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Abstract

Purpose Liver has an important role in metabolism of

vitamin D. This study aimed to evaluate the patterns of

vitamin D–parathyroid hormone (PTH) disturbance and

correlate it in patients with non-cholestatic chronic liver

disease (CLD).

Methods A total of 40 healthy controls and 90 consecu-

tive patients with evidence of non-cholestatic CLD due to

hepatitis C (n = 28), hepatitis B (n = 26), autoimmune

hepatitis (n = 19), and cryptogenic causes (n = 17) were

enrolled. Cirrhosis was evident in 51 patients. Serum

concentrations of 25-hydroxy vitamin D, PTH, calcium,

phosphate, and liver enzymes were measured. Child–Pugh

classification was determined in cirrhotic patients.

Results Vitamin D deficiency (\50 nmol/l) was found in 46

(51.1%) patients and vitamin D insufficiency (50–80 nmol/l)

in 15 (16.7%) patients. Secondary hyperparathyroidism

(serum PTH [ 6.8 pmol/l) was present in 6 (6.7%) patients.

The prevalence of vitamin D deficiency was significantly

higher in cirrhotic versus noncirrhotic patients (76.5 vs.

17.9%; P \ 0.001), whereas there was no significant differ-

ence in serum calcium, phosphate, and PTH levels. Child–

Pugh class B and C patients had significantly lower vitamin D

level compared with class A patients (P \ 0.001), whereas

there was no significant difference in serum calcium, phos-

phate, and PTH levels. No significant correlation was seen

between vitamin D and PTH, calcium or phosphate levels.

Lower serum level of vitamin D was associated with coagu-

lopathy, hyperbilirubinemia, hypoalbuminemia, anemia, and

thrombocytopenia.

Conclusions Vitamin D inadequacy and the severity of

liver dysfunction move in parallel in patients with non-

cholestatic CLD. Vitamin D assessment and replacement

should be considered in the management of patients with

non-cholestatic CLD.

Keywords Vitamin D � Liver � Cirrhosis �
Parathyroid hormone � Child–Pugh score � MELD

Introduction

Liver plays an important role in vitamin D and bone

metabolism. Vitamin D is hydroxylated by liver to 25-

hydroxy vitamin D, the main circulating form, and then is

converted into the active form 1, 25-dihydroxyvitamin D in

kidney [1, 2]. Given that liver is involved in bile salt

production, absorption of vitamin D, and 25-hydroxylation

of vitamin D, it might be expected that vitamin D defi-

ciency would be common in patients with chronic liver

disease (CLD) [2].

Although in advanced stages of CLD, from any cause,

bone mass loss is frequently (20–60%) evident [3, 4], the

clinical relevance of vitamin D–parathyroid hormone

(PTH) disturbances in hepatic osteodystrophy is still

unclear. The intestinal absorption of cholecalciferol (vita-

min D3) and 25-hydroxycholecalciferol is affected only in

the presence of severe cholestasis. Experimental studies
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have demonstrated that hepatic 25-hydroxylation of vita-

min D3 is not impaired in cirrhotic rats, however, there is

no evidence in humans [2].

Previous studies investigating the correlation between

vitamin D, serum PTH level and severity of hepatic dys-

function have shown conflicting results. A study demon-

strated that about two-third of patients with end stage liver

disease and more than 90% of patients who are candidate

for liver transplantation do have low vitamin D levels

without osteomalacia [5]. There are some other studies,

however, which have shown conflicting results [6–8].

It is notable that activities such as regulation of synthesis

of metalloproteinase and their inhibitors, activation of

fibroblasts, and collagen synthesis are also considered as

properties of vitamin D [9–11]. These evidences bring this

hypothesis in mind that vitamin D can have a role in pro-

gression of hepatic damage and CLD. Considering that there

are limited studies about vitamin D–PTH status in patients

with non-cholestatic CLD, in this study we aimed to evaluate

the patterns of vitamin D–PTH disturbance and correlate it in

a sample of Iranian patients with non-cholestatic CLD.

Patients and methods

Patients

Ninety consecutive patients with confirmed diagnosis of

non-cholestatic CLD were enrolled from the patients

referred to the outpatient clinic of hepatology department

or those admitted at gastroenterology ward of Imam Hos-

pital, Tehran, Iran. Our patients consisted of 50 men and 40

women, with a mean age of 42.3 ± 12.2 (SD) years. A

control group of 40 participants was enrolled from the

healthy participants who regularly visited our general clinic

or their volunteer concomitants. The causes of CLD were

viral hepatitis C (n = 28), viral hepatitis B (n = 26),

autoimmune hepatitis (n = 19), and cryptogenic (n = 17).

The diagnosis of CLD was based on consistent clinical

findings, serologic markers of hepatitis B and C, hepatitis B

virus DNA, and hepatitis C virus RNA measurements by

polymerase chain reaction method, auto antibodies (anti-

nuclear antibody, anti-smooth muscle antibody), bio-

chemical features (including iron studies, ceruloplasmin,

and urinary copper), endoscopic and imaging (including

abdominal ultrasonography) evidence, and histological

examinations (liver biopsy examination). Cirrhosis was

evident in 51 patients. The diagnosis of cirrhosis was

established by liver biopsy or definitive clinical or bio-

chemical evidence of hepatocellular failure and/or portal

hypertension. Liver biopsy was performed for patients who

did not have contraindication and samples were studied for

fibrosis and inflammation. Our sample was categorized into

two groups of cirrhotic (n = 51) and noncirrhotic (n = 39)

patients. The severity of cirrhosis was graded according to

the degree of ascites, the plasma concentrations of bilirubin

and albumin, the prothrombin time, and the degree of

encephalopathy, using the Child–Pugh score [12], and

patients were grouped into three categories: class A (well-

compensated disease, scores 5–6; n = 5), class B (signifi-

cant functional compromise, scores 7–9; n = 16), or class

C (decompensated disease, scores 10–15; n = 20). The

Model for End-Stage Liver Disease (MELD) score was

also calculated [13]. None of the patients were under

treatment with vitamin D or calcium supplements, bis-

phosphonates, calcitonin, hormone replacement therapy,

corticosteroids, or antiviral drugs. Serum vitamin D con-

centration was categorized [14] as deficient when it was

less than 50 nmol/l (severe deficiency, \12.5 nmol/l;

moderate deficiency, 12.5–24 nmol/l; mild deficiency,

25–50 nmol/l), insufficient when it was 50–79 nmol/l, and

sufficient when it exceeded 80 nmol/l.

Laboratory analysis

Venous blood samples were obtained after an overnight

10–12 h of fasting. Each blood sample was divided into

three portions: serum, plasma (using Na-citrate for pro-

thrombin time) and blood EDTA for cell blood count. The

samples were kept frozen at -70�C for the assay of vitamin

D and intact PTH. The tests were performed using com-

mercially available kits according to the manufacturers’

instructions. 25-hydroxy vitamin D was measured with 125I

radioimmunoassay kit (DiaSorin, Stillwater, MN, USA),

and the laboratory reference range was 31–107 nmol/l.

Intact PTH was measured by 2-site chemiluminescent

enzyme-labeled immunoassay for the 1–84 amino acid

chain on the Immunolite 2000 auto-analyzer (Diagnostics

Products Corporation, Los Angeles, CA, USA). The labo-

ratory reference range was 1.3–6.8 pmol/l.

For diagnosis of hepatitis B and C, antibodies to hepa-

titis C virus, hepatitis B surface antigen, hepatitis B surface

antibody, hepatitis B core antibody, hepatitis B e antigen,

and hepatitis B e antibody were measured using commer-

cially available ELISA kits (DRG Diagnostics GmbH,

Germany). Serum calcium (reference range: 8.6–10.3 mg/

dl) and phosphate (reference range: 2.6–4.5 mg/dl) were

measured by colorimetry using the Kavoshyar enzyme kit

(Tehran, Iran). Prothrombin time (PT, reference: \12 s)

was studied with BIO-TP kit (BIOLABO SA, Maizy,

France). Serum albumin (reference range: 3.5–5.5 g/dl),

total bilirubin (reference range: \1.2 mg/dl), alanine

transaminases (ALT, reference range: B31 IU/l for

females, and B41 IU/l for males), aspartate transaminases

(AST, reference range: B31 IU/l for females, and B37 IU/l
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for males), alkaline phosphatase (ALP, reference range:

64–306 IU/l for females, and 80–306 IU/l for males) were

studied using Parsazmun commercial kits (Karaj, Iran).

Serum ALT and AST were measured by the IFCC (Inter-

national Federation of Clinical Chemistry and Laboratory

Medicine) method (ALT intra-assay coefficient of variation

[CV] = 3.7%, AST intra-assay CV = 2.5%). Serum ALP

was measured using the DGKC (Deutsche Gesellschaft für

Klinische Chemie) method (Intra-assay CV = 1.5%).

Assays were performed with Robert Riele KG/photometer

5010 biochemical automated analyzer (Berlin, Germany).

Hemoglobin and full blood count were determined by

routine laboratory techniques. The serum calcium level was

corrected for albumin concentration. The international

normalized ratio (INR) for prothrombin time was calcu-

lated. Abdominal ultrasonography (Hitachi EUB 405

apparatus equipped with a convex 3.5 MHz probe) for

evaluation of liver, spleen and ascites was performed in all

patients by an experienced radiologist.

Statistical analysis

Data are analyzed using SPSS software (version 16.0; SPSS

Inc., Chicago, USA). Variables are expressed as percentage or

mean ± standard deviation (SD). Patients with and without

cirrhosis were compared using Chi-square analysis for cate-

gorical variables and independent sample t test for continuous

variables. Comparison of variables between categories of

vitamin D was performed using analysis of variance

(ANOVA). Pearson correlation coefficients were calculated

between vitamin-D, Child–Pugh score and other variables.

P value \ 0.05 was considered significant.

Results

Characteristics of participants

Table 1 summarizes the demographic characteristics of the

study participants. The age of the patients ranged from 16

to 74 years. There was no significant difference between

cirrhotic and noncirrhotic patients with respect to sex, age

and cause of CLD. Also, there was no significant difference

in age and sex between healthy controls and patients. The

main causative factor for cirrhosis was viral hepatitis C

(31.4%), whereas in the noncirrhotic group viral hepatitis B

(33.3%) and C (30.8%) were more prevalent. Biochemical

characteristics of the studied participants are presented in

Table 2. As expected, cirrhotic patients had significantly

higher mean INR values, increased concentrations of serum

bilirubin, and lower serum albumin, hemoglobin, and

platelet count. No differences were seen between cirrhotic

and noncirrhotic patients with respect to creatinine and

urea concentrations. Serum ALT and AST were the only

variables with significant difference between healthy indi-

viduals and noncirrhotic patients.

Vitamin D status

Inadequate vitamin D, defined as a serum vitamin D level

lower than 80 nmol/l, was present in 61 (67.8%) patients.

Vitamin D deficiency (\50 nmol/l) was seen in 46

(51.1%), and insufficiency (50–79 nmol/l) was seen in 15

(16.7%) patients with non-cholestatic CLD (Table 3).

Twenty-two (56.41%) noncirrhotic versus 7 (13.7%) cir-

rhotic patients showed a normal ([80 nmol/l) serum vita-

min D concentration (P \ 0.001). When cirrhotic patients

were classified according to Child–Pugh classification, there

was a consistent trend toward lower vitamin D levels with

increasing severity of cirrhosis (P \ 0.001) (Table 3). The

Child–Pugh score (r = -0.524, P \ 0.001) and MELD score

(r = -0.507, P \ 0.001) significantly showed correlation to

serum vitamin D concentration in cirrhotic patients (Table 4).

The mean serum concentration of vitamin D was significantly

lower in patients with cirrhosis compared with noncirrhotic

patients (Table 2), whereas there was no significant difference

in serum level of calcium, phosphate, and PTH. Serum con-

centration of vitamin D was significantly lower in cirrhotic

patients with Child–Pugh class-C compared with class-B or

class-A groups, whereas there was no significant difference in

Table 1 Demographic

characteristics of the studied

participants

No significant association was

found between groups with

respect to age, sex and cause of

CLD

CLD chronic liver disease

Parameter Healthy controls

(n = 40)

Noncirrhotic patients

(n = 39)

Cirrhotic patients

(n = 51)

Age (years) 40.98 ± 9.29 43.52 ± 13.77 41.26 ± 12.27

Sex (M/F) 24/16 22/17 28/23

Cause of CLD (n, %)

Hepatitis B – 13 (33.3) 13 (25.5)

Hepatitis C – 12 (30.8) 16 (31.4)

Cryptogenic – 8 (20.5) 9 (17.6)

Autoimmune – 6 (15.4) 13 (25.5)
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serum levels of calcium, phosphate, and PTH. None of the

cirrhotic patients had a desirable level of serum vitamin D.

There were no differences in serum vitamin D levels between

men and women.

Parathyroid hormone status

There was no difference in serum PTH concentrations

neither between cirrhotic and noncirrhotic patients

(Table 2), nor between the Child–Pugh classifications

(25.40 ± 16.28, 24.70 ± 14.99 and 18.97 ± 9.81, for

Child–Pugh groups A, B and C, respectively; P = 0.251).

Two patients in each of the cirrhotic and noncirrhotic

groups had PTH levels less than the lower level of refer-

ence interval (\1.3 pmol/l). The percentage of patients

with increased PTH levels ([6.8 pmol/l) was not signifi-

cantly different between the groups of patients (5.7 and

8.3% in cirrhotic and noncirrhotic patients, respectively;

P = 0.247). There were also no significant differences in

serum level of albumin, calcium and phosphate among

patients with increased or suppressed PTH levels in com-

parison to those with normal serum PTH concentrations

(data not shown). There were no differences in serum PTH

levels between men and women.

Relationship between serum 25-hydroxy vitamin D

level and markers of liver disease, parathyroid

hormone, calcium and phosphate

Patients with vitamin D deficiency (\50 nmol/l) had

significantly higher values of INR and bilirubin, and

lower levels of serum albumin, hemoglobin, and platelet

count in comparison to patients with vitamin D insuffi-

ciency (50–80 nmol/l) or normal ([80 nmol/l) levels. In

contrast, the mean values of serum PTH, ALT, ALP,

calcium, and phosphate showed no differences among

groups with the lowest to the highest vitamin D levels

(Table 3).

In univariate analysis in patients with non-cholestatic

CLD (Table 4), significant (P \ 0.001) positive correla-

tions were found between serum level of vitamin D and

platelet count, hemoglobin, or serum albumin. Also, there

were significant (P \ 0.01) negative correlations between

vitamin D concentration and INR or serum bilirubin. No

significant correlation was seen between vitamin D and

serum level of PTH, calcium, phosphate, ALT, AST, ALP,

urea, or creatinine (Table 4). Likewise, there was no cor-

relation between serum PTH levels and any of the earlier

mentioned variables.

Table 2 Biochemical characteristics of the studied participants

Parameter Healthy controls (n = 40) Noncirrhotic patients (n = 39) Cirrhotic patients (n = 51)

PTH (pmol/dl) 20.26 ± 9.09 20.13 ± 11.08 24.36 ± 14.23

Vitamin D (nmol/l)* 95.28 ± 29.41 81.37 ± 30.44 40.721 ± 22.43

Ca (mg/dl) 9.02 ± 0.53 8.84 ± 0.68 8.21 ± 0.55

P (mg/dl) 3.04 ± 0.47 3.03 ± 0.51 3.12 ± 0.63

Albumin (g/dl)* 4.41 ± 0.48 4.21 ± 0.54 3.07 ± 0.52

INR* 1.05 ± 0.08 1.11 ± 0.11 1.54 ± 0.41

PLT count* 210,983 ± 68,941 216,102 ± 70,612 85,823 ± 36,895

Hb (g/l)* 14.53 ± 1.69 14.17 ± 1.50 10.74 ± 2.22

Bil (mg/dl)* 0.83 ± 0.58 1.16 ± 0.83 3.15 ± 3.52

ASL (U/l)*,� 27.87 ± 20.85 51.05 ± 37.94 103.76 ± 67.62

ALT (U/l)� 32.44 ± 23.71 63.71 ± 53.99 71.10 ± 72.80

ALP (U/l) 185.39 ± 98.77 195.46 ± 110.05 230.82 ± 296.60

Cr (mg/dl) 0.89 ± 0.03 0.95 ± 0.15 0.81 ± 0.93

Urea (mg/dl) 30.9 ± 6.53 31.6 ± 6.88 31.6 ± 9.06

MELD score – – 14.73 ± 5.20

Data are expressed as mean ± SD

CLD chronic liver disease, MELD Model for End-Stage Liver Disease, PTH parathyroid hormone, Ca calcium, P phosphate, INR international

normalized ratio, PLT platelet count, Hb hemoglobin, Bil bilirubin, AST aspartate transaminases, ALT alanine transaminases, ALP alkaline

phosphatase, Cr creatinine

* P \ 0.001 when comparing cirrhotic and noncirrhotic patients
� P \ 0.001 when comparing healthy controls and noncirrhotic patients
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Discussion

In this study, we evaluated the association between

parameters of calcium–phosphate metabolism (vitamin D,

PTH, calcium and phosphate) and the parameters that are

clinically valuable in cirrhotic and noncirrhotic patients

with non-cholestatic CLD (ALT, AST, ALP, bilirubin,

albumin, INR, Child–Pugh score and MELD score). We

demonstrated that the majority of non-cholestatic CLD

patients (67.8%) had inadequate serum vitamin D con-

centrations. The prevalence of vitamin D inadequacy

(\80 nmol/l) was 86% in cirrhotic and 56% in noncirrhotic

patients. The prevalence of vitamin D deficiency

(\50 nmol/l) varied from 17.9% in noncirrhotic patients to

76.5% in cirrhotic patients, but secondary hyperparathy-

roidism was relatively uncommon and occurred in only 7%

of those with vitamin D deficiency. Although serum vita-

min D levels were significantly low in cirrhotic versus

noncirrhotic patients (and in Child–Pugh class C vs. class

A and B), there was no significant difference in serum

PTH, calcium, and phosphate between cirrhotic and non-

cirrhotic groups. In some studies serum vitamin D levels

were reduced in patients with advanced non-cholestatic

liver dysfunction [15–17], whereas there are studies which

do not support this finding [8, 18]. This difference may be

partially due to different methods and definitions used in

these studies.

We showed that, in CLD, the degree of vitamin D

deficiency has correlation to the severity and progression of

liver disease according to the Child–Pugh classification and

MELD score. This finding may point to the specific

impairment of vitamin D metabolism in a cirrhotic liver.

Previous studies have shown inconsistent results about the

correlation between serum vitamin D level and the severity

of liver dysfunction. Our results are in line [3, 19] with

some studies, and in contradiction to some other studies

[16, 20]. Our study also showed a significant correlation

between low serum vitamin D level and markers of liver

function insufficiency including coagulopathy, hypoalbu-

minemia, hyperbilirubinemia, and thrombocytopenia, in

Table 3 Characteristics of the studied patients with non-cholestatic CLD by 25-hydroxy vitamin D status (n = 90)

Variables Vitamin D (nmol/l)

\25 25–49 50–79 C80

n (%) 23 (25.6) 23 (25.6) 15 (16.7) 29 (32.2)

Vitamin D (n mol/l)* 17.67 ± 3.48 38.09 ± 7.76 64.75 ± 10.27 103.78 ± 16.90

PTH (pmol/dl) 18.97 ± 9.81 21.04 ± 9.18 24.70 ± 14.99 25.41 ± 16.28

Ca (mg/dl) 8.99 ± 0.39 8.95 ± 0.77 8.85 ± 0.57 8.94 ± 0.52

P (mg/dl) 2.98 ± 0.61 3.08 ± 0.58 3.15 ± 0.65 3.13 ± 0.55

Cirrhotic patients, n (%)* 23 (45.1) 16 (31.4) 5 (9.8) 7 (13.6)

Child–Pugh classification (n, %)a,*

Child A 5 (22.7) 5 (22.7) 5 (22.7) 7 (31.8)

Child B 6 (60.0) 4 (40.0) 0 (0) 0 (0)

Child C 12 (63.2) 7 (36.8) 0 (0) 0 (0)

MELD scorea,* 17.70 ± 5.57 13.62 ± 3.34 10.71 ± 2.77 10.20 ± 2.43

Albumin (g/dl)* 2.87 ± 0.47 3.43 ± 0.75 4.13 ± 0.78 4.21 ± 0.48

INR* 1.72 ± 0.47 1.39 ± 0.27 1.13 ± 0.12 1.15 ± 0.18

PLT count* 74,130 ± 32,169 137,652 ± 94,800 164,400 ± 63,359 188,551 ± 79,999

Hb (g/l)* 10.04 ± 1.88 11.87 ± 2.83 13.32 ± 2.17 13.80 ± 1.62

Bil (mg/dl)* 4.40 ± 4.01 1.89 ± 1.06 1.46 ± 0.82 1.26 ± 1.01

AST (U/l) 89.39 ± 60.00 89.43 ± 75.24 76.14 ± 45.11 64.13 ± 61.03

ALT (U/l) 55.83 ± 34.44 69.26 ± 59.81 77.87 ± 49.04 84.17 ± 73.35

ALP (U/l) 269.83 ± 89.22 278.78 ± 133.75 246.87 ± 89.97 269.24 ± 112.77

Cr (mg/dl) 0.96 ± 0.21 0.95 ± 0.18 0.93 ± 0.12 0.97 ± 0.17

Urea (mg/dl) 35.17 ± 9.60 29.83 ± 6.97 29.80 ± 6.71 31.28 ± 7.94

Data are expressed as mean ± SD, unless otherwise is stated

CLD chronic liver disease, MELD Model for End-Stage Liver Disease, PTH parathyroid hormone, Ca calcium, P phosphate, INR international

normalized ratio, PLT platelet count, Hb hemoglobin, Bil bilirubin, AST aspartate transaminases, ALT alanine transaminases, ALP alkaline

phosphatase, Cr creatinine
a Calculated in cirrhotic patients only

* P \ 0.001; P values are derived from chi square analysis or analysis of variances (ANOVA) among the four groups
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agreement with other studies [21–23]. Fisher et al. [23]

showed that serum vitamin D levels less than 25 nmol/l

would be a reliable predictor of higher INR and serum

bilirubin as well as lower serum albumin and platelet

count.

In our study, we did not find any significant association

between serum calcium level and the severity of liver

dysfunction. Serum calcium was not different between

cirrhotic and noncirrhotic patients. This finding is not in

line with the study by Duarte et al. [8], in patients with

chronic viral liver disease, which showed a lower serum

level of calcium in cirrhotic versus noncirrhotic patients.

However, similar to our findings, serum PTH was similar in

patients with and without cirrhosis. In our study, serum

levels of calcium and phosphate were normal in many

patients with vitamin D deficiency. This can be explained

by reabsorption of minerals from bones. So, osteopenia and

osteomalacia could be expected in these patients.

In the present study, the severity of CLD was not

associated with the serum level of PTH. This finding is

similar to the observations of other studies [15, 20]. In our

series, 61 patients with CLD had vitamin D levels less than

80 nmol/l, but only in 6 (9.8%) patients the serum PTH

level was increased ([6.8 pmol/l). The cause of normal to

low PTH levels in presence of vitamin D insufficiency and

severe deficiency, observed in our study and other studies

[24], is unclear. Possible explanations may be certain

vitamin D-receptor gene polymorphisms which can induce

suppression of PTH secretion [25]. Understanding the

pathophysiologic mechanisms which contribute to the

vitamin D–PTH paradox in CLD requires further studies.

It should be noted that vitamin D insufficiency is not

only a causative factor for bone diseases in the general

population but also a risk factor for a wide range of chronic

inflammatory and autoimmune diseases (inflammatory

bowel disease, rheumatoid arthritis, psoriasis, multiple

sclerosis and diabetes mellitus), cancers (colon, prostate

and breast), and metabolic disorders (metabolic syndrome

and hypertension) [19, 26]. Vitamin D can influence

hepatic injury, fibrosis, and tissue remodeling by different

mechanisms [27]. Therefore, determination and treatment

of vitamin D deficiency may represent an important ther-

apeutic target in the follow-up of CLD patients. Vitamin D

deficiency may present with bone pain, proximal muscle

weakness, and bone fracture, but many patients are

asymptomatic. After liver transplantation and corticoste-

roid therapy many patients will be symptomatic [28]. Our

results, demonstrating the high rate of vitamin D deficiency

in CLD patients, could possibly suggest that screening and

treatment of vitamin D deficiency should be considered in

the management of patients with CLD.

This study has some limitations. The cross-sectional

nature of the study precludes cause and effect interpreta-

tions. Furthermore, it was fitting if we had data of steat-

orrhea and malabsorption in our patients. Although we

found a strong association between serum vitamin D con-

centration and liver injury, other factors that contribute to

vitamin D deficiency such as reduced exposure to sunlight,

malnutrition, and drug effects must be kept in mind. One

could speculate that in an individual CLD patient, inade-

quacy in vitamin D status can be caused by different

pathogenic factors. Nonetheless, our study, within an

appropriate sample of patients with CLD, provided useful

additional evidence in a challenging field of hepatology

with gap of sufficient knowledge.

In conclusion, this study showed that vitamin D inade-

quacy and the severity of the liver dysfunction move in

parallel in patients with non-cholestatic CLD. Vitamin D

inadequacy is very common in these patients, though sec-

ondary hyperparathyroidism is rather rare. Vitamin D

assessment and replacement should be considered in

management of patients with non-cholestatic CLD. Inter-

vals for biochemical examination can be regulated due to

severity of liver dysfunction (Child–Pugh groups or MELD

score).

Conflict of interest None.

Table 4 Correlation coefficients between serum 25-hydroxy vitamin

D and characteristics of patients with noncholestatic CLD

Variables Child–Pugh score� Vitamin D��

Vitamin D (nmol/l) -0.524***

PTH (pmol/dl) -0.153 0.197

Age (year) 0.461 -0.293

Ca (mg/dl) -0.334 0.407

P (mg/dl) -0.541 0.115

Albumin (g/dl) -0.429*** 0.485***

INR 0.372*** -0.454***

PLT count -0.271*** 0.444***

Hb (g/l) -0.246*** 0.469***

Bil (mg/dl) 0.536*** -0.334**

Urea (mg/dl) -0.136 -0.141

Cr (mg/dl) 0.042 0.047

AST (U/l) 0.107 -0.041

ALT (U/l) -0.284 0.246

ALP (U/l) 0.538 -0.051

MELD score 0.813*** -0.507***

CLD chronic liver disease, PTH parathyroid hormone, Ca calcium,

P phosphate, INR international normalized ratio, PLT platelet count,

Hb hemoglobin, Bil bilirubin, AST aspartate transaminases, ALT
alanine transaminases, ALP alkaline phosphatase, Cr creatinine,

MELD Model for End-Stage Liver Disease

** P \ 0.01, *** P \ 0.001
� Correlation coefficients are calculated in cirrhotic patients (n = 51)
�� Correlation coefficients are calculated in all patients (n = 90)

Hepatol Int (2010) 4:634–640 639

123



References

1. Pappa HM, Bern E, Kamin D, Grand RJ. Vitamin D status in

gastrointestinal and liver disease. Curr Opin Gastroenterol

2008;24:176–183

2. Tsuneoka K, Tameda Y, Takase K, Nakano T. Osteodystrophy in

patients with chronic hepatitis and liver cirrhosis. J Gastroenterol

1996;31:669–678

3. George J, Ganesh HK, Acharya S, Bandgar TR, Shivane V,

Karvat A, et al. Bone mineral density and disorders of mineral

metabolism in chronic liver disease. World J Gastroenterol

2009;15:3516–3522

4. Gallego-Rojo FJ, Gonzalez-Calvin JL, Munoz-Torres M, Mundi

JL, Fernandez-Perez R, Rodrigo-Moreno D. Bone mineral den-

sity, serum insulin-like growth factor I, and bone turnover

markers in viral cirrhosis. Hepatology 1998;28:695–699

5. Leslie WD, Bernstein CN, Leboff MS. AGA technical review on

osteoporosis in hepatic disorders. Gastroenterology 2003;125:

941–966

6. Yenice N, Gumrah M, Mehtap O, Kozan A, Turkmen S.

Assessment of bone metabolism and mineral density in chronic

viral hepatitis. Turk J Gastroenterol 2006;17:260–266

7. de Albuquerque Taveira AT, Fernandes MI, Galvao LC, Sa-

wamura R, de Mello Vieira E, de Paula FJ. Impairment of bone

mass development in children with chronic cholestatic liver dis-

ease. Clin Endocrinol (Oxf) 2007;66:518–523

8. Duarte MP, Farias ML, Coelho HS, Mendonca LM, Stabnov LM,

Do Carmo d Oliveira M, et al. Calcium–parathyroid hormone–

vitamin D axis and metabolic bone disease in chronic viral liver

disease. J Gastroenterol Hepatol 2001;16:1022–1027

9. Artaza JN, Norris KC. Vitamin D reduces the expression of

collagen and key profibrotic factors by inducing an antifibrotic

phenotype in mesenchymal multipotent cells. J Endocrinol

2009;200:207–221

10. Samuel S, Sitrin MD. Vitamin D’s role in cell proliferation and

differentiation. Nutr Rev 2008;66:S116–S124

11. Boyan BD, Schwartz Z. 1,25-Dihydroxy vitamin D3 is an auto-

crine regulator of extracellular matrix turnover and growth factor

release via ERp60-activated matrix vesicle matrix metallopro-

teinases. Cells Tissues Organs 2009;189:70–74

12. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams

R. Transection of the oesophagus for bleeding oesophageal var-

ices. Br J Surg 1973;60:646–649

13. Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau

TM, Kosberg CL, et al. A model to predict survival in patients

with end-stage liver disease. Hepatology 2001;33:464–470

14. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ,

Vieth R. Estimates of optimal vitamin D status. Osteoporos Int

2005;16:713–716

15. Ormarsdottir S, Ljunggren O, Mallmin H, Michaelsson K, Loof

L. Increased rate of bone loss at the femoral neck in patients with

chronic liver disease. Eur J Gastroenterol Hepatol 2002;14:43–48

16. Chen CC, Wang SS, Jeng FS, Lee SD. Metabolic bone disease of

liver cirrhosis: is it parallel to the clinical severity of cirrhosis?

J Gastroenterol Hepatol 1996;11:417–421

17. Masuda S, Okano T, Osawa K, Shinjo M, Suematsu T, Kobayashi

T. Concentrations of vitamin D-binding protein and vitamin D

metabolites in plasma of patients with liver cirrhosis. J Nutr Sci

Vitaminol (Tokyo) 1989;35:225–234

18. Shiomi S, Masaki K, Habu D, Takeda T, Nishiguchi S, Kuroki T,

et al. Calcitriol for bone disease in patients with cirrhosis of the

liver. J Gastroenterol Hepatol 1999;14:547–552

19. Sanchez AJ, Aranda-Michel J. Liver disease and osteoporosis.

Nutr Clin Pract 2006;21:273–278

20. Monegal A, Navasa M, Guanabens N, Peris P, Pons F, Martinez

de Osaba MJ, et al. Osteoporosis and bone mineral metabolism

disorders in cirrhotic patients referred for orthotopic liver trans-

plantation. Calcif Tissue Int 1997;60:148–154

21. Bai XL, Liang TB, Wu LH, Li DL, Geng L, Wang WL, et al.

Elevation of intact parathyroid hormone level is a risk factor for

low bone mineral density in pretransplant patients with liver

diseases. Transplant Proc 2007;39:3182–3185

22. Uretmen S, Gol M, Cimrin D, Irmak E. Effects of chronic liver

disease on bone mineral density and bone metabolism markers in

postmenopausal women. Eur J Obstet Gynecol Reprod Biol

2005;123:67–71

23. Fisher L, Fisher A. Vitamin D and parathyroid hormone in out-

patients with noncholestatic chronic liver disease. Clin Gastro-

enterol Hepatol 2007;5:513–520

24. Adorini L. Vitamin D receptor polymorphisms in primary biliary

cirrhosis: a functional connection? J Hepatol 2009;50:1071–1073

25. Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G,

Almasio P, et al. Morbidity and mortality in compensated cir-

rhosis type C: a retrospective follow-up study of 384 patients.

Gastroenterology 1997;112:463–472

26. Phillips JR, Angulo P, Petterson T, Lindor KD. Fat-soluble

vitamin levels in patients with primary biliary cirrhosis. Am J

Gastroenterol 2001;96:2745–2750

27. Coppack SW, Jensen MD, Miles JM. In vivo regulation of

lipolysis in humans. J Lipid Res 1994;35:177–193

28. Collier J. Bone disorders in chronic liver disease. Hepatology

2007;46:1271–1278

640 Hepatol Int (2010) 4:634–640

123


	Disturbances of parathyroid hormone--vitamin D axis in non-cholestatic chronic liver disease: a cross-sectional study
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Patients

	Laboratory analysis
	Statistical analysis
	Results
	Characteristics of participants

	Vitamin D status
	Parathyroid hormone status
	Relationship between serum 25-hydroxy vitamin D level and markers of liver disease, parathyroid hormone, calcium and phosphate

	Discussion
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


