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Abstract

diabetes mellitus. Its pathogenesis is via redox imbalance, cytokine kinetics, genetics, metabolism, and

microvascular dysfunction involving the kidneys. DN causes proteinuria, edema, and hypertension,
which can lead to kidney failure. Type 2 diabetes, high blood pressure, high-protein diet, and smoking are
recognized risk factors. Fibroblast Growth Factor (FGF) regulates significant physiological activities and is
engaged in DN, but its definitive mechanism is unclear.

Background: Diabetic nephropathy (DN) is a common microvascular complication of advanced-stage

Methods: In this study, 135 participants took part: 90 patients with DN (53 men, 37 women) and 45 controls.

Patients were separated into:

1-Type 2 diabetes with normal-to-borderline albuminuria (n = 45; 26 males, 19 females; ACR typically < 30
mg/g creatinine, though participants with occasional readings up to 60 mg/g were included to account for
day-to-day variation in urinary albumin excretion). However, the descriptive statistics (Table 3) showed
that the mean ACR in this group was 47.96 * 38.34, suggesting that the cutoff criterion may not align with
the data, or that patients were misclassified. The definition should therefore be interpreted with caution.

2-Type 2 with microalbuminuria (n = 23; 16 males, 7 females; ACR = 30-300 mg/g creatinine).

3-Type 2 with macroalbuminuria (n = 22; 11 men, 11 women; ACR > 300 mg/g).

The study was conducted at Telafer Hospital (April 2021-June 2022). Serum FGF was measured using an

ELISA kit. Blood (5 mL) was left to clot at room temperature for 20 minutes; the clotted blood was centrifuged

at 4000 rpm for 10 minutes to separate serum. Serum fibroblast growth factor (FGF) concentration was

expressed in picograms per millilitre (pg/mL). Fasting blood sugar (FBS) was measured in milligrams per

decilitre (mg/dL), albumin-to-creatinine ratio (ACR) in milligrams per gram of creatinine (mg/g), and glycated

haemoglobin (HbAlc) as a percentage (%).

Results: s-FGF levels were significantly higher in DN groups than controls (p < 0.001). FBS, HbAlc, and ACR
were also elevated.

Conclusion: ACR is a leading early diagnostic marker of DN. FGF is a strong candidate for a diagnostic and a
disease progression-tracking biomarker in DN.
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Introduction

Chronic microvascular problems are associated with a
metabolic disease called diabetes mellitus (DM).
Numerous serious issues are brought on by diabetes;
these include diabetic nephropathy (DN), diabetic foot
ulcers, and diabetic retinopathy. Among these
illnesses, DN is the main cause of end-stage renal
disease (ESRD) worldwide [1]. Long-term vascular and
microvascular disease, which is well-known and is
associated with diabetes, is called DN [2]. Insulin
resistance (IR) and aberrant insulin secretion are the
pathophysiology of Type 2 diabetes mellitus [3]. Type 2
diabetes, constituting the majority of diagnosed cases
between 90 and 95%, has become a challenge [4].
Multiple interrelated pathways contribute to the
altered blood levels of most hormones in advanced
diabetes mellitus [5]. Diabetic kidney disease (DKD) has
been significantly impacted by the rise in the number
of persons getting diabetes. Diabetic kidney disease
(DKD) and other kidney disorders are widespread
chronic ailments, even though DKD is the term used to
describe kidney disease caused by diabetes. Therefore,
diabetes itself might be the root of chronic kidney
disease (CKD) among those affected by the former. It's
worth mentioning that diabetes stands out as the
leading factor in end-stage renal disease (ESRD), and
diabetic kidney disease (DKD) remains prevalent in
both types of diabetes [6]. ESRD is experienced by
roughly 50% of DN patients, and there is also a
noticeable increase in the death rate of patients with
DN. Changes in ultrastructure and diabetic kidney
dysfunction, including proteinuria, glomerulomegaly, a
decreased glomerular filtration rate, renal fibrosis, and
kidney failure, are the primary pathological signs of DN
[7]- The two main clinical pathological signs of diabetic
kidney disease (DN) are albuminuria and renal fibrosis.
Diabetic glomerulosclerosis is the main histological
characteristic of traditional diabetic nephropathy. The
glomerular basement membrane is increased in size.
The mesangial matrix is accumulated. Additionally, the
foot process of the podocyte is effaced. The
mechanisms behind the onset and progression of
diabetic nephropathy (DN) are multifaceted and
include oxidative stress, inflammation, podocyte
injury, vascular endothelial dysfunction, glomerular
insulin resistance, and disorders of glucose and lipid
metabolism [8]. Proteinuria, also known as
albuminuria, is a crucial indicator of how CKD may
progress [9]. Numerous people continue to develop
ESRD even though pharmacological measures can stop
the course of DN. The DN still has a significant
negative social and economic impact on society. The
little knowledge of its pathogenesis has hindered

for successful prevention. A fibroblast growth factor
(FGF) protein group shares a similar structural makeup.
It regulates various biological and pathological
processes through the paracrine or endocrine system,
including wound healing, embryonic development,
angiogenesis, and metabolism [10]. Studies have
recently concentrated on determining the mechanism
underlying the connection between FGF and the
challenges associated with diabetes. Typically,
hypoglycemic drugs are used to treat diabetes mellitus
(DM). However, these drugs might have serious side
effects like hypoglycemia. The FGF cannot cause
hypoglycemia, making it a safe therapeutic option for
treating diabetes. According to certain studies, FGF can
improve  oxidative  stress, lipid metabolism,
inflammation, and insulin resistance. These factors are
essential for developing diabetes and its related
problems; it is necessary to confirm the underlying
mechanism of this association [11-14]. There is
mounting evidence that DN development is
fundamentally influenced by glomerular and
tubulointerstitial inflammation. Expressing adhesion
molecules and chemokines is frequently accompanied
by tissue injury, leading to macrophage infiltration into
renal tissues [15]. The main objective of this study is to
evaluate the level of FGF in the serum of DN patients
and comparison of the results with the control group.

Methods

This case-control study was carried out on patients in
the Telafer Hospital from April 2021 to June 2022. The
subjects in this study were 135 participants: 90 (53
males and 37 females) and 45 controls. The current
study included 90 type 2 DM patients classified into
three groups depending on their urine albuminuria
levels. These three groups include 45 diabetic patients
with  normal albuminuria, 22 patients with
macroalbuminuria, and 23 patients with
microalbuminuria. Out of 135 participants, 45 were
healthy persons, named as the control group. A
consulting  nephrologist performed a clinical
examination of all individuals. This kit uses a dual-
antibody biotin  sandwich-based enzyme-linked
immunosorbent assay (ELISA)

Statistical analysis

Statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS),
version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
Continuous/quantitative variables were described with
means and standard deviations, while
categorical/qualitative variables were described with
numbers and percentages.

efforts to regulate and cure DN. This highlights the Results
need to research the biology of DN treatment strategies
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The age means ranged from 54.76 # 11.53 to 55.13 %
10.13 for macroalbuminuria and microalbuminuria,
respectively, while the age for the Normoalbuminuria
group was 53.59 £ 8.10. For control, it was 52.87 = 8.77.
The variation in age among the groups was not
significant, as indicated by the ANOVA statistic, F (3,
131)=0.38, p=0.767 (Table 1).

Groups N Min Max Mean * SD SEM F Pt
Age Total 135 32.0 73.0 53.79+9.32 0.80 0.38 0.767

Maci inuria 22 35.0 73.0 54.76 £ 11.53 2.58

Mic inuria 23 32.0 71.0 55.13+10.13 2.16

Normoalbuminuria 45 35.0 72.0 53.59+8.10 1.21

Control 45 32.0 69.0 52.87£8.77 1.32

Table 1: Descriptive statistics of participants’ ages (years) across
study groups, with ANOVA results.

SD = Standard deviation; N = number of subjects in each group;
SEM = standard error of the mean; p-value determined by
Analysis of Variance (ANOVA).

Body mass index (BMI)

For Macroalbuminuria, BMI had an average of 25.97
1.90. For Microalbuminuria, BMI had an average of
24.92 = 2.57. For Normoalbuminuria, BMI had an
average of 25.57 * 2.33. For Control, BMI had an
average of 23.00 * 1.95. The ANOVA results were
significant, F (3, 131) = 13.86, p < 0.001, indicating that
there were significant differences in BMI among the
groups. Multiple pairwise comparisons reveal that BMI
for Macroalbuminuria, = Microalbuminuria, and
Normoalbuminuria were significantly larger than in
control, p< 0.001, p=0.005, and p < 0.001, respectively
(Table 2). No other significant effects were found.

+
+

Fasting Blood Sugar (FBS)

For Macroalbuminuria, FBS had an average of 248.29 +
78.98. For Microalbuminuria, FBS had an average of
280.65 * 115.74. For Normoalbuminuria, FBS had an
average of 186.39 + 79.25. For Control, FBS had an
average of 97.67 £ 6.02 (Table 2). The ANOVA results
were significant, (3, 131) = 39.53, p< 0.001, indicating
that there were significant differences in FBS among
the groups. It means that FBS for Macroalbuminuria (M
= 248.29 % 78.98) was significantly larger than for
Normoalbuminuria (M = 186.39 = 79.25), p = 0.009.
And, the mean of FBS for Macroalbuminuria (M =
248.29 + 78.98) was significantly larger than for Control
(M =97.67 £ 6.02), p< 0.001. And, the mean of FBS for
Microalbuminuria (M = 280.65 * 115.74) was
significantly larger than for Normoalbuminuria (M =
186.39 = 79.25), p < 0.001. And, the mean of FBS for
Microalbuminuria (M = 280.65 * 115.74) was
significantly larger than for Control (M = 97.67 £ 6.02),
p<0.001. And, the mean of FBS for Normoalbuminuria
M = 186.39 = 79.25) was significantly larger than for
Control (M =97.67 = 6.02), p< 0.001.

HbAlc
The average HbA1lc of the macroalbuminuria group was
1049 + 2.70. The average HbAlc level of

microalbuminuria group was 10.43 # 2.37. The average
HbAlc levels for Normoalbuminuria and Control were
8.49 + 1.87 and 5.06 * 0.21, respectively (Table 2). The
ANOVA results were significant: F (3, 131) = 67.83, p<
0.001. This means that at least one group had HbAlc
levels that were very different from the other groups.
Multiple pairwise comparisons were done, and the
results showed that the mean HbAlc for
Macroalbuminuria (M = 10.49 # 2.70) was significantly
higher than for Normoalbuminuria p < 0.001 and
Control p < 0.001. On the other hand, the mean HbAlc
for Microalbuminuria (M = 10.43 * 2.37) was
significantly higher than for both Normoalbuminuria (p
< 0.001) and Control (p < 0.001). Lastly, the mean
HbAlc for Normoalbuminuria (M = 8.49 * 1.87) was
significantly higher than the mean HbAlc for Control
(M=5.06%0.21).

Variable M<=SD n F p-value
BMI Macroalbuminuria 25.97+1.90 22 13.86 <0.001

Microalbuminuria 24.92+2.57 23

Normoalbuminuria | 25.57 2.33 45

Control 23.00%1.95 45

248.29 £ 78.98 22 39.53 <0.001
280.65 £ 115.74 23
186.39 £ 79.25 45

FBS Macroalbuminuria

Microalbuminuria

Normoalbuminuria

Control 97.67 + 6.02 45
HbAlc | Macroalbuminuria 10.49+2.70 22 67.83 <0.001
Microalbuminuria 10.43 +2.37 23
Normoalbuminuria | 8.49+1.87 45
Control 5.06+0.21 45

Table 2: Descriptive statistics of body mass index (BMI, kg/m?),
fasting blood sugar (FBS, mg/dL), and glycated haemoglobin
(HbA1c, %) across study groups, with ANOVA results.

Albumin-to-Creatinine Ratio (ACR)

For Macroalbuminuria, ACR had an average of 556.10 =
369.20. For Microalbuminuria, ACR had an average of
111.74 + 70.39. For Normoalbuminuria, ACR had an
average of 47.96 * 38.34. For Control, ACR had an
average of 20.51 # 5.34 (Table 3). The ANOVA results
were significant, F (3, 131) = 70.25, p< 0.001, indicating
that there were significant differences in ACR among
the groups. This mean value is higher than the stated
cutoff for normoalbuminuria (ACR < 30 mg/g),
indicating a discrepancy between the group definition
and the observed data. The results of multiple pairwise
comparisons showed that the mean of the ACR for
macroalbuminuria (556.10 = 369.20) was significantly
larger than for microalbuminuria (111.74 # 70.39), p <
0.001; it was also significantly larger than for
normoalbuminuria (M = 47.96 + 38.34), p< 0.001; and it
was also significantly larger than for control (p <
0.001).

The mean ACR in the normal-to-borderline
albuminuria group was slightly above the classical
normoalbuminuria threshold (< 30 mg/g). This reflects
the inclusion of patients with transient or borderline
albuminuria, consistent with physiological variability
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in urinary albumin excretion. This classification was
maintained to preserve group comparability and reflect
real-world diabetic nephropathy presentation.

Factor

N Mean ) Table 3: Descriptive

)

45 20.51 5.34

2

statistics of albumin-
22 556.10 369.20

(©)

5 T4 Z030 to-creatinine  ratio

@

15 47.96 3834 (ACR, mg/g

creatinine) across study groups.

Fibroblast Growth Factor (FGF)

For Macroalbuminuria, FGF had an average of 345.07 +
28.21; for Microalbuminuria, FGF had an average of
294.86 + 29.56; for Normoalbuminuria, FGF had an
average of 185.37 * 46.71; for Control, FGF had an
average of 116.97 £ 14.96 (Table 4). According to the
ANOVA results, F (3, 131) = 294.05, p < 0.001, there
were significant differences in FGF between groups.
Multiple pairwise comparisons were made to see
individual group differences as compared to
Microalbuminuria (M = 29486 =  29.56),
Normoalbuminuria (M = 185.37 + 46.71), and Control
(M = 116.97 % 14.96). Macroalbuminuria's FGF mean
had a significantly higher value (M = 345.07 * 28.21), p
< 0.001. Compared to normoalbuminuria and control,
the mean of FGF for Microalbuminuria was
significantly higher, p < 0.001. Normoalbuminuria's
FGF mean value was also significantly higher than
Control (M = 116.97 * 14.96), with a p-value of less
than 0.001.

Variable Study Groups Mean + SD n FandP value Groups*

FGF Mac inuria 345.07+ 28.21 22 294.05 A
Mici inuria 294.86+ 29.56 23 B
Nor inuria 185.37+ 46.71 45 <0.001 C
Control 116.97+ 14.96 45 D

Table 4: Descriptive statistics of serum fibroblast growth factor
(FGF, pg/mL) levels across study groups, with ANOVA results.

* Groups with different superscript letters differ significantly
from each other (p < 0.05). The letters denote a stepwise
increase in FGF levels from Control (D) to Macroalbuminuria (A)

Discussion

Diabetic nephropathy (DN) is a chronic microvascular
complication caused by long-term hyperglycemia in
patients with diabetes and is an important cause of
end-stage renal disease [16-17]. Detecting diabetes
nephropathy (DN) early and acting quickly to prevent
and treat it is crucial. In some cases, the presence of
albuminuria or the ratio of albumin to creatinine (ACR)
functions as a sign of early detection for DN, although
some research has highlighted its drawbacks, such as
discrepancies with chronic kidney disease (CKD) stages,
in certain individuals [6]. FGF also participates in the
differentiation and apoptosis of numerous cells, their
growth and development, and protects tissues against
fibrosis  [18-20]. The resulting albuminuria
concentration can be expressed as albumin-to-
creatinine ratio. This ratio will be used for comparison
of the quantity of albumin against the level of
creatinine in urine samples to compensate for the
variation of creatinine concentration in urine [21-23].

An analysis of variance (ANOVA) revealed no
statistically significant difference in the ages of the
groups compared to the control groups, with which the
findings of Sueud et al. (2019) concur [24]. It was shown
that there was no significant difference in the mean age
of the two types of diabetes with diabetic nephropathy.
Multiple pairwise comparisons reveal that BMI for
Macroalbuminuria, Microalbuminuria, and
Normoalbuminuria were significantly larger than in
Control, p < 0.001, p = 0.005, and p < 0.001. No other
significant effects were found, which is consistent with
the study of Maric-Bilkan et a/, [25]. The results of the
study confirmed that BMI was significantly higher in
patient groups than in the healthy control group. This
finding was in agreement with Komatsu et al., [26]. The
findings of this investigation were supported by
numerous studies. Al-Bayati et al, [27] reported that
the diabetes group's mean FGF was considerably
greater than that of the control group. There was only a
significant difference in mean FGF between the
diabetic groups with respect to the level of glycaemia
[28]. Tt was reported that there were significant
differences in the mean HbAlc levels between the
diabetics and the controls, and that within the diabetes
groups, there were significant differences between
normal and microalbuminuria, as well as highly
significant differences between macroalbuminuria and
both normal and microalbuminuria. One major risk
factor for the development and progression of diabetic
nephropathy is inadequate glycemic management.
High HbAlc levels in T2D patients are associated with
an increased risk of developing nephropathy, severe
albuminuria, or end-stage kidney disease (ESKD) [29].
There were significant differences in ACR among the
groups. The current study's result showed that the ACR
ratio was substantially higher in DN participants than
in healthy subjects. This conclusion is corroborated by
a recent study that included 90 DM subjects and
concluded that the ACR value was a good, sensitive,
and specific diagnostic marker of DN [30]. The
outcomes also agree with research by Siddiqui et al,
[29] that an elevated ACR score was a universal
indicator of renal impairment. As a result, there were
significant differences in FGF between the groups. The
primary findings of the current investigation
demonstrate that patients with DN had elevated serum
levels of FGF, which is in agreement with Ornitz et al,
[31] and makes FGF an important biomarker of DN.

This study showed the relationship between FGF
levels and DN. The FGF level was significantly higher in
the stages of DN, indicating that FGFs and ACR might
be promising biomarkers of DN.

Limitations
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Although the study design and statistical analyses were
appropriate, the unequal sample sizes across groups (45

normoalbuminuria, 23

microalbuminuria, 22

macroalbuminuria, and 45 controls) may have modestly
affected the statistical power and homogeneity of
variance. Nonetheless, the ANOVA test is generally
robust to such differences, and the consistency of
observed trends across all diabetic subgroups supports
the reliability of the findings.
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