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Vitamin D; Aim: Vitamin D plays an important role in the pathological process of chronic liver disease
Liver cirrhosis; (CLD), and the degree of vitamin D deficiency is related to the severity of CLD. The aim of our
Mortality risk; study was to investigate the association between severe vitamin D deficiency and the risk of
Meta-analysis all-cause mortality in patients with liver cirrhosis (LC).

Methods: The PubMed, Embase, and Cochrane Library databases were searched systematically
for eligible studies from the earliest available date to 15 January 2019. The exposure and
outcome of interest was serum vitamin D levels and all-cause mortality, respectively. The pooled
risk ratio (RR) values and their 95% confidence intervals (Cls) were calculated through a meta-
analysis.

Results: Eight studies published from March 2013 to January 2019 were included, involving
1,339 patients with LC. The meta-analysis showed that a severe serum vitamin D deficiency was
associated with an increased risk of mortality in patients with LC (RR=1.79; 95% Cl 1.44—2.22;
P<0.01).

Conclusion: Our meta-analysis confirmed the association between severe vitamin D deficiency
and mortality risk, suggested serum vitamin D level as a new index to predict the prognosis,
and emphasized the importance of vitamin D supplementation in LC patients.

© 2019 Elsevier Masson SAS. All rights reserved.

Introduction lence ranging from 4.5—9% [2]. Since the exact incidence of
decompensated LC is unknown, if decompensation occurs in

An estimated 844 million people worldwide have CLD [1], ~ an estimated 20—25% of patients with LC, this would rep-

which induces LC in 633,000 patients annually, with a preva- ~ resent 150,000-200,000 patients per year [3]. Moreover,
decompensated LC is the 14th most common global cause

of death in adults and results in one million deaths per year

“C : worldwide [3]. For these reasons, it is important to find
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used to predict the severity of LC such as Child-Pugh score
(CPs) and the Model of End-stage Liver Disease (MELD) Score
mainly reflect the degree of liver failure but do not always
accurately predict the risk of mortality [4]. Therefore, it
is urgently necessary to identify new markers to predict
mortality risk.

Vitamin D is initially converted to 25(0H)D3 in the liver.
This process occurs mainly through six hepatic vitamin D
25-hydroxylases in the cytochrome P450 family (CYP2C11,
CYP2D25, CYP2J3, CYP3A4, CYP27A1, and CYP2R1) and is
important for the production of the physiologically active
form of vitamin D (1.25(OH)D) [5]. Increasing studies have
reported that vitamin D is related to liver diseases, [6,7] and
may be useful for the prediction of mortality risk in patients
with LC.

A recent meta-analysis suggested that vitamin D defi-
ciency increased susceptibility to severe infections and
mortality risk in critically ill patients [8]. Another meta-
analysis found that vitamin D supplementation might have
a positive effect on all-cause mortality in patients with CLD
[9]. However, the result was imprecise because their conclu-
sion was based on a limited number of trials. Those two
meta-analyses indicated that vitamin D had a significant
influence on the prognosis of patients with CLD and those
who were critically ill. As LC is the end stage of CLD and a
common cause of critical illness, it is necessary to conduct
a meta-analysis of existing studies to determine whether
vitamin D deficiency is related to the mortality risk of LC
patients.

Materials and methods

Study design

We planned, conducted, and reported this meta-analysis by
according to the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines, which are the published
standards for meta-analyses of observational studies [10].

Search strategy

A systematic literature search was performed in the PubMed,
Embase, and Cochrane Library databases with restriction to
the *‘Title/Abstract or MeSH/Emtree’’ using the following
search terms: (vitamin D or 25(0H)D or 25-OH-vitamin D or
25 hydroxyvitamin D or 25 hydroxyl vitamin D or calcitriol)
and (liver cirrhosis or liver cirrhoses or liver cirrhotic or
chronic liver disease or CLD or liver fibrosis or liver fibroses)
and (mortality or survival or death). The search dates were
from the earliest available date to 15 January 2019.

Study selection and quality assessment

The included studies were required to meet the following
criteria:

e prospective cohort studies of LC patients that contained
information necessary to estimate the hazard ratio/risk
ratio (HR/RR) values and their 95% Cls of all-cause mor-
tality;

e exposure and outcome of interest was serum vitamin D
levels and all-cause mortality, respectively, and;
e studies including more than 30 patients with LC.

The exclusion criteria were:

e studies in which the participants were younger than 18
years of age, sample size of fewer than 30 patients, and
with participants with liver failure or other severe dis-
eases with life expectancies of less than one year;

¢ studies with inadequate data or using animal models; and;

e case-only studies, conference articles, letters, or
reviews.

For our meta-analysis, two independent investigators
screened the article titles and abstracts for eligibility. In the
case of disagreement, a third author provided a final opin-
ion. The methodological quality of the studies was assessed
using the nine-star Newcastle-Ottawa Scale (NOS) for cohort
studies. Studies with six or more stars were considered to
be of high quality [11].

Definition of severe vitamin D deficiency

25(0OH)D is the most stable and plentiful vitamin D metabo-
lite in human serum, with a half-life of about 3 weeks,
making it the most suitable indicator of vitamin D status.
[12] A concentration of 30—100ng/mL was defined as suf-
ficient, while levels<20ng/mL were defined as deficient
[13,14,15]. In the present study, we defined severe vitamin
D deficiency as a concentration of less than 10 ng/mL.

Statistical methods

Stata/SE version 12.0 (Stata Corporation, USA) was used to
perform the meta-analysis. We calculated the RR values and
their 95%Cls for each study, transformed them into (n(RR)
/In(LCI)/ In(UCI), and pooled them using Stata/SE. If studies
presented univariate and multivariate HR values of mortal-
ity risk, we used the multivariate HR value as the RR value.
In the case of studies presenting only univariate HR values
for mortality risk, we used it as the RR value. If the included
studies did not provide a HR or RR value, we manually cal-
culated the RR value using the available data.

Heterogeneity was estimated using the chi-squared test
and the 12 method. [16,17] Heterogeneity was defined as a
Chi? P-value of less than 0.10 or I? value of more than 50%, in
these cases, the random-effect model was used to pool the
data [18]. If there was no obvious heterogeneity among the
included studies, the fixed-effect model was used. Sensitiv-
ity analysis was performed by omitting each study in turn to
test the changes in pooled RR values. Meta-funnel plot and
meta-trim plot in Stata/SE were used to estimate the risk of
publication bias.
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Figure 1  Flow chart of selection of included studies.
Results Effect of severe vitamin D deficiency on all-cause

Literature search and study characteristics

A total of 335 articles (PubMed =45, Embase = 264, Cochrane
Library =26) were screened, 327 of which were excluded
for duplicate articles (n=91), irrelevancy (by title=122,
by abstract=62), treatment (n=6), conference abstracts
or letters (n=12), other type of CLD (n=14), and reviews
(n=20). A total of eight studies met the inclusion criteria
and were finally included in the meta-analysis. Fig. 1 shows
a flowchart of the selection of the included studies. All stud-
ies included in this meta-analysis were prospective cohort
studies [19—25]. We assessed the quality of included studies
based on NOS criteria. Five and three studies were of high
and moderate quality, respectively. Six studies provided HR
values directly (by univariate or multivariate analysis) and
HR values were manually calculated in the remaining stud-
ies. The included studies contained a total of 1339 patients
and were published from March 2013 to January 2019.

As shown in Table 1, the included studies had the follow-
ing characteristics:

e the included studies were all performed in developed
countries in Europe, so there were few differences in
geographical characteristics and economic levels;

o the main etiology of LC was alcoholism, except for hep-
atitis C in the study by Buonomo et al., and;

e there were no significant differences in age and gender
composition among the included studies.

The average follow-up time ranged from 147—419 days,
the average MELD Score ranged from 8.2—26.0, the propor-
tion of Child-Pugh Score of B or C (CPs B +C%) ranged from
22.3—79.0% (CPs C%), and the mean serum 25(OH)D concen-
tration ranged from 7.0—16.0 ng/mL after excluding studies
with incomplete data.

mortality risk

As there was no obvious heterogeneity among the eight
included studies (12=29.4%; P=0.184), the fixed-effect
model was used to pool data. The pooled RR value was
1.79 (95% Cl 1.44—2.22; P<0.01). The pooled Cl did not
include 1.00, indicating the credibility of the pooled RR
value. Subgroup analysis was also performed according to
serum vitamin D levels Fig. 2. Studies with serum vitamin D
levels of <6 and <10ng/mL (including the study with serum
vitamin D level <8.8ng/mL) were classified as subgroups
1 and 2 respectively. Subgroup analysis revealed that the
pooled RR value of subgroup 1 was higher than that sub-
group 2 (1.86 vs. 1.75), indicating that the more serious the
vitamin D deficiency, the higher the risk of mortality.

The potential risk of publication bias was estimated by
inspection of meta-funnel plot and Egger’s test. The meta-
funnel plot showed no asymmetry between the lower left
and lower right corners (Fig. 3). In addition, the p-value for
Egger’s test was less than 0.05 (P> |t|=0.026). Therefore,
there was some publication bias in the meta-analysis and
the meta-trim method was used to assess the robustness
of our results. After adding three results by the meta-trim
method, the pooled RR value was 1.62 (95%Cl 1.32—1.99;
P<0.01). The adjusted RR value was close to the pooled RR
value (1.62 vs. 1.79), the adjusted P-value was less than
0.01, and the 95% CI did not include 1.00, indicating that
our results were robust (Fig. 4).

Discussion

Our meta-analysis showed that severe vitamin D deficiency
was associated with increased all-cause mortality risk in
patients with LC. Although only eight eligible studies were
included and there was publication bias, our results were
still robust because there was no obvious heterogeneity



Table 1  Characteristics of included studies.

Author and year  Country No. of Age (y) Gender Died Mean serum  Definition of HR Follow-up MELD score  Correlation® CPsB+C %2 Correlation' The main Covariates’
patients (M/F) 25(0OH)D severe (Univariate/ time (day) etiology of LC
concentra- vitamin D Multivariate)
tion deficiency or RR value
(ng/ml) (ng/ml) of mortality
risk
Fabian Germany 251 57 (25—-84) 171/80 85 8.9+7.1 <6 1.723/1.703 411 15.0 =-0.227 79.7% r: NA Alcoholic (61%)  age, gender, HCC,
Finkelmeier1 (33.9%) (1-1382) (6.0—40.0) P<0.001 P<0.001 Hepatitis C serum sCD163
(2015) (29.5%) Hepatitis levels, infection,
Fabian <10 NA/1.424 B (13.5%) CPs, MELD score
Finkelmeier2?® Cryptogenic
(2015) (9.2%)
Rodolphe Anty France 88 58.5 58/30 30 (34.1%) 8.8(5.3—14.1)°<10 0.994(RR)¢ 212 (66—344) 12.3 no 77.0% r=-0.28 Alcoholic (55.8%) NA
(2014) (51.3—-67) correlation’ P=0.009 Hepatitis C (10%)
Alcoholic and
Hepatitis C (9%)
Rafael Austria 199 57 (38—69)  147/52 42 (21.1%) 12.0(4.0-31.3)°10 NA/1.86 419 12.0 r=-0.223 71.4% r=-0.235 NA age, HCC, CSPH,
Paternostro (22—1048) (6.4-24.0) P=0.002 P<0.001 CPs
(2016)
Caroline S Stokes Germany 65 58 (19-76) 43/22 31 (47.7%) 8.2(4.0-95.8)< 6 NA/2.11¢ 7304 15.3 NA 81.5% NA Alcoholic (66.2%) age, gender,
(2014) (9.0-21.7) Cryptogenic MELD score,
(12.3%) Viral etiology
(10.8%)
Ulrich Mayr Germany 62 58 (52—69) 36/26 44 (71.0%) 7.0(4.8-10.0)°< 10 2.20(RR)" 1804 26.0 r=-0.281 79.0%" r=-0.263 Alcoholic (61%)  NA
(2018) (19.0-32.0) P=0.027 P=0.039 Cryptogenic
(19%) Viral (15%)
Eric Trépo (2013) Belgium 254 NA NA 32 (12.6%) NA <10 5.95/4.33 147 (NA) NA NA NA NA Alcoholic (100%) age, gender,
MELD score, BMI
Csilla P Bankuti  Austria 75 57.7+10.6 51/24 24 (32.0%) 16.0+9.2 <8.8 NA/2.73 12604 12.9 r=-0.33 56.0% r=-0.21 Alcoholic (61%)  age, gender,
(2012) (8.7-17.2)  P=0.006 P=0.095 Hepatitis C (19%) MELD score or
NAFLD (13%) CPsk
Antonio R Italy 345 68 (61—74)  268/77 54 (15.7%) 15.0(8.0-24.0°10 2.19/4.33 270 8.2 NA 22.3% NA Hepatitis C HCC, MELD score,
Buonomo (2019) (180—480) (5.7-11.0)¢ (97.1%) CPs, AFP

NA: not applicable; M: male; F: female; 25-OH(D): 25-hydroxylvitamin D; CPs: Child-Pugh Score.
@ The same study as the first.

b Median (interquartile range).
¢ Manually calculated.

d The longest follow-up time.
€ Correlation between serum 25(0OH)D concentration and MELD Score.
f The concrete values are not applicable.

¢ The proportion of Child-Pugh Score B or C.

*f The proportion of Child-Pugh Score C.
f Correlation between serum 25(0OH)D concentration and CPs B + C%.
J Covariates used in multivariate analysis for predicting mortality risk.

When the covariates were age, gender, CPs; the HR value was 3.06 (P=0.06).
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Figure 3  Meta-funnel plot.

(12 =29.4%; P=0.184) and the meta-trim method showed our
results to be reliable. In addition, six of the included stud-
ies used multivariable-adjusted HR values rather than RR
values, making them more accurate in predicting the actual
mortality risk of patients with LC, which further strength-
ened the robustness of our results.

In our meta-analysis, four studies reported inverse cor-
relations between average MELD Score and mean serum
25(0H)D concentration. Five studies also observed inverse

correlations between average CPs and mean serum 25(0H)D
concentration. Since average MELD score and CPs are impor-
tant indexes that reflect disease severity in LC patients,
their correlations with mean serum 25(OH)D concentration
enhances the fact that severe vitamin D deficiency is asso-
ciated with the severity of LC. Five studies used MELD score
and four studies used CPs as a covariate in multivariate anal-
ysis, which showed that severe vitamin D deficiency was
independent of MELD score and CPS to some degree. One
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Figure 4 Meta-trim plot.

Table 2 Evidence for vitamin D deficiency as a risk factor of infection.

Author No. of Evidence by multivariate analysis Explanation
Patients

Rodolphe 88 vitamin D <10ng/mL, OR=5.44, 95% Cl: (1.35—21.97), OR> 1 means that

Anty P=0.017

Buonomo AR 291
P=0.017
Haidi KR 87
(0.854—0.959), P<0.01

vitamin D<20ng/mL, OR=3.09, 95% Cl: (1.35—7.07),

vitamin D level (ng/mL), EXP(B)=0.93 95% Cl:

vitamin D deficiency is a
risk factor for infection

Exp(b) <1 means that vitamin D
level is negatively correlated
with infection

study using infection as a covariate in multivariate analy-
sis found severe vitamin D deficiency to be an independent
predictor, but the result was not definitive because more
studies were required for confirmation.

Infection is a common complication and cause of death
in LC. A previous meta-analysis showed four-fold increased
mortality due to infection in LC patients [26]. Recently,
three clinical studies found that vitamin D deficiency was an
independent predictor for infection of LC patients (Table 2)
[20,27,28] and a study conducted by Buonomo et al found
that a serum-ascites vitamin D gradient was associated with
spontaneous bacterial peritonitis [29]. Additionally, from a
molecular biology perspective, vitamin D can be synthe-
sized by immune cells in response to infection and has
immune regulatory functions for the induction of antimi-
crobial peptides and Th2 cytokines, suppression of innate
immune response, and stimulation of T-regulatory T cells
[30]. Thus, vitamin D deficiency affects the normal function
of the immune system and increases mortality via increased
risk of infection. However, by meta-analysis, vitamin D defi-
ciency was found to be associated with mortality risk in many
diseases other than LC such as dialysis, [31] chronic kidney
disease, [32] cardiovascular disease, [33] and critical illness,
[34] suggesting that vitamin D deficiency may have more
complex pathomechanisms.

However, whether vitamin D deficiency is the cause or
consequence in the pathological process of LC is uncer-
tain. On the one hand, as very few foods naturally contain
vitamin D, the major cause of vitamin D deficiency is due
to inadequate exposure to sunlight, dysfunction of vitamin
D activation in liver and kidney, and decreased levels of
plasma binding proteins. Compared to unaffected individ-
uals, patients with LC have less exposure to sunlight, poorer
nutrition supply, and worse liver function. Therefore, vita-
min D deficiency may be a consequence of the progression
of LC.

On the other hand, vitamin D deficiency can lead to a
worse prognosis of LC for the following reasons:

e as vitamin D can have an'anti-fibrosisseffect via the
vitamin D receptor-Sma-Mad protein-hepatic stellate
cell (VDR-SMAD-HSC signaling loop, vitamin D deficiency
aggravate the development of fibrosis [35];

e vitamin D can alsosreduce the production?sof’sbody
smoothsmuscle actin'sand collagen, thus inhibiting the
progression of ALC'4induced’sby thioacetamide [36];

e as mentioned above, vitamin D deficiency also has an
important effect on the normal function of the immune
system.
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For these reasons, vitamin D deficiency is likely to be both
a cause and consequence in the pathological process of LC
and plays multiple roles in the prognosis.

The association between severe vitamin D deficiency and
the risk of mortality suggests that serum 25(0OH)D level
can be used as a new marker to identify LC patients at
high risk of mortality and that vitamin D supplementa-
tion may be helpful for reducing the risk of mortality.
Thus, it is essential to determine whether vitamin D sup-
plementation can improve the prognosis of patients with
LC. However, there are limited studies on the relation-
ship between vitamin D supplementation and prognosis and
which type of vitamin D supplementation is better in LC
patients.

A randomized controlled trial conducted by Ste-
fan Pilz et al suggested that vitamin D supplementa-
tion was unable to remediate established fibrosis [37].
Another prospective cohort study on the prognosis of
patients with decompensated LC found that vitamin
D supplementation was significantly (P<0.05; adjusted
HR=0.48) associated with the survival of patients over six
months [38].

In addition, a meta-analysis of ordinary patients found
that vitamin D supplementation was effective in prevent-
ing all-cause mortality in long-term treatment but was not
significantly effective in a treatment duration of fewer
than three years, [39] indicating that a longer duration
of supplementation was important for reducing mortal-
ity risk. For these reasons, vitamin D supplementation
is essential for LC patients even though it cannot rem-
edy established fibrosis. The 2018 EASL Clinical Practice
Guidelines also recommend oral vitamin D supplementa-
tion in LC patients with vitamin D level <20 ng/mL to reach
serum levels>30ng/mL (evidence quality: Grade II-1, B1)
[40].

The findings of our meta-analysis have several limita-
tions. First, the studies included were all conducted in
European countries; thus, the results might not represent
the reality of the world, especially in developing countries.
Additional prospective cohort studies with larger numbers
of participants need to be conducted in other populations
to minimize potential disease-effect nonconformity among
countries. Second, we used the RR instead of HR value in two
of the included studies, which might reduce the robustness
of our results. Finally, despite the fact that the meta-trim
method indicated that our results were robust, the ability
to detect publication bias in the meta-trim method might
decrease when only eight studies were included. Hence, we
are unable to exclude all possibility of publication bias in
the meta-analysis.

To summarize, our meta-analysis showed that severe
vitamin D deficiency was associated with a higher risk
of mortality in patients with LC. Because of the lim-
ited number of studies, more prospective cohort studies
with larger numbers of participants are needed to further
assess the association between severe vitamin D deficiency
and mortality risk in LC patients. Our results also sup-
port the recommendation for vitamin D supplementation
in LC patients and highlight the urgent need for further
randomized controlled trials to evaluate the impact of
vitamin D supplementation on the prognosis of patients
with LC.
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