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Abstract. The effect of vitamin K on clinical outcomes in 
patients receiving kidney transplantation is contested according 
to previous studies. This meta‑analysis aimed to summarize 
the impact of vitamin K on all‑cause mortality, renal function, 
inflammation, and vascular/bone health in patients receiving 
kidney transplantation. EMBASE, PubMed, and Cochrane 
were searched for literature concerning the effect of vitamin K 
on clinical outcomes of patients receiving kidney transplanta‑
tion until December 2022. Normal vitamin K status/vitamin K 
supplementation was considered as the experimental group; 
while vitamin K deficiency/no vitamin K supplementation was 
considered as the control group. All‑cause mortality, renal 
function indexes, C‑reactive protein (CRP), and vascular/bone 
health indexes were extracted and analyzed. A total of seven 
studies with 1,101 patients in the experimental group and 
651 patients in the control group were included. All‑cause 
mortality was decreased in the experimental group vs. the 
control group [relative risk (95% confidence interval (CI)]: 
0.72 (0.60‑0.86), P<0.001]. Regarding renal function indexes, 
the estimated glomerular filtration rate was increased in the 
experimental group vs. the control group [mean difference 
(95% CI): 9.87 (1.48‑18.26), P=0.021]; while creatinine and 
albumin remained unchanged between the two groups (both 
P>0.05). Moreover, CRP, systolic blood pressure, diastolic 
blood pressure, triglycerides, hemoglobin, calcium, and 
25‑hydroxyvitamin D were unchanged between the two 
groups (all P>0.05). Publication bias was low, and the robust‑
ness assessed by sensitivity analysis was generally acceptable. 
Thus vitamin K exerted a potential implication in reducing 
all‑cause mortality and improving renal function in patients 
receiving kidney transplantation.

Introduction

Kidney transplantation is a treatment option for end‑stage renal 
disease patients, which has several benefits for the patients, 
such as a higher quality of life, lower costs, and fewer dietary 
restrictions, amongst others (1‑3). However, this surgery carries 
the risks of post‑transplant complications, including delayed 
graft function, vascular calcification, bone fractures, diabetes, 
and infection, amongst other issues (4‑8). These complications 
threaten the success of a graft and may further lead to the 
death of patients who received kidney transplantation (9‑11). 
Therefore, exploring therapeutic approaches that reduce the 
occurrence of these post‑transplant complications is crucial 
to improve the clinical outcomes of patients receiving kidney 
transplantation.

Vitamin K is a hydrophobic vitamin that serves as a cofactor 
of the enzyme γ‑glutamyl carboxylase to activate several 
vitamin K‑dependent proteins, thereby improving vascular and 
bone health (12). Recently, several studies have explored the 
effect of vitamin K on improving clinical outcomes (such as 
renal function, vascular calcification, and all‑cause mortality) 
in patients receiving kidney transplantation (13‑20); however, 
these findings are contested. For example, one previous study 
found that a higher vitamin K status was related to increased 
renal function in patients receiving kidney transplantation (20). 
Additionally, vitamin K sufficiency is correlated with lower 
all‑cause mortality in these patients (15). However, another 
study found that vitamin K supplementation did not reduce 
vascular stiffness, vascular calcification, or renal function in 
patients receiving kidney transplantation, which indicated that 
vitamin K supplementation had no influence on improving the 
clinical outcomes of these patients (19). As a result, whether 
vitamin K improves clinical outcomes in patients receiving 
kidney transplantation should be further explored.

Accordingly, this meta‑analysis was performed to explore 
the correlation of vitamin K status with all‑cause mortality, 
renal function, inflammation, as well as vascular and bone 
health in patients receiving kidney transplantation.

Materials and methods

Search strategy. Electronic databases (EMBASE, PubMed, 
and Cochrane) were used to screen the papers relating to the 
effects of vitamin K status on clinical outcomes of patients 
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who received kidney transplantation from conception to 
December 2022. Key words and medical subject headings 
were applied, including ‘vitamin K’, ‘VK’, ‘vitamin‑K’, ‘V‑K’, 
‘kidney transplant’, ‘renal transplant’, ‘kidney transplantation’, 
‘renal transplantation’, ‘kidney graft’, and ‘renal graft’.

Eligibility criteria. Inclusion criteria for study screening were: 
i) Patients >18 years old; ii) patients received a kidney trans‑
plant; iii) studies assessed the impact of vitamin K status or 
vitamin K supplementation on clinical outcomes after kidney 
transplantation; iv) studies involved at least one clinical 
outcomes of interest to the present study; and v) published in 
English. The exclusion criteria were: i) Reviews, case reports, 
or letters; or ii) had no available data for extraction.

The clinical outcomes of interest in the present study 
were: i) All‑cause mortality; ii) renal function indexes; iii) and 
C‑reactive protein (CRP).

Study selection. In the present meta‑analysis, two reviewers 
independently completed the study screening. In brief, the 
titles and abstracts were assessed for preliminary screening. 
Then, the full texts which met the inclusion criteria were 
downloaded and assessed. The studies which met the exclu‑
sion criteria were ineligible for inclusion, and the excluded 
cause was recorded. Additionally, the relevant publications 
lists were also identified. Any disagreements were resolved 
by conversation and reaching a consensus. For studies with 
overlapping populations, those with a larger population or a 
longer follow‑up period were included.

Data collection and risk of bias. Two reviewers independently 
finished the data collection and assessment of bias risk. The 
disagreements were resolved by consensus. The extracted 
data included authors' names, publication year, study design, 
demographic information of patients, and outcomes. The 
Newcastle‑Ottawa Scale criteria were utilized to assess the 
risk of bias, involving 3 domains: Selection, comparability, 
and outcome (21). The risk of bias in the included studies was 
classified as low risk (score, >8), medium risk (score, 5‑7), or 
high risk (score, ≤4).

Statistical analysis. The analyses were completed per 
the Preferred Reporting Item for Systematic Reviews and 
Meta‑analyses (PRISMA) using Stata (version 14.0, StataCorp 
LP). In the present meta‑analysis, normal vitamin K status 
or vitamin K supplementation was considered as the experi‑
mental group; while vitamin K deficiency or no vitamin K 
supplementation was considered as the control group. Relative 
risk (RR) with 95% confidence intervals (CIs) was used for 
dichotomous outcomes, and mean difference (MD) with 
95% CI was used for continuous outcomes. The heterogeneity 
was determined using I2 statistics: If I2≤50.0% and/or P≥0.05, 
the heterogeneity was considered insignificant, and the fixed 
effects model was used; otherwise, the random effects model 
was used (22). The sensitivity analysis was performed by 
omitting each study and then repeating the analysis. Egger's 
and Begg's tests were utilized to evaluate publication bias and 
P<0.05 was considered to indicate a statistically significant 
difference. R version 3.6 and R studio version 4.2.2 were 
utilized for analyses (23,24).

Results

Study screening procedure. A total of 393 records were identi‑
fied through searching of databases, including 161 records from 
EMBASE, 187 records from PubMed, and 45 records from 
Cochrane, of which 108 records were excluded as duplicates, 
leaving 285 records to be screened. A further 264 records were 
excluded after screening of the titles and abstracts, including 
172 reviews or meta‑analyses, 89 irrelevant studies, and 3 case 
reports. Subsequently, 21 full‑text records were assessed for 
eligibility, and 14 records with no relevant data reported were 
further excluded. Ultimately, 7 records were included in the 
present meta‑analysis (Fig. 1).

Characteristics of the included studies. The included studies 
were published between 2012 and 2021 in various countries, 
including the Netherlands, Lebanon, the Kingdom of Belgium, 
and the United Kingdom (14‑20). Regarding study design, there 
were 5 cohort studies (14,15,17,18,20), 1 subgroup analysis of 
a single‑arm trial (16), and 1 randomized controlled trial (19). 
Notably, 1,752 patients receiving kidney transplantation were 
involved, including 1,101 patients in the experimental group 
and 651 patients in the control group. The detailed information 
on the included studies is listed in Table I.

Quality assessment. The included studies were assessed using 
the Newcastle‑Ottawa Scale criteria, which suggested that 
1 study was ranked as low risk of bias with a total score of 
8 (18). Additionally, 5 studies were ranked as medium risk of 
bias with a range of total scores from 5 to 7 (14,15,17,19,20). 
Notably, 1 study was ranked as a high risk of bias with a 
total score of 4 (16); in detail, the scores of the selection bias, 
comparability bias, and outcome bias were evaluated as 1, 2 
and 1, respectively (Table II).

All‑cause mortality. A total of 3 studies reported all‑cause 
mortality. The fixed effects model revealed that all‑cause 
mortality was reduced in the experimental group compared 
to the control group [RR (95% CI): 0.72 (0.60‑0.86), 
P<0.001]. Heterogeneity did not exist among studies 
(I2=45%, P=0.160; Fig. 2).

Renal function indexes. A total of 3 studies reported the esti‑
mated glomerular filtration rate (eGFR). The random effects 
model suggested that eGFR was increased in the experimental 
group compared with the control group [MD (95% CI): 9.87 
(1.48‑18.26), P=0.021). Heterogeneity existed among these 
studies (I2=81%, P=0.005) (Fig. 3A). Additionally, five studies 
reported creatinine. After the random effects model was applied, 
it was found that creatinine did not differ between the two groups 
(MD (95% CI): ‑1.24 (‑3.27‑0.79), P=0.231). Heterogeneity 
existed among these studies (I2=100%, P<0.001; Fig. 3B). 
Moreover, five studies reported albumin. The random effects 
model revealed that albumin was not different between the two 
groups [MD (95% CI): 0.07 (‑1.35‑1.49), P=0.923]. Heterogeneity 
existed among these studies (I2=90%, P<0.001; Fig. 3C).

CRP. CRP was reported in four studies. Notably, the random 
effects model showed that CRP did not differ between the 
experimental group and the control group [MD (95% CI): 
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‑2.25 (‑5.47‑0.97), P=0.171]. Heterogeneity existed among 
these studies (I2=97%, P<0.001; Fig. 4).

Cardiovascular and bone health indexes. There were 5 
studies that reported systolic blood pressure. After the random 
effects model was applied, it was found that systolic blood 
pressure did not differ between the experimental group and 
the control group [MD (95% CI): ‑1.55 (‑5.34‑2.25), P=0.424]. 
Heterogeneity existed among these studies (I2=76%, P=0.003; 
Fig. 5A). Additionally, 3 studies reported diastolic blood 
pressure. The fixed effects model showed that diastolic blood 
pressure remained unchanged between the two groups [MD 
(95% CI): ‑1.30 (‑3.24‑0.64), P=0.188]. Heterogeneity did not 
exist among these studies (I2=42%, P=0.181; Fig. 5B). There 
were 4 studies that reported triglycerides. The random effects 
model suggested that triglycerides did not differ between the 
two groups [MD (95% CI): ‑16.61 (‑59.16‑25.94), P=0.444] with 
heterogeneity among these studies (I2=96%, P<0.001; Fig. 5C). 
Moreover, 5 studies reported hemoglobin. The random effects 
model showed that no difference in hemoglobin was found 
between the two groups [MD (95% CI): 5.12 (‑0.88‑11.12), 

P=0.094] with heterogeneity among these studies (I2=90%, 
P<0.001; Fig. 5D).

A total of 3 studies reported calcium. The fixed effects 
model found that calcium remained unchanged between the 
two groups [MD (95% CI): 0.04 (‑0.06‑0.14), P=0.468) without 
heterogeneity among these studies (I2=0%, P=0.649; Fig. 5E). 
There were 4 studies reported on 25‑hydroxyvitamin D levels. 
The random effects model suggested that 25‑hydroxyvi‑
tamin D did not differ between the two groups [MD (95% CI): 
‑3.16 (‑7.03‑0.72); P=0.110] with heterogeneity among these 
studies (I2=71%, P=0.015; Fig. 5F).

Publication bias and sensitivity analysis. Begg's test and 
Egger's test were performed to estimate the potential publi‑
cation bias, which indicated that no publication bias existed 
for all‑cause mortality, eGFR, creatinine, albumin, CRP, 
systolic blood pressure, diastolic blood pressure, triglycerides, 
hemoglobin, calcium, and 25‑hydroxyvitamin D (all P>0.05; 
Table III).

The sensit ivity analysis showed that omit t ing 
Keyzer et al (15) or van Ballegooijen et al (18) resulted in eGFR 

Figure 1. Flow diagram of the search criteria and inclusion of the selected articles.
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Figure 3. Comparison of renal function indexes between the experimental group and the control group. Pooled analysis of (A) eGFR, (B) creatine, and 
(C) albumin. MD, mean difference; eGFR, estimated glomerular filtration rate.

Figure 2. Comparison of all‑cause mortality between the experimental group and the control group. RR, relative risk; CI, confidence interval.

Table II. Assessment of the risk of bias using the Newcastle‑Ottawa Scale criteria.

First author, year Selection Comparability Outcome Total score (Ref.)

Boxma et al, 2012 2 1 2 5 (14)
Keyzer et al, 2015  3 1 2 6 (15)
Mansour et al, 2017  1 2 1 4 (16)
Evenepoel et al, 2018  2 2 1 5 (17)
van Ballegooijen et al, 2020  4 1 3 8 (18)
Lees et al, 2021  4 1 2 7 (19)
Kremer et al, 2021  3 1 3 7 (20)
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Figure 4. Comparison of CRP between the experimental group and the control group. CRP, c‑reactive protein.

Figure 5. Comparison of vascular and bone health indexes between the experimental group and the control group. Pooled analysis of systolic (A) blood pres‑
sure, (B) diastolic blood pressure, (C) triglycerides, (D) hemoglobin, (E) calcium, and (F) 25‑hydroxyvitamin D.
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Table III. Publication bias.

 Number of P‑value,  P‑value, 
Outcomes included studies Begg's test Egger's test

All‑cause mortality 3 0.602 0.310
eGFR 3 0.117 0.173
Creatinine 5 0.327 0.644
Albumin 4 0.497 0.351
CRP 4 0.497 0.192
Systolic blood pressure 5 1.000 0.560
Diastolic blood pressure 3 0.120 0.300
Triglycerides 4 0.500 0.060
Hemoglobin 5 1.000 0.592
Calcium 3 0.602 0.854
25‑hydroxyvitamin D 4 1.000 0.265

eGFR, estimated glomerular filtration rate; CRP, C‑reactive protein.

Table IV. Sensitivity analysis.

 95% Confidence interval 
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Omitted study Estimate Lower Upper

All‑cause mortality, relative risk   
  Keyzer et al, 2015 0.47 0.27 0.81
  van Ballegooijen et al, 2020 0.80 0.66 0.95
  Lees et al, 2021 0.73 0.61 0.88
  Combined 0.72 0.60 0.86
eGFR, ml/min/1.73 m2, MD   
  Keyzer et al, 2015 6.57 ‑5.32 18.45
  van Ballegooijen et al, 2020 8.10 ‑7.06 23.25
  Lees et al, 2021 13.75 10.53 16.98
  Combined 9.87 1.48 18.26
Creatinine, mg/dl, MD   
  Boxma et al, 2012 ‑1.53 ‑4.04 0.99
  Mansour et al, 2017 ‑1.58 ‑4.05 0.90
  Evenepoel et al, 2018 ‑1.30 ‑3.90 1.31
  Lees et al, 2021 ‑1.58 ‑4.05 0.90
  Kremer et al, 2021 ‑0.16 ‑0.57 0.26
  Combined ‑1.24 ‑3.27 0.79
Albumin, g/l, MD   
  Keyzer et al, 2015 ‑0.51 ‑1.27 0.25
  Mansour et al, 2017 0.41 ‑1.30 2.12
  van Ballegooijen et al, 2020 0.06 ‑1.96 2.08
  Lees et al, 2021 0.37 ‑1.35 2.09
  Combined 0.07 ‑1.35 1.49
CRP, mg/l, MD   
  Boxma et al, 2012 ‑2.95 ‑7.31 1.42
  Keyzer et al, 2015 ‑2.72 ‑7.31 1.87
  Evenepoel et al, 2018 ‑0.66 ‑1.09 ‑0.23
  van Ballegooijen et al, 2020 ‑2.91 ‑7.32 1.49
  Combined ‑2.25 ‑5.47 0.97
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remaining unchanged between the experimental group and 
the control group. Meanwhile, omitting Evenepoel et al (17) 
resulted in a decrease in CRP in the experimental group 
compared to the control group. Omitting Boxma et al (14) may 
have contributed to systolic blood pressure reduction in the 
experimental group vs. the control group. Additionally, hemo‑
globin was increased in the experimental group compared to 
the control group after omitting Lees et al (19). Apart from 
these, the RR of all‑cause mortality, as well as the MD of 

creatinine, albumin, diastolic blood pressure, triglycerides, 
calcium, and 25‑hydroxyvitamin D did not significantly change 
by omitting any single study, which suggested the stability of 
this meta‑analysis (Table IV).

Discussion

Vitamin K deficiency is very common in patients receiving 
kidney transplantation, which may ultimately contribute to 

Table IV. Continued.

 95% Confidence interval 
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Omitted study Estimate Lower Upper

Systolic blood pressure, mmHg, MD   
  Boxma et al, 2012 ‑3.66 ‑6.09 ‑1.23
  Mansour et al, 2017 ‑1.33 ‑6.23 3.56
  van Ballegooijen et al, 2020 ‑0.65 ‑4.80 3.50
  Lees et al, 2021 ‑2.22 ‑6.43 1.98
  Kremer et al, 2021 ‑0.47 ‑4.73 3.79
  Combined ‑1.55 ‑5.34 2.25
Diastolic blood pressure, mmHg, MD   
  Mansour et al, 2017 ‑0.87 ‑3.23 1.50
  van Ballegooijen et al, 2020 ‑0.54 ‑3.34 2.26
  Lees et al, 2021 ‑2.08 ‑4.18 0.03
  Combined ‑1.30 ‑3.24 0.64
Triglycerides, mg/dl, MD   
  Keyzer et al, 2015 4.63 ‑21.71 30.97
  Evenepoel et al, 2018 ‑22.10 ‑77.78 33.58
  van Ballegooijen et al, 2020 ‑15.38 ‑74.05 43.29
  Lees et al, 2021 ‑31.25 ‑75.69 13.20
  Combined ‑16.61 ‑59.16 25.94
Hemoglobin, g/l, MD   
  Keyzer et al, 2015 4.47 ‑3.30 12.24
  Mansour et al, 2017 6.48 ‑0.15 13.12
  van Ballegooijen et al, 2020 5.27 ‑2.60 13.14
  Lees et al, 2021 6.55 0.13 12.96
  Kremer et al, 2021 3.06 ‑0.71 6.82
  Combined 5.12 ‑0.88 11.12
Calcium, mg/dl, MD   
  Keyzer et al, 2015 0.07 ‑0.07 0.20
  Evenepoel et al, 2018 0.00 ‑0.13 0.13
  Lees et al, 2021 0.05 ‑0.07 0.16
  Combined 0.04 ‑0.06 0.14
25‑hydroxyvitamin D, nmol/l, MD   
  Mansour et al, 2017 ‑4.12 ‑8.76 0.53
  Evenepoel et al, 2018 ‑0.90 ‑3.82 2.02
  van Ballegooijen et al, 2020 ‑3.78 ‑8.65 1.09
  Lees et al, 2021 ‑3.29 ‑7.99 1.40
  Combined ‑3.16 ‑7.03 0.72

MD, mean difference; CI, confidence interval; eGFR, estimated glomerular filtration rate; CRP, C‑reactive protein.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  27:  30,  2024 9

an increase in all‑cause mortality (15). Therefore, several 
studies have explored the effect of vitamin K sufficiency on 
all‑cause mortality in patients receiving kidney transplanta‑
tion (15,18,19). A previous study found that higher vitamin K 
status is related to reduced all‑cause mortality in patients 
receiving kidney transplantation (15). Additionally, another 
study also showed that vitamin K sufficiency estimates 
decreased premature mortality in patients receiving kidney 
transplantation (18). The present meta‑analysis discovered 
that higher vitamin K status or supplementation of vitamin K 
was related to decreased all‑cause mortality in patients 
receiving kidney transplantation. The possible reasons may be: 
i) Vitamin K may inhibit the progression of vascular calcifica‑
tion by increasing the activity of matrix Gla protein (MGP) 
by accelerating γ‑carboxylation (25,26); ii) vitamin K may 
also improve bone health by regulating osteocalcin (27,28). 
Notably, vascular calcification and bone damage were two 
major causes of mortality in patients receiving kidney trans‑
plantation (29), and vitamin K can improve these situations as 
discussed above. As a result, vitamin K may reduce all‑cause 
mortality in these patients.

This meta‑analysis also explored the effect of vitamin K 
on improving renal function in patients receiving kidney 
transplantation, and it was found that a higher vitamin K status 
or supplementation of vitamin K was related to increased 
eGFR in patients receiving kidney transplantation. A possible 
reason would be that vitamin K may activate MGP through 
carboxylation to improve renal function, which further led to 
the increase of eGFR (30). Thus, a positive correlation was 
found between vitamin K status or supplementation and eGFR 
in patients receiving kidney transplantation. Notably, hetero‑
geneity existed among the analyzed 3 studies; meanwhile, 
sensitivity analysis displayed that omitting Keyzer et al (15) or 
van Ballegooijen et al (18) affected the results of eGFR, which 
indicated the notable weight these two articles had on the 
outcomes. Thus, these findings still require additional studies 
to verify these results. In addition, the present meta‑analysis 
also observed that higher vitamin K status or supplementa‑
tion of vitamin K was slightly associated with reduced CRP 
in patients receiving kidney transplantation, but this was 
statistically significant. A possible interpretation may be that 
vitamin K may reduce inflammation by regulating the nuclear 
factor κB pathway, a Gla‑rich protein (31,32). However, hetero‑
geneity existed among the four analyzed studies. Omitting 
Evenepoel et al (17) affected the results of CRP, highlighting 
the notable weight of this study on the results. Thus, this 
finding still requires further exploration.

The effect of vitamin K on improving vascular and bone 
health is contested based on previous studies (15,16,18‑20). 
The present meta‑analysis found that vitamin K status or 
supplementation of vitamin K was not related to systolic blood 
pressure, diastolic blood pressure, triglycerides, hemoglobin, 
calcium, or 25‑hydroxyvitamin D in patients receiving kidney 
transplantation. A possible reason may be that the disease 
conditions were complicated in patients after kidney trans‑
plantation, and the change of a single factor (vitamin K) does 
not greatly influence these vascular and bone health indexes; 
thus, the benefits of vitamin K alone in improving vascular and 
bone health would not be notable (27,33,34). Heterogeneity of 
systolic blood pressure, triglycerides, hemoglobin, calcium, 

and 25‑hydroxyvitamin D existed among the analyzed 
studies; meanwhile, sensitivity analysis found that omitting 
Boxma et al (14) and Lees et al (19) affected the results of 
systolic blood pressure and hemoglobin, respectively. this 
highlighted the notable weight of these two studies on the 
corresponding results. Therefore, these findings require 
further studies to confirm the results.

Although several interesting findings were discovered in 
the present meta‑analysis, some limitations should be noted: 
i) Although robustness assessed by sensitivity analysis was 
acceptable, omitting certain articles did affect the corre‑
sponding results; thus, additional studies are required to 
further improve the reliability of the results; ii) most of the 
included studies were cohort studies; thus, the findings of 
this meta‑analysis should be further validated; and iii) one 
included study was ranked as high risk of bias according to the 
Newcastle‑Ottawa Scale criteria, which may have interfered 
with the results.

In conclusion, vitamin K may improve all‑cause mortality 
and renal function in patients receiving kidney transplantation. 
Clinically, the intake of vitamin K after kidney transplantation 
may improve the clinical outcomes of these patients. However, 
additional large‑scale studies are required to validate these 
findings.
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