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Abstract
Phosphorus is an essential macronutrient, various functions 
at the cellular level, it has signals in metabolic pathways 
and is involved in the production of cellular energy. In 
grade 3 to 5 kidney disease, the patient suffers alterations 
in the homeostasis of calcium, phosphorus secondary to 
dysregulation of FGF 23 (Fibroblast growth factor) and 
PTH (paratohormone), increasing the risk of vascular 
calcification, in kidney transplantation, even the levels 
of FGF 23 and PTH can remain elevated for several 
months. Several patients post-kidney transplant have 
hypophosphatemia, due to the high levels of phosphaturic 
hormones. The objective of this study is to demonstrate that 
patients who decrease serum phosphorus in early kidney 
transplantation are associated with good kidney outcomes.

Methods: Observational prospective single-center 
study, 39 patients were studied, who underwent a kidney 
transplant in the period from January 2018 to March 2019, 
at the Guadalajara Fray Antonio Alcalde civil hospital, the 
patients underwent kidney transplantation from a related 
living donor or brain death donor, two groups were defined 
according to the serum phosphorus at patient discharge, 
group A was defined with phosphorus levels < 3.5 mg/dl 
, Group B was defined with levels greater than or equal to 
3.5 mg/dl. The main outcome was eGFR at discharge using 
the CKD-EPI formula, measuring daily serum creatinine 
levels until discharge, secondary outcomes: Hospital days, 
delayed graft function, the data analysis of the quantitative 
variables the Mann-Whitney U test was used to compare 
the non-parametric means of group A vs. B, the categorical 
variables the Pearson chi-square test was used, obtaining 
a statistical significance value ( p < 0.05). A roc curve was 
performed to determine the sensitivity and specificity of the 
phosphorus levels and the relationship with the eGFR.

Result: In the comparison of means using the Man Whitney 
U test of groups A and B (Table 2), days of hospitalization, 
patients in group A had fewer days hospitalized 4.9 (IQR 
4-5.7) compared to group B 6.4 (IQR 4.5-8.5) (p = 0.04), 
creatinine levels at patient discharge, patients in the group 
with phosphorus less than 3.5 mg/dl had a mean of 1.2 mg/
dl (IQR 0.7-1.2) in contrast to the group B with a mean of 3.4 
mg/dl (IQR 1.5-4.2) (p < 0.001), the estimated glomerular 
filtration rate in group A performed much better with a mean 
of 91.7 ml/min (IQR 77-112) compared to group B a mean 
eGFR 40.2 ml/min (IQR 16-56) (p < 0.001) at discharge, 
the patients in group A had much more urine volume at 
discharge compared to those in group B, 3707 ml (IQR 
2950-4465), 2011 ml (IQR 0-3385) (p = 0.03) respectively.

Conclusion: Post-kidney transplant hypophosphatemia is 
related that patients have better kidney function, reflected in 
eGFR, so this may be a good biomarker to predict adequate 
kidney function in early kidney transplantation.
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Introduction
Phosphorus is an essential macronutrient, it has 

several functions at the cellular level, signaling in 
metabolic pathways and is involved in cellular energy 
production, phosphorus homeostasis is complex and 
widely studied, phosphate in the kidney is freely filtered 
through the glomerulus and is reabsorbed via sodium/
phosphate cotransporters type 2 (NaPi-2a and NaPi-2c), 
which are expressed on the luminal side of proximal 
tubule epithelial cells. Phosphate reabsorption in the 
kidney is related to parathyroid hormone (PTH) and FGF-
23 (fibroblast growth factor), being these phosphaturic 
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and 5 [3], the measurement of serum phosphorus levels 
from the first day of hospitalization until the patient’s 
discharge, all patients were induced with thymoglobulin 
and a regimen of prednisone, mycophenolic acid, and 
tacrolimus.

Outcomes
The main outcome was eGFR at discharge using the 

CKD-EPI formula [13], measuring daily serum creatinine 
levels until discharge, secondary outcomes, hospital 
days, delayed graft function defined as the need for 
dialysis in the first week of transplantation [14].

Data collection
The data were collected on the days that the early 

kidney transplant patients were hospitalized. Prior 
to the kidney transplant, studies of hemoglobin, 
creatinine, urea, and serum electrolytes were taken, 
taking these as baseline values and these blood tests 
were performed after the kidney transplant. Blood 
test were taken every day of the hospital stay until the 
patient’s discharge, for the division of the two groups 
of studies, the serum phosphorus levels were taken 
into account at the patient’s discharge, however daily 
phosphorus monitoring was performed.

Statistical analysis
Prospective observational study of 39 kidney 

transplant recipients, the distribution of variables using 
the Shapiro-Wilk test, quantitative variables that are 
not normally distributed are presented as mean (first 
to third quartiles), categorical variables are presented 
in percentages, in the data analysis of the quantitative 
variables, the Mann-Whitney U test was used to 
compare the non-parametric means of group A vs. B, 
of the categorical variables, the Pearson chi-square 
test was used, obtaining a statistically singular value (p 
< 0.05). Auroc curve was performed to determine the 
sensitivity and specificity of the phosphorus levels and 
the relationship with the eGFR.

hormones, as well as the cause of bone mineral disease 
in chronic kidney disease and from decreased synthesis 
of vitamin D [1-4].

Kidney disease grade 3 to 5, the patient suffers 
alterations in the homeostasis of calcium, phosphorus 
secondary to dysregulation of FGF 23 and PTH, increasing 
the risk of vascular calcification and cardiac mortality 
in patients with chronic kidney disease [5,6], in kidney 
transplantation, even the levels of FGF-23 and PTH can 
remain elevated for several months [7]. A large part of the 
patients after the transplant have hypophosphatemia, 
due to the high levels of the phosphaturic hormones 
(PTH and FGF 23) [8,9], calcineurin inhibitors such as 
cyclosporine have shown decreased expression of the 
sodium-phosphorus cotransporter in the proximal 
tubule in rats, mTOR inhibitors, including everolimus, 
also cause hypophosphatemia and metabolic acidosis 
[10-12].

The objective of this study is to demonstrate that 
patients who decrease serum phosphorus in early 
kidney transplantation are associated with good kidney 
outcomes.

Materials and Methods

Study population
Observational prospective single-center study, 

39 patients were studied, who underwent a kidney 
transplant in the period from January 2018 to March 
2019, at the Guadalajara Fray Antonio Alcalde civil 
hospital, the entire study procedure was carried out 
according to the statements from Helsinki and Istanbul, 
the patients underwent kidney transplantation from a 
related living donor or brain death donor: Two groups 
were defined according to the serum phosphorus at 
patient discharge, group A was defined with phosphorus 
levels < 3.5 mg/dl, Group B was defined with levels 
greater than or equal to 3.5 mg/dl, the normal 
phosphorus level was taken as reference with reference 
to the KDIGO guidelines in patients with CKD grade 4 

Table 2: Outcomes after kidney transplantation.

Overall n.39 Group A. n.28 Group B. n.11 P
Days of hospitalization(m)(IQR) 5.3(4-6.5) 4.9(4-5.7) 6.4(4.5-8.5) 0.04*

Hb g/dl at discharge (m)(IQR) 10(8.6-11.5) 10.1(8.6-11.7) 9.6(8.4-10.4) 0.66

Serum glucose at discharge mg/dl (m)(IQR) 98(80-115) 100.4(82-115) 92(73-115) 0.28

Urea mg/dl at discharge (m)(IQR) 62(36-91) 53(37-59) 93(32-154) 0.2

Creatinine mg/dl at discharge (m)(IQR) 1.8(0.8-2.4) 1.2(0.7-1.2) 3.4(1.5-4.2) 0.001*

GFR ml/min at discharge (m)(IQR) 77(30-117) 91.7(77-112) 40.2(16-56) 0.001*

Uresis at discharge ml (m)(IQR) 3090(1165-4312) 3707(2950-4465) 2011(0-3385) 0.03
Sodio mg/dl at discharge (m)(IQR) 135(133-137) 136(133-138) 133(131-136) 0.98

Potassium mg/dl at discharge (m)(IQR) 3.8(3.4-4.1) 3.8(3.4-4.1) 3.8(3.4-4.1) 0.19

Calcio mg/dl at discharge (m)(IQR) 8.5(8.2-9.1) 8.5(8.1-9) 8.7(8.3-9.2) 0.56

Delayed graft kidney function 7(17.9) 2(7.1) 5(45.5) 0.003*

U Mann-whitney test, Chi square, p = 0.05*
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hospitalization, patients in group A had fewer days 
hospitalized 4.9 (IQR 4-5.7) compared to group B 6.4 
(IQR 4.5-8.5) (p = 0.04), creatinine levels at patient 
discharge, patients in the group with phosphorus less 
than 3.5 mg/dl had a mean of 1.2 mg/dl (IQR 0.7-1.2) in 
contrast to the group B with a mean of 3.4 mg/dl (IQR 
1.5-4.2) (p < 0.001), the estimated glomerular filtration 
rate in group A performed much better with a mean of 
91.7 ml/min (IQR 77-112) compared to group A. group 
B a mean eGFR 40.2 ml/min (IQR 16-56) (p < 0.001) 
at discharge, the patients in group A had much more 
urine volume at discharge compared to those in group 
B, 3707 ml (IQR 2950-4465), 2011 ml (IQR 0-3385) (p = 
0.03) respectively, in the variable of delayed function of 
the graft in the comparison using the chi-square test, 
group A presented: 2 patients (7.1%) and g Group B 
presented: 5 patients (45.5%) (P = 0.003), the rest of the 
outcomes at discharge such as hemoglobin, glucose, 
urea, sodium and serum potassium, there was no 
statistical significance in the comparison of means in the 
two groups (P > 0.05), in the graphs of daily monitoring 
of creatinine and phosphorus levels in both groups, a 
trend is evident in patients in which phosphorus levels 
decrease as the days go by and is correlated to serum 
creatinine levels (Figure 1). The roc curve was performed 
with the aim of determining the specificity and sensitivity 
of serum phosphorus (blue line) to predict eGFR greater 
than 60 ml/min, AUC 0.76 (0.7-0.9) (serum phosphorus 
cohort 3.1 mg/dl) (p =< 0.001) (Figure 2).

All statistical analysis was performed using SPSS 
software, version 22.0 for MacOs (IBM, Armonk, NY) 
and Excel Microsoft Office for MacOs.

Results
According to the general baseline characteristics 

of the patients (Table 1), a total of 39 patients with 
early kidney transplantation were analyzed, per group 
there were a total of patients: group A = 28(71.8%) 
and group B = 11(28.2%). 76.9% were male, mean 
age was 29.5 years (IQR 22-36), 97.4% had a history 
of being on dialysis therapy prior to transplantation, 
69.2% on HD and 28.2% on PD, with a mean total 
time in renal replacement therapy of 37 months (IQR 
11.7-48), 51.3% of the patients had residual uresis at 
the time of transplantation, laboratory studies prior 
to transplantation, Hb 11 g/dl (IQR 9.6-12.3), Serum 
glucose 91.9 mg/dl (IQR 82.7-97), Urea 136 mg/dl 
(IQR 99.6-171), Serum creatinine 12.9 mg/dl (IQR 9.5-
16.7), Serum sodium 136 mg/dl (IQR 134-138), serum 
potassium 4.8 (IQR 4.1-5.4), Calcium 8.9 mg/dl (IQR 8.3-
7.1), in group A serum phosphorus levels had a mean 
of 5.6 mg/dl (IQR 3.5-7), group B of 5.9 mg/dl (IQR 4.5-
5.4), In the events associated with the transplant, 46.2% 
were from a brain death donor that was diagnosed by 
a cerebral angiotomography study, 53.8% were from a 
living donor.

The means comparation using the Man Whitney 
U test between groups A and B (Table 2), days of 

Table 1: Baseline characteristics.

Overall n.39 Group A. n.28 Group B. n.11 P
Gender (male)(%) 30(76.9) 20(71.4) 10(90.9) 0.19

Age (m)(IQR) 29.5(22-36) 27(22-30) 35.9(24-44) 0.11

Pervious dialysis history (%) 38(97.4) 27(96.4) 11(100) 0.8

PD (%) 11(28.2) 9(32.2) 3(27.3)

HD (%) 27(69.2) 19(67.8) 8(72.7)

Dialytic therapy (months)(m)(IQR) 37(11.7-48) 26.4(11-26) 63(12-84) 0.22

Residual urine output (%) 20(51.3) 16(57.1) 4(36.4) 0.24

Type of Donor 0.057

BDD (%) 18(46.2) 10(35.7) 8(72.7)

RLD (%) 21(53.8) 18(64.3) 3(27.3)

Cold Ischemia (min) (m)(IQR) 127(60-188) 119.1(60-142) 150.3(65-234) 0.16

Hot Ischemia (min) (m)(IQR) 6.7(3-7) 6.6(3-6.7) 6.8(3-9) 1

Hb g/dl (m)(IQR) 11(9.6-12.3) 11.3(9-12) 10.4(7.8-12.2) 0.43

Serum glucose mg/dl (m)(IQR) 91.9(82.7-97) 92(83-97) 91.7(81-97) 0.97

Urea mg/dl (m)(IQR) 136(99.6-171) 136.4(94-170) 137(104-172) 0.77

Creatinine mg/dl (m)(IQR) 12.9(9.5-16.7) 12.6(8.7-17) 13.7(10.2-16.7) 0.31

Sodio mg/dl (m)(IQR) 136(134-138) 136.6(135-138) 134(132-136) 0.03*

Phosphorus mg/dl (m)(IQR) 5.7(3.8-7.1) 5.6(3.5-7) 5.9(4.1-7.9) 0.9

Potassium mg/dl (m)(IQR) 48(4.1-5.4) 4.9(4-5.6) 4.8(4.5-5.4) 0.54

Calcio mg/dl (m)(IQR) 89(8.3-7.1) 8.8(8.2-9.6) 9.3(8.2-10.3) 0.33

Baseline characteristics prior kidney transplantation

U Mann-whitney test, chi square, p = 0.05*
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Figure 1: Daily monitoring of creatinine, phosphorus levels and eGFR (mean).

associated with good renal function decline. In our 
study, a progressive decrease in phosphorus levels was 
observed in the days after the transplant and it was 
observed that the patients who had levels below 3.5 
mg/dl at discharge had a better eGFR, similar studies are 
consistent with these results [15], Marco van Londen, et 
al., in a longitudinal observational study, evaluated 957 
patients with kidney transplantation and the Patients 
who had hypophosphatemia were favorably associated 
with less graft dysfunction in the first year after 
transplantation, and it was not associated with greater 

Discussion
Kidney transplant patients may have hydroelectrolytic 

changes during their evolution, in most cases they 
are related to serum phosphorus levels. In our study 
we found that patients with phosphorus levels below 
3.5 mg/dl have a better evolution in eGFR and serum 
creatinine at discharge, even these patients had fewer 
days of hospital stay.

Previous studies have assessed phosphorus 
alterations in kidney transplant patients and have been 
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Conclusion
Patients who present a decrease in phosphorus after 

transplantation is related to the fact that these patients 
have better renal function than those who maintained 
normal levels of phosphorus or hyperphosphatemia, so 
this may be a good biomarker for predicting adequate 
kidney function in early kidney transplantation.

Weaknesses of the study: we consider that the study 
population is small, it was not possible to measure basal 
levels of iPTH to detect hyperparathyroidism because 
due to lack of medical supplies.
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cardiovascular death [16]. Maximilian R. Ralston, et al. in 
an observational study, demonstrated that phosphorus 
levels from 0.3 to 0.69 mmol/l is related to less delayed 
graft function [17], these data are similar to our results.

Our hypothesis is that patients with low levels of 
phosphorus in the immediate transplant and who show 
a good evolution in relation to serum creatinine levels 
and eGFR is associated with the fact that the renal graft 
has a functional renal parenchyma with expression 
of the receptors of PTH and klotho in the proximal 
tubule, coupled with the fact that most patients with 
chronic kidney disease have elevated levels of FGF 23 
prior to their transplantation and favor the excretion 
of phosphorus in the urine, Andrea Trombetti, et al. in 
a study In a prospective observational study with 69 
transplant patients, 62% presented hypophosphatemia 
in the first 12 days and this was related to high 
levels of FGF23 [8], parathormone (PTH) also plays 
an important role in phosphorus regulation and is 
associated with the internalization of type 2 Na/Pi 
receptor in the proximal tubule [18,19], however, 
patients whose hyperphosphatemia persists even after 
renal transplantation present less renal function and we 
consider that the graft has less functioning tubules.

         

Figure 2: Graph 2. Serum phosphorus (blue line) to predict eGFR greater than 60 ml/min (red line).

https://doi.org/10.23937/2572-4045.1510069


ISSN: 2572-4045DOI: 10.23937/2572-4045.1510069

Brambila et al. Int J Transplant Res Med 2023, 9:069 • Page 6 of 6 •

11. Schwarz C, Böhmig GA, Steininger R, Mayer G, Oberbauer 
R (2001) Impaired phosphate handling of renal allografts is 
aggravated under rapamycin-based immunosuppression. 
Nephrology, dialysis, transplantation: official publication 
of the European Dialysis and Transplant Association - 
European Renal Association 16: 378-382.

12. Nowik M, Picard N, Stange G, Capuano P, Tenenhouse 
HS, et al. (2008) Renal phosphaturia during metabolic 
acidosis revisited: Molecular mechanisms for decreased 
renal phosphate reabsorption. Pflugers Archiv 457: 539-
549.

13. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 
et al. (2009) A new equation to estimate glomerular filtration 
rate. Annals of Internal Medicine 150: 604-612.

14. Yarlagadda SG, Coca SG, Garg AX, Doshi M, Poggio E, et 
al. (2008) Marked variation in the definition and diagnosis 
of delayed graft function: A systematic review. Nephrology, 
dialysis, transplantation: official publication of the European 
Dialysis and Transplant Association - European Renal 
Association 23: 2995-3003.

15. Seifi S, Pezeshki ML, Khatami MR, Mazdeh MM, Ahmadi F, 
et al. (2003) Post-renal transplantation hypophosphatemia. 
Transplantation Proc 35: 2645-2646.

16. Van Londen M, Aarts BM, Deetman PE, van der 
Weijden J, Eisenga MF, et al. (2017) Post-Transplant 
Hypophosphatemia and the Risk of Death-Censored Graft 
Failure and Mortality after Kidney Transplantation. CJASN 
12: 1301-1310.

17. Ralston MR, Stevenson KS, Mark PB, Geddes CC (2021) 
Clinical factors associated with severe hypophosphataemia 
after kidney transplant. BMC Nephrol 22: 407.

18. Green J, Debby H, Lederer E, Levi M, Zajicek HK (2001) 
Evidence for a PTH-independent humoral mechanism 
in post-transplant hypophosphatemia and phosphaturia. 
Kidney international 60: 1182-1196.

19. Jankowski M, Biber J, Murer H. (1999) PTH-induced 
internalization of a type IIa Na/Pi cotransporter in OK-cells. 
Pflugers Archiv: European Journal of Physiology 438: 689-
693.

and MJC wrote the manuscript with the help MCV. 
All authors contributed to the discussion, review, and 
approval of the final manuscript.

References
1. Tenenhouse HS (2005) Regulation of phosphorus 

homeostasis by the type iia na/phosphate cotransporter. 
Ann Rev Nutrit 25: 197-214.

2. Ritter CS, Slatopolsky E (2016) Phosphate Toxicity in CKD: 
The Killer among Us. CJASN 11: 1088-1100.

3. Russo D, Battaglia Y (2011) Clinical Significance of FGF-23 
in Patients with CKD. Int J Nephrol 2011: 364890.

4. Takeshita A, Kawakami K, Furushima K, Miyajima M, 
Sakaguchi K (2018) Central role of the proximal tubular 
αKlotho/FGF receptor complex in FGF23-regulated 
phosphate and vitamin D metabolism. Sci Reports 8: 6917.

5. Kidney Disease: Improving Global Outcomes (KDIGO) 
CKD-MBD Update Work Group (2017) KDIGO 2017 
Clinical Practice Guideline Update for the Diagnosis, 
Evaluation, Prevention, and Treatment of Chronic Kidney 
Disease-Mineral and Bone Disorder (CKD-MBD). Kidney 
International Supplements 7: 1-59.

6. Gao S, Xu J, Zhang S, Jin J (2019) Meta-Analysis of the 
Association between Fibroblast Growth Factor 23 and 
Mortality and Cardiovascular Events in Hemodialysis 
Patients. Blood Purif 47: 24-30.

7. Baia LC, Heilberg IP, Navis G, De Borst MH (2015) 
Phosphate and FGF-23 homeostasis after kidney 
transplantation. Nature reviews Nephrology 11: 656-666.

8. Trombetti A, Richert L, Hadaya K, Graf JD, Herrmann FR, et 
al. (2011) Early post-transplantation hypophosphatemia is 
associated with elevated FGF-23 levels. European Journal 
of Endocrinology 164: 839-847.

9. Vangala C, Pan J, Cotton RT, Ramanathan V (2018) 
Mineral and Bone Disorders After Kidney Transplantation. 
Frontiers in Medicine 5.

10. Demeule M, Béliveau R (1991) Cyclosporin inhibits 
phosphate transport and stimulates alkaline phosphatase 
activity in renal BBMV. The American Journal of Physiology 
260: 518-524.

https://doi.org/10.23937/2572-4045.1510069
https://pubmed.ncbi.nlm.nih.gov/18535837/
https://pubmed.ncbi.nlm.nih.gov/18535837/
https://pubmed.ncbi.nlm.nih.gov/18535837/
https://pubmed.ncbi.nlm.nih.gov/18535837/
https://pubmed.ncbi.nlm.nih.gov/18535837/
https://www.acpjournals.org/doi/10.7326/0003-4819-150-9-200905050-00006
https://www.acpjournals.org/doi/10.7326/0003-4819-150-9-200905050-00006
https://www.acpjournals.org/doi/10.7326/0003-4819-150-9-200905050-00006
https://academic.oup.com/ndt/article/23/9/2995/1863957
https://academic.oup.com/ndt/article/23/9/2995/1863957
https://academic.oup.com/ndt/article/23/9/2995/1863957
https://academic.oup.com/ndt/article/23/9/2995/1863957
https://academic.oup.com/ndt/article/23/9/2995/1863957
https://academic.oup.com/ndt/article/23/9/2995/1863957
https://pubmed.ncbi.nlm.nih.gov/14612053/
https://pubmed.ncbi.nlm.nih.gov/14612053/
https://pubmed.ncbi.nlm.nih.gov/14612053/
https://journals.lww.com/cjasn/Fulltext/2017/08000/Post_Transplant_Hypophosphatemia_and_the_Risk_of.14.aspx
https://journals.lww.com/cjasn/Fulltext/2017/08000/Post_Transplant_Hypophosphatemia_and_the_Risk_of.14.aspx
https://journals.lww.com/cjasn/Fulltext/2017/08000/Post_Transplant_Hypophosphatemia_and_the_Risk_of.14.aspx
https://journals.lww.com/cjasn/Fulltext/2017/08000/Post_Transplant_Hypophosphatemia_and_the_Risk_of.14.aspx
https://journals.lww.com/cjasn/Fulltext/2017/08000/Post_Transplant_Hypophosphatemia_and_the_Risk_of.14.aspx
https://pubmed.ncbi.nlm.nih.gov/34886802/
https://pubmed.ncbi.nlm.nih.gov/34886802/
https://pubmed.ncbi.nlm.nih.gov/34886802/
https://www.kidney-international.org/article/S0085-2538(15)47975-X/fulltext
https://www.kidney-international.org/article/S0085-2538(15)47975-X/fulltext
https://www.kidney-international.org/article/S0085-2538(15)47975-X/fulltext
https://www.kidney-international.org/article/S0085-2538(15)47975-X/fulltext
https://pubmed.ncbi.nlm.nih.gov/10555567/
https://pubmed.ncbi.nlm.nih.gov/10555567/
https://pubmed.ncbi.nlm.nih.gov/10555567/
https://pubmed.ncbi.nlm.nih.gov/10555567/
https://www.annualreviews.org/doi/10.1146/annurev.nutr.25.050304.092642
https://www.annualreviews.org/doi/10.1146/annurev.nutr.25.050304.092642
https://www.annualreviews.org/doi/10.1146/annurev.nutr.25.050304.092642
https://journals.lww.com/cjasn/Fulltext/2016/06000/Phosphate_Toxicity_in_CKD__The_Killer_among_Us.21.aspx
https://journals.lww.com/cjasn/Fulltext/2016/06000/Phosphate_Toxicity_in_CKD__The_Killer_among_Us.21.aspx
https://www.hindawi.com/journals/ijn/2011/364890/
https://www.hindawi.com/journals/ijn/2011/364890/
https://www.nature.com/articles/s41598-018-25087-3
https://www.nature.com/articles/s41598-018-25087-3
https://www.nature.com/articles/s41598-018-25087-3
https://www.nature.com/articles/s41598-018-25087-3
https://www.kisupplements.org/article/S2157-1716(17)30001-1/fulltext
https://www.kisupplements.org/article/S2157-1716(17)30001-1/fulltext
https://www.kisupplements.org/article/S2157-1716(17)30001-1/fulltext
https://www.kisupplements.org/article/S2157-1716(17)30001-1/fulltext
https://www.kisupplements.org/article/S2157-1716(17)30001-1/fulltext
https://www.kisupplements.org/article/S2157-1716(17)30001-1/fulltext
https://www.karger.com/Article/FullText/496220
https://www.karger.com/Article/FullText/496220
https://www.karger.com/Article/FullText/496220
https://www.karger.com/Article/FullText/496220
https://www.nature.com/articles/nrneph.2015.153
https://www.nature.com/articles/nrneph.2015.153
https://www.nature.com/articles/nrneph.2015.153
https://academic.oup.com/ejendo/article-abstract/164/5/839/6676899?redirectedFrom=fulltext
https://academic.oup.com/ejendo/article-abstract/164/5/839/6676899?redirectedFrom=fulltext
https://academic.oup.com/ejendo/article-abstract/164/5/839/6676899?redirectedFrom=fulltext
https://academic.oup.com/ejendo/article-abstract/164/5/839/6676899?redirectedFrom=fulltext
https://www.frontiersin.org/articles/10.3389/fmed.2018.00211/full
https://www.frontiersin.org/articles/10.3389/fmed.2018.00211/full
https://www.frontiersin.org/articles/10.3389/fmed.2018.00211/full
https://journals.physiology.org/doi/abs/10.1152/ajprenal.1991.260.4.F518
https://journals.physiology.org/doi/abs/10.1152/ajprenal.1991.260.4.F518
https://journals.physiology.org/doi/abs/10.1152/ajprenal.1991.260.4.F518
https://journals.physiology.org/doi/abs/10.1152/ajprenal.1991.260.4.F518

	Title
	Corresponding author
	Abstract
	Introduction
	Materials and Methods 
	Study population 
	Outcomes
	Data collection 
	Statistical analysis 

	Results
	Discussion
	Conclusion
	Interest Conflict 
	Sources of Support 
	Statement of Equal Authors’ Contribution 
	Table 1
	Table 2
	Figure 1
	Figure 2
	References

