inverse relationship
between FGF23 and its biochemical parameters is an early indicator that there are later stages of CKD where FGF23 is not
a biochemical signal that correlates with the status of the disease. There are numerous clinical and translational implications
resulting from these findings. Identifying FGF23 levels during early renal dysfunction and understanding where FGF23
levels are mildly elevated and not yet complex with receptor resistance, allows us to define a clinical opportunity and
therapeutic window. Most nephroprotective interventions aimed at restoring hormonal balance and averting downstream
FGF23-related organ toxicity, are expected to be effective when implemented early and within the range of the FGF23
hormonal shift before the complete FGF23-Klotho receptor uncoupling of advanced CKD. Examples of these interventions
are dietary phosphate restriction and phosphate binders. A study supporting this therapeutic rationale showed that early
nephroprotective interventions based on FGF23 levels, significantly reduced the rate of GFR decline. This provided the
first direct evidence that FGF23 driven management, translated to relevant renal outcome (Gutiérrez et al., 2008; Gutiérrez,
2013; Stevens et al., 2024)

Conclusion

Initial stages of renal dysfunction exhibit compensatory secretion of circulating FGF23 accompanied by biochemical
markers demonstrating glomerular filtration failure and tubular dysregulation of phosphate. FGF23, although having only
moderate diagnostic performance, is considered to be an early hormonal signal before traditional biochemical perturbations
occur. This phenomenon advocates FGF23 combination with standard renal biomarkers to improve the early identification

and accurate classification of renal impairment.
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