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Abstract

Vitamin D deficiency is common in patients with chronic liver disease, including chronic
hepatitis C (CHC). However, the interplay between serum 25-hydroxy-vitamin-D (25-OH-D)
and health-related-quality-of-life (HRQoL) in CHC subjects has never been investigated. The
study aimed to analyze the relationship between vitamin D deficiency and HRQoL in CHC
patients. One-hundred-fifty-five consecutive CHC patients completed the Health-Survey-
Short-Form-36 (SF-36) and their serum 25-OH-D levels were evaluated. Vitamin D
deficiency was defined as a 25-OH-D level lower than 20 ng/mL. We identified 53 patients
(34.2%) with vitamin D deficiency, who showed a mean 25-OH-D serum level of 12.5 + 3.7
ng/mL. Vitamin D deficient patients had significantly higher liver stiffness values compared
to those with normal levels (20.8 £ 14 vs 14.9 + 9.7 KPa, p=0.003). In a multivariate linear
regression analysis, vitamin D deficiency was independently associated with a lower SF-36

physical-component summary score (p=0.034) and SF-36 mental-component summary score
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(p=0.042) after controlling for age, gender and liver stiffness. Specifically, vitamin D
deficiency was associated with 3 out of 4 physical domains of the SF-36 [physical-function
(p=0.016), role-physical (p=0.016) and general-health (p=0.002)] and 3 out of 4 mental
domains [vitality (p=0.020), role-emotional (p=0.005) and mental-health (p=0.025)]. In
conclusion, the present study provides novel evidence demonstrating that vitamin D
deficiency can contribute to a decreased physical and mental HRQoL in CHC patients. Given
that serum vitamin D levels are easy to evaluate and deficiency treatment is simple and
inexpensive, clinicians should be aware of the potential multiple benefits of vitamin D

supplementation in CHC patients.

Introduction

Vitamin D deficiency is an important health problem in the general population and in patients
with chronic hepatitis C (CHC), in which the prevalence of vitamin D deficit ranges between
46% and 92%. In addition to its crucial role in the regulation of bone homeostasis, vitamin D
has a broad range of non-skeletal effects including cardiovascular, immunomodulatory,
metabolic, neuro-muscular and brain functions®. Recently, several studies showed that
vitamin D deficiency is associated to worsening of physical and mental functions?, thus
affecting negatively quality of life in patients with chronic diseases such as chronic kidney
disease® and rheumatoid arthritis®.

Health related quality of life (HRQoL) measures the effects of a pathological condition on
quality of life including physical and mental health, work productivity, fatigue and various
aspects of daily functioning. One of the most commonly employed HRQoL measurement
tools, the Health Survey Short Form-36 (SF-36), explores the physical and mental aspects of

general health®.
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HCV has been widely reported to have a profound negative impact on HRQoL. In addition,
older age, severity of liver fibrosis and the presence of decompensated cirrhosis are well
recognized factors which correlate with a lower HRQoL in CHC patients®. To date, the
impact of vitamin D deficiency on quality of life in CHC patients has never been
investigated, although its deficiency contributes to liver damage accelerating fibrosis
progression and leading to unfavourable clinical outcomes®.

The aim of this cross-sectional study was to evaluate the prevalence of vitamin D deficiency

in CHC patients and to analyze the relationship between vitamin D deficiency and HRQoL.

Materials and methods

One-hundred fifty-five consecutive CHC patients without vitamin D supplementation were
enrolled at the Liver Diseases Unit, Policlinico Umberto | in Rome, from January 2015 to
June 2016. The study protocol was approved by the Institutional Review Board and each
patient provided a written informed consent to participate.

Patients were excluded when liver diseases of different or mixed etiology (autoimmune
hepatitis, alcoholic liver disease, hepatitis B, haemochromatosis, Wilson’s disease, ol-
antitrypsin deficiency), hepatocellular carcinoma (HCC), HIV co-infection, malignancies,
psychiatric disorders, active injecting drug use were ascertained.

Age, gender, body-max-index (BMI), comorbidities (diabetes mellitus and arterial
hypertension), severity of liver fibrosis, liver function tests, estimated glomerular filtration
rate (e-GFR), serum 25-hydroxy-vitamin-D (25-OH-D) levels, HCV genotype and HCV-
RNA viral load were assessed in all patients. A hepato-splenic-ultrasound and a transient-

elastography (Fibroscan) were also performed.
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The presence of cirrhosis was defined as a liver stiffness value higher than 12.5 KPa. E-GFR
was evaluated using CKD-EPI-2009 formula. Vitamin D deficiency was defined as a level of
25-OH-D lower than 20 ng/mL.

The SF-36 was used to assess HRQoL. It consists of 36 questions arranged into eight scales
corresponding to eight aspects of HRQoL: physical function (PF), bodily pain (BP), role
physical (RP), general health (GH), vitality (VT), social function (SF), role emotional (RE)
and mental health (MH). The eight scales can be summarized into two scores: SF-36 physical
component summary (PCS) and SF-36 mental component summary (MCS). The scale scores
range from O to 100, with higher scores indicating better health. The Italian version of the SF-

36 was self-administered on the same day of vitamin D evaluation.

Statistical analysis

Continuous variables were summarized as mean * standard deviation and categorical data as
counts and percentages. Comparisons between groups were performed using xz test for
categorical variables and Mann-Whitney test for continuous variables. Multivariate linear
regression was performed to analyze the relationship of vitamin D with HRQoL scales,
controlling for the effect of gender, age and liver stiffness. Age and liver stiffness were used
as continuous variables in the models, while vitamin D was used as a dichotomous variable
because it has a non-linear relationship with quality of life. Data were analyzed using 1BM

SPSS, version 21.0 (SPSS Inc, Chicago, USA).

Results
Clinical characteristics

A total of 155 CHC patients were included in the study. The mean age was 59.2 + 12.3 years,

most of the patients were male (88/155, 56.8%) and mean BMI was 24.2 + 3.6 kg/m2. The
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prevalence of diabetes mellitus and arterial hypertension was 7.1% (11/155) and 32.3%
(50/155), respectively. Mean liver stiffness was 16.8 + 11.6 KPa and half of the patients
(77/155, 49.6%) had compensated cirrhosis (Child-Pugh A 5 or 6). HCV genotype 1 was the
most frequent (110/155, 71%) and mean baseline HCV-RNA was 6.5 + 6.7 Log;o 1U/ml.

The prevalence of vitamin D deficiency was 34.2 % (53/155). The level of serum 25-OH-D
was 12.5 £ 3.7 ng/ml and 39.6 + 16.5 ng/ml in patients with and without vitamin D
deficiency, respectively. Patients with vitamin D deficiency did not differ on age, gender and
prevalence of diabetes or arterial hypertension from those with normal levels, but they
showed significantly higher liver stiffness values (20.8 + 14 vs 14.9 £ 9.7 KPa, p=0.003)

(Table).

Association between HRQoL and vitamin D levels in CHC patients

SF-36 PCS, SF-36 MCS and each physical and mental domain were compared between CHC
patients with and without vitamin D deficiency. Overall, both PCS score (41.6 + 11.1 vs 45.7
+ 8.8, p=0.033) and MCS score (40.0 + 11.1 vs 44.1 + 12.8, p=0.042) were significantly
lower in CHC patients with vitamin D deficiency compared to those with normal levels.
Vitamin D deficient patients showed significantly lower scores in the physical domains (PF
[69.3 + 26.7 vs 79.4 + 21, p=0.029], RP [40.1 + 38.7 vs 59.2 + 39.8, p=0.006] and GH [43.9
+22.0 vs 56.2 £ 20.8, p =0.002]) and in the mental domains (VT [46.5 + 21.8 vs 55.6 + 22.8,
p=0.025], RE [43.7 + 38.0 vs 61.9 + 40.9, p=0.008] and MH [57.2 + 21.3 vs 66.6 + 22.1,

p=0.018]) (Table).

Vitamin D deficiency as an independent risk factor for impaired HRQoL

We first examined the possible confounding role of the time of recruitment by comparing the

prevalence of patients with vitamin D deficiency between the recruitment periods October-
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March and April-September. Results indicate that the prevalence is similar between the two
periods (36% in October-March vs. 31.9% in April-September, ¥*>=0.295, p=0.587).
Moreover, mean SF-36 scale scores did not differ between the two recruitment periods (data
not shown), suggesting that the time of the year in which patients were assessed does not
confound the relationship between vitamin D deficiency and HRQoL.

Then we analyzed the relationship between vitamin D deficiency and SF-36 scales adjusting
for age, gender and liver stiffness using 3 multivariate linear regression models. In the first
model, including the 2 summary scores of SF-36 as dependent variables, vitamin D
deficiency (coded as present/absent) was independently associated with lower PCS score (=-
3.660, p=0.034) and with MCS score (f=-4.664; p=0.042). In the second model, in which the
SF-36 physical scale scores were regressed on vitamin D deficiency, age, gender and liver
stiffness, vitamin D deficiency was associated with 3 out of 4 physical domains [PF (B=-
9.844; p=0.016), RP (B=-17.213; p=0.016), GH (B=-12.582; p=0.002)]. In the third model, in
which the SF-36 mental health scales were regressed on vitamin D deficiency, age, gender
and liver stiffness, vitamin D deficiency was associated with 3 out of 4 mental domains [VT
(B=-9.610; p=0.02)], RE (B=-20.373; p=0.005), MH (p=-8.898; p=0.025)] (Supplementary
Table 1).

Lastly, liver stiffness, an indirect parameter of the severity of liver disease, was associated
with a lower PCS score (f=—0.156, p=0.035) but no correlation was found with MCS score
(B=-0.101, p=0.302) (Supplementary Table 1).

We carried out three additional multivariate linear regression models in which we replaced
vitamin D (coded as deficient or not) with vitamin D as a continuous variable and added a
quadratic term (vitamin D squared) to take into account the non-linear relationship between

SF-36 scale scores and vitamin D. These analyses confirmed the significant associations of
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vitamin D with the PCS score and the PF, RP and GH scales. Moreover, vitamin D was

significantly associated with all the mental health scales (Supplementary Table 2).

Discussion

This cross-sectional study demonstrated a significant and negative relationship between
vitamin D deficiency and several physical and emotional domains of quality of life in patients
with CHC.

The negative association with the PCS score of HRQoL and almost all its domains, including
PF, RP and GH, held even after adjusting for age, gender and liver stiffness. Several studies
demonstrated that normal vitamin D levels maintain muscle trophism and contractile
efficiency, promote muscular protein synthesis and activate calcium uptake in the
sarcoplasmic reticulum #’  Therefore, one possible explanation of the association between
vitamin D deficiency and impairment of physical domains of HRQoL is that low vitamin D
levels cause muscle weakness, sarcopenia, reduction of mobility and usual activities

performance, thus affecting quality of life.

As expected, liver stiffness, a reliable surrogate marker of liver fibrosis severity in CHC
patients, is associated with a significant impairment of the PCS score in the multivariate
analysis. This finding is supported by other published studies which demonstrate that the
degree of both physical and mental HRQoL impairment increases continuously from
advanced fibrosis, to compensated cirrhosis and decompensation®. Interestingly, in the
present study, liver stiffness was not associated with MCS score or mental domains of SF-36.
This result may be due to the relatively small number of enrolled patients or to an
unrecognized role of vitamin D deficiency as a potential factor affecting mental HRQoL in

CHC patients, especially if we consider that its low levels are independently related to the
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presence of advanced liver disease®. Thus, our data has shed light on the potential important
effect of vitamin D status on the physical and mental components of HRQoL in these
patients.

Finally, vitamin D deficiency is significantly associated with the impairment of 3 mental
domains of HRQoL, including VT, RE and MH, after adjusting for age, gender and liver
stiffness. Converging evidence suggests that vitamin D acts like a neurosteroid and modulates
multiple  brain  functions  including  neurotransmission,  neuroprotection  and
immunomodulation®, Accordingly, hypovitaminosis D is a risk factor for the development of
depressive symptoms and its supplementation improves depression®. Therefore, vitamin D
deficiency may contribute to the impairment of mental health in CHC patients.

The results of the present study should be interpreted keeping in mind the cross-sectional
study design, which does not allow to draw conclusions about a causal mechanism linking
vitamin D deficiency with HRQoL. Despite this limitation, the study provides novel evidence
on the importance of vitamin D deficiency in the impairment of several physical and
emotional domains of quality of life in CHC patients. Given that serum vitamin D levels are
easy to evaluate and its deficiency treatment is simple and inexpensive, clinicians should be

aware of the potential multiple benefits of vitamin D supplementation in CHC patients.
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Table: Comparison of 155 HCV patients according to Vitamin D status.

Vitamin D > 20 Vitamin D < 20
ng/mi ng/mi p
(n 102) (n 53)
Age, yr — mean + SD 58.8+13.0 60.1+11.0 0.674
Male gender — n (%) 56 (54.9%) 32 (60.3%) 0.514
Diabetes mellitus — n(%) 6 (5.9%) 5 (9.4%) 0.414
Arterial hypertension — n(%o) 32 (31.3%) 18 (33.9%) 0.744
BMI, kg/m?- mean + SD 24.1+35 24.6 £3.7 0.483
AST, U/L —mean + SD 75.8 +45.2 85.0 £ 56.5 0.382
ALT, U/L —mean £ SD 93.4+74.3 86.6 + 54.4 0.919
eGFR, ml/min/1.73m2 — mean = SD 90.6 £ 15.5 942+17.8 0.061
Liver stiffness, KPa — mean + SD 149+ 9.7 20.8 + 14 0.003
HCV-RNA, Log10 Ul/ml — mean + SD 6.3+6.4 6.4+6.9 0.145
PF 79.4+21.2 69.3 + 26.7 0.029
RP 59.2 + 39.8 40.1 + 38.7 0.006
BP 65.1 + 25.5 60.2 + 28.3 0.221
GH 56.2 + 20.8 43.9+22.0 0.002
VT 55.6 + 22.8 46.5 +21.8 0.025
SF 66.6 + 27.5 62.0 + 24.8 0.196
RE 61.9 +40.9 43.7 + 38.0 0.008
MH 66.6 + 22.1 57.2+21.3 0.018
PCS 45.7 + 8.8 41.6+11.1 0.033
MCS 44,1 +12.8 40.0+11.1 0.042

PF. physical function; RP: role-physical; BP: bodily pain; GH: general health; VT:

vitality; SF: social function; RE: role-emotional; MH: mental health; PCS: physical

scores; MCS: mental scores.
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