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ABSTRACT:

Background: Chronic kidney disease-associated pruritus (CKD-aP) is a frequent and distressing symptom among
patients receiving maintenance hemodialysis. In routine practice, evaluation often depends on readily available
biochemical and dialysis adequacy parameters rather than non-routine assays. Objectives: To estimate the
documented prevalence of CKD-aP among maintenance hemodialysis patients and to examine its association with
routine markers including intact parathyroid hormone (iPTH), corrected calcium, serum phosphate, kidney
function test parameters, complete blood count, alkaline phosphatase, single-pool Kt/V and hemodialysis
frequency. Methods: This hospital-based retrospective observational study reviewed records of adult maintenance
hemodialysis patients treated at a tertiary care center in Delhi. Patients receiving hemodialysis for at least 3 months
with available routine biochemical, hematological and dialysis adequacy data were included. CKD-aP status and
severity were abstracted from hemodialysis and dermatology notes. The routine markers analyzed were iPTH,
corrected calcium, phosphate, pre-dialysis urea, serum creatinine, hemoglobin, total leukocyte count, platelet
count, alkaline phosphatase, single-pool Kt/V and hemodialysis frequency. Between-group comparisons, severity-
stratified analyses, correlation testing and multivariable logistic regression were performed. Results: Among 120
eligible hemodialysis records, CKD-aP was documented in 67 patients (55.8%). Patients with CKD-aP had lower
single-pool Kt/V, higher serum phosphate, higher iPTH and higher alkaline phosphatase than patients without
CKD-aP. Corrected calcium, serum creatinine and complete blood count parameters showed weaker or non-
significant group differences. In adjusted analysis, hyperphosphatemia, iPTH >300 pg/mL, alkaline phosphatase
>150 IU/L and Kt/V <1.20 were independently associated with CKD-aP. Severity-stratified analysis showed a
graded increase in phosphate, iPTH, alkaline phosphatase and composite abnormality burden with worsening
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pruritus. Conclusion: CKD-aP among hemodialysis patients was associated mainly with routine markers of
mineral-bone disturbance and dialysis adequacy. A retrospective record-based marker panel using phosphate,
iPTH, alkaline phosphatase, Kt/V and hemodialysis frequency can support practical screening and clinical
prioritization in hemodialysis units.

1. INTRODUCTION:

Chronic kidney disease-associated pruritus (CKD-aP), previously termed uremic pruritus, is a chronic itch
occurring in patients with CKD or kidney failure after exclusion of a primary dermatological, hepatobiliary,
endocrine, infectious or drug-related cause. It remains one of the most burdensome non-traditional complications
of dialysis, with effects on sleep, quality of life, emotional well-being, treatment satisfaction and possibly
survival.1-4

Indian hemodialysis populations require focused study because dialysis delivery patterns, affordability, frequency
of hemodialysis, control of CKD-mineral bone disorder, nutritional status, skin phenotype, climate-related xerosis
and access to dermatological care differ from high-income settings. Recent Indian hemodialysis data reported
CKD-aP in more than half of maintenance hemodialysis patients and showed deterioration in quality of life and
sleep with increasing severity.5 Older Indian dermatology-nephrology studies also consistently identify xerosis
and pruritus among the most frequent cutaneous manifestations in chronic kidney disease and dialysis.6-10

The pathophysiology of CKD-aP is multifactorial. Proposed mechanisms include xerosis, epidermal barrier
dysfunction, hyperphosphatemia, secondary hyperparathyroidism, increased calcium-phosphate burden, uremic
toxin accumulation, inadequate dialysis clearance, peripheral neuropathy, central sensitization, mast-cell
activation and dysregulated opioid receptor signaling.11-16 For a retrospective record-based study, the most
reliable and reproducible markers are those routinely captured in hemodialysis records and laboratory systems.

Therefore, the present manuscript was revised as a retrospective observational study using only routinely available
markers: intact parathyroid hormone (iPTH), corrected calcium, serum phosphate, kidney function test
parameters, complete blood count, alkaline phosphatase, single-pool Kt/V and hemodialysis frequency. This
design is suitable for hospital record review, avoids non-routine testing and produces findings that can be
translated directly into hemodialysis-unit quality improvement.

MATERIALS AND METHODS

Study design and setting

This was a hospital-based retrospective observational study conducted in the maintenance hemodialysis unit of a
tertiary care center in Delhi, India. Existing dialysis-unit records, laboratory records and dermatology/nephrology
notes were reviewed for the defined study period. The manuscript was prepared in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) framework.

Study population

Records of adult patients aged 18 years or above receiving maintenance hemodialysis for at least 3 months were
screened. Patients were eligible if CKD-aP status was documented and if routine laboratory and dialysis adequacy
data were available within the predefined review window. Records were excluded if there was documented active
eczema, psoriasis, scabies, urticaria, cholestatic liver disease, uncontrolled thyroid disease, hematological
malignancy, active systemic infection, recent systemic corticosteroid or immunobiological therapy, dialysis
duration below 3 months, or incomplete marker data.

Operational definition of CKD-aP

CKD-aP was defined from clinical documentation as recurrent or persistent itch occurring in a patient with CKD
or kidney failure without a primary dermatological or systemic non-renal cause. Severity was abstracted from
available clinical records and grouped as mild, moderate or severe based on the documented clinical assessment
or recorded itch numerical rating score when available.13,19

Markers and variables extracted

The marker panel was restricted to tests and dialysis parameters routinely available in patient records: intact
parathyroid hormone (iPTH), corrected calcium, serum phosphate, kidney function test parameters including pre-
dialysis urea and serum creatinine, complete blood count including hemoglobin, total leukocyte count and platelet
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count, alkaline phosphatase, single-pool Kt/V and hemodialysis frequency. Demographic and hemodialysis
descriptors including age, sex and dialysis vintage were extracted only for clinical description and adjustment.

For patients with CKD-aP, the laboratory value closest to the first recorded pruritus assessment during the review
period was used. For patients without CKD-aP, the latest eligible dialysis review with complete marker data during
the same period was used. Hyperphosphatemia was defined as serum phosphate >=5.5 mg/dL, elevated iPTH as
>300 pg/mL, elevated alkaline phosphatase as >150 IU/L, low dialysis adequacy as single-pool Kt/V <1.20 and
anemia as hemoglobin <10 g/dL.

Sample size

All eligible records available during the study period were included. A final sample of 120 records was considered
adequate for exploratory retrospective analysis and for multivariable modeling with a limited number of
prespecified routine markers.

Statistical analysis

Continuous variables were assessed for distribution and expressed as mean + standard deviation or median with
interquartile range. Categorical variables were summarized as frequency and percentage. Between-group
comparisons used Welch t-test, Mann-Whitney U test, chi-square test or Fisher exact test as appropriate. Severity-
stratified comparisons used one-way ANOVA, Kruskal-Wallis test or chi-square test. Spearman correlation
assessed relationships between routine markers and pruritus severity. Multivariable logistic regression estimated
adjusted odds ratios (aORs) for CKD-aP. Statistical significance was set at p<0.05.

RESULTS

Record selection and CKD-aP prevalence

Of 142 hemodialysis records screened, 22 were excluded because of incomplete routine marker data, dialysis
duration below 3 months or a documented primary non-renal cause of pruritus. The final analysis included 120
maintenance hemodialysis records. CKD-aP was documented in 67 patients (55.8%), while 53 patients (44.2%)
had no documented CKD-aP. Among CKD-aP patients, mild, moderate and severe pruritus were recorded in 31,
29 and 7 patients, respectively (Figure 1).

Baseline, dialysis and routine marker profile

Patients with CKD-aP were older and had lower dialysis adequacy than patients without CKD-aP. Serum
phosphate, iPTH and alkaline phosphatase were higher in the CKD-aP group. Corrected calcium, serum creatinine,
hemoglobin, total leukocyte count and platelet count did not show significant between-group differences (Table

1.

Table 1. Baseline, dialysis and routine marker profile stratified by CKD-aP status.

Variable CKD-aP present (n=67) | No CKD-aP (n=53) p value
Age, years 5724127 51.8+12.0 0.019
Male sex 56 (83.6) 41 (77.4) 0.485
Dialysis vintage, months 30.1 (18.9-44.5) 29.6 (22.1-52.8) 0.552
Twice-weekly hemodialysis 56 (83.6) 37 (69.8) 0.082
Single-pool Kt/V 1.23+0.18 1.40+0.21 <0.001
Pre-dialysis urea, mg/dL 145 + 34 132 +£31 0.032
Serum creatinine, mg/dL 8623 82+2.1 0.330
Corrected calcium, mg/dL 8.6+0.8 8.7+0.8 0.839
Serum phosphate, mg/dL 5712 49+1.0 <0.001
iPTH, pg/mL 404 (278-640) 289 (206-473) 0.003
Alkaline phosphatase, IU/L 151 (112-218) 124 (96-178) 0.018
Hemoglobin, g/dL 95+14 9.7£14 0.354
Total leukocyte count, x10%/uL 7.8 (6.2-9.6) 7.4 (5.9-9.1) 0.441
Platelet count, lakh/uL 2.15+£0.62 2.23+£0.58 0.468

Values are mean = SD, median (IQR), or n (%). p values from Welch t-test, Mann-Whitney U test, chi-square test
or Fisher exact test. CKD-aP, chronic kidney disease-associated pruritus; iPTH, intact parathyroid hormone.

Abnormality burden in routine markers
Hyperphosphatemia, elevated iPTH, elevated alkaline phosphatase and low Kt/V were significantly more frequent
among patients with CKD-aP. A combined mineral-bone marker abnormality score showed a clear excess burden
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in the CKD-aP group (Table 2).

Table 2. Frequency of abnormal routine markers among patients with and without CKD-aP.

Marker abnormality CKD-aP present (n=67) No CKD-aP (n=53) p value
Hyperphosphatemia: phosphate >=5.5 38 (56.7) 16 (30.2) 0.004
mg/dL

iPTH >300 pg/mL 44 (65.7) 24 (45.3) 0.026
Alkaline phosphatase >150 IU/L 34 (50.7) 15 (28.3) 0.013
Single-pool Kt/V <1.20 30 (44.8) 10 (18.9) 0.003
Twice-weekly hemodialysis 56 (83.6) 37 (69.8) 0.082
Hemoglobin <10 g/dL 44 (65.7) 30 (56.6) 0.304
Total leukocyte count >11 x10°/uL 8 (11.9) 4(7.5) 0.523
Platelet count <1.5 lakh/uLL 10 (14.9) 6(11.3) 0.594
Corrected calcium abnormality 30 (44.8) 20 (37.7) 0.435
>=2 abnormal mineral-bone markers 36 (53.7) 13 (24.5) 0.002

Values are n (%). Corrected calcium abnormality indicates a value below or above the laboratory reference range.
Mineral-bone markers included phosphate, iPTH and alkaline phosphatase.

Severity-stratified routine marker pattern

Among patients with CKD-aP, worsening pruritus severity was accompanied by lower Kt/V and progressively
higher serum phosphate, iPTH and alkaline phosphatase. The composite count of abnormal routine markers
increased across mild, moderate and severe pruritus strata (Table 3).

Table 3. Routine markers among CKD-aP patients by pruritus severity.

Variable Mild (n=31) Moderate (n=29) Severe (n=7) p value
Patients in severity stratum 31 (46.3) 29 (43.3) 7(10.4) -
Single-pool Kt/V 1.31+0.16 1.18+0.15 1.09+0.13 <0.001
Twice-weekly hemodialysis 23 (74.2) 26 (89.7) 7 (100.0) 0.116
Pre-dialysis urea, mg/dL 135+30 150 + 34 164 +£37 0.031
Serum creatinine, mg/dL 83£22 89+24 94+£2.6 0.372
Corrected calcium, mg/dL 8.8+0.7 8.5+0.8 8.2+0.9 0.056
Serum phosphate, mg/dL 52£1.0 59+1.1 6.6+1.3 0.003
iPTH, pg/mL 336 (240-498) 435 (310-682) 690 (510-890) 0.002
Alkaline phosphatase, IU/L 132 (104-192) 167 (123-245) 240 (172-310) 0.006
Hemoglobin, g/dL 9.7+1.2 94+1.5 8.8+1.6 0.124
Total leukocyte count, x10%/uL 7.4 (6.0-9.1) 8.0 (6.5-9.8) 8.7 (6.7-11.0) 0.309
Platelet count, lakh/uL 222 +0.59 2.11+£0.66 2.04+0.58 0.721
Composite abnormality count 2 (1-3) 3 (24 4 (3-5) <0.001

Values are mean + SD, median (IQR), or n (%). Severity comparisons used one-way ANOVA, Kruskal-Wallis
test or chi-square test as appropriate. Composite abnormality count included abnormal phosphate, iPTH, corrected
calcium, alkaline phosphatase, Kt/V and hemoglobin.

Independent routine markers of CKD-aP

In multivariable logistic regression, serum phosphate >=5.5 mg/dL, iPTH >300 pg/mL, alkaline phosphatase >150
IU/L and single-pool Kt/V <1.20 remained independently associated with CKD-aP. Twice-weekly hemodialysis,
hemoglobin <10 g/dL and corrected calcium abnormality did not retain independent significance after adjustment.
The model c-statistic was 0.78, indicating acceptable discrimination for a routine marker-only retrospective model
(Table 4; Figure 2).

Table 4. Multivariable logistic regression and correlation of routine markers with pruritus severity.

Predictor Adjusted OR (95% CI) p value Spearman rho Correlation p
Serum phosphate >=5.5 mg/dL 3.84 (1.54-9.60) 0.004 0.39 0.001

iPTH >300 pg/mL 2.56 (1.03-6.35) 0.043 0.36 0.003
Alkaline phosphatase >150 IU/L 243 (1.01-5.86) 0.048 0.30 0.014
Single-pool Kt/V <1.20 3.12 (1.14-8.50) 0.026 -0.42 <0.001
Twice-weekly hemodialysis 1.89 (0.70-5.08) 0.208 0.22 0.073
Hemoglobin <10 g/dL 1.38 (0.59-3.24) 0.459 -0.18 0.153
Corrected calcium abnormality 1.21(0.52-2.79) 0.659 -0.11 0.388

Adjusted model included all variables listed in the table with age and sex as adjustment covariates. C-statistic =
0.78; pseudo-R?=0.28. Correlations were calculated among CKD-aP patients only. OR, odds ratio; CI, confidence
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Figure 1. Retrospective record-selection flow and CKD-aP severity distribution.
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Figure 2. Forest plot of independent routine markers associated with CKD-associated pruritus. Points represent adjusted odds ratios
and horizontal bars represent 95% confidence intervals.

DISCUSSION

This retrospective observational study found CKD-aP documented in slightly more than half of maintenance
hemodialysis patients, consistent with Indian and global estimates.5,6,15,19 By restricting the analysis to routinely
available tests and dialysis parameters, the study highlights a practical marker profile that can be implemented in
hemodialysis units without specialized biomarker assays.

The strongest routine signals were hyperphosphatemia, elevated iPTH, elevated alkaline phosphatase and low
Kt/V. These findings support the continuing relevance of CKD-mineral bone disorder and dialysis adequacy in
the clinical work-up of pruritus. The graded rise in phosphate, iPTH and alkaline phosphatase across severity
strata suggests that mineral-bone disturbance may contribute not only to the presence of CKD-aP but also to
greater symptom burden.

Corrected calcium showed no independent association in this analysis. This may reflect the narrow calcium range
typically maintained in dialysis care, the influence of calcium-based binders and vitamin D therapy, and the
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possibility that phosphate, parathyroid hormone and alkaline phosphatase better capture the active mineral-bone
phenotype associated with pruritus. Similarly, serum creatinine and routine complete blood count indices were
less informative than Kt/V and mineral-bone markers.

Dialysis adequacy remains clinically actionable. A single-pool Kt/V below 1.20 was independently associated
with CKD-aP and showed an inverse correlation with severity. Dialysis frequency showed a directionally higher
risk but lost independent significance after adjustment, suggesting that delivered adequacy may be more
informative than schedule alone. In resource-constrained hemodialysis settings, simultaneous assessment of
hemodialysis frequency and Kt/V may help identify patients who require prescription review.

The retrospective design is clinically useful because the required variables are already captured in most
hemodialysis units: iPTH, corrected calcium, phosphate, kidney function tests, complete blood count, alkaline
phosphatase, Kt/V and hemodialysis frequency. A routine marker-only approach can support screening, follow-
up and quality improvement while avoiding dependence on non-routine or research-only assays.

STRENGTHS:

e The study uses a pragmatic retrospective design suitable for routine hospital records.

e  The marker panel is limited to tests commonly available in dialysis practice, improving reproducibility.
e  The analysis includes both CKD-aP status and severity-stratified marker gradients.

e  Multivariable modeling focuses on clinically interpretable and actionable markers.

LIMITATIONS:

e  The retrospective design prevents causal inference and depends on the completeness of record documentation.
e CKD-aP may be under-recorded if patients did not spontaneously report itching or if clinicians did not
document severity consistently.

e Medication data, phosphate-binder adherence, vitamin D therapy, xerosis treatment, seasonal variation and
detailed dermatological grading may not be uniformly available in records.

e  The study is single-center and may not represent all Indian hemodialysis settings.

e  The laboratory values should be interpreted in relation to dialysis timing and local laboratory reference ranges.

CONCLUSION:

CKD-aP among hemodialysis patients was associated mainly with routine markers of mineral-bone disturbance
and dialysis adequacy. Hyperphosphatemia, elevated iPTH, elevated alkaline phosphatase and low Kt/V emerged
as the most useful retrospective markers. A routine marker panel using iPTH, corrected calcium, phosphate,
kidney function tests, complete blood count, alkaline phosphatase, Kt/V and hemodialysis frequency can support
practical screening and prioritization of CKD-aP management in hemodialysis units.

PRACTICE IMPLICATIONS:

1. Screen hemodialysis records and visits for documented CKD-aP rather than relying only on spontaneous
patient reporting.

2. Review phosphate, iPTH, alkaline phosphatase and Kt/V in every hemodialysis patient with pruritus.

3. Consider low Kt/V and persistent twice-weekly dialysis as signals for hemodialysis-prescription
reassessment.

4. Use CBC and KFT as supportive routine markers, while recognizing that they may be less specific for CKD-
aP than phosphate, iPTH, alkaline phosphatase and Kt/V.

5. Create a simple hemodialysis-unit CKD-aP review template that captures pruritus status, severity,
hemodialysis frequency, Kt/V and the routine marker panel.

DECLARATIONS:

Availability of data and materials: De-identified study data may be available from the corresponding author on
reasonable request, subject to institutional policy.

Competing interests: None declared.

Funding: None.

Authors’ contributions: [Author initials] conceptualized the study. [Author initials] extracted data from records.
[Author initials] performed statistical analysis. [Author initials] drafted the manuscript. All authors reviewed and

©2026 The authors
This is an Open Access article

distributed under the terms of the Creative Commons Attribution (CC BY NC), which permits unrestricted use,
distribution, and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers.(https://creativecommons.org/licenses/by-nc/4.0/)



file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)

Chinese Journal of Health Management
Volume 20 Issue 6, Year of Publication 2026, Page 1760-1766 | Dol-10.564220/1674-0815.2026.171

approved the final manuscript.

REFERENCES:

1.

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 Clinical Practice Guideline for the Evaluation
and Management of Chronic Kidney Disease. Kidney Int. 2024;105(4S): S117-S314. doi: 10.1016/j.kint.2023.10.018.

2. Agarwal P, Garg V, Karagaiah P, Szepietowski JC, Grabbe S, Goldust M. Chronic kidney disease-associated pruritus. Toxins (Basel).
2021;13(8):527. doi:10.3390/toxins13080527.

3. Kim D, Pollock C. Epidemiology and burden of chronic kidney disease-associated pruritus. Clin Kidney J. 2021;14(Suppl 3): il-i7.
doi:10.1093/ckj/sfab142.

4.  Pisoni RL, Wikstrom B, Elder SJ, et al. Pruritus in haemodialysis patients: international results from the Dialysis Outcomes and Practice
Patterns Study. Nephrol Dial Transplant. 2006;21(12):3495-3505. doi:10.1093/ndt/gfl461.

5. Shetty D, Nayak AM, Datta D, Bhojaraja MV, Nagaraju SP, Prabhu AR, et al. Uremic pruritus: prevalence, determinants, and its impact
on health-related quality of life and sleep in Indian patients undergoing hemodialysis. Ir J Med Sci. 2023;192(6):3109-3115.
doi:10.1007/s11845-023-03393-8.

6.  Kaur S, Sharma D, Sethi S, Sohal PMS, Chahal HS, Makkar V. Prevalence of uremic pruritus, its risk factors and impact on health-
related quality-of-life in patients on maintenance hemodialysis. J Acad Med. 2019;2(2):144-147. doi:10.21276/ajm.2019.2.2.37.

7. Udayakumar P, Balasubramanian S, Ramalingam KS, Lakshmi C, Srinivas CR, Mathew AC. Cutaneous manifestations in patients with
chronic renal failure on hemodialysis. Indian J Dermatol Venereol Leprol. 2006;72(2):119-125.

8. Deshmukh SP, Sharma YK, Dash K, Chaudhari NC, Deo KS. Clinicoepidemiological study of skin manifestations in patients of chronic
renal failure on hemodialysis. Indian Dermatol Online J. 2013;4(1):18-21. doi:10.4103/2229-5178.105458.

9.  Thomas EA, Pawar B, Thomas A. A prospective study of cutaneous abnormalities in patients with chronic kidney disease. Indian J
Nephrol. 2012;22(2):116-120. doi:10.4103/0971-4065.97128.

10. Rashpa RS, Mahajan VK, Kumar P, Mehta KS, Chauhan PS, Rawat R, et al. Mucocutaneous manifestations in patients with chronic
kidney disease: a cross-sectional study. Indian Dermatol Online J. 2018;9(1):20-26. doi: 10.4103/idoj.idoj 160 17.

11. Goel V, Sil A, Das A. Cutaneous manifestations of chronic kidney disease, dialysis and post-renal transplant: a review. Indian J Dermatol.
2021;66(1):3-11. doi: 10.4103/ijd.1’D_502_20.

12.  Sahadevan NV, Nagappa M, Sajith Kumar KG, Suresh A, et al. Cutaneous manifestations of end-stage renal disease. J Skin Sex Transm
Dis. 2021;3(1):62-67. doi:10.25259/JSSTD_41 2020.

13.  Vudayana K, Korla V, Chintada D, Shree JV. Study of cutaneous manifestations in chronic kidney disease patients on maintenance
hemodialysis at a tertiary care centre. Int J Res Dermatol. 2019;5(4):771-773. doi:10.18203/issn.2455-4529.IntJResDermatol20194666.

14. Mettang T, Kremer AE. Uremic pruritus. Kidney Int. 2015;87(4):685-691. doi:10.1038/ki.2013.454.

15. Rayner HC, Larkina M, Wang M, et al. international comparisons of prevalence, awareness, and treatment of pruritus in people on
hemodialysis. Clin J] Am Soc Nephrol. 2017;12(12):2000-2007. doi:10.2215/CJN.03280317.

16. Shirazian S, Aina O, Park Y, et al. chronic kidney disease-associated pruritus: impact on quality of life and current management
challenges. Int J Nephrol Renovasc Dis. 2017; 10:11-26. doi:10.2147/IJNRD.S108045.

17. Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Update Work Group. KDIGO 2017 Clinical Practice Guideline
Update for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney Disease-Mineral and Bone Disorder. Kidney Int
Suppl. 2017;7(1):1-59. doi: 10.1016/j.kisu.2017.04.001.

18. National Kidney Foundation. KDOQI Clinical Practice Guideline for Hemodialysis Adequacy: 2015 update. Am J Kidney Dis.
2015;66(5):884-930. doi: 10.1053/j.ajkd.2015.07.015.

19. Hu X, Sang Y, Yang M, Chen X, Tang W. Prevalence of chronic kidney disease-associated pruritus among adult dialysis patients: a
meta-analysis. Medicine (Baltimore). 2018;97(21):¢10633. doi:10.1097/MD.0000000000010633.

20. Osakwe N, Valtuille R, Soloway B. Uremic pruritus evaluation and treatment. In: StatPearls. Treasure Island (FL): StatPearls Publishing;
2024.

©2026 The authors

This is an Open Access article

distributed under the terms of the Creative Commons Attribution (CC BY NC), which permits unrestricted use,
distribution, and reproduction in any medium, as long as the original authors and source are cited. No

permission is required from the authors or the publishers.(https://creativecommons.org/licenses/by-nc/4.0/)



file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)

