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Abstract: Diabetic Nephropathy (DN) is a chronic and progressive kidney disease that affects 45% of type 2
diabetes mellitus (T2DM) and type 1 diabetes mellitus (TIDM). DN is considered a major cause of renal
failure globally. Connective tissue growth factor (CTGF) is an extracellular protein involved in the
development of the DN. This study aims to prove the correlation between the CTGF and microalbuminuria
and to determine the CTGF cut-off value at which we can diagnose microalbuminuria in DN patients. Our
study is a cross-sectional study that included 75 patients with T2DM and 25 controls. We classified the patients
into three groups, each group includes 25 patients; groupl (hormoalbuminuria), group2 (microalbuminuria),
and group3 (macroalbuminuria). Urine samples were collected from patients and control, centrifuged at ~1000
x g for 20 minute, then kept at 80 °C until real time PCR analysis. We found a significant difference between
all groups regarding all variables (p-value < 0.001) except for age and uric acid (p-value 0.08 and 0.09)
respectively. Spearman's correlation analysis of CTGF levels with different parameters in T2DM patients
showed a significant positive correlation with creatinine, urea, fasting blood glucose (FBG),2 hours post
prandial blood glucose (2h PPBG), glycosylated hemoglobin (HbA1c), and urine albumin to creatinine ratio
(UACR) (p-value < 0.001). We did the multivariate regression analysis to detect the predictors of CTGF
expression in diabetic patients, and we found that HbAlc and UACR were only the independent significant
predictor of CTGF expression in diabetic patients (P<0.03 and 0.0001) respectively. Also, we found that the
optimum cut-off value of CTGF for the identification of microalbuminuria is 1.085 pg/ml with 100%
sensitivity and specificity. In conclusion, we confirm a significant elevation of CTGF in patients with DN.
Also, we confirm that CTGF is considered a sensitive marker for the presence of microalbuminuria in patients
with T2DM.
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1. INTRODUCTION

Diabetes mellitus (DM), one of the metabolic
disorders, which is characterized by hyperglycemia
. The most common forms of diabetes are; type 1
DM, in which absolute insulin deficiency is due to
pancreatic beta cells destruction, and type 2 DM, in
which hyperglycemia is due to insulin resistance 2.
The cause of type 1 DM is still unknown; however,
it may be due to the interaction between

environmental and genetic factors. Unhealthy food,
obesity, sedentary life, and history of diabetes in the
family are the main risk factors for type 2 DM 3. In
Egypt, the main risk factors include obesity, physical
inactivity, pesticide exposure, chronic hepatitis C
infection, smoking, and sedentary lifestyle *.( DM
prevalence is increasing worldwide, it increased in
men from 4.3 to 9.0% in 2014, and in women from
5.0% t0 7.9% °.
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Egypt is considered one of the top ten diabetic
countries worldwide, as listed by the International
Diabetes Federation (IDF). Number of cases in adult
Egyptians, which was reported by the IDF, is 10.9
million, with a prevalence of 20.9 ©. Criteria for
diagnosis of DM as described by the American
Diabetes Association 2022; fasting blood glucose
(FBG) > 126 mg/dL, 2 hour post prandial blood
glucose > 200 mg/dL, Hemoglobin A1C > 6.5%, a
random plasma glucose > 200 mg/dL in a
symptomatic patients 7.  Diabetic patients are
clinically presented with polydipsia, polyuria, and
polyphagia and may be presented with complications
such as hyperglycaemic hyperosmolar state, diabetic
ketoacidosis (DKA), and hypoglycemia 8. Vascular
complications of the DM are considered the leading
cause for death in those patients. These
complications include macrovascular complications,
which affect the cardiovascular system, and
microvascular complications, such as diabetic
retinopathy, neuropathy, and nephropathy °.

Diabetic Nephropathy (DN) is a chronic and
progressive kidney disease that affects 45% of type 1
and type 2 DM and develops about after 1020 years
of diabetes :°. DN is considered a major cause of
renal failure globally. Glomerular changes are the
first to appear in DN. These glomerular changes
include diffuse mesangial cell expansion and
glomerular basement membrane thickening. This
diffuse expansion produces a nodular collection of
the mesangial matrix. these nodules are called
Kimmelstiel-Wilson nodules which are present in the
advanced stages. Glomerular changes may be
associated with extra glomerular lesions such as
interstitial inflammation, tubular atrophy, and
tubulointerstitial fibrosis . There are multiple
pathways for the progression of DN. These pathways
include pathway connective tissue growth factor
(CTGF), pathway renin-angiotensin-aldosterone
system, pathway formation of the advanced glycation
end-product, pathway protein kinase C, pathway
transforming growth factor-B1 activation, and
pathway mitogen-activated protein kinase activation.
Each of these pathways damages through multiple
mediators or combined with another pathway 2.

Management of DN is a combination of
multiple factors, including lifestyle modification and
good control of blood glucose level, blood pressure,
and lipid profile. However, the main (drugs) for the
treatment of DN are angiotensin converting enzyme
(ACE) inhibitors or the angiotensin Il receptor
blockers which decrease the level of proteinuria and
will control the blood pressure 1°. Screening and
early diagnosis of DN are crucial for all diabetic
patients. Any diabetic patient should be screened for
microalbuminuria. Although the albumin/creatinine
ratio of 2.5 is the cut-off for microalbuminuria,
albumin may be increased in the urine due to fever,

urinary tract infection, and hypertension 3. So, the
patient should repeat the test over the following 3-6
months or measure another marker that will be
elevated with DN, such as connective tissue growth
factor (CTGF). CTGF is an extracellular protein
involved in the development and progression of the
DN. Some authors found that CTGF correlates with
microalbuminuria which may be used as a biomarker
for diagnosis of DN *. So, this study aims to
furtherly investigate the correlation between the
CTGF and microalbuminuria and to determine the
CTGF cut-off value at which we can diagnose
microalbuminuria in DN patients.

2. METHODS
2.1. Study populations

Our study design is a cross sectional. This study
was done in faculty of pharmacy (girls), Al-Azhar
University. Our research complied with the Helsinki
Declaration's principles. Our data was protected
confidentially. We included 75 patients with type 2
DM and 25 controls. We classified the patients
according to the albuminuria into three groups, each
group includes 25 patients; groupl
(normoalbuminuria), group2 (microalbuminuria),
and group3 (macroalbuminuria). Microalbuminuria
was diagnosed if the albumin excretion rate (AER)
was 20 - 200 pg/min. Macroalbuminuria was
diagnosed by an AER 200 pg/min. We recruited the
patient according to the following criteria:

2.1.1. The inclusion criteria

We included patients with type 2 DM with
normo or micro or macroalbuminuria.

2.1.2. The exclusion criteria

Type 1 DM patients, Patients with upper or
lower respiratory tract infection, Patients with a
gastrointestinal infection, fever of unknown origin,
patients with chronic liver disease, patients with
cardiovascular disease, Patients with autoimmune
disorders, patients with diseases that may increase
the urinary excretion of protein as nephritic
syndrome, dehydration conditions, patient with
uncontrolled blood pressure, patients were having
disturbed glomerular filtration rate (GFR) without
albuminuria and patients on some drugs such as anti-
inflammatory drugs, corticosteroids, ACE inhibitors,
angiotensin 11 receptor blockers, and alcohol.

2.2. Data collection

Complete medical history was recorded and
physical examination was performed to each patient
during enrollment. Diagnosed Type 2DM patients
were screened for diabetes duration, risk factors for
heart disease, treatment history, family history,
alcohol intake history, age, and other chronic illness.
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Investigations including serum creatinine,
serum uric acid, FBG, 2h PPBG ,HbAlc, eGFR
using Cockroft and goult equation, UACR, CTGF
measurement, and Abdominal Ultrasound were done
to determine the kidney size and echogenicity.

standard deviations. For non-parametric data, we
presented them as median and interquartile range.
For none parametric data we used the Kruskal-
Wallis test to compare all four groups and followed
by Mann—Whitney U-test to compare each two
groups.  for parametric variables; One Way

2.3. Connective tissue growth factor assay ANOVA test was used to compare all four groups.

Urine samples collected from patients and
healthy people were centrifuged at ~1000 x g for 20
minute, then stored at — 80°C. Tissue homogenate
was processed for RNA extraction followed by
Reverse Transcriptase (for cDNA synthesis) and

Spearman's correlation was done to test for linear
relations between variables. We did the multivariate
regression analysis to investigate the predictors of
CTGF expression in diabetic patients. ROC curve
was plotted to determine the sensitivity, specificity,

and cut-off value of CTGF as a marker of
albuminuria.

quantitative real-time PCR to quantify CTGF level in
ng/ml.

Statistical analysis 3 RESULTS

Data of patients and controls are presented in
(Table 1) We found a significant difference between
all groups regarding all variables (p-value < 0.001)
except for age and uric acid (p-value 0.08 and 0.09).

All statistical analysis were done using the
SPSS version 25 (IBM Corp., Armonk., NY., USA).
Continuous variables were firstly examined for
normality using the Shapiro-Wilk test. For
parametric data, we presented with the mean and

Table 1. Characteristics of the patients and control and comparison between them as regarding different
variables.

Group 1
(n=25)
Type 2 DM
patients with
normoalbumi
nuria

Group 3
(n=25)
Type 2 DM
patients with
macroalbumi
nuria

Group 2 (n=25)
Type 2 DM
patients with
microalbuminu
ria

P \_/al_ue P value between
within

groups 2 groups

Control (n=25)

P1=05
P2=05
P3=0.08
P4=0.2
P5=01
P 6=0.02 **

Age 55641033  5392+796  57.08+942  °016% 0.08
(years) * 11.46

P 1<0.009**
P 2<0.03**
P 3<0.001**
P4=05

P 5<0.001**
P 6 <0.001**

Creatinine 1.27[1.04 -
(mg/dl) T 1.5]

15[1.31-

15[1.3-17] 1 85]

09[0.7-1]  0.0001

P 1<0.03**
P 2 <0.005**
Urea P 3<0.001**
(ma/dl) * 50.3 +20.42 60.92 + 13.85 68.56 +23.45 12.52+4.12 0.0001 P4=01
P 5<0.001**
P 6 <0.001**

P1=01
P2=04
P3=04
P4=04
P 5<0.01**
P6=0.1

Uric Acid

oy 508 ¥149

5.73+1.37 543 +1.56 4,74 +1.39 0.097
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Continue Table 1:

G(;ggg)l Group 2 (n=25) G(;c:;g)s
Type 2 DM P value P value
Type 2 DM ; . Type 2 DM Control o
patients with patlents W'Fh patients with (n=25) within between 2
. microalbuminu - groups groups
normoa_lbuml ria macroa!buml
nuria nuria
P 1<0.01**
P 2<0.001**
FBG 150 [122.5 - 175 [152 - 225[163.5 - 86 [79 - 0.0001 P 3<0.001**
(mg/dl) t 165] 198.5] 272.5] 92.5] ' P 4 <0.003**
P 5<0.001**
P 6 <0.001**
P1<0.2
P2 <0.001**
2h PPBG  265.3[231.5- 365[2745-  137[128.5- P 3<0.001**
(mg/dl) t 301.5] 280 [240 - 375] 404] 146] 0.0001 P 4=0.07
P 5<0.001**
P 6 <0.001**
P 1<0.001**
HbAlc o
(glycosylat ﬁ g : 8881**
ed 8.36 + 1.58 9.93+1.24 10.78 £ 1.74 4.89+0.74 0.0001 P4= 0'053
her';n(;g'ib' P 5<0.001%*
P 6 <0.001**
P 1<0.001**
P 2 <0.001**
UACR
10.2[6.6 - 549 [400 — 13.7[8.1- P3=01
("Tlge':‘g’ f/ g 14.75] 116 [32 - 187] 1036] 17.55] 0.0001 b4 < 0.001%*
P 5<0.001**
P 6 <0.001**
P 1<0.01**
P 2 <0.001**
CTGF(ng/ 1.7[1.12 - 4.8 [3.45- 1.01[1- P 3<0.001**
ml) t 2.1] 24 [14-4.25] 7.45] 1.02] 0.0001 P 4 <0.001**
P 5<0.001**
P 6 <0.001**

*Variables represented as (mean+SD) and compared with One Way ANOVA test and independent t-test, T Variables
represented as (median and IQR) and compared with Kruskal Wallis test between all groups and Mann-Whitney
U-test to compare between each 2 groups. P1: comparison between groupl and group2, P2: comparison between groupl
and group3, P3: comparison between groupl and control group, P4: comparison between group2 and group3, P5:
comparison between group2 and control group, P6: comparison between group3 and control group. HbAlc, glycated
hemoglobin; UACR, urinary albumin—creatinine ratio; CTGF, connective tissue growth factor; FBG, fasting blood
glucose; 2hPPBG, 2 hour post prandial blood glucose. ** statistically significant p value.

Group 3 including "25 patients with Type 2
DM with macroalbuminuriahad” had the highest
CTGF level in comparison to groups 1 "25 Type 2
DM patients with normoalbuminuria”, 2 "25 Type
2 DM npatients with microalbuminuriaand"”, and
control group (p-value < 0.001). However, CTGF
level was lower in groups 1 than 2 and control group
have the lowest CTGF level (p-value < 0.001). we
compared each group with the control group and we
found a statistically significant difference between
the patients and control.

UACR was significantly different between
patients in in groups 2 and 3, relative to control.

However, there was no statistically significant
difference between group 1 and control group in
regard to UACR (p-value = 0.1). Spearman's
correlation analysis of CTGF levels with different
parameters in T2DM patients showed a significant
positive correlation with creatinine, urea, FBG, 2h
PPBG, HbAlc, and UACR (p-value < 0.001)
(Figure 1). However no significant correlation
between age and uric acid level (p-value 0.1 and 0.5)
was detected (Table 2).

Multivariate regression analysis was performed
to investigate predictors of CTGF expression in
diabetic patients (Table 3). HbAlc and UACR
were only the independent significant predictors of
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CTGF expression in diabetic patients (P<0.03 and
0.0001) respectively. By drawing the ROC curve, we
found the optimum cut of value of CTGF for the

identification of microalbuminuria = 1.085 pg/ml
with 100% sensitivity and specificity (Figure 2).
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Figure 1. Spearman’s correlation correlation between CTGF and UACR showing positive correlation.

Table 2. Correlation analysis of CTGF level with different parameters in T2DM patient

CTGF (ng/ml)

Parameters

r P-value
Age 0.13 0.18
Creatinine (mg/dl) 0.47 0.001
Urea (mg/dl) 0.59 0.001
Uric Acid (mg/dl) 0.06 0.5
FBG (mg/dl) 0.6 0.001
2h PPBG (mg/dl) 0.56 0.001
HbA1c (glycosylated hemoglobin %) 0.63 0.001
UACR (mg Alb / g creat) 0.66 0.001

Table 3. Multivariate regression analysis to investigate predictors of CTGF expression in diabetic patients.

CTGF (ng/ml)

Beta coefficient P value
Creatinine (mg/dl) -0.046 0.4
Urea (mg/dl) 0.002 0.8
FBG (mg/dl) 0.005 0.2
2h PPBG (mg/dl) 0.001 0.9
HbALc (glycosylated hemoglobin %6) 0.29 0.03
UACR (mg Alb / g creat) 0.001 0.0001
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Figure 2. ROC curve of CTGF for prediction of microalbuminuria. Receiver operator characteristic (ROC)
curve of CTGF for prediction of microalbuminuria at cut-off value >1.085 (mg/dl) had 100% sensitivity and
specificity. Area under the curve was 1 and P<0.0001. CTGF; connective tissue growth factor (ng/ml)

4. DISCUSSION

Our study included 75 patients, divided into 3
groups according to the degree of albuminuria. The
mean age of patients in each group was above 50
years old. This increase in the age of the patients
agrees with Tziomalos et al. 2015 who suggested that
the old age is a risk factor for DN °. The association
between advanced age and DN may be due to that
prolonged exposure of those patients to
hyperglycemia puts their kidney at the risk of
developing nephropathy at old age.

In the present study, positive correlations
between the CTGF level and creatinine, urea, FBG,
2h PPBG, HbAlc, and UACR (p-value < 0.001) were
detected. Such results suggested that any elevation in
the level of CTGF level may be associated with a
decrease in the renal function, represented by
elevation of the indicated parameter. HbAlc and
UACR are the only independent significant predictor
of CTGF expression in diabetic patients (P< 0.03 and
0.0001) respectively. That indicates if the level of
HbAlc and UACR were elevated, we could predict
upregulated expression of the CTGF.

CTGF level may be used as a screening tool for
early detection of microalbuminuria with a cut-off
value = of 1.085 pg/ml with 100% sensitivity and
specificity. Elevation of the CTGF with kidney
disease is explained by that CTGF is a cysteine-rich
growth regulator upregulated by hyperglycemia.
This factor promotes the mesangial cell hypertrophy,
enhances the fibroblast proliferation in the kidney,
and increases the extracellular matrix (ECM)
accumulation 1, 17, Therefore, plasma level of this
factor in the diabetic patient may give information

about the development of DN and other diabetic
complications. (Karin G. F. Gerritsen et al.)
suggesting that CTGF is elevated in DN due to
increased local production of CTGF and decreased
reabsorption as a result of tubular damage **.

In agreement with our findings, CTGF was
previously measured in the urine of DN patients to
reveal the significant elevation of urinary CTGF in
those patients and prove its correlation with UACR.
Furthermore it has been reported that urinary CTGF
is a sensitive marker for microalbuminuria (Mervat
etal). These results agrees with our findings. Another
study done by (Peggy Roestenberg, et al. 2004)
measured the plasma N-terminal fragments of CTGF
(CTGF-N), and they found that CTGF-N elevates in
the diabetic patient; however, they found no
significant difference between the total diabetic
patients and controls, which disagree with our
finding. This disagreement may be due to their
smaller sample size, the type of their population was
only type 1 DM, and they measured the CTGF-N.
However, they found a significant difference
between DN patients and the control group, which
agrees with our findings. They also agree with us in
the correlation between CTGF and HbAlc level
(R=0.355, P = 0.005) and albuminuria (R=0.572, P <
0.001) 8. An experimental study done by (Karin G.
F. Gerritsen et al. 2015), found that CTGF Is
Increased in the Kidney of diabetic patients, mainly
in Medullary Tubules and Glomeruli, in consistence
with our result *,

Our study provides evidence of elevation of
CTGF in diabetic patients secondary to
hyperglycemia. Our study provides a certain cut-off
value for CTGF level at which we can detect
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microalbuminuria. A great strength point of our
study is that this study recommends a screening tool
for the early detection of microalbuminuria in
diabetic patients. However, we have some
limitations, such as the small sample size in each
group. Also, our study is cross-sectional that cannot
suggest the causal associations. Therefore., the effect
of hyperglycemia on CTGF expression and the effect
of CTGF on kidney functions needs more studies in
the future. We recommend the CTGF as a marker
for DN screening.

5. CONCLUSIONS

This study confirms the significant elevation
of CTGF in patients with DN and its correlation with
UACR as markers of disease severity. Furthermore,
CTGF is suggested to be a sensitive marker for the
presence of microalbuminuria in patients with
T2DM.

Funding: This study did not receive a specific grant
from any funding agency in the public, commercial,
or not-for-profit sectors.

Conflicts of Interest: The authors declare that they
have no competing interests.

Ethical Statement: The study was performed in line
with the ethical rules and policies set out by the
Ethics Committee of Faculty of Pharmacy, (Girls),
Al-Azhar University (No. 194).

Author Contribution: All authors contributed in all
steps of the work.

List of Abbreviations: CTGF: Connective tissue
growth factor, T2DM: Type 2 diabetes mellitus, DN:
Diabetic Nephropathy, T1DM: Type 1 diabetes
mellitus, FBG: Fasting blood glucose, 2h PPBG: 2
hours post prandial blood glucose, HbAlc:
Glycosylated hemoglobin, UACR: Urine albumin to
creatinine ratio, DM: Diabetes mellitus, IDF:
International Diabetes Federation, DKA: Diabetic
ketoacidosis, ACE: Angiotensin converting enzyme
inhibitors, AER: Albumin excretion rate .
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