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Abstract 

Background: Diabetes mellitus (DM) is a major global cause of death. Diabetic nephropathy (DN) 
is the main microvascular complication of DM. Angiopoietin-2 (Angpt-2) enhances the progres-
sion of T2DM and accelerates vascular complications. Patients and Methods: 84 participants were 
recruited at Suez Canal University Hospital, Ismailia, Egypt, and divided into three equal groups: 
group I: patients with T2DM without albuminuria (n = 28), group II: patients with T2DM with al-
buminuria (n = 28), and group III: healthy volunteers (n = 28). For all participants. Laboratory work 
included serum creatinine, eGFR, UACR, glycemic markers, a lipid profile, and serum Angpt-2 by 
an ELISA-based method. Results: There was no statistically significant difference between pa-
tients with or without albuminuria regarding BMI, blood pressure, lipid profile, and glycemic con-
trol. Angpt-2 was significantly higher in patients with microalbuminuria and macroalbuminuria 
compared to normoalbuminuric diabetic patients and healthy controls, indeed, serum Angpt-2 
progressively increases with the progression of albuminuria and renal impairment, Serum Angpt-
2 showed a positive correlation with serum creatinine and a negative correlation with eGFR. Con-
clusions: Angpt-2 was significantly higher in albuminuric diabetic patients than the healthy con-
trols, and it also progressively increased with the progression of UACR.  the increased level of 
Angpt-2 may be associated with the development of CKD, and could be used as a diagnostic 
marker for diabetic nephropathy and its progression 
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Introduction 

Diabetic nephropathy (DN) is a main 
microvascular complication of DM, 
most cases are asymptomatic. De-
layed pathological manifestation of 
glomerular disease in diabetic pa-
tients will possibly reverse and many 
patients with DN progress to CKD 

and ESRD(1). Therefore, early diagno-
sis and intervention are crucial. Angi-
ogenesis, endothelial dysfunction, 
abnormal vascular structure, and dis-
ruption of homeostasis are all causes 
of DN. In patients with DN, abnormal 
glomerular angiogenesis leads to 
glomerular hypertrophy, glomerular 
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capillary damage, and excretes albu-
min in the urine (albuminuria) or re-
duced GFR. Albuminuria is indicative 
of glomerular damage in DN. Albumi-
nuria has been established in numer-
ous studies to be a reliable indicator 
of cardiovascular diseases among 
both CKD and non-CKD patients (2). 
Angiopoietins are vascular growth 
factors that aid in blood vessel for-
mation. Angpt-1 and Angpt-2 are the 
most studied angiopoietins. Angpt-1 
is the major physiological ligand and 
activator (via phosphorylation) of 
the TIE-2 receptor. Angpt-1 is critical 
for early vascular development up to 
embryonic days 9.5–12.5 (3). Angpt-1 
signaling via TIE-2 is involved in capil-
lary sprouting, endothelial cell sur-
vival, and vascular remodeling. 
Angpt-2 is a natural antagonist of 
Angpt-1(4). Hyperglycemia raises 
Angpt-2, which then destabilizes vas-
cular walls by competing with Angpt-
1, and stimulates neovascularization 
when is bound to VEGF. Angpt-2 has 
been reported to be associated with 
indexes of endothelial damage/dys-
function (5); which may affect podo-
cytes in a paracrine fashion, leading 
to the decay of glomerular filtration 
barrier function (6). Over-expression 
of Angpt-2 inhibits the binding of 
Angpt-1 to Tie-2 receptor, which con-
tributes to the development of DN. 
In the pathophysiologic mechanism 
of DN, abnormal alterations in 
Angpt-1/Angpt-2 are responsible for 

excessive angiogenesis and inflam-
mation. Increasing evidence sug-
gests that the upregulation of 
Angpt-2 is harmful to kidney physiol-
ogy and function. Podocyte-directed 
Angpt-2 transgenic over-expression 
has been reported to cause glomer-
ular endothelial cell apoptosis, ele-
vate albuminuria (20). By growing the 
role of Angpt-2 as a future marker of 
vascular health status and diabetic 
complications, we were conducted 
to investigate the association of the 
serum levels of Angpt-2 in Egyptian 
diabetic adults and its relevance to 
diabetic nephropathy. As a diagnos-
tic marker of diabetic enephropathy 
onset and progression especially in 
patients without an increase in albu-
min excretion. The study aimed of to 
assess serum Angpt-2 concentra-
tions in patients with T2DM, for early 
diagnosis of diabetic nephropathy; 
to achieve a better quality of life for 
diabetic patients. 

Patients and Methods 

This study was a cross-sectional study 
where 84 participants were recruited and 
further divided into three equal groups; 
Group I: Patients with T2DM without albu-
minuria (n=28), Group II: Patients with 
T2DM with albuminuria (n=28), and Group 
III: healthy volunteers (n=28). Patients 
were recruited from the outpatient diabe-
tes and family clinic of the Suez Canal uni-
versity hospital, Ismailia, Egypt. Laboratory 
tests were performed at the Clinical Pa-
thology department of the Suez Canal Uni-
versity Hospital, Ismailia. Inclusion criteria:  
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include: Male and female aged 18: 65 years, 
Patients diagnosed with T2DM based on 
the American Diabetes Association (29), DN 
was diagnosed by the consensus reached 
by the American Diabetes Association and 
National Kidney Foundation (30). eGFR <60 
mL/min, or (UACR) >30 mg/g creatinine. 
Each last for more than 3 months. Preg-
nant women, patients with active infec-
tions, malignancy, CKD patients due to 
other causes than DM, type I diabetic pa-
tients, treatment with immunosuppressive 
drugs, systemic autoimmune disease, and 
kidney transplant recipients were ex-
cluded. The participants underwent his-
tory, clinical examination, and Laboratory 
work such as lipid profile, glycemic mark-
ers (FPG, 2-h PPG, and HbA1C), serum cre-
atinine by cobas 6000, eGFR was calcu-
lated using the Modification of Diet in Re-
nal Disease (MDRD) formula, and Urinary 
Albumin Creatinine Ratio (UACR) were in-
vestigated. Serum Angpt-2 measured by 
ELISA based-method (SunRed Biological 
Technology Co). The kit used a double-an-
tibody sandwich enzyme-linked immuno-
sorbent assay (ELISA), Assay range:  
20pg/ml-6000pg/ml, Sensitivity: 18.227 
pg/ml, Diabetic kidney disease was diag-
nosed by the consensus reached by the 
American Diabetes Association and Na-
tional Kidney Foundation(7). eGFR <60 
mL/min, or (UACR) >30 mg/g creatinine. 

Each last for more than 3 months. itten in-
formed consent was obtained from all the 
participants before taking any data or do-
ing any investigations. 

Statistical Analysis 

SPSS program (Statistical Package for So-
cial Science) version 26 was used. The 
data's normal distribution was examined 
using the Shapiro Walk test. To calculate 
the difference between qualitative varia-
bles, the Chi-square test (χ2) and Fisher ex-
act were utilized. Kruskal Wallis test was 
used to calculate the difference between 
quantitative variables in three groups for 
non-parametric variables. Mann Whitney 
test was a tool to compute the difference 
between two groups of quantitative varia-
bles. ROC (receiver operating characteris-
tic) curve analysis was established to as-
sess how well predictors predict diabetic 
nephropathy.  A level  of P-value < 0.05 indi-
cates significant difference. 

Results 

The mean age was 55.3± 8.9 years, 58.6± 
6.9 years, and 51.9± 9.6 years among 
groups I, II, and III respectively with no sig-
nificant difference. The gender was com-
parable between the three groups 21.4%, 
39.3%, and 50% males among the three 
groups respectively.

  
Table1: Non-Laboratory Risk Factors for Diabetic Nephropathy 

Variable  
Group I 
n= 28 

Group II 
n= 28 

Group III 
n= 28 

P value 

Age (years)  Mean ± SD 55.3± 8.9 58.6± 6.9 51.9± 9.6 0.180 a 

Gender 
Male, n (%) 6 (21.4) 11 (39.3) 14 (50) 0.105b 

Female, n (%) 22 (78.6) 17 (60.7) 14 (50) 

Family history 
Yes, n (%) 18 (64.3) 19 (67.9) 9 (32.1) 0.017*b 

No, n (%) 10 (35.7) 9 (32.1) 19 (67.9) 

BMI (Kg/m2) Mean ± SD 29.2± 4.3 29.6± 4.2 26.8± 4.3 0.033*a 

SBP* (mmHg) Mean ± SD 127.5± 13.2 130.7± 7.4 123.0± 10.3 0.027* 

DBP* (mmHg) Mean ± SD 81.6± 7.8 84.9± 6.6 79.5± 7.1 0.020* 

Duration (years) Mean ± SD   8.2± 3.9 10.9± 5.3 0.036*a 
a; Kruskal Wallis test, b; Chi square test; *p is significant at <0.05 ; c Mann Whitney U test 
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The diabetics with albuminuria group II had 
a significantly higher duration than diabet-
ics without albuminuria group I p=0.036. 
There was no statistically significant differ-
ence between diabetics with or without al-
buminuria groups regarding BMI, blood 
pressure, triglyceride, and glycemic mark-
ers. (Table 1). In this study, no significant 

correlation was found between serum 
Angpt-2 levels and glycemic markers, lipid 
profile, BMI, blood pressure (Table 2). 
There was a statistically significant nega-
tive correlation between serum Angpt-2 
and eGFR (r=-0.414, p= 0.029), and a posi-
tive correlation with serum creatinine 
(r=0.398, p=0.036) (Table 2) (Figure 2). 

 
Table 2: Correlation Between Angpt-2 And Other Biomarkers   

Among the Protienuric Group. 

Variable  r P value 

Kidney function 
markers 

UACR 0.238 0.222 

Serum creatinine 0.398 0.036* 

eGFR -0.414 0.029* 

Glycemic markers 

HbA1C 0.155 0.431 

FPG 0.136 0.491 

2-h PPG 0.249 0.201 

Lipid profile 

Cholesterol -0.030 0.878 

Triglyceride 0.059 0.767 

HDL 0.004 0.983 

LDL -0.113 0.566 

Clinical markers 

BMI -0.150 0.446 

SBP -0.136 0.489 

DBP -0.304 0.116 
Spearman correlation, *p is significant at <0.05, eGFR; estmated glomerular fil-
tration rate, UACR; Urinary Albumin creatinine ratio, FPG: fasting plasma glucose, 
2-h PPG: 2 postprandial plasma glucose, BMI: body mass index, SBP: systolic blood 
pressure, DBP: diastolic blood pressure. 

 

 
Figure 1. Angpt-2 has a cutoff point (747.3 pg/ml) for diagnosis of of 

DN with a sensitivity of 85.7% and  specificity of 66.1% , PPV was 55.8%, 
NPV was 90.3% and the AUC was 77.6%. 
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This positive correlation with serum creati-
nine and the negative correlation with GFR 

suggest that increased Angpt-2 may be as-
sociated with the development  

 
Table 3: Comparison between normo, micro, and macro UACR 

regarding serum Angpt-2 

Variable  
Normo 
n= 56 

Micro 
n= 21 

Macro  
n= 7 

P 
value 

S. Angiopoietin-2 
(Pg/ml) 

Mean ± 
SD 

7.9± 
3.7 

11.2± 
4.5 

15.1± 
4.2 

<0.001* 

Post hoc test 
Normo 

Vs. Micro 
Micro 

vs. 
Macro 

Normo 
vs. 

macro 

 

P value 0.002* 0.029* <0.001* 
Kruskal Wallis test; *p is significant at <0.05 

 

Table 4. Laboratory parameters of the studied groups 

Variable 
Group I 
n= 28 

Group II 
n= 28 

Group III 
n= 28 

P value 

UACR (mg/g creatinine)  11.1± 6.3 310.8± 434*# 8.5± 4.9 <0.001 

Serum create (mg/dl)  0.9± 1.2 1.8± 1.9 *# 0.8± 0.2 0.009 

eGFR (ml/min/1.73 m2)  99.6± 31.2 53.8± 28.0 *# 96.0± 18.4 <0.001 

FPG)mg/dl)  224.2± 88.8 197.3± 80.8 # 89.6± 7.6 * <0.001 

2-h PPG (mg/dl)  297.8± 120.7 251.7± 99.4 # 125.9± 15.8* <0.001 

HbA1C (%)  8.5± 1.9 8.3± 1.2 # 5.2± 0.4 * <0.001 

Cholesterol (mg/dl)  188.1± 50.7 212.7± 61.1 182.3± 42.3 0.073 

Triglyceride (mg/dl)  131.8± 74.1 166.5± 105.4 # 95.6± 32.4 0.004 

HDL (mg/dl)  46.3± 11.9 46.4± 13.5 52.4± 8.2 0.082 

LDL (mg/dl)  115.5± 49.3 132.9± 52.5 110.8± 41.5 0.196 
Data are presented as Mean ± SD, Values are mean ± SD , analyzed by Kruskal Wallis test;   Post hoc 
test ; Bonferroni test;  Statistically significant  p value  < 0.05 * compared to group I ; $ compared to 
group II;  # compared to group III, eGFR; estimated glomerular filtration rate , UACR; Urinary Albumin 
creatinine ratio 

 
of renal impairment. The Serum Angpt-2 
was a higher in the diabetics with albumi-
nuria group II than the diabetics without di-
abetics with albuminuria group I p <0.001. 
It was significantly higher in the diabetics 
with albuminuria group II than in the 
healthy control group p <0.001 (Figure 3). 
Angpt-2 was significantly higher in patients 
with microalbuminuria and macroalbumi-
nuria compared to normoalbuminuric dia-
betic patients and healthy controls, in-
deed, serum Angpt-2 progressively in-
creases with the progression of albuminu-
ria and renal impairment (Table 3). This 

study showed that serum Angpt-2 is a diag-
nostic marker of DN with a sensitivity of 
85.7% and specificity of 66.1% at a cut-off 
value of 747.3 pg/ml and the area under the 
curve was 77.6% (Figure 1). 

Discussion 

This study demonstrated that the de-
crease in total serum bilirubin level after 
different intervals of phototherapy (after 
24 hours – after 48 hours or more than 48 
hours) was statistically significant (P value 
< 0.001). This result is similar to findings in 
many studies such as: Shahriarpanah et al. 
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(2018) (23), Bezboruah & Majumder (2019) 
(14) and Amneenah (2022) (24) in addition to 
Abo_Hussein et al. (2022) (25) This effect is 
mostly due to bilirubin's structure chang-
ing as a result of phototherapy. These 
structural and configurational isomers of 
bilirubin become less lipophilic than nor-
mal bilirubin, so, can be easily excreted in 

urine and bile without being glucuroni-
dated in the liver (11,12). The present study 
showed that all changes that occurred in 
serum electrolytes (sodium, potassium, 
ionized calcium, magnesium) and creati-
nine levels after different intervals of pho-
totherapy were statistically significant (P 
value < 0.001).  

 

  
Figure 2. Association between serum Angpt-2, 

serum creatinine and eGFR among diabetic nephropathy group 
 

 
Figure 3. Serum Angpt-2 showed a statistically significant difference among the three groups p<0.001, 
significantly higher in the diabetics with albuminuria group II than in the diabetic without albuminuria 

group I P<0.001*, It was significantly higher in the diabetic with albuminuria group II than in the healthy 
control group P <0.001*, however, no statistical significance was found between the diabetics without 

albuminuria and the control group but it showed higher levels in diabetics without albuminuria p=0.595 

 

Serum Sodium 
All cases in this study had normal serum 
sodium levels on admission, 45% of them 
developed hyponatremia after 48 hours 
or more of phototherapy. This result is 
similar to other studies including Suneja et 
al. (2018) (26), Ghosh et al. (2020)  (27) and 

Amneenah (2022) (24) in which significant 
decrease in serum sodium levels after 
phototherapy occurred. Unlike Abo_Hus-
sein et al. (2022) (25) in which there was a 
decrease in mean (± SD) serum sodium 
level from 136.5 ± 12.85 before photother-
apy to 135.8 ± 2.75 after phototherapy but 
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the difference was not statistically signifi-
cant, which was explained by the small 
size of the studied group. Hyponatremia 
mostly occurs because phototherapy may 
result in diarrhea with transient impair-
ments in water and sodium absorption 
(20,21). 

Serum potassium 
Regarding serum potassium in this study, 
all enrolled neonates had normal serum 
potassium levels on admission, 30% of 
them developed hypokalemia after 48 
hours or more of phototherapy (a statisti-
cally significant decrease in serum potas-
sium levels had occurred; P value < 
0.001).This finding has similarity to some 
studies such as Abo_Hussein et al. (2022)  

(25) in which significant difference in serum 
potassium level after phototherapy oc-
curred (p value < 0.001) where mean (± 
SD) level of serum potassium decreased 
from 4.48 ± 1.19 before phototherapy to 
3.85 ± 0.53 after phototherapy. Also, a sta-
tistically significant decrease in serum po-
tassium level occurred in other studies like 
Bezboruah & Majumder (2019) (14) and 
Jena et al. (2019) (28). The decrease in se-
rum potassium level most probably occurs 
in a way similar to that of hyponatremia as 
a consequence of impaired water and po-
tassium absorption in neonates receiving 
phototherapy. (21) 

Serum Ionized calcium 
All cases in this study had normal serum 
ionized calcium levels ranging from 4.2-
5.58 mg/dl on admission, 65% of them 
were less than 4.2 mg/dl after 48 hours or 
more of phototherapy (P value <0.001). 
Similar statistically significant decrease in 
serum calcium levels also occurred in 
many studies, such as those by: Suneja et 
al. (2018) (26), Bezboruah & Majumder 
(2019) (14), Jena et al. (2019) (28), Amneenah 
(2022) (24) and Abo_Hussein et al. (2022) 

(25). Asl et al. (2016) (29) reported a de-
crease in serum calcium levels, but the 
changes did not lead to hypocalcemia, and 
they recommended further complemen-
tary studies with larger sample size. Light 
entering the skull can have an inhibitory 
impact on pineal gland, causing a de-
crease in melatonin secretion and perhaps 
contributing to  hypocalcaemia.(17,18) It 
may also occur as a result of the decrease 
in parathormone production that may oc-
cur in jaundiced newborns treated with 
phototherapy.(19,20) Regarding the occur-
rence of symptomatic hypocalcemia after 
phototherapy, 22% of this study group had 
symptomatic hypocalcemia (jitteriness- ir-
ritability), which has similarities to a study 
done by Jain et al. (1998)  (30) in which 30% 
of full-term newborns and 55% of pre-
terms had phototherapy-induced hy-
pocalcaemia; 63.6% of the affected pre-
term infants with hypocalcemia became 
jittery, and 27.3% were irritable. In addi-
tion, 50% of the full-term newborns with 
hypocalcemia were jittery, and 16.7% de-
veloped irritability. Accordingly, they ad-
vised giving infants receiving photother-
apy calcium supplements to prevent hy-
pocalcemia. 

Serum magnesium 
All cases in the present study had normal 
serum magnesium levels on admission, 
32.5% of them were less than 1.6 mg/dl af-
ter 48 hours or more of phototherapy. A 
significant decline occurred in mean se-
rum magnesium level in this study, which 
is similar to findings in the studies by oth-
ers(14,23,24). Phototherapy affects serum 
magnesium in a way similar to that on se-
rum calcium, through depression of pineal 
gland secretions. (23)  

Serum creatinine 

Concerning serum creatinine level, in the 
present study, 25% of cases had elevated  
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serum creatinine level more than 1.2 mg/dl 
(statistically significant), unlike the find-
ings in other studies such as: Abo_Hussein 
et al. (2022) (25) and Suneja et al. (2018)  (26) 
in which there were significant decrease 
in serum creatinine level after photother-
apy.Elevated serum creatinine levels in 
this study may be explained by dehydra-
tion caused by phototherapy if fluid sup-
port was not adequate. This study consid-
ered the co-relation between the differ-
ence that occurred in serum electrolyte 
levels and the duration of phototherapy. 
All of them in the present study were in-
significant except for the differences that 
occurred in serum creatinine level, which 
were statistically significant (P= 0.002). 
Other studies also demonstrated the sig-
nificance of the duration of phototherapy 
on the changes that occurred in different 
serum electrolytes: such as Bezboruah & 
Majumder (2019) (14) and Rangaswamy et 
al. (2019) (21) in which the duration of pho-
totherapy proved to have a highly signifi-
cant negative correlation with the serum 
levels of sodium, potassium, ionized cal-
cium and creatinine. These findings re-
garding the duration of phototherapy are 
unsimilar to those of Ghosh et al. (2020) 
(27), in which the changes that occurred in 
serum electrolytes were not statistically 
significant with the duration of photother-
apy. Concerning the relation between ges-
tational age and changes that occurred in 
serum electrolyte levels in this study, only 
changes that occurred in serum sodium 
were statistically significant (P 0.001), but 
other electrolyte changes were insignifi-
cant. This finding has similarities to a study 
by Bezboruah & Majumder (2019) (14) in 
which preterm neonates had higher rates 
of post-phototherapy hyponatremia and 
hypocalcemia (18.31% and 25.34%) than 
term (11.02% and 10.24%) and post-term 
(12.5% and 0%), respectively, the incidence 

of hypokalemia and hypomagnesemia did 
not correlate with gestational age. Jena et 
al. (2019) (28) also illustrated gestational 
age co-relation with electrolyte imbal-
ances after phototherapy; preterm in-
fants had more changes than full term in 
each of serum sodium (29.4% and 5% re-
spectively), calcium (52.9% and 15% respec-
tively) and potassium (all cases who devel-
oped hypokalemia were pre-term). Owing 
to their immature skin, which makes them 
more susceptible to insensible water loss, 
as well as their unstable acid-base balance 
and less developed renal system, which 
gets better with increasing gestational 
age, preterm neonates may be more sus-
ceptible to electrolyte imbalances than 
full-term neonates (5,10). This study ob-
served the relationship between different 
types of phototherapies used and 
changes that occurred in serum electro-
lytes. Contrary to our expectations, all 
changes were insignificant. We had as-
sumed that the 360-dimensional photo-
therapy unit would result in more electro-
lyte changes than fluorescent tubes and 
LED phototherapy. So, further studies 
with a larger sample size are recom-
mended. Findings are like those of others 
(27). In the present study, no significant re-
lationship was observed between birth 
weight and electrolyte changes, unlike 
others (14), in which the incidence of hypo-
natremia, hypokalemia and hypocalcemia 
was higher in low-birth-weight infants 
(18.75%, 10% and 26.25%, respectively) than 
in normal neonates (10.32%, 4.76% and 
7.94%, respectively). 

Conclusion 

Phototherapy results in a remarkable de-
cline in serum bilirubin level together with 
different effects on serum electrolytes: so-
dium, potassium, ionized calcium, magne-
sium and creatinine (hyponatremia, 
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hypokalemia, hypocalcemia, hypomag-
nesemia and elevated serum creatinine 
level). All changes were statistically signifi-
cant, but none of the cases showed any 
clinical manifestation since only marginal 
changes were observed. Such effects were 
mostly positively correlated with the dura-
tion of phototherapy used (especially re-
garding serum creatinine and serum mag-
nesium). 

Recommendations 
1. Routine measurement of serum elec-

trolytes (sodium, potassium, ionized 
calcium, magnesium and creatinine) 
before and after phototherapy with 
appropriate intervention (whenever 
needed).  

2. Continuous follow-up and efforts to 
shorten / minimize the duration of 
phototherapy to be considered a high 
priority during management of neona-
tal hyperbilirubinemia . 

3. Further well-designed clinical trials on 
a large geographical scale with a 
larger sample size and a longer period 
of follow-up to emphasize our conclu-
sion. 
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