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Abstract 

Objective and aim: A positive association between serum podocalyxin (PCX) levels and peripheral artery 
disease has been reported. The aim of this study is to measure the level of serum PCX in patients with 
T2DM as well as looking for its relation to major PAD risk factors. Methods: Observational cross-
sectional study was conducted on 200 patients with type 2 diabetes (T2DM) and a control group of 100 
apparently healthy subjects (ages 30-65 years). All the participants were investigated for the major risk 
factors of peripheral artery disease (PAD) which included (cigarette smoking, diabetes mellitus, 
hypertension, dyslipidemia, obesity, and physical activity). Serum PCX, blood sugar, HbA1c, Lipid 
profile, C-reactive protein, body weight, and height, were measured in patients and healthy subjects. 
Results: Significantly higher PCX level (p=0.01) was found in patients compared to controls. Significant 
differences were found for PCX with body mass index and C – reactive protein (p=0.001 and <0.01 
respectively). In the patient group, positive correlations of PCX were observed with BMI, HbA1c, and 
C-RP (p=0.00, p=0.01, and p=0.001 respectively). BMI was the best predictor of PCX level in both 
groups. Conclusion: Elevated S.PCX levels in conjunction with increased body weight may be strongly 
associated with peripheral artery disease in diabetic patients. 
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Podocalyxin (PCX) is a sialomucin CD34, it is a 
main component of the cell surface that is 
expressed in the renal glomeruli within the 
epithelial cells (podocyte) as a glycocalyx which 
was previously named a sialated protein1. PCX 
functions to maintain the slit diaphragm and the 
shape of the Podocyte and upon injury of the 
podocyte the PCX is released from the microvilli 
into the urine2,3. This excretion of PCX from the 
kidney can be used as an early marker for diabetic 
nephropathy and by itself it is a biomarker for 
glomerular disease4. PCX is widely expressed also 
on the endothelial cell surfaces all over the body 
like neurons, mesothelial cells lining organs, 
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hematopoietic stem cells, megakaryocytes, and 
vascular endothelial cells5.  
Peripheral arterial disease (PAD) is a clinical 
condition that happened when blood flow to the 
limbs is reduced because of the narrowing of the 
arteries. 6 The major cause of such a condition is 
atherosclerosis in patients >40 years.7 Low 
extremity PAD is common among the general 
population and is associated with a 2 to 5-fold 
increased risk of future cardiovascular morbidity 
and mortality.8  It is recognized as a coronary 
heart disease risk equivalent and its prevalence is 
predicted to increase parallel to the aging of the 
population.9 The prevalence of PAD is nearly 
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12% in adults with mostly equal in regards to 
men and women.10 The prevalence of PAD is 
strongly associated with aging as about 20% of 
adults aged more than 70  years have  PAD. 11 
The common clinical presentation of PAD is 
claudication; though, it occurs less frequently 
than before. Patients may present with classic 
claudication, atypical leg pain, rest pain, 
ischemic ulcers, gangrene, or asymptomatic and 
up to 50% of PAD patients are asymptomatic.12 
Regarding the risk factors of PAD, the most 
common are increasing age, smoking, 
diabetes mellitus, obesity, hypertensive, and 
hyperlipidemia.13 There is 2-4 times increase 
in the risk of PAD with smoking.14 Those 
who have diabetes are at higher risk of 
developing atherosclerosis, the main cause 
of PAD and hypertension is a common and 
important risk factor for all vascular diseases 
including PAD.15 The association with 
dyslipidemia appears to be multifaceted. 
High total cholesterol is associated with 
increased risk, whereas higher high-density 
lipoprotein (HDL) cholesterol is associated 
with decreased risk.16 
Globally, the prevalence of PAD is high and 
reports showed that two hundred millions of 
people worldwide have PAD.17 This increase 
in the prevalence of PAD globally is because 
of the widespread rise in the occurrence 
T2DM and aging of the population of the 
world.18 Stiffness of the vessels’ wall together 
with T2DM are considered for having PAD.27 
The mortality risk from cardiovascular 
diseases is five times more in patients with 
PAD and T2DM compared to those with 
single morbidity.19  
Evidently, PCX is expressed in vascular 
endothelial cells and as for this it is assumed 
that serum PCX level is related to endothelial 
injury. Nevertheless, studies investigating 
serum PCX in patients with PAD are limited. 
Accordingly, the general aim of this study is 
to measure the level of serum PCX in patients 
with T2DM as well as look for its relation to 
major PAD risk factors. 

Materials and Methods 

Study population 

A total of 317 subjects aged 30-65 years were 
examined. Of these, 217 patients with type 2 DM 
and 100 apparently healthy subjects (controls) of 

comparable age and sex were enrolled in this 
study. Then 17 patients were excluded because of 
chronic renal and liver disease.  

Study design 

An observational cross-sectional study 
performed from September 2021 to March 
2022 at the department of Medical Laboratory 
Technology, College of Health and Medical 
Techniques – Shekhan, Duhok Polytechnic 
University, Duhok, Kurdistan Region, Iraq. 

Sample selection 

A consecutive sampling procedure was applied 
to select patients with type 2 DM from the 
Diabetic center and Gulan Hospital. The 
healthy subjects were selected and recruited by 
personal request from the staff and sub-staff of 
the Azadi teaching hospital and Gulan 
Hospital. Recruitment of patients was done 
among those who visited the diabetic center at 
Azadi teaching hospital from (9:00 am to 
11:00 am). Consent to participate in the 
research was assigned by each subject.  

Inclusion and Exclusion criteria  

Inclusion criteria were patients with type 2 
DM without a history of chronic diseases 
(renal disease, liver diseases, thyroid 
dysfunction, cardiovascular and malignant 
diseases) pregnant women were also excluded 
from the study. Apparently healthy subjects 
with a history of a family history of diabetes 
were excluded from the study. 

Anthropometric measurements  

A questionnaire included age, gender, 
exercise, family history of diabetes, diabetes 
duration, and anthropometric parameters. For 
assessing the smoking status, we used the 
questionnaire of smoking behavior (smoking 
twenty or more cigarettes per day was defined 
as heavy smokers). The blood pressure was 
measured while the patient is sitting using a 
standard sphygmomanometer and the 
hypertension was defined as SBP ≥140 mmHg 
and DBP ≥90 mmHg28. We measured the 
height and weight of all subjects and 
calculated the body mass index (BMI). The 
BMI was defined as less than 18.5 kg/m2 being 
underweight, between 18.5-25.0 Kg/m2 being 
normal weight, between 25.0-30 Kg/m2is 
overweight and more than 30 Kg/m2 is obese. 

https://www.heart.org/en/health-topics/cholesterol/about-cholesterol/atherosclerosis
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29 We used waist circumference to determine 
central obesity. Waist circumference was 
measured by measuring tape positioned at the 
high point of the iliac crest, central obesity 
was defined as female with a waist 
circumference of more than 88 cm and male 
with more than 102 cm. 30 Physical activity 
defining as doing at least 150–300 minutes of 
moderate-intensity aerobic physical activity 
per week. 31 A family history of diabetes defines 
as a positive and negative family history, while 
the duration of diabetes is classified as a long 
duration of more than years and a short 
duration of less than years. Hyperlipidemia 
was defined as serum cholesterol of more than 
200 mg/dl and triglyceride of more than 150 
mg/dl. 32  

Biochemical Measurements 

A blood sample was taken from participants at 
the Clinical Biochemistry section of the 
laboratory of Azadi Hospital at the morning after 
about 12-14 hours of fasting overnight and with 
no heavy physical activity 2 hours before the 
examinations. Six ml of blood was taken from 
each patient of which 2 ml of them put in the 
EDTA tube to measure the HbA1c. The 
remaining 4 ml were transferred into a gel tube 
that was kept for 15 minutes, then the tube was 
placed in a HITACHI centrifuge at 3000 rpm for 
10 minutes to separate serum. Half of the serum 
was kept in the freezer (-20 C) for measuring 
podocalyxin. Biochemical measurement was 
done for HbA1c, FBS, CRP, TG., and 
cholesterol by Roche/Hitachi Cobas series 6000 
(auto analyzer biochemical machine). Elisa 

methods were used for measuring human 
podocalyxin in serum by the Human PCX 
(Podocalyxin) ELISA Kit (Catalog No: E-EL-
H2360, Sensitivity: 0.10. 

Ethical considerations  

The study got ethical approval from the 
research ethics committee of the Directorate 
General of Health in Duhok on 18 August 
2021 (18082021-8-24). 

Statistical analysis 

Analysis of the study data was done by the 
Statistical Package for Social Silence SPSS 
version 18.0. Frequency tables and calculation 
of mean and standard deviation were obtained 
for description of data. The differences of 
means of continuous data between groups 
were evaluated using Student’s-t-test. The 
relationship between PCX levels and different 
variables was determined using a correlation 
analysis by Pearson’s correlation coefficient 
(r) value. The level of statistical significance 
(p-value) was set at <0.05. 

Results 

Table 1, shows the baseline characteristics of 
healthy subjects and patients with type 2 
diabetes mellitus. The differences found were 
not significant in regards to age, smoking, and 
cholesterol between the control and patient 
groups. Significantly higher PCX, BMI, 
HbA1c, C-RP, triglycerides, and less physical 
activity levels were observed in patients 
compared to controls (p=0.01 for all 
parameters).  

Table 1. Baseline characteristics of patients and controls 

Characteristics Controls (100) Patients (200) p-value 

Age (years) 48.38 ±11.4 52.28 ±7.4 0. 07 
BMI (kg/m2) 23.1 ±3.8 28.36 ±4.7 0. 01 
Hypertension 7.0(7.0) 46.0(23.0) 0.01 
Smoking n(%) 14(14.0) 32 (16.0) 0.12 

Physical activity n(%) 29(29.0) 27(13.5) 0.01 
FBS (mg/dl) 89.13 ±9.17 191.26 ±80.38 0.01 

HbA1c % 5.16 ±0.41 8.98 ±1.99 0.01 
C-reactive protein (mg/L) 1.77±2.27 5.89±9.86 0.01 

Cholesterol(mg/dl) 182.18±29.8 187.07±38.6 0.22 
Triglycerides( mg/dl) 114.47±48.7 219.07±162 0.01 

S.PCX (ng/ml) 92.68 ±30.3 139.46 ±43.83 0.01 
Results presented as mean + SD, significant p<0.05 

Table 2. Shows serum PCX level stratified by 
major risk factors of peripheral artery disease.  
As shown, the major risk factors of peripheral 
artery disease were significantly associated 
with serum PCX level in diabetic patients, 

PCX level was significantly associated with 
BMI and C-RP (P<0.01). No significant 
association was observed between PCX level 
and age, hypertension, smoking habits, blood 
sugar, HbA1c, cholesterol and triglyceride.  
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Table 2 Serum PCX level in diabetic patients stratified by all parameters. 

The relationship between PCX and studied 
parameters in controls and diabetic patients is 
presented in Table 3. As shown, in the patient 
group positive correlations of PCX were 

observed with BMI, HbA1c, and C-RP 
(p=0.01, p=0.01, and p=0.01 respectively). 
No significant correlation was found between 
serum PCX and other parameters. 

Table 3. Pereson’s correlation coefficient (r) between serum PCX and other parameters in patients and 
controls 

Table 4 shows the linear regression analysis 
with PCX as the dependent variable; BMI, 
fasting blood sugar, HbA1c, CRP (p<0.01) as 
well smoking (p<0.01) were significant 

predictors of the PCX level. While age and 
lipid parameters (serum cholesterol and 
triglyceride levels) have no predictor in all 
participants. 

Table 4. A Linear Regression Analysis with PCX as Dependent Variable 

Discussion 

To our knowledge, this is the first study to 

examine the level of serum PCX in patients 
with type 2 diabetes mellitus and to analyze its 

S.PCX(ng/ml) 

Variables N Mean ± SD P-value 

Age (years) 
<50 

=>50 

 
69 
131 

 
139.65±46.9 
139.12 ±23.5 

 
0.94 

BMI (kg/m2) 
Normal weight 
Over weight 

Obese 

 
37 
84 
79 

 
123.35±338 
131.38±37.6 
155.59±49.3 

 
 

0.01 

Hypertension 
Hypertensive 
Normotensive 

 
46 
154 

 
150.26±45.5 
136.24±37.5 

 
0.05 

Smoking habits 
Smokers 

Non-smokers 
Physical activity 

Active 
Sedentary life 

Fasting blood sugar (mg/dl) 
<125 
>125 

 
169 
31 
 

27 
173 

 
42 
158 

 
137.50±43.3 
150.12±46.9 

 
138.93±43.5 
139.85±45.2 

 
136.9±31.3 
140.1±46.8 

 
0.14 

 
 

0.93 
 
 

0.67 
 

HbA1c (%) 
<6.5 
> 6.5 

 
9.0 
191 

 
129.7±13.7 
139.9±44.84 

 
0.09 

C-reactive protein(mg/L) 
<6.0 mg/L 
>6.0  mg/L 

 
150 
50 

 
135.08±43.6 
152.61±58 

 
0.01 

Cholesterol (mg/dl) 
<200 mg/dl 
>200 mg/dl 

 
131 
72 

 
135.50 ±37.16 
146.94 ±54.0 

 
0.08 

Triglyceride (mg/dl) 
<150 
>150 

 
70 
130 

 
143.7±46.8 
137.1±42.3 

 
0.31 

  Controls (100)  Patients (200) 
Variables r P-value r P-value 

Age 0.18 0.07 -0.12 0.11 
BMI (kg/m2) 0.10 0.32 0.282 <0.01 
Hypertension 0.39 0.00 -0.135 0.05 

Smoking -0.01 0.94 0.104 0.14 
Physical activity 0.36 0.00 -0.01 0.94 

Fasting blood sugar -0.32 0.00 0.17 <0.01 
HbA1c 0.01 0.98 0.169 <0.01 

C-reactive protein 0.19 0.055 0.202 <0.01 
Cholesterol mg/dl 0.035 0.73 0.039 0.58 
Triglyceride mg/dl -0.113 0.26 -0.10 0.16 

Independent variable B B p-value 
Age 0.54 0.08 0.17 
BMI 4.51 0.53 <0.01 

Hypertension -10.33 -0.10 0.13 
Smoking 3.061 0.253 <0.01 

Physical activity 14.88 0.116 0.09 
Fasting blood sugar 0.22 0.38 <0.01 

HbA1c 8.33 0.45 <0.01 
C-reactive protein 1.50 0.27 <0.01 

Cholesterol 0.087 0.073 0.25 
Triglycerides 0.026 0.083 0.15 

B: regression coefficient  
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relation to major risk factors for peripheral 
artery disease. Hence the study focused on 
serum PCX levels because PCX is expressed 
in vascular endothelial cells. 
The important finding of the research shows 
significantly higher levels of serum PCX in 
diabetic patients compared with levels in 
healthy subjects. The results confirm a 
correlation between obesity and peripheral 
artery disease as the mean PCX level observed 
in the obese diabetic patient was significantly 
higher than that observed in normal weight. 
These results are in accordance with the 
previous study.20 Furthermore, in diabetic 
patients a positive significant correlation was 
found between serum PCX and fasting blood 
sugar and HbA1c21. Nevertheless, linear 
regression analysis of our study confirms a 
significant association between PCX and BMI 
as well as smoking habits. Age and lipid 
parameters (serum cholesterol and triglyceride 
level) had no predictor in all participants. 
These findings are in agreement with recent 
studies.20 
A significant association between PCX and the 
anthropometric measurement of BMI and 
CRP was observed also. In this study, BMI 
correlated with PCX in diabetic patients, the 
association was less significant with CRP, 
suggesting that the more metabolic risk 
factors, the more level of podocalyxin.34 A new 
study found that urinary PCX levels were 
significantly higher in obese patients 
compared to non-obese. Interestingly, PCX 
cells showed a good correlation with BMI in 
obese adults.23 One of the results reached by 
researchers recently found that patients with 
existing weight mainly adults with obesity, had 
increased amounts of PCX, and these finding 
supports the hypothesis that early podocyte 
injury and podocyturia can occur in 
individuals with obesity. 24, and suggested an 
important mechanism throw which obesity 
can influence a higher risk of PAD in diabetic 
patients.25 It is essential to see stronger 
associations between endothelial dysfunction 
initiating atherosclerosis and obesity, as well 
as chronic persistent inflammation have been 
reported for type 2 diabetic patients.26 A study 
by Horrillo et al. mentioned that conditional 
knocks out of the PCX gene in the endothelial 
cells in murine elevate the C-reactive protein 

levels and non-specific inflammatory infiltrate 
within the vessels or vasculitis.27 Although, it is 
still not clear what kind of stimulation lead to 
increased serum PCX concentration. More 
investigations are needed to see how serum 
PCX concentration increases in conjunction 
with intima-media thickness. However, no 
firm conclusion can be drawn from this study, 
but the findings may explain some of the 
thoughts regarding this issue. Further study on 
large scale may be necessary to confirm our 
observation. 

Conclusions 

High serum levels of PCX are associated with 
the risk factor of PAD. Elevated serum PCX 
levels in relation with increased body weight 
may be strongly associated with PAD in 
diabetic patients. 

Limitations of the study  

Because of the design of this research which is 
a cross-sectional one, it is not easy to 
determine the causal association between 
serum PCX and having PAD in diabetic 
patients. On the other hand, the relatively 
small sample size of the current study could 
limit the outcomes. So, it is recommended to 
do experimental studies and clinical trials to 
examine more the relation between serum 
PCX and complications of T2DM specifically 
the macrovascular ones. 

Acknowledgment  

I acknowledge the support of the 
administration and all staff of Azadi Teaching 
Hospital Laboratories, especially the 
Biochemistry Department and Diabetic 
Center staff of both Azadi and Gulan 
Hospitals for all their help.  

Conflict of interest 

I declare that I have no potential conflicts of 
interest to disclose. 

Funding disclosure 

This study was a self-funded study by the author. 

References 

Le Tran N, Wang Y, Nie G. Podocalyxin in 
Normal Tissue and Epithelial Cancer. 
Cancers. 2021 Jun 8;13(12):2863. 

https://www.nature.com/articles/s41598-017-18647-6#ref-CR26


Ali AF: Relationship between serum podocalyxin levels with the major risk factors of peripheral artery disease among patients… 

829 

Martin, Claire E., and Nina Jones. “Nephrin 
Signaling in the Podocyte: An Updated 
View of Signal Regulation at the Slit 
Diaphragm and Beyond.” Frontiers in 
Endocrinology, vol. 9, 5 June 2018, 
https://doi.org/10.3389/fendo.2018.00302. 
Accessed 3 July 2020. 

Fukuda A, Minakawa A, Sato Y, Shibata H, 
Hara M, Fujimoto S. Excretion Patterns of 
Urinary Sediment and Supernatant Podocyte 
Biomarkers in Patients with CKD. 
Kidney360. 2021 Nov 5;3(1):63–73. 

Kravets I, Mallipattu SK. The Role of 
Podocytes and Podocyte-Associated 
Biomarkers in Diagnosis and Treatment of 
Diabetic Kidney Disease. Journal of the 
Endocrine Society. 2020 Mar 5; 

Horrillo A, Porras G, Ayuso MS, González-
Manchón C. Loss of endothelial barrier 
integrity in mice with conditional ablation 
of podocalyxin (Podxl) in endothelial cells. 
European Journal of Cell Biology. 2016 
Aug;95(8):265–76. 

Venermo M, Sprynger M, Desormais I, 
Björck M, Brodmann M, Cohnert T, et al. 
Follow-up of patients after 
revascularisation for peripheral arterial 
diseases: a consensus document from the 
European Society of Cardiology Working 
Group on Aorta and Peripheral Vascular 
Diseases and the European Society for 
Vascular Surgery. European Journal of 
Preventive Cardiology. 2019 Nov 
1;26(18):1971–84. 

Pahwa R, Jialal I. Atherosclerosis. 2022 Aug 
8. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2022 
Jan–. PMID: 29939576. 

Shu J, Santulli G. Update on peripheral artery 
disease: Epidemiology and evidence-based 
facts. Atherosclerosis [Internet]. 2018 
Aug;275:379–81. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/article
s/PMC6113064 

Fowkes FGR, Aboyans V, Fowkes FJI, 
McDermott MM, Sampson UKA, Criqui 
MH. Peripheral artery disease: epidemiology 
and global perspectives. Nature Reviews 
Cardiology [Internet]. 2016 Nov 
17;14(3):156–70. Available from: http://dcp-
3.org/sites/default/files/resources/nrcardio.2
016.179.pdf 

Schramm, K. and Rochon, P. (2018). Gender 
Differences in Peripheral Vascular 
Disease. Seminars in Interventional 
Radiology, 35(01), pp.009-016. 
doi:https://doi.org/10.1055/s-0038-1636515.  

Eid MA, Mehta KS, Goodney PP. 
Epidemiology of peripheral artery disease. 
Seminars in Vascular Surgery. 2021 Feb; 

Virani SS, Alonso A, Aparicio HJ, Benjamin 
EJ, Bittencourt MS, Callaway CW, et al. 
Heart Disease and Stroke Statistics—2021 
Update: A Report From the American 
Heart Association. Circulation [Internet]. 
2021 Jan 27;143(8). Available from: 
https://www.ahajournals.org/doi/10.1161/
CIR.0000000000000950 

Ding N, Sang Y, Chen J, Ballew SH, Kalbaugh CA, 
Salameh MJ, et al. Cigarette Smoking, Smoking 
Cessation, and Long-Term Risk of 
3 Major Atherosclerotic Diseases. Journal of the 
American College of Cardiology [Internet]. 
2019 Jul;74(4):498–507. Available from: 
https://www.sciencedirect.com/science/article/
pii/S073510971935449X 

Campia, U., Gerhard-Herman, M., Piazza, 
G. and Goldhaber, S.Z. (2019). Peripheral 
Artery Disease: Past, Present, and 
Future. The American Journal of 
Medicine, [online] 132(10), pp.1133–
1141.doi:https://doi.org/10.1016/j.amjme
d.2019.04.043. 

Aday AW, Everett BM. Dyslipidemia 
Profiles in Patients with Peripheral 
Artery Disease. Current Cardiology 
Reports. 2019 Apr 22;21(6). 

Gao X, Tong Z, Wu Y, Guo L, Gu Y, Dardik 
A. Similarities and differences in 
peripheral artery disease between China 
and Western countries. Journal of Vascular 
Surgery. 2021 Apr; 

Akalu Y, Birhan A. Peripheral Arterial Disease 
and Its Associated Factors among Type 2 
Diabetes Mellitus Patients at Debre Tabor 
General Hospital, Northwest Ethiopia. 
Journal of Diabetes Research. 2020 Jan 
29;2020:1–9. 

Zahner GJ, Gruendl MA, Spaulding KA, Schaller 
MS, Hills NK, Gasper WJ, et al. Association 
between arterial stiffness and peripheral artery 
disease as measured by radial artery 
tonometry. Journal of Vascular Surgery. 2017 
Nov;66(5):1518–26. 

https://www.ahajournals.org/doi/10.1161/CIR.0000000000000950
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000950
https://www.sciencedirect.com/science/article/pii/S073510971935449X
https://www.sciencedirect.com/science/article/pii/S073510971935449X


History of Medicine, 2023, 9(1): 824–830 

830 

Einarson, T.R., Acs, A., Ludwig, C. and 
Panton, U.H. (2018). Prevalence of 
cardiovascular disease in type 2 diabetes: a 
systematic literature review of scientific 
evidence from across the world in 2007–
2017. Cardiovascular Diabetology, 
[online] 17(1). 
doi:https://doi.org/10.1186/s12933-018-
0728-6. 

Al-fatlawiy, H.D. and Ali, H.A., 2021. Serum 
Podocalyxin Levels as High Risk Markers 
for CVDs of Complication of 
Diabetes. Medico-legal 
Update, 21(2ȳȳ1501). 

Khalid Z, Ali A. Assessment of Serum 
Podocalyxin as a Biomarker for Diabetic 
Nephropathy in Type 2 Diabetes patients 
in Duhok City. Journal of Life and Bio 
Sciences Research. 2022 Nov 4;3(02):71–
5. 

Kostovska I, Trajkovska KT, Cekovska S, 
Topuzovska S, Kavrakova JB, Spasovski 
G, et al. Role of urinary podocalyxin in 
early diagnosis of diabetic nephropathy. 
Romanian Journal of Internal Medicine. 
2020 Dec 1;58(4):233–41. 

Suwanpen C, Nouanthong P, Jaruvongvanich 
V, Pongpirul K, Pongpirul WA, 
Leelahavanichkul A, et al. Urinary 
podocalyxin, the novel biomarker for 
detecting early renal change in obesity. 
Journal of Nephrology. 2015 Apr 
24;29(1):37–44. 

Martínez‐Montoro, J.I., Morales, E., 
Cornejo‐Pareja, I., Tinahones, F.J. and 
Fernández‐García, J.C. (2022). Obesity‐
related glomerulopathy: Current 
approaches and future 
perspectives. Obesity Reviews, 23(7). 
doi:https://doi.org/10.1111/obr.13450. 

Pereira SV, dos Santos M, Rodrigues PG, do 
Nascimento JF, Timm JRT, Zancan R, et 
al. Increased urine podocyte-associated 
messenger RNAs in severe obesity are 
evidence of podocyte injury. Obesity. 2015 
Jul 6;23(8):1643–9. 

Kaur R, Kaur M, Singh J. Endothelial 
dysfunction and platelet hyperactivity in 
type 2 diabetes mellitus: molecular 
insights and therapeutic strategies. 
Cardiovascular Diabetology. 2018 Aug 
31;17(1). 

Horrillo A, Porras G, Ayuso MS, González-
Manchón C. Loss of endothelial barrier 
integrity in mice with conditional ablation 
of podocalyxin (Podxl) in endothelial cells. 
European Journal of Cell Biology. 2016 
Aug;95(8):265–76. 

Gijón-Conde T, Sánchez-Martínez M, Graciani 
A, Cruz JJ, López-García E, Ortolá R, et al. 
Impact of the European and American 
guidelines on hypertension prevalence, 
treatment, and cardiometabolic goals. Journal 
of Hypertension. 2019 Jul;37(7):1393–400. 

Grover BT, Morell MC, Kothari SN, Borgert 
AJ, Kallies KJ, Baker MT. Defining 
Weight Loss After Bariatric Surgery: a Call 
for Standardization. Obesity Surgery. 2019 
Jun 29;29(11):3493–9.  

Alwash SM, McIntyre HD, Mamun A. The 
association of general obesity, central 
obesity and visceral body fat with the risk 
of gestational diabetes mellitus: Evidence 
from a systematic review and meta-
analysis. Obesity Research & Clinical 
Practice. 2021 Aug; 

Bull FC, Al-Ansari SS, Biddle S, Borodulin K, 
Buman MP, Cardon G, et al. World health 
organization 2020 guidelines on physical 
activity and sedentary behaviour. British 
Journal of Sports Medicine [Internet]. 2020 
Nov 25;54(24):1451–62. Available from: 
https://bjsm.bmj.com/content/54/24/1451 

Bello-Chavolla, O.Y., Kuri-García, A., Ríos-
Ríos, M., Vargas-Vázquez, A., Cortés-
Arroyo, J.E., Tapia-González, G., Cruz-
Bautista, I. and Aguilar-Salinas, C.A. (2018). 
Familial Combined Hyperlipidemia: Current 
Knowledge, Perspectives, and Controversies. 
doi:https://doi.org/10.24875/ric.18002575. 

Musa, N., Ramzy, T., Hamdy, A., Arafa, N. 
and Hassan, M. (2021). Assessment of 
urinary podocalyxin as a marker of 
glomerular injury in obesity‐related kidney 
disease in children and adolescents with 
obesity compared to urinary albumin 
creatinine ratio. Clinical Obesity, 11(4). 
doi: https://doi.org/10.1111/cob.12452. 

Fadhil, N.M., 2022. Evaluation of serum 
Podocalyxin in Iraqi women with 
Polycystic Ovary Syndrome. Journal of the 
Faculty of Medicine Baghdad, 64(4), 
pp.276-279. 

 

https://bjsm.bmj.com/content/54/24/1451
https://doi.org/10.1111/cob.12452

