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ABSTRACT 

Background: Deficiency of native vitamin D [cholecalciferol, 25(OH)D3] is a common in patients with 

end stage liver failure.  

Aim: Our study aimed to determine the risk factors and their frequency associated with 25(OH)D3  defi-

ciency after liver transplantation.  

 Method: This study includes the patients with liver transplantation and carried out at the tertiary care 

center. Serum 25(OH)D3 levels were measured in those patients.  

 Results:  A total of 148 patients were entered the study. Chronic viral hepatitis was the most common 

reason for transplantation (66.2%). Post-operative follow-up period was shorter than 1 year in eighty-two patients 

(55.4 %). Post-transplant 25(OH)D3 levels were below 20 ng/mL in 93 (62.8 %) patients Post-transplant 

25(OH)D3 deficiency was greater in patients with follow-up periods shorter than 1 year (p = <0.001), in those 

receiving immunosupression with mycophenolate mofetil, tacrolimus, steroids  and in those with low hematocrit 

rate and, albumin levels. On multivariate analysis, post-transplant follow-up period shorter than 1 year (OR: 6.18, 

95% CI: 2.681-14.255, p<0.001) and steroid use in chronic immunosuppression (OR: 9.47, 95% CI: 1.165-77.009, 

p=0.035) were detected asindependent accompanying factors with 25(OH)D3 deficiency. 

Conclusions: The The risk of 25(OH)D3 deficiency in p atients receiving immunosuppressive treatment 

with steroids to prevent rejection or those in the first post-transplant year was high. Therefore, serum 25(OH)D3 

levels of the patients after liver transplantation should be monitored regularly.   

 

Keywords: 25(OH)D3; liver transplantation; deficiency; post-transplant; risk factors. 

 

ÖZET 

Amaç: Doğal D vitamini [kolekalsiferol, 25(OH)D3] eksikliği, son dönem karaciğer yetmezliği olan has-

talarda yaygın bir durumdur. Çalışmamızda karaciğer nakli sonrası 25(OH)D3 eksikliği ile ilişkili risk faktörlerini 

ve sıklığını belirlemeyi amaçladık. 

Yöntem: Bu çalışma üçüncü basamak merkezde yürütülen ve karaciğer nakli olan hastaları içermektedir. 

Bu hastalarda serum 25(OH)D3 düzeyleri ölçüldü. 

Bulgular: Çalışmaya toplam 148 hasta dahil edildi. Kronik viral hepatit en sık transplantasyon nedeniydi 

(%66.2). Ameliyat sonrası takip süresi seksen iki hastada (%55.4) 1 yıldan kısaydı. Nakil sonrası 25(OH)D3 dü-
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zeyleri 93 (%62,8) hastada 20 ng/mL&#39;nin altındaydı. , mikofenolat mofetil, takrolimus, steroidler ile immün-

süpresyon uygulananlarda ve hematokrit oranı ve albümin düzeyi düşük olanlarda. Çok değişkenli analizde nakil 

sonrası takip süresinin 1 yıldan kısa olması (OR: 6.18, %95 GA: 2.681-14.255, p&lt;0.001) ve kronik immünsup-

resyonda steroid kullanımı (OR: 9.47, %95 GA:1.165-77.009) , p=0,035) 25(OH)D3 eksikliğine eşlik eden bağım-

sız faktörler olarak saptandı. 

Sonuçlar: Reddi önlemek için steroidlerle immünsüpresif tedavi alan hastalarda veya nakil sonrası ilk 

yılda olan hastalarda 25(OH)D3 eksikliği riski yüksekti. Bu nedenle karaciğer nakli sonrası hastaların serum 

25(OH)D3 düzeyleri düzenli olarak izlenmelidir. 

 

Anahtar kelimeler: 25(OH)D3; karaciğer nakli; defisit; nakil sonrası; risk faktörleri. 

 

INTRODUCTION 

Vitamin D (25(OH)D3) deficiency and he-

patic osteodystrophy cause bone pain, fractures and 

growth retardation in children, which are encounte-

red in patients with end-stage liver failure. Liver 

transplantation is the only curative treatment of end-

stage liver failure. However, 25(OH)D3 deficiency, 

metabolic bone disease, and growth retardation are 

seen in children in the first year after liver transplan-

tation [1-5]. Recovery of metabolic bone disease ta-

kes approximately one year after liver transplanta-

tion. Although the reason cannot be fully explained, 

immunosuppressant agents such as steroids which 

are initiated after transplantation to prevent rejection 

are thought to be the cause of delay in recovery [6]. 

Corticosteroids lead to an increase in catabolism of 

25(OH)D3  and contribute to 25(OH)D3  deficiency 

and development of metabolic bone disease [7]. 

There are many studies  showing associations 

between 25(OH)D3  deficiency and cancer, autoim-

mune diseases (diabetes mellitus, psoriasis, and mul-

tiple sclerosis), atopic diseases, hypertension, and 

obesity [8-11]. Vitamin D deficiency and insuffici-

ency  can lead to  liver transplantation-related meta-

bolic bone diseases (e.g. rickets, osteomalacia, frac-

tures, and bone pain) as well as immunological (e.g. 

failure in proliferation and differentiation of immune 

cells), metabolic (e.g. insulin resistance) and cardio-

vascular (e.g. hypertension) complications. There-

fore, detection and treatment of vitamin D deficiency  

in the post-transplant patients is important to reduce 

transplantation-related complications. 

Our primary aim is to determine  the frequ-

ency of 25(OH)D3  deficiency in the post-transplant 

patients. The secondary aim is to determine the inde-

pendent risk factors associated with 25(OH)D3  de-

ficiency after liver transplantation.   

 

MATERIAL and METHOD 

Study  group 

The patients who underwent liver transp-

lantation at University  Hospital,  Transplantation 

Institute were entered the study. The post-transplant 

patients have been monitored periodically at transp-

lantation clinic. A previously prepared questionnaire 

form was completed by the researchers. The form 

included questions about, the duration of failure 

prior to transplantation, patient demographics, donor 

and donor affinity, the age at liver transplantation, 

the cause of liver failure, the chronic immunosupp-

ressant therapy and concomitant atopic diseases. In 

the follow-up  period, complete blood count parame-

ters, liver function tests and immunosuppressant 

blood levels were examined regularly. Serum 

25(OH)D3 , calcium, alkaline phosphatase, and 

phosphorus levels were also measured. Blood samp-

les were obtained in summer to prevent seasonal dif-

ferences in 25(OH)D3 levels,. Patient receiving vita-

min D supplements and those with concomitant renal 

failure or underwent multiple organ transplant and 

those who were unwilling to participate were exclu-

ded from the study. Serum 25(OH)D3 levels  below 

20 ng / ml were accepted as vitamin D deficiency 

[12]. 

Informed consent form was obtained from 

each patients for both treatment modalities and pub-

lication. The study protocol was approved by the ins-

titutional Ethics Committee (Number 188/2013).   

 

Statistical Analysis 

Statistical Package for Social Sciences 

(SPSS) 15.0 software  were used for statistical analy-

sis. Quantitative data were expressed as median 

(min-max) and descriptive statistics were expressed 

as frequency and percentage for categorical variab-

les.   Mann-Whitney U test and Pearson chi-square 

test  were used for comparison. The variables used in 

the multiple logistic regression analysis consisting of 

statistically significant parameters were as follows: 

chronic immunosuppressant regiment with tacroli-

mus, with mycophenolate mofetil, with steroid, the 

time after liver transplantation ≤ 1 year, serum level 

of hematocrit and serum level of albumin.  

 

RESULTS 

Demographics 

Of the 118 patients, 99 (66.9%) were male 

and 26 (17.6%) were children. The median age was 

42.4 (0.7-66) years, and chronic viral hepatitis was 

the most common indication for liver  transplanta-

tion (66.2 %). The donors of eighteen patients (12.2 

%) were cadavers. The median pre-transplant liver 

failure duration was 6 months (1-120) and the me-

dian follow-up period in post-transplant patients was 

9 months (1-78). The  follow-up period in post-

transplant patients was shorter than 1 year in eighty-

two patients (55.4 %). Distribution of chronic immu-

nosuppressant therapy after liver transplantation was 
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as follows: 86 patients (58.1 %) were on only tacro-

limus, five patients (3.4 %) on only cyclosporine, 45 

patients (30.4 %) on mycophenolate mofetil, 32 pa-

tients (21.6 %) on steroids, and 14 patients (9.5 %) 

were on everolimus immunosuppression. Of the pa-

tients, 37 (25 %) had concomitant atopic disease 

[asthma in 16 patients (10.8 %), allergic rhinitis in 

15 patients (10.1 %), food allergy in five patients 

(3.4 %) and atopic eczema in four patients (2.7  %)]. 

Post-transplant 25(OH)D3 levels were above 20 ng / 

ml in 93 (62.8%) patients and below 10 ng / ml in 51 

(35.5 %) patients.  

 

Risk factors associated with 25(OH)D3 

deficiency after liver transplantation  

Post-transplant 25(OH)D3 deficiency was 

greater in patients with a follow-up period shorter 

than 12 months (p = <0.001), in those receiving im-

munosupression with mycophenolate mofetil (p 

<0.001), tacrolimus (p <0.001),  steroids (p <0.001) 

and in those with low hematocrit rate and albumin 

levels (Table 1). Multiple logistic regression analysis 

revealed  that the post-transplant follow-up period 

were shorter than 1 year (OR: 6.18, 95% CI: 2.681-

14.255, p<0.001) and the use of steroid in chronic 

immunosuppression (OR: 9.47, 95% CI: 1.165-

77.009, p=0.035) were found to be the independent 

risk factors associated with 25(OH)D3 deficiency 

(Table 2). There were not statistically significant 

correlation between post-transplant 25(OH)D3 defi-

ciency and patients' age, transplantation indication, 

having transplanted organ from living donor, pre-

sence of concomitant atopic disease and serum 

phosphorus, calcium, alkaline phosphatase levels 

(Table 1). 

 

Table 1: Demographics of patients who underwent liver transplantation (n:148). 

Variable Serum 25-D vitamin 

level > 20 ng/ml 

Serum 25-D vitamin 

level ≤ 20 ng/ml 

p-value 

Male 

Age, years (min-max) 

Median duration of liver disease, months (min-

max), month 

Median duration of follow up, months (min-

max) 

The time after liver transplantation ≤ 1 year 

Type of transplantation, living organ 

Indication of liver transplantation 

Acute fulminant (viral, drug, toxic) 

Cholestatic liver disease 

Chronic viral hepatitis  

Metabolic*  

Idiopathic 

Other† 

Chronic immunosuppressant regiment 

Tacrolimus 

Cyclosporine 

Everolimus 

Mycophenolate mofetil 

Steroid 

Co existing of atopic disease 

Asthma 

Allergic rhinitis 

Atopic eczema 

Food allergy  

Blood parameters, median (min-max) mg/dL 

Hematocrit 

Serum calcium level 

Serum phosphor level 

Serum alkaline phosphates level 

Serum albumin level 

42 (76.4) 

41 (1-65) 

6 (1-36) 

 

9 (1-78) 

 

13 (24.1) 

48 (87.3) 

 

5 (9.1) 

3 (5.5) 

36 (65.5) 

6 (10.9) 

3 (5.5) 

2 (3.8) 

 

43 (78.2) 

4 (7.3) 

4 (7.3) 

6 (10.9) 

1 (1.8) 

 

7 (12.7) 

3 (5.5) 

1 (1.8) 

3 (5.5) 

 

40.4 (33.1-54.1) 

9.4 (7.9-10.1) 

3.5 (1.7-5.7) 

125 (43-693) 

4 (1.9-4.7) 

57 (61.3) 

44 (1-68) 

6 (1-60) 

 

5 (1-78) 

 

69 (76.7) 

82(88.2) 

 

6 (6.5) 

1 (1.1) 

62 (66.7) 

10 (10.8) 

10 (10.8) 

3 (3.4) 

 

43 (46.2) 

1 (1.1) 

10 (10.8) 

39 (41.9) 

31 (33.3) 

 

9 (9.7) 

12 (12.9) 

3 (3.2) 

2 (2.2) 

 

37.5 (23.3-54.1) 

9.4 (8-10.8) 

3.3 (1.9-6.8) 

127 (42-602) 

3.7 (2.8-4.7) 

0.089 

0.476 

0.3 

 

<0.001 

 

<0.001 

1.0 

 

0.538 

0.145 

1.0 

1.0 

0.373 

1.0 

 

<0.001 

0.064 

0.683 

<0.001 

<0.001 

 

0.592 

0.242 

1.0 

0.361 

 

0.002 

0.912 

0.378 

0.874 

0.009 

*Metabolic: Wilson’s disease;15, Alfa 1 anti trypsin;1 
†Other: Autoimmune hepatitis;1, Giant cell hepatitis;1, Hepatocellular carsinoma; 2, Budd Chiary;1 
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DISCUSSION 

Our study showed that two-thirds of the 

post-transplant patients had 25(OH)D3  deficiency. 

The use of steroids as immunosuppressants agents 

and the first year after transplantation were identified 

as a risk factors associated with 25(OH)D3  defici-

ency. 

Deficiency of 25(OH)D3  is a major clinical 

problem for the most of the end-stage liver patholo-

gies. Metabolic bone disease associated with 

25(OH)D3 deficiency shows improvement in the 

long follow-up period after transplantation. 

However, metabolic bone disease and 25(OH)D3  

deficiency remain major clinical problems within the 

first year after liver  transplantation [13-15]. We de-

tected that the frequency of 25(OH)D3 deficiency in 

the first year after transplantation is 6-fold higher 

than that of in subsequent years. 25(OH)D3 defici-

ency in the first year afterliver  transplantation can 

be attributed to the post-transplant use of immuno-

suppressant agents to prevent rejection and pre-exis-

ting metabolic disorder. 

A calcineurin inhibitor or an antimetabolite 

in addition to corticosteroids are used to prevent tis-

sue rejection after liver transplantation. Corticoste-

roid therapy with antimetabolites (mycophenolate 

mofetil) or calcineurin inhibitors (tacrolimus)  are gi-

ven in the first 6 months and then the dose of steroid 

is reduced and ceased. Corticosteroids increase the 

catabolism of 25(OH)D3 and facilitate calcium dere-

gulation [16]. Therefore, long-term use of steroids 

causes 25(OH)D3 deficiency and reduction in bone 

density. We also detected that the ratio of 25(OH)D3 

deficiency in patients still receiving corticosteroid 

therapy to prevent rejection after liver transplanta-

tion was 9.5-fold higher than those not receiving cor-

ticosteroids. In their study, Eyal et al [6] investigated 

the risk factors associated 25(OH)D3 deficiency in 

103 patients who underwent kidney transplantation. 

Similarly, they also reported higher rates of 

25(OH)D3 deficiency in patients receiving corticos-

teroids treatment as an immunosuppressant agent. 

Whether there is an association with 

25(OH)D3 deficiency after solid organ transplanta-

tion and transplanted organ dysfunction is a contro-

versial issue. Stein et al [17] reported positive corre-

lation between high albumin level and high 

25(OH)D3 levels after liver transplantation. 

However, Eyal et al [6] reported no relationship 

between transplanted kidney dysfunction and 

25(OH)D3 deficiency. In our study, univariate 

analysis showed that 25(OH)D3 deficiency is more 

common in the post-transplant patients with low se-

rum albumin and hematocrit levels. On the other 

hand, in multivariate analysis, the relation between 

25(OH)D3 deficiency and low serum albumin levels 

and hematocrit rates was statistically insignificant. 

In a previous study conducted to determine 

the associated risk factors with 25(OH)D3 defici-

ency after liver transplantation, the time of obtaining 

samples (winter or spring), ethnicity (non-white pa-

tients) and first year after transplantation were iden-

tified as the independent risk factors [18]. In our 

study, we obtained blood samples in summer to av-

oid possible changes in 25(OH)D3 levels. Therefore, 

we could not evaluate the correlation between seaso-

nal variations and 25(OH)D3 levels. They also found 

that the first year after transplantation was an inde-

pendent risk factor for 25(OH)D3 deficiency [18]. In 

addition, the period in which steroid was used as an 

immunosuppressant agent was an independent risk 

factor associated with 25(OH)D3 deficiency. 

Our study has some limitations. First, not 

determining pre-transplant 25(OH)D3 deficiency in 

our patient group might have affected the relations-

hip between 25(OH)D3 deficiency. Second, altho-

ugh samples were taken in summer, we did not 

examine the patient's daily exposure to sunlight. This 

might have affected the independent risk factors as-

sociated with 25(OH)D3 deficiency after transplan-

tation.  

 

Conclusion 

25(OH)D3 deficiency is likely in more than 

half of the post-transplant patients. Especially, the 

period in which immunosuppression therapy with 

corticosteroids is used to prevent tissue rejection and 

the first year after transplantation are the risk factors 

for 25(OH)D3 deficiency. Therefore, serum 

Table 2: The multivariate analysis: potential predictors affecting D vitamin deficiency after liver Tx. 

 

Variables 

Univariate analysis Multivarite analysis 

Odds ratio  

(95% CI) 

p- value Odds ratio  

(95% CI) 

p- value 

Chronic Immunosuppressant regiment 

Tacrolimus 

Mycophenolate mofetil 

Steroid 

The time after liver transplantation ≤ 1 year 

Hematocrit, median (min-max), mg/dL 

Serum albumin level, median (min-max), 

mg/dL 

 

1.5 (1.208-2.1-9) 

1.53 (1.261-1.866) 

1.47 (1.270-1.780) 

3.25 (2.174-4.871) 

 

 

<0.001 

<0.001 

<0.001 

<0.001 

0.002 

0.009 

 

 

 

9.47(1.165-77.009) 

6.18(2.681-14.255) 

 

 

 

 

0.035 

<0.001 
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25(OH)D3 levels should be monitored in the post-

transplant patients  and supplementary therapy sho-

uld be given to the patients having deficient levels of 

vitamin D. 
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