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ABSTRACT: Patients with cirrhosis often develop malnutrition and micronutrient deficiencies, leading to a worse 
prognosis and increased mortality. Our purpose was to assess the prevalence of micronutrient deficiencies especially 
calcium and phosphorus in patients with decompensated liver cirrhosis (LC). This was a retrospective study including 
143 consecutive patients hospitalized for acute decompensation of cirrhosis, most of them with alcoholic etiology along 
with viral B or viral C and autoimmune induced cirrhosis. A blood test including minerals was performed on admission. 
Lower serum calcium levels were found in patients with a more severe forms of LC and also the ones diagnosed with 
viral and alcoholic LC rather than autoimmune induced LC. Peritoneal ascitic fluid was observed in 51 patients with 
hypocalcemia and only 24 patients with normal calcium levels had fluid accumulation. Low levels of phosphorus were 
noted in patients with a more severe form of LC (chi-square: 20.2504; p-value 0.000446). Ascitic fluid was found in 
patients with low values of phosphorus as well as in those with hypocalcemia (chi-square 5.235; p-value 0.022137). In 
conclusion, this study confirmed that patients with advanced liver disease had lower values of calcium and phosphorus 
and a more severe form of LC can be associated with hypocalcemia and hypophosphatemia. 
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Introduction 
Liver cirrhosis (LC) is the end-stage of many 

different chronic liver diseases, characterized by 
architectural distortion and hepatic with the 
formation of regenerative nodules and has varied 
clinical manifestations and complications [1]. 

The main causes of LC are alcoholic liver 
disease (ALD), hepatitis B (HBV), hepatitis 
C (HCV), and autoimmune liver disease such as 
primary biliary cholangitis (PBC) and primary 
sclerosing cholangitis (PSC) [2,4]. 

The liver regulates the metabolic pathways, is 
involved in the transport of trace elements and 
consequently ensures their bioavailability and 
tissue distribution. 

It also plays a role in the excretion of trace 
elements through bile formation. [5]. 

Calcium is the fifth most abundant element in 
the body, it is essential in skeletal mineralization, 
as well as a wide range of biologic functions, it 
has a structural role in cell membrane function 
and intracellular signaling. 

Calcium is only available to the body through 
dietary sources [6]. 

Phosphorus is an essential mineral which 
plays multiple roles in the body [7]. 

It is a key element of bones and most of the 
uptake occurs in the liver and the skeletal muscle 
[7]. 

There are three major mechanisms by which 
hypophosphatemia can occur: decreased 
intestinal absorption, internal redistribution, and 
increased urinary loss [8]. 

There is often a combination of factors 
responsible for hypophosphatemia. 

The following factors are potentially involved 
in the alcoholic patient: a poor dietary intake of 
phosphate and vitamin D, chronic diarrhea, 
increased urinary loss due to secondary 
hyperparathyroidism induced by vitamin 
D deficiency and a direct toxic effect of alcohol 
on the proximal tubule [8-10]. 

Malnutrition is a common complication in 
patients with LC and after a thorough research, 
several studies have shown its association with 
increased morbidity and mortality and decreased 
quality of life [5]. 

If for zinc and iron it is customary to find 
deficiencies, when it comes to levels of minerals 
such as calcium, magnesium and phosphorus in 
the serum of cirrhotic patients, there are not many 
available studies [11,14]. 

Patients with advanced liver disease have an 
increased risk of micronutrient deficiencies that 
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arise from anorexia, diuretic use, fat 
malabsorption, and hepatitis C. 

Because patients with ascites have restricted 
intake of animal protein and are taking diuretics, 
they commonly acquire zinc deficiency [15]. 

Similarly, magnesium deficiency can result 
from decreased oral intake of nutrients and use of 
diuretics [15,16]. 

The most recent guideline published in 2018 
by the European Association for the Study of the 
Liver (EASL) on nutrition recognized that for 
patients with chronic liver disease there are no 
specific studies or evidence on the benefit of 
micronutrient supplementation in patients with 
cirrhosis. 

However, they suggested that confirmed 
deficiencies should be supplemented in 
accordance with the general recommendations 
for usual clinical practice [17]. 

The majority of studies evaluating the 
prevalence of micronutrient deficiencies in 
decompensated LC have a small number of 
subjects and there were assessed only certain 
micronutrients [18,19]. 

The aim of this study was to determine the 
prevalence of micronutrient deficiencies in 
patients with LC of any etiology and any degree 
of liver failure and which of these deficiencies are 
correlated with the severity of liver disease. 

Materials and Methods 
Study Design and Patients 

In this retrospective study we included 
patients confirmed with LC due to alcohol use, 
viral B and viral C cirrhosis and patients 
diagnosed with primary biliary cholangitis (PBC) 
and primary sclerosing cholangitis (PSC). 

All the patients included in our study were 
admitted in the hospital due to hepatic 
decompensation (hepatic encephalopathy, ascites 
or portal hypertensive bleeding) or for routine 
checkup of patients with anterior 
decompensation. 

Newly or previously diagnosed patients with 
LC hospitalized in the Gastroenterology 
department of the County Clinical Emergency 
Hospital of Craiova, Romania were included. 

The period of admission was set between 
January 2019 and December 2020, during 
pandemics, and we collected their data using 
existing records from the clinic. 

The exclusion criteria from the study were: 
patients who were under treatment with calcium, 
magnesium or phosphorus supplements. 

Also, we did not take into consideration for 
this study patients diagnosed with hepatocellular 

carcinoma or other malignancies, kidney failure 
and documented bone disease like osteopenia and 
osteoporosis. 

The current study protocol strictly adhered to 
all regulations of the Declaration of Helsinki and 
it was approved by the ethics committee of the 
University of Medicine and Pharmacy of Craiova, 
Romania (No. 173/29.10.2021) 

Biological Analyses 
The Model for End-stage Liver Disease 

(MELD) and Child-Pugh scores were used to 
assess the prognosis of patients. 

MELD score was determined for all the 
patients and is based on total bilirubin, creatinine 
and international normalized ratio (INR). 

In a systematic review of 118 studies outlining 
the prognostic of survival in cirrhosis, MELD 
score was underlined as predictor of long-term 
survival rate in patients with decompensated LC 
[20,21]. 

The Child-Pugh scoring system was also 
assessed for all patients. 

It is a score designed to predict mortality in 
cirrhosis patients and to guide the selection of 
those patients who would benefit from elective 
surgery for portal decompression. 

It has 6 clinical and laboratory criteria to 
categorize patients: presence of peritoneal fluid, 
hepatic encephalopathy, nutritional status, total 
bilirubin, albumin and INR. 

All the patients were divided by Child-Pugh 
classification into three categories: A-good 
hepatic function, from 5 to 6 points,  
B-moderately impaired hepatic function, 7 from 
to 9 points and C-advanced hepatic dysfunction 
from 10 to 15 points in which a higher score 
indicates more severe liver dysfunction [22,24]. 

All the patients had upper endoscopy, 
blood samples taken for measuring 
aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), gamma-glutamyl 
transferase (yGT), magnesium, phosphorus, 
calcium, alkaline phosphatase, platelet count, 
hemoglobin, creatinine, total bilirubin, all of them 
being determined by automated routine 
procedures. 

We also recorded the presence of hepatic 
complications like ascitic decompensation, 
spontaneous bacterial peritonitis, hepatic 
encephalopathy, alcoholic hepatitis and portal 
hypertensive bleeding. 

In addition, micronutrient deficiencies were 
defined according to the hospital laboratory 
reference values and considered a deficiency to 
be any value below the lower limit of normality. 
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Data Analysis 
Patient data was logged in an Excel 

(Microsoft, USA) file. 
Data analysis was done in part in Excel, and in 

part in MATLAB (MathWorks, USA). 
The descriptive statistics (together with the 

charts) was assessed using Excel, while the 
inferential statistics using MATLAB. 

For categorical data, we used pivot tables and 
the Chi-square test for statistical assessment. 

Numerical data correlation was assessed using 
Pearson’s correlation coefficient (r), considering 
values between 0-0.2 as non-existing correlation, 
0.2-0.4 weak correlation, 0.4-0.6 reasonable 
correlation, 0.6-0.8 high correlation, and above 
0.8 very high correlation. 

P-values of 0.05 or lower were considered 
statistically significant. Numerical variables are 
expressed in terms of mean and standard 
deviation (SD). 

Results 
Patients Characteristics 

A total of 143 consecutive patients with 
proven diagnosis of LC were, we had 88 patients 
with alcohol induced LC, 43 patients with viral 
induced LC of which 30 patients had a C virus 
infection, 10 of them had a B virus infection and 
the other 3 patients had B and C virus coinfection. 

Also, 12 of these patients had autoimmune 
induced LC patients of which 8 had PBC and the 
4 other patients had PSC. 

The average age of the entire group was 
58.41 years±10.91 SD, the alcoholic induced 

cirrhosis group had an average age of 57.35 
years±10.22 SD, the LC due to viral hepatitis 
patients had an average age of 62.70 years±10.61 
SD and autoimmune LC patients had an average 
age of 50.83 years±11.74 SD (Tables 1,2). 

Table 1. Patient’s characteristics. 

Variable Value 
Age 58.41±10.91 
Sex  

Male 120 (83.92%) 
Female 23 (16.08%) 

Nutrition  
Underweight (<18.5) 4 (2.8%) 

Normal weight (18.5-24.9) 68 (47.55%) 
Overweight (25-26.9) 47 (32.87) 

Obese (30-39.9) 22 (15.38) 
Etiology of cirrhosis  

Alcohol 88 (61.15%) 
Hepatitis B 10 (6.99%) 
Hepatitis C 30 (20.98%) 

Hepatitis B+C 3 (2.1%) 
Autoimmune 12 (8.39%) 

MELD 16.39±6.24 
Child-Pugh class  

A 40 (27.97%) 
B 61 (42.66%) 
C 41 (28.67%) 

Decompensation of cirrhosis  
Esophageal varices 106 (74.13%) 

Encephalopathy 24 (16.78%) 
Ascites 76 (53.15%) 

 

Data are expressed in mean±SD for 
quantitative variables and n (%) for qualitative 
variables. MELD: Model for end-stage liver 
disease. 

 

Table 2. Values from biologic analysis. 

Parameter Value Reference value 
AST 152.87±259.51 5-34U/L 
ALT 113.38±287.01 3-55U/L 
yGT 163.25±205.52 8-60U/L 

Phosphatase 119.86±82.33 40-150U/L 
Albumin 3.25±0.67 3.5-5.2U/L 
Calcium 8.18±0.73 8.4-10.2mg/dL 

Phosphorus 2.85±0.70 2.5-4.5mg/dL 
Magnesium 1.79±0.44 1.6-2.6mg/dL 
Hemoglobin 10.96±2.44 

10.2±2.16 
Male 12.6-17.4g/dL 

Female 11.7-16.1g/dL 
Thrombocytes 139.70±220.40 150-400x10x3/mm3 
Total bilirubin 2.46±2.36 0.2-1.2mg/dL 

Creatinine 0.95±0.56 0.70-1.20mg/dL 
 

Data are expressed in mean±SD or 
median (range); aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), gamma-
glutamyl transferase (yGT). 

Regarding calcium values, we observed lower 
result in patients with a more severe form of LC 
assessed by Child-Pugh classification 

(the chi-square statistic is 14.9335. The p-value is 
.000572. The result is significant at p<05). 

From Figure 1 we concluded that patients with 
moderately impaired hepatic function and 
advanced hepatic dysfunction had lower values of 
calcium in contrast with patients with good 
hepatic status. 



Claudiu Marinel Ionele et al. - Calcium and Phosphorus Deficiencies in Patients with Liver Cirrhosis 

314 10.12865/CHSJ.48.03.09 

 
Figure 1. Calcium levels in patients 

divided by Child-Pugh classification. 

Lower values were noted in patients 
diagnosed with viral and alcoholic induced LC 
than autoimmune caused LC (chi-square 3.2015, 
p-value 0.073572, but the result was not 
significant at p<0.05 (Figure 2). 

From the total of 143 patients, we found that 
80 of them with low calcium levels had an 
anterior decompensation of LC and only 
42 newly diagnosed patients had normal calcium 
levels (the chi-square statistic is 7.8165. with a 
p-value of 0.005177 (Figure 3). 

The result is significant at p<0.05). 
 

 
Figure 2. Calcium levels in different 

etiologies of liver cirrhosis. 

 

 
Figure 3. Lower calcium values were observed in 

patients with anterior decompensation. 

Low levels of phosphorus were observed in 
patients with a more severe form of LC  
(chi-square: 20.2504; p-value 0.000446) but there 
were no significant differences between 
etiologies (chi-square: 1.3389, p-value 0.512) 
(Figures 4-5). 
 

 
Figure 4. Presence of jaundice. 

Also, ascites, as mark of LC decompensation 
was diagnosed in patients with low values of 
phosphorus (chi-square 5.235; p-value 0.022137) 
(Figure 6). 

As calcium in Figure 1, phosphorus was lower 
in patients with a more severe form of cirrhosis. 
 

 
Figure 5. Phosphorus levels in patients 

divided by Child-Pugh classification. 

 

 
Figure 6. Phosphorus values in patient 

with and without peritoneal ascites. 
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Discussion 
Minerals play a significant role in 

anti-inflammatory and anti-apoptotic metabolic 
processes, and their impairment are common in 
patients with liver cirrhosis regardless of the 
etiology of liver disease. 

Our study aims to provide an overall view of 
calcium and phosphorus levels in patients with 
LC due to alcohol consumption, viral B and viral 
C induced LC or autoimmune etiology (PBC and 
PSC). 

To date, the most documented deficiency in 
cirrhotic patients is the lack of calcium. 

According to the literature, calcium was 
normal in most of the patients found in other 
study; also, calcium supplementation in elderly 
subjects with a high prevalence of hypocalcemia 
normalized serum markers of calcium after 1 year 
of treatment [25]. 

In our study, the prevalence of calcium 
deficiency was higher in viral and alcoholic 
induced LC than autoimmune caused LC. 

Lower values of calcium were observed in 
patients with a more severe form of LC assessed 
by Child-Pugh classification. 

It is well-known that patients with liver 
disease develop bone loss that can lead to 
atraumatic fractures Nakchbandi et al. 
recommended that physicians should evaluate 
bone density in cirrhotic patients regardless of 
serum calcium values and also, they should 
supplement with a minimum of vitamin D and 
calcium to prevent bone fractures and 
osteoporosis [26]. 

We observed in our patients a strong 
correlation between severity of cirrhosis 
expressed by Child Pugh classification, the 
majority of hypocalcaemic patients were 
diagnosed with advanced LC. 

Also, there is a strong correlation between low 
levels of calcium and albumin deficiency in 
patients with advanced liver disease [27]. 

In relation to minerals, the prevalence of 
phosphorous deficiency was also high and we 
observed correlation between low levels of 
phosphorus and decreased levels of calcium. 
Hypophosphatemia has been reported in the 
setting of hepatic failure (HF) [28,29]. 

Patients with cholestatic liver disease have 
poor absorption of both fat and fat-soluble 
vitamins including vitamin D. 

Low vitamin D levels can lead to secondary 
hyperparathyroidism and it functions by 
stimulating intestinal calcium and phosphorus 
absorption, by increasing bone calcium 

mobilization, and by increasing renal 
reabsorption of calcium in the distal tubule [30]. 

Phosphorus repletion towards normal levels 
led to clinical improvement in this case, and the 
authors hypothesized that hypophosphatemia 
may have been the cause of acute hepatocellular 
necrosis [31]. 

A statistically significant better prognosis was 
observed in patients with normal phosphorus 
levels in the study presented by Baquerizo et al. 
[32]. 

It is known that patients with decompensated 
LC are taking diuretics and Dohyeong et al. 
suggested that liver function can influence the 
incidence of hypophosphatemia; the risk of 
hypophosphatemia in patients with cirrhosis is 
about 3.4-fold greater than in patients with 
normal liver function [33]. 

Conclusion 
We can say that a low phosphorus level 

together with other prognostic factors such as 
total serum bilirubin, degree of encephalopathy 
can help guide decisions regarding the best 
treatment for liver cirrhosis. 

We noticed in our study that for patients with 
advanced liver disease, lower values of calcium 
and phosphorus were recorded. 

Moreover, the more advanced the liver disease 
can lead to a greater the risk of 
hypophosphatemia and hypocalcemia. 

There should also be more attention on 
assessing osteoporosis in cirrhotic patients, when 
diagnosing with LC or during follow-up. 

Therefore, our general advice would be the 
dosage of calcium and phosphorus values, for 
which currently it is not normally done for 
cirrhotic patients. 
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