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Abstract

Purpose : To evaluate the prevalence of fat-soluble vitamin  (A, 
D, and E) and zinc deficiency in patients with cirrhosis being 
assessed for liver transplantation and the correlations between 
vitamin deficiencies, nutritional markers, and severity of liver 
disease.

Methods : This is a single centre retrospective study. Serum 
vitamin A, D, E, and zinc levels were collected in adult patients 
being assessed for liver transplantation between January and July 
2012. Patient and liver disease demographics, nutritional markers, 
Child-Pugh score, and MELD-Na score were collected. Fisher’s 
exact test and multiple variable logistic regression was used for 
statistical analysis.

Results : A total of 109 adult patients were assessed for liver 
transplantation during the 6-month period. The mean patient age 
was 54 ± 10 years and 66% were males. Mean BMI was 27 ± 6 
kg/m2, pre-albumin was 0.10 ± 0.07 g/L, albumin was 33 ± 6 g/L, 
total bilirubin was 48 ± 61 mmol/L, MELD-Na score was 16 ± 5 
(range 6-33), and 15% had hepatocellular carcinoma. The Child-
Pugh score was A in 29%, B in 54%, and C in 17%. The causes of 
liver disease were hepatitis C in 36%, alcohol in 20%, non-alcoholic 
fatty liver disease in 17%, and other in 27%. The mean vitamin 
A level was 0.88 ± 0.86 umol/L, D was 69 ± 52 nmol/L, E was 24 
± 17 umol/L, and zinc was 477 ± 145 ug/L. Vitamin A deficiency 
was prevalent in 77%, D in 63%, E in 37%, and zinc in 84%. 
On multiple variable analysis, low albumin (OR = 0.78, 95% CI 
= 0.65-0.94, p = 0.0069) was a predictor of vitamin A deficiency ; 
cholestatic liver enzyme elevation (OR = 3.53, 95%CI = 1.40-8.89, 
p = 0.0073) and low albumin  (OR = 0.83, 95%CI = 0.73-0.94, p = 
0.0032) were predictors of vitamin D deficiency ; low albumin  (OR 
= 0.85, 95% CI = 0.74-0.97, p = 0.015) was a predictor of vitamin 
E deficiency ; and age (OR = 0.83, 95% CI = 0.72-0.96, p = 0.012), 
low albumin (OR = 0.59, 95% CI = 0.42-0.84, p = 0.0036), and high 
MELD-Na (1.43, 95% CI = 1.05-1.94, p = 0.021) were predictors of 
zinc deficiency. Vitamin A (p = 0.0034), D (p = 0.020), E (p = 0.012), 
and zinc (p<0.001) deficiency correlated with a higher Child-Pugh.

Conclusion : Low albumin was a recurrent predictor of fat-
soluble vitamin  (A, D, and E) and zinc deficiency while other 
predictors varied depending on the vitamin or mineral. Further 
studies need to be conducted on fat-soluble vitamin and zinc 
supplementation in deficient patients with cirrhosis to assess 
clinical outcomes.  (Acta gastroenterol. belg., 2017, 80, 237-241).
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Introduction

Malnutrition is commonly associated with advanced 
liver disease and its severity worsens with the 
progression of liver disease (1). The prevalence of 
malnutrition in patients with cirrhosis is high, ranging 
from 53-90% (1-3). Malnutrition plays a significant role 
in liver related morbidity and mortality (4-6). This makes 

screening patients for malnutrition an important part of 
the clinical assessment. This has historically included 
the subjective global assessment and anthropometric 
parameters (7). Sarcopenia has been more recently used 
as a nutritional measure, which correlates with mortality  
(8,9). Malnutrition in cirrhotics can be attributed to a 
variety of factors including : decreased nutrient intake, 
hypermetabolic state, alterations in macronutrient 
and micronutrient metabolism, malabsorption, and 
medication adverse effects (10-12). Malnutrition in 
turn leads to vitamin and mineral deficiency, which 
can manifest with various clinical sequelae. Thus, it is 
important to not only identify malnutrition, but vitamin 
and mineral deficiency in order to correct the underlying 
problem.

Fat-soluble vitamin  (FSV) absorption requires bile 
acids to form micelles, which are absorbed by enterocytes 
into the circulation. The liver is an important storage 
center for these vitamins and plays an active role in their 
metabolism.

Chronic cholestasis occurs in patients with cirrhosis, 
which is believed to limit absorption of these fat-
soluble vitamins and possibly lead to deficiencies  (13). 
The sequelae of vitamin A deficiency includes visual 
impairment, dry skin, and a weakened immune system  
(14). Vitamin D deficiency is associated with muscle 
weakness and metabolic bone diseases such as osteopenia, 
osteoporosis, and osteomalacia (15,16). Vitamin E 
deficiency may cause neuromuscular disorders, anemia, 
and visual disturbances (17). Prior studies have been 
limited and inconclusive in determining an association 
between fat-soluble vitamin deficiency and the severity 
of liver disease (13-17).

Zinc is the second most prevalent trace mineral in 
the human body and plays an important role in cellular 
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Statistical Analysis

Statistical analysis was performed with Fisher’s exact 
test and multiple variable logistic regression analysis 
presented as odds ratio (OR) with 95% confidence 
intervals (CI). SAS 9.4 was used for statistical analysis 
and a p-value <0.05 was considered significant.

Results

There were 109 patients with cirrhosis assessed for 
LT at LHSC between January and June 2012. Patient 
and liver disease demographics can be seen in table 1. 
Laboratory investigations, nutritional markers, and FSV  
(A, D, and E) and zinc levels are presented in table 2. 
In patients with cirrhosis being assessed for LT, vitamin 
A deficiency occurred in 77%, vitamin D deficiency in 
63%, vitamin E deficiency in 37%, and zinc deficiency 
in 84%. Of the patients included in this study, 17% 
were on a form of multivitamin or mineral supplement. 
The degree of correlation between FSV and zinc defi-
ciency and prognostic scores for the severity of liver 
disease was assessed. Correlations between CPT scores 
and FSV and zinc deficiency can be seen in table 3 while 
correlations between MELD-Na range and FSV and zinc 
deficiency can be seen in table 4. Significant predictors 
of FSV and zinc deficiency were identified on multiple 
variable logistic regression analysis. These predictors 
can be seen in table 5.

Discussion

This study assessed the prevalence of FSV (A, D, 
and E) and zinc deficiency in patients with cirrhosis 
being assessed for LT at our institute. Vitamin and 
mineral deficiency is a marker of malnutrition. The 
degree of malnutrition in LT candidates is predictive of 
postoperative complications and outcomes. Therefore, 
malnutrition needs to be optimized in patients prior to 
LT to improve outcomes (20-22). Vitamin and mineral 
deficiencies were quite prevalent with zinc being the 
highest at 84% and vitamin E being the lowest at 37%.

Vitamin A deficiency ranged from 70-75% in prior 
studies, which was similar to the 77% deficiency rate 
present in this study (13,23). Other studies have shown 
vitamin D deficiency range between 66-92% in patients 
with cirrhosis, which is slightly higher than the vitamin 
D deficiency rate of 63% in our study (13,15,23-26). 
London, Ontario is in the northern hemisphere and we 
would expect higher levels of vitamin D deficiency 
especially with the winter months. This difference could 
possibly be attributed to a difference in methods of vitamin 
D measurement or due to increased supplementation by 
patients to compensate for the reduction in sunlight. 
Vitamin E prevalence was 37%, which is within the 
range of 3-44% seen in prior studies (13,23-27). Zinc 
deficiency was present in 84% of patients, which was 
higher then the range of zinc deficiency of 43-53% in 

growth, catalytic reactions, and immune regulation. Zinc 
is absorbed in the gastrointestinal tract by transporters 
on enterocytes (18). The liver plays an essential part 
in zinc homeostasis with zinc also being necessary for 
appropriate liver function. Zinc deficiency has been 
implicated in liver disease (19). If malnutrition plays an 
adverse role on outcomes in cirrhotics, then determination 
of these deficiencies and correction may be helpful.

The purpose of this study is to evaluate the prevalence 
of FSV (A, D, and E) and zinc deficiency in patients with 
cirrhosis being assessed for liver transplantation (LT) 
and to determine if a correlation exists between vitamin 
and zinc deficiencies, nutritional markers, and severity of 
liver disease.

Methods

This is a retrospective study that was conducted at 
London Health Sciences Centre (LHSC), a tertiary 
care and LT centre, in London, Ontario, Canada. The 
research ethics board at our institute approved this 
study. All patients presenting for a LT assessment 
between January and June 2012 would undergo FSV 
and zinc serum level analysis in addition to the standard 
preliminary investigations performed at our institute. 
These investigations included : a complete blood count, 
comprehensive metabolic panel, coagulation studies, 
viral hepatitis serology, autoimmune and metabolic 
studies of liver disease, alpha fetoprotein, HIV status, 
type and screen, other infectious serologies, and urine 
toxicology. Other investigations included cross-sectional 
imaging, pulmonary function tests, echocardiogram, 
and upper endoscopy and colonoscopy. Patients would 
undergo further assessments with specialists if necessary.

Several variables were collected in excel spreadsheets 
including patient and liver disease demographics, nutri-
tional markers, laboratory investigations, and prognostic 
scores of liver disease. Patient demographics included 
age, sex, and history of alcohol use and smoking. Liver 
disease demographics comprised etiology of liver disease, 
diagnosis of hepatocellular carcinoma, and predominant 
pattern of liver injury. Nutritional markers included 
vitamin A, D, and E, zinc, albumin, pre-albumin, and body 
mass index (BMI). Laboratory investigations comprised 
bilirubin, INR, and creatinine. Prognostic scores of liver 
disease included the Child-Pugh-Turcott (CPT) score and 
sodium model for end-stage liver disease (MELD-Na). 
If patients had missing information, they were excluded 
from this study.

A deficient vitamin A level was £1.1 umol/L, a deficient 
vitamin D level was £74 nmol/L, a deficient vitamin E 
level was £17 umol/L, and a deficient zinc level was 
£640 ug/L. The data was analyzed to identify correlations 
between FSV and zinc deficiencies with nutritional 
markers and the severity of liver disease.
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The etiology of liver disease did not correlate with 
fat-soluble vitamin  (A,D, and E) and zinc deficiency 
in our study. This is consistent with prior studies of 
FSVs, which did not show a clear association with these 
deficiencies and etiology of cirrhosis (13,23). Patients 
with cholestatic liver disease are at an increased risk of 
FSV deficiency (30). While cholestasis did correlate with 
vitamin D deficiency, it did not correlate with the other 
vitamin and mineral deficiencies on multiple logistic 
regression analysis. We did not see a seasonal variation 
in vitamin D deficiency in our patients despite our colder 
climate. A seasonal variation in vitamin D deficiency has 

Table 1. —Patient and liver disease demographics of 
patients assessed for LT at LHSC.

Demographic Mean ± SD or Percentage  
(%)

Age  (years) 54 ± 10

Sex Male: 66%

Female: 34%

BMI  (kg/m2) 27 ± 6

Smoker: Active 22%

Former 28%

Never 50%

Alcohol: Active 5%

Former 78%

Never 17%

Liver Disease: Hepatitis C 36%

Alcohol 20%

NASH 17%

Other 27%

HCC 15%

Liver enzyme elevation: Cholestatic 50%

Hepatic 35%

None 15%

Child Pugh score: A 29%

B 54%

C 17%

MELD-Na score 16 ± 5

Listed for transplant 44%

Transplanted 56%

Died 8%

SD = standard deviation, NASH = non-alcoholic steatohepatitis, 
HCC = hepatocellular carcinoma, MELD-Na = sodium model for 
end-stage liver disease

Table 2. — Laboratory investigations and fat-soluble
vitamin and zinc levels in patients being assessed for

LT at LHSC.

Parameter Mean ± SD

Albumin  (g/L) 33 ± 6

Total bilirubin  (mmol/L) 48 ± 61

INR 1.4 ± 0.7

Creatinine  (mmol/L) 76 ± 30

Prealbumin  (g/L) 0.10 ± 0.07

Vitamin A  (umol/L) 0.88 ± 0.86

Vitamin D  (nmol/L) 69 ± 52

Vitamin E  (umol/L) 24 ± 17

Zinc  (ug/L) 477 ± 145

SD=standard deviation, INR=international normalized unit

Table 3. — The correlation between the Child Pugh score 
and fat-soluble vitamins and zinc deficiency in patients 

being assessed for LT.

Vitamin Child Pugh A Child Pugh B Child Pugh C P-Value

 (%)  (%)  (%)

 (number)  (number)  (number)

Vitamin A

Normal  (%) 56%  (14) 40%  (10) 4%  (1) 0.0034
Deficient  
(%) 22%  (18) 58%  (49) 20%  (17)

Vitamin D

Normal  (%) 45%  (18) 45%  (18) 10%  (4) 0.021
Deficient  
(%) 20%  (14) 60%  (41) 20%  (14)

Vitamin E

Normal  (%) 29%  (20) 62%  (43) 9%  (6) 0.012
Deficient  
(%) 30%  (12) 40%  (16) 30%  (12)

Zinc

Normal  (%) 94%  (15) 6%  (1) 0%  (0) <0.001
Deficient  
(%) 15%  (13) 67%  (58) 18%  (16)

Table 4. — The correlation between the MELD-Na range 
and fat-soluble vitamins and zinc deficiency in patients 

being assessed for LT.

Vitamin MELD-Na MELD-Na MELD-Na P-Value

<10 10-20 >20

Vitamin A

Normal  (%) 24% 68% 8% 0.028

Deficient  (%) 7% 70% 23%

Vitamin D

Normal  (%) 18% 75% 7% 0.025

Deficient  (%) 7% 67% 26%

Vitamin E

Normal  (%) 13% 73% 14% 0.19

Deficient  (%) 8% 64% 28%

Zinc

Normal  (%) 53% 47% 0% <0.001

Deficient  (%) 3% 74% 23%

MELD-Na = sodium model for end-stage liver disease

patients with cirrhosis in previous studies (28,29). This 
could be related to differences in the severity of liver 
disease between the studies.
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improvement in dark adaptation (36). Patients awaiting 
LT with osteopenia or osteoporosis treated with vitamin 
D, calcium, and a bisphosphonate had an improvement in 
bone mineral density (37). Correction of zinc deficiency 
in patients with cirrhosis and hepatic encephalopathy 
may be beneficial (18).

There are several limitations in this study. This is a 
single center experience. We did not correlate serum 
levels of FSV and zinc with liver stores. Serum levels 
may not completely correlate with liver stores for some 
vitamins or nutrients (38). A proportion of our patients 
were on multivitamin and nutrient supplements for 
which we did not know the exact composition. This 
may confound the results obtained in this study. We 
did not utilize more accurate measures of malnutrition, 
such as, the subjective global assessment or sarcopenia 
scores. Dietary intake of various vitamins and nutrients 
was not measured which could alter the results in this 
patient population. In addition we did not factor out the 
water weight component due to ascites into the weight 
calculation when determining BMI. This may further 
confound the results. However, our study was still 
capable of identifying some important associations in 
patients with cirrhosis with FSV and zinc deficiency.

In conclusion, FSV and zinc deficiency is quite 
prevalent in patients with cirrhosis. A low albumin was 
the only clinical predictor that correlated with all FSV and 
zinc deficiencies while other clinical predictors varied 
depending on the deficiency. Cholestasis correlated 
with vitamin D deficiency and high MELD = Na and 
age correlated with zinc deficiency. Hepatologists and 
gastroenterologists should routinely assess for FSV and 
zinc levels when assessing patients with cirrhosis. Further 
randomized controlled trials are necessary to confirm 
improvement in clinical outcomes when supplementing 
patients with these deficiencies.
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