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Abstract
Background: End-stage renal disease (ESRD) and renal replacement therapy options are associated with malnutrition, which occurs in 30-50% of 
patients. Suboptimal nutritional status and physical inactivity are common in peritoneal dialysis patients also and are consequences of the restrictive 
diet, appetite loss, and poor physical fitness.

Materials and methods: This single-center observational study aimed to analyze the dietary intake, body composition, and physical activity of 19 
peritoneal dialysis (PD) patients. Dietary assessment was performed with a three-day 24-hour dietary recall, while nutritional status was assessed 
with body composition measurements. Patients’ physical performance was assessed with a handgrip test and a sit-stand test. Each value was 
expressed as a percentage or mean ± SD. Continuous variables between normal values and of study values were compared using paired t-tests and 
Wilcoxon signed ranks test. A two-tailed P value <0.05 was considered statistically significant.

Results: The mean caloric intake of the 19 patients was 1545 ± 295 kcal/day (21.4 kcal/kg BW/day), and the mean protein intake was 0.8 g/kg BW/
day. The mean value of body mass index was 24.4 ± 2.9 kg/m2, phase angle was 5.2 ± 0.9, lean tissue index was 14.5 ± 2.8 kg/m2 and adipose tissue 
index was 9.3 ± 3.6 kg/m2. The results of the handgrip test and the sit-to-stand test showed muscular weakness associated with low caloric intake.

Conclusion: In our PD patients, average energy and protein intakes were inadequate according to dietary recommendations, which are related to 
reduce muscle strength among observed patients and a poor physical activity profile. The overall approach of nutritional counseling is necessary to 
improve the nutritional status of patients.
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which are known appetite suppressants [6]. Reduced nutrient intake 
due to specific (additional) dietary restrictions associated with a fear 
of hyperkalemia and hyperphosphatemia, which begins in patients 
with chronic kidney disease (CKD) stage 3-4, and may also result 
in protein-energy wasting (PEW) [4]. In addition, the PD technique 
involves solute and fluid exchange across peritoneal membranes, 
which is associated with a daily loss of about 7 g of protein and a gain 
of about 100 g of sugar with the dialysate [6-8].

Dietary recommendations for ESRD patients are not universal 
and are influenced by numerous individual factors [9]. The current 
standard recommends 1.2-1.3 g/kg protein per day and 35 kcal energy/
kg body weight/day, which is not easy to comply with in practice [2]. 
On the other hand, adequate energy intake is more important than 
daily protein intake itself to maintain lean body mass and prevent 
uremic sarcopenia [10,11]. In parallel, we are becoming increasingly 
aware of plant-based diets and their more positive influence on 
health in general, but also in PD patients, as this type of diet has an 
alkaline influence on the acid balance of the body [11,12]. Increased 
consumption of foods containing proteins with low biological value, 

Introduction
End-stage renal disease (ESRD) and renal replacement therapy 

options, i.e., peritoneal dialysis (PD) and hemodialysis, are associated 
with malnutrition, which occurs in 30-50% of patients. It is currently 
unclear whether malnutrition and sarcopenic obesity are simply 
secondary to poor nutrition or are related to other complex associated 
conditions such as chronic systemic inflammation, fluid overload, 
underlying comorbidities and physical inactivity [1].

Globally, it has already been estimated that PD patients have 
protein and energy intakes below the National Kidney Foundation 
Kidney Dialysis Outcome Quality Improvement (NKF-K/DOQI) 
guidelines [2] and approximately 40% of dialysis patients are classified 
as clinically malnourished [3,4]. Several factors such as inadequate 
dialysis, loss of residual renal function, volume overload, intestinal 
dysbiosis, chronic fatigue, older age and concomitant diseases are 
known to contribute to lower nutrient intake in PD patients [5]. Lower 
amounts of ingested dietary protein may also be partly a consequence 
of the comparatively higher concentration of uremic toxins in PD, 
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such as plant proteins, could be a good alternative to the intake of 
proteins with high biological value, which are associated with a higher 
acid load. In addition, phosphate intake from plant proteins is lower 
than from proteins with high biological value (dairy products and 
meat) [13,14].

Nowadays, various methods are available to assess nutritional status, 
including clinical symptom assessment, subjective global assessment 
(SGA) and the malnutrition inflammation (MIA) score questionnaires, 
various serum laboratory measurements (serum albumin levels), 
24-hour dietary recalls, and other novel techniques such as dual-
energy X-ray absorptiometry. Meanwhile, bedside bioimpedance 
spectroscopy (BIS) has gained popularity as a noninvasive, rapid, and 
relatively inexpensive method for quantitative assessment of patient 
volume and nutritional status. In particular, phase angle (PhA) and 
lean tissue index (LTI) of BIS are most commonly used to determine a 
patient’s nutritional status [3,15].

Nutritional guidelines in PD recommend regular and thorough 
assessment of appetite, body weight measurements, clinical status, 
and food intake, as well as analysis of laboratory markers of nutrition 
(albumin, potassium, bicarbonate and phosphate) [2]. To follow 
these recommendations and optimize the rehabilitation program 
of PD patients, a multidisciplinary team with nutrition and exercise 
counseling is crucial [16-18].

The aim of this study is to evaluate the dietary habits and nutritional 
status of our PD patients and to investigate their relationship with 
body mass composition and physical performance.

Methods
This study was an observational, cross-sectional study that included 

patients treated with maintenance PD for at least 3 months in a hospital 
PD unit at University Medical Center Ljubljana. Patients were enrolled 
in the study from April to October 2018. Patients with inadequate 
dialysis, active congestive heart failure, advanced liver disease, active 
malignancy, recent peritonitis or hospitalization within 3 months, and 
active inflammation were excluded. All subjects signed an informed 
consent form before enrollment in the study. The study protocol was 
approved by the Medical Ethics Committee of Slovenia.

Anthropometric measurements (body weight, height, and body 
mass index (BMI)) were performed according to standard protocols. 
Blood samples were taken in the morning and plasma concentrations of 
glucose, hemoglobin, creatinine, blood urea nitrogen (BUN), calcium, 
phosphorus, albumin, magnesium and protein were measured. 

A 24-h dietary recall in three days was repeated with the open 
platform for food evaluation (OPKP) food database program performed 
three times during the observation period [16,19]. Nutritional status 
was compared with body mass composition using the principle of 
bioimpedance spectroscopy (BIS) to calculate lean tissue index (LTI), 
fat tissue index (FTI), overhydration (OH), and Ph A as a prognostic 
index [15]. The PhA was calculated via bio-impedance spectroscopy 
using the following formula: Ph A (°)=arctangent (X c/R) * (180/π). 
Physical performance was assessed with a five-second standing and 
sitting test (five seconds stand to sit test; SS5) and a handgrip test.

Each value was expressed as a percentage or mean ± SD. Continuous 
variables between baseline and study values were compared using 
paired t-tests and Wilcoxon signed ranks test. A two-tailed P value 
<0.05 was considered statistically significant. Statistical analysis was 
performed using SPSS for Windows, version 16.0 (SPSS, Chicago, IL, 
USA).

Results
A total of 19 patients (7 women and 12 men) treated with PD were 

recruited. The mean age of the patients was 52 ± 13.7 years, body 
weight 72.4 ± 13.4 kg and BMI 24.4 ± 2.9 kg/m2. Baseline biochemical 
data (presented as mean values ± SD) are shown in table 1.

Intake of energy, protein, fat, carbohydrate, potassium, sodium, 
phosphate (using 24-hour recall), body mass composition with BIS 
(LTI, FTI, OH, PhA), and handgrip and SS5 test results compared with 
recommended or normal values for all parameters are shown in table 
2. Frequency of consumption of various protein foods in patients on 
PD is shown in table 3.

According to the body composition measurements, our study 
patient cohort has a comparable LTI but a significantly lower PhA, a 
higher FTI and is over-hydrated compared to normal population values 
[20]. Both physical fitness tests (SS5 and handgrip test) show significantly 
lower regular physical activity with low upper extremity strength and low 
repetitive leg strength compared to the normal population.

Biochemical parameter Mean ± SD
Albumin (g/l) 37,7 ± 3,4
Protein (g/l) 62 ± 4,9
Phosphate (mmol/l) 1,6 ± 0,4
Creatinine (μmol/l) 776 ± 258
Magnesium (mmol/l) 0,9 ± 0,1
Urea (mmol/l) 23 ± 6,4
Hemoglobin (g/l) 114 ± 11
Potassium (mmol/l) 4,6 ± 0,7
Calcium (mmol/l) 2,3 ± 0,1
Cholesterol (mmol/l) 4,3 ± 0,9
HDL (mmol/l) 1 ± 0,3
LDL (mmol/l) 2,4 ± 0,6
CRP (mg/l) <5

Table 1: The basic biochemical data of patients on peritoneal dialysis 
(presented as mean ± SD).

Patients 
data SD Recommended 

values SD P-value

Kcal 1544 295 2450 371 <0.001
Protein (g) 58 16 88 16 <0.001
Protein kg/W 0.8 1.6 1.2 1.0 <0.001
Fat (g) 56 18 55 8 0.69
Carbohydrates (g) 199 39 210 32 0.19
Na (g) 2.2 0.9 2.0 1.0 0.39
K (g) 1.6 0.5 2.0 0.5 0.002
Phosphate (g) 0.8 0.2 1.0 0.2 <0.001
Ph A (⁰) 5.2 0.9 6.0 1.0 <0.001
LTI (kg/m2) 14.5 2.8 14.6 3.2 0.14
FTI (kg/m2) 9.3 3.6 7.0 2.2 0.01
OH (kg) 2.2 1.8 1.0 1.0 0.006
SS5 (s) 9.4 3.6 5.0 3.0 <0.001
HG (kg) 23.8 6.1 40 10 <0.001

Table 2: 24-hour diet recall, body mass composition and physical activity 
test in patients on peritoneal dialysis.

Ph A: phase angle; LTI: lean tissue index; FTI: fat tissue index; OH: 
overhydration; SS5: 5 seconds stand sit test; HG: hand grip test.
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leg strength [22]. As expected and reported also by others [23,24], 
these values were related to the suboptimal nutritional status of our 
patients, especially caloric and protein intake.

Patients treated with PD are more susceptible to PEW due to the 
undesirable effects of the PD technique itself, associated with the 
absorption of sugars from the dialysate and protein loss from the 
peritoneal fluid [7,8]. The additional reasons for inadequate food 
intake and sarcopenia in our patients were comparable to other 
studies and related to loss of appetite, social, emotional and economic 
problems and a sedentary lifestyle [17,25,26].

The 24-hour dietary recall is a subjective method of assessing 
nutrient intake, and the sub-record of food intake is very often [27]. 
However, sub-analysis of the 24-hour dietary recall revealed that our 
patient’s diet consisted of a high intake of carbohydrates and fat, with 
a much higher intake of animal proteins than vegetable proteins, and 
a lower intake of fish, vegetables and fiber. Although our patients do 
not have hyperkalemia and hyperphosphatemia, their potassium and 
phosphate intakes are too low. Thus, they still have many reserves 
to improve in their nutritional status by consuming enough protein 
to avoid a negative nitrogen balance and choosing a healthier diet 
with more vegetable protein. This is consistent with other studies 
in ESRD patients, which found that PD patients barely followed 
recommendations to eat 1.2 g protein per kg body weight [27,28].

The beneficial influence of a plant-based diet, resulting from its 
protective and therapeutic influence on uremic toxins, is increasingly 
recognized in CKD patients [29]. Plant-based proteins are very suitable 
for dialysis patients because phosphate uptake from plant proteins is 
lower than from proteins with high biological value [30]. In addition, 
a plant-based diet is also important for improving acid-base balance 
because potential renal acid load (PRAL) is lower on a diet with more 
plant foods [13,14]. Recommendations now include a diet with 50% or 
more plant-based protein in conjunction with potassium control and 
regular physical activity to prevent frailty [2,3,17,29].

Conclusion
In our PD patients, average energy and protein intakes are inadequate 

according to dietary recommendations, which are related to reduce 
muscle strength among observed patients and poor physical activity 
profile. The overall approach of nutritional counseling is necessary 
to improve and nutritional status of patients. More intensive efforts, 
including a multidisciplinary approach with dietitians, nephrologists, 
and kinesiologists, are needed to continuously educate and encourage 
people on PD to consume optimal amounts of high-quality food and 
follow exercise schedules.

Daily calories (1544 ± 295 vs 2450 ± 371; p <0.001) and especially 
protein (58 ± 16 g/day vs 88 ± 16 g/day, p <0.001) intake is significantly 
lower compared to the normal population. Intake of fat, carbohydrates 
and sodium is comparable; however intake of potassium and phosphate 
is much lower in comparison with the normal population.

Higher caloric intake is positively correlated with better results in 
the SS5 test (correlation coef. +0.50, p=0.03), but not with hand grip 
test (correlation coef. +0.05, p=0.84) (Figure 1).

Intake of proteins is not associated with hand grip (correlation 
coef. -0.20, p=0.41), nor with SS5 test (correlation coef. -0.20, p=0.40). 
Phosphate intake (according to the dietary recall report) is positively 
correlated with an adequate protein intake (correlation coef. +0.86, p 
<0.001).

There was no association between Ph A and caloric intake 
(correlation coef. +0.38, p=0.10), as well as Ph A and protein intake 
(correlation coef. +0.38, p=0.10).

Discussion
The results presented here show that our group of patients treated 

with PD consumes a suboptimal amount of protein and energy. 
However, this low energy and protein intake is not consistent with 
their nutritional status, which shows sarcopenic obesity, with body 
mass indices in the range of normal values, but with lower muscle 
mass and increased fat mass [21]. Based on simple physical fitness tests 
(i.e., SS5 and the handgrip test) [17], low physical fitness values were 
found, including very low upper extremity strength and low repetitive 

Food % of patients
Milk 74
Chicken meat 68
Cheese 58
Beaf meat 57
Cheese spread 47
Butter 42
Eggs 37
Cottage cheese 21
Joghurt 21
Pork meat 10
Fish 10

Table 3: Frequency of consumption of various protein foods in patients 
on peritoneal dialysis.

Figure 1: Correlations between 5 seconds stand-seat test and hand grip test and caloric intake from 24 h diet recall.



 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Knap B, Večerić Haler Ž (2022) Diet Patterns, Nutrition Status and Physical Activity in Patients on Peritoneal Dialysis. Int J Nephrol 
Kidney Fail 8(3): dx.doi.org/10.16966/2380-5498.233 4

International Journal of Nephrology and Kidney Failure
Open Access Journal

Conflict of Interest
The authors declare that there is no conflict of interest.

References
1. Kiebalo T, Holotka J, Habura I, Pawlaczyk K (2020) Nutritional Status 

in Peritoneal Dialysis: Nutritional Guidelines, Adequacy and the 
Management of Malnutrition. Nutrients 12: 1715.

2. Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, Carrero JJ, 
et al. (2020) KDOQI Clinical Practice Guideline for Nutrition in CKD: 
2020 Update. Am J Kidney Dis 76: S1-S107.

3. Hanna RM, Ghobry L, Wassef O, Rhee CM, Kalantar-Zadeh K 
(2020) A Practical Approach to Nutrition, Protein-Energy Wasting, 
Sarcopenia, and Cachexia in Patients with Chronic Kidney Disease. 
Blood Purif 49: 202-211.

4. Therrien M, Byham-Gray L, Beto J (2015) A Review of Dietary Intake 
Studies in Maintenance Dialysis Patients. J Ren Nutr 25: 329-338.

5. van Westing AC, Kupers LK, Geleijnse JM (2020) Diet and Kidney 
Function: a Literature Review. Curr Hypertens Rep 22: 14.

6. Burkart J (2004) Metabolic consequences of peritoneal dialysis. 
Semin Dial 17: 498-504.

7. Blumenkrantz MJ, Gahl GM, Kopple JD, Kamdar AV, Jones MR, et 
al. (1981) Protein losses during peritoneal dialysis. Kidney Int 19: 
593-602.

8. Westra WM, Kopple JD, Krediet RT, Appell M, Mehrotra R (2007) 
Dietary protein requirements and dialysate protein losses in chronic 
peritoneal dialysis patients. Perit Dial Int 27: 192-195.

9. Kistler BM, Moore LW, Benner D, Biruete A, Boaz M, et al. (2021) 
The International Society of Renal Nutrition and Metabolism 
Commentary on the National Kidney Foundation and Academy 
of Nutrition and Dietetics KDOQI Clinical Practice Guideline for 
Nutrition in Chronic Kidney Disease. J Ren Nutr 31: 116-120.e1.

10. Naylor HL, Jackson H, Walker GH, Macafee S, Magee K, et al. (2013) 
British Dietetic Association evidence-based guidelines for the protein 
requirements of adults undergoing maintenance haemodialysis or 
peritoneal dialysis. J Hum Nutr Diet 26: 315-328.

11. Apetrii M, Timofte D, Voroneanu L, Covic A (2021) Nutrition in 
Chronic Kidney Disease-The Role of Proteins and Specific Diets. 
Nutrients 13: 956.

12. Roach LA, Lambert K, Holt JL, Meyer BJ (2017) Diet quality in 
patients with end-stage kidney disease undergoing dialysis. J Ren 
Care 43: 226-234.

13. Gluba-Brzozka A, Franczyk B, Rysz J (2017) Vegetarian Diet in Chronic 
Kidney Disease-A Friend or Foe. Nutrients 9: 374.

14.  Khairallah P, Isakova T, Asplin J, Hamm L, Dobre M, et al. (2017) 
Acid Load and Phosphorus Homeostasis in CKD. Am J Kidney Dis 70: 
541-550.

15. Han BG, Lee JY, Kim JS, Yang JW (2018) Clinical Significance of Phase 
Angle in Non-Dialysis CKD Stage 5 and Peritoneal Dialysis Patients. 
Nutrients 10: 1331.

16. Zha Y, Qian Q (2017) Protein Nutrition and Malnutrition in CKD and 
ESRD. Nutrients 9: 208.

17. Hoshino J (2021) Renal Rehabilitation: Exercise Intervention and 
Nutritional Support in Dialysis Patients. Nutrients 13: 1444.

18. Gunalay S, Ozturk Y, Akar H, Mergen H (2018) The relationship 
between malnutrition and quality of life in hemodialysis and 
peritoneal dialysis patients. Rev Assoc Med Bras 64: 845-852.

19. Hren Irena (2008) Moj prehranski dnevnik.

20. Stenvinkel P, Shiels PG, Painer J, Miranda JJ, Natterson-Horowitz 
B, et al. (2020) A planetary health perspective for kidney disease. 
Kidney Int 98: 261-265.

21. Cupisti A, D’Alessandro C, Finato V, Del Corso C, Catania B, et al. 
(2017) Assessment of physical activity, capacity and nutritional 
status in elderly peritoneal dialysis patients. BMC Nephrol 18: 180.

22. Bakker EA, Zoccali C, Dekker FW, Eijsvogels TMH, Jager KJ (2021) 
Assessing physical activity and function in patients with chronic 
kidney disease: a narrative review. Clin Kidney J 14: 768-779.

23. As’habi A, Najafi I, Tabibi H, Hedayati M (2018) Prevalence of 
Sarcopenia and Dynapenia and Their Determinants in Iranian 
Peritoneal Dialysis Patients. Iran J Kidney Dis 12: 53-60.

24. Thangarasa T, Imtiaz R, Hiremath S, Zimmerman D (2018) Physical 
Activity in Patients Treated With Peritoneal Dialysis: A Systematic 
Review and Meta-analysis. Can J Kidney Health Dis 5.

25. Sabatino A, Regolisti G, Karupaiah T, Sahathevan S, Sadu Singh BK, et 
al. (2017) Protein-energy wasting and nutritional supplementation 
in patients with end-stage renal disease on hemodialysis. Clin Nutr 
36: 663-671.

26. Hanafusa N, Tsuchiya K, Nitta K (2019) Malnutrition-Wasting 
Conditions in Older Dialysis Patients: An Individualized Approach. 
Contrib Nephrol 198: 12-20.

27. Silva MZC, Vogt BP, Reis NSC, Oliveira RC, Caramori JCT (2021) Which 
Method Should Be Used to Assess Protein Intake in Peritoneal 
Dialysis Patients? Assessment of Agreement Between Protein 
Equivalent of Total Nitrogen Appearance and 24-Hour Dietary 
Recall. J Ren Nutr 31: 320-326.

28. Santin F, Canella D, Borges C, Lindholm B, Avesani CM (2019) Dietary 
Patterns of Patients with Chronic Kidney Disease: The Influence of 
Treatment Modality. Nutrients 11: 1920.

29. Mafra D, Borges NA, Lindholm B, Shiels PG, Evenepoel P, et al. (2021) 
Food as medicine: targeting the uraemic phenotype in chronic 
kidney disease. Nat Rev Nephrol 17: 153-171.

30. Byrne FN, Gillman B, Kiely M, Bowles M, Connolly P, et al. (2021) 
Translation of Nutrient Level Recommendations to Control Serum 
Phosphate Into Food-Based Advice. J Ren Nutr 31: 43-48.

https://pubmed.ncbi.nlm.nih.gov/32521626/
https://pubmed.ncbi.nlm.nih.gov/32521626/
https://pubmed.ncbi.nlm.nih.gov/32521626/
https://pubmed.ncbi.nlm.nih.gov/32829751/
https://pubmed.ncbi.nlm.nih.gov/32829751/
https://pubmed.ncbi.nlm.nih.gov/32829751/
https://pubmed.ncbi.nlm.nih.gov/31851983/
https://pubmed.ncbi.nlm.nih.gov/31851983/
https://pubmed.ncbi.nlm.nih.gov/31851983/
https://pubmed.ncbi.nlm.nih.gov/31851983/
https://pubmed.ncbi.nlm.nih.gov/25592493/
https://pubmed.ncbi.nlm.nih.gov/25592493/
https://pubmed.ncbi.nlm.nih.gov/32016564/
https://pubmed.ncbi.nlm.nih.gov/32016564/
https://pubmed.ncbi.nlm.nih.gov/15660581/
https://pubmed.ncbi.nlm.nih.gov/15660581/
https://pubmed.ncbi.nlm.nih.gov/7241892/
https://pubmed.ncbi.nlm.nih.gov/7241892/
https://pubmed.ncbi.nlm.nih.gov/7241892/
https://pubmed.ncbi.nlm.nih.gov/17299157/
https://pubmed.ncbi.nlm.nih.gov/17299157/
https://pubmed.ncbi.nlm.nih.gov/17299157/
https://pubmed.ncbi.nlm.nih.gov/32737016/
https://pubmed.ncbi.nlm.nih.gov/32737016/
https://pubmed.ncbi.nlm.nih.gov/32737016/
https://pubmed.ncbi.nlm.nih.gov/32737016/
https://pubmed.ncbi.nlm.nih.gov/32737016/
https://pubmed.ncbi.nlm.nih.gov/23731266/
https://pubmed.ncbi.nlm.nih.gov/23731266/
https://pubmed.ncbi.nlm.nih.gov/23731266/
https://pubmed.ncbi.nlm.nih.gov/23731266/
https://pubmed.ncbi.nlm.nih.gov/33809492/
https://pubmed.ncbi.nlm.nih.gov/33809492/
https://pubmed.ncbi.nlm.nih.gov/33809492/
https://pubmed.ncbi.nlm.nih.gov/28944596/
https://pubmed.ncbi.nlm.nih.gov/28944596/
https://pubmed.ncbi.nlm.nih.gov/28944596/
https://pubmed.ncbi.nlm.nih.gov/28394274/
https://pubmed.ncbi.nlm.nih.gov/28394274/
https://pubmed.ncbi.nlm.nih.gov/28645705/
https://pubmed.ncbi.nlm.nih.gov/28645705/
https://pubmed.ncbi.nlm.nih.gov/28645705/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6165137/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6165137/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6165137/
https://pubmed.ncbi.nlm.nih.gov/28264439/
https://pubmed.ncbi.nlm.nih.gov/28264439/
lm.nih.gov/33923264/
lm.nih.gov/33923264/
https://pubmed.ncbi.nlm.nih.gov/30673007/
https://pubmed.ncbi.nlm.nih.gov/30673007/
https://pubmed.ncbi.nlm.nih.gov/30673007/
http://klinicnaprehrana.si/wp-content/uploads/2013/11/Prehranski_dnevnik.pdf
https://pubmed.ncbi.nlm.nih.gov/32709283/
https://pubmed.ncbi.nlm.nih.gov/32709283/
https://pubmed.ncbi.nlm.nih.gov/32709283/
https://pubmed.ncbi.nlm.nih.gov/28558794/
https://pubmed.ncbi.nlm.nih.gov/28558794/
https://pubmed.ncbi.nlm.nih.gov/28558794/
https://pubmed.ncbi.nlm.nih.gov/33777360/
https://pubmed.ncbi.nlm.nih.gov/33777360/
https://pubmed.ncbi.nlm.nih.gov/33777360/
https://pubmed.ncbi.nlm.nih.gov/29421778/
https://pubmed.ncbi.nlm.nih.gov/29421778/
https://pubmed.ncbi.nlm.nih.gov/29421778/
https://pubmed.ncbi.nlm.nih.gov/29977585/
https://pubmed.ncbi.nlm.nih.gov/29977585/
https://pubmed.ncbi.nlm.nih.gov/29977585/
https://pubmed.ncbi.nlm.nih.gov/27371993/
https://pubmed.ncbi.nlm.nih.gov/27371993/
https://pubmed.ncbi.nlm.nih.gov/27371993/
https://pubmed.ncbi.nlm.nih.gov/27371993/
https://www.karger.com/Article/Abstract/496304
https://www.karger.com/Article/Abstract/496304
https://www.karger.com/Article/Abstract/496304
https://pubmed.ncbi.nlm.nih.gov/32958375/
https://pubmed.ncbi.nlm.nih.gov/32958375/
https://pubmed.ncbi.nlm.nih.gov/32958375/
https://pubmed.ncbi.nlm.nih.gov/32958375/
https://pubmed.ncbi.nlm.nih.gov/32958375/
https://pubmed.ncbi.nlm.nih.gov/31443269/
https://pubmed.ncbi.nlm.nih.gov/31443269/
https://pubmed.ncbi.nlm.nih.gov/31443269/
https://pubmed.ncbi.nlm.nih.gov/32963366/
https://pubmed.ncbi.nlm.nih.gov/32963366/
https://pubmed.ncbi.nlm.nih.gov/32963366/
https://pubmed.ncbi.nlm.nih.gov/32631781/
https://pubmed.ncbi.nlm.nih.gov/32631781/
https://pubmed.ncbi.nlm.nih.gov/32631781/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Conflict of Interest 
	References
	Figure 1
	Table 1
	Table 2
	Table 3

