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Abstract

Objective: This study aimed to analyse the relationship between vitamin D defi-
ciency and the season when the blood sample was obtained from subjects with
chronic hepatitis C (CHC) infection.

Design: A cross-sectional study was conducted on a representative sample.
Vitamin D deficiency was defined as a serum 25-hydroxyvitamin D [25(OH)D]
concentration <50 nmol/l, based on the values set forth by the Endocrine
Society guideline for higher-risk populations. Seasonality was defined according
to solstices and equinoxes. The association of seasonality and clinical/laboratory
characteristics with vitamin D deficiency was assessed using a multivariate
logistic regression analysis.

Setting: NUPAIG Viral Hepatitis Outpatient Clinic of the Universidade Federal de
Sao Paulo — Brazil.

Participants: Adult subjects with CHC infection (72 3006).

Results: The prevalence of vitamin D deficiency was 16 %, whereas the median
serum 25(OH)D concentration was 87 (interquartile range, 59; third quartile = 118)
nmol/l. Serum concentration was consistently lower in samples collected in spring
and winter than in other seasons. In multivariate analysis, vitamin D deficiency
was found to be independently associated with male gender, serum albumin
concentration and with samples drawn in winter and spring.

Conclusions: The findings show not only the relevance to consider season as a
factor influencing 25(OH)D concentration but also the need to actively screen for
hypovitaminosis D in all patients with CHC infection, especially in females and those
with low albumin concentration.
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Vitamin D deficiency is a major public health problem
worldwide and is often reported in people with liver
diseases. According to literature, the prevalence of vitamin
D deficiency among patients with chronic hepatitis C (CHC)
infection is >60 % and can further vary based upon the
geographical region®?,

Nonetheless, despite its continuous improvements,
routine assessment of vitamin D status still faces several
challenges that are often neglected in clinical practice.
One of these challenges deals with the lack of optimal
and clinically relevant 25-hydroxyvitamin D [25(OH)D]
concentration cut-off value to define the fall in serum
25(OH)D concentration in patients with CHC™. Regard-
ing this, except for the Endocrine Society guideline, most
recent consensus statements about hypovitaminosis D do
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not specifically consider diseased populations. Therefore,
different cut-off values used in different studies might affect
the true prevalence of hypovitaminosis D in patients
with CHC.

Another challenge is the influence of various factors
on the serum concentration of 25(OH)D, such as age,
skin pigmentation, clothing style, sunscreen use and
seasonality®>. Regarding this last aspect, others have
already discussed the seasonal variation of serum 25(OH)D
concentration during the months with the shortest daylight
period. And, as pointed out previously, to achieve a correct
diagnosis of vitamin D deficiency, blood sampling seasonal-
ity should be regarded as an important preanalytical factor®.
However, despite having consistent evidence about the

influence of these factors on serum 25(OH)D concentration,
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to our knowledge, there is a lack of studies on the relevance
of these factors on serum 25(OH)D concentration among
patients with CHC.

Therefore, the aim of this cross-sectional study was to
evaluate the prevalence of vitamin D deficiency in subjects
with CHC infection. The secondary aim was to assess
whether the season when the blood sample was drawn
is associated with the presence of vitamin D deficiency.

Methods

Study population
Medical records of patients attending the — blinded for peer
review — were retrospectively reviewed.

Patients were retrospectively enrolled if they met the
following criteria: >18 years of age with CHC infection
and having a 25(OH)D blood test collected at first consul-
tation. Key exclusion criteria included chronic liver disease
unrelated to hepatitis C virus (HCV) infection, co-infection
with HIV or hepatitis B virus and history of past and/or cur-
rent use of vitamin D supplementation.

Study design

A cross-sectional study was conducted on 306 subjects with
CHC infection. The following data were gathered from
those meeting the inclusion criteria: age, gender, skin
colour, presence of any comorbidities, previous treatment
experience, severity of liver fibrosis and seasonality of
blood sampling. Seasonality was defined according to
solstices and equinoxes, that is, winter: June-September;
spring: September—-December; summer: December—-March;
and autumn: March—June. Biochemical parameters, includ-
ing plasma glucose, 25(OH)D, urea, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
HCV genotype and HCV RNA viral load, were also assessed
by commercial laboratory methods. Cases with missing val-
ues were deleted listwise, that is, observations with missing
values on any of the variables were omitted from the
analysis.

Glomerular filtration rate was estimated (eGFR) for each
patient using the four-variable Modifications of Diet in
Renal Disease (MDRD) study equation®. The presence
of cirrhosis was defined as a Metavir score of F4 on liver
biopsy up to 12 months after first consultation and/or a
liver stiffness value >12.5 kPa and/or an AST-to-platelet
ratio index (APRI) value >27® . In case of conflicting fibro-
sis results according to these methods, biopsy data took
precedence. If biopsy data were not available, the
FibroScan result was considered. Otherwise, the APRI
result was considered.

Biochemical determinations
In the morning after an overnight fast, venous blood was
sampled for measurements of plasma glucose, 25(OH)D,
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urea, creatinine, AST and ALT following routine biochemical
laboratory protocols. Liver transaminases were described
as healthy considering 19 and 30 U/1 as its upper limit of
normality for women and men, respectively®.

HCV genotype or subtype was determined using a
Real-Time HCV Genotype II assay (Abbott Molecular).
Plasma HCV RNA levels were assessed using the HCV
COBAS TagMan Test (version 2.0; Roche Molecular
Systems) with a lower limit of quantitation of 12 TU/ml.

All serum 25(OH)D analyses were performed at the
same laboratory using Elecsys Vitamin D Total assay
(Roche Diagnostics), which is a fully automated electroche-
miluminescence protein-binding assay for the quantitation
of 25(OH)D3 and 25(OH)D2, allowing quantitative deter-
mination of total 25(OH)D. It is standardised against liquid
chromatography coupled with tandem MS (LC-MS/MS)
calibrated using the National Institute of Standards and
Technology reference material SRM 29724%1D The assay
has a detection limit of 7-50 nmol/l and a within-run impre-
cision (CV) of 18:5 %. Notably, a recent study showed
a higher performance for the assay in routine laboratory
testing: within-run CV <7 %, within-laboratory CV <9-5 %,
between-laboratory precision CV <10-1 %, and functional
sensitivity <9-8 nmol/l (at CV 12-9 %)'?. 25(OH)D con-
centrations <50 nmol/l were classified as deficiency; those
ranging from 250 to 749 nmol/l as insufficiency, and
between 75 and 250 nmol/I as sufficiency'®. As vitamin
D inadequacy is particularly important among patients
with a chronic illness, the Endocrine Society have recom-
mended attaining a 25(OH)D concentration >75 nmol/1
for higher-risk populations, such as CHC-infected
patients.!® Therefore, we also categorised 25(OH)D con-
centration based on this threshold and defined vitamin D
adequacy as a 25(OH)D concentration of >75 nmol/l.

Statistical methods
Based on previous findings on the overall prevalence of vita-
min D sufficiency in the Brazilian population, we assumed
that the prevalence of vitamin D inadequacy for a high-risk
population would be around 65 % (60-70 %)1419,
Therefore, we calculated a required sample size of 243
patients with an allowable error margin of 6 % anda 95 %CI.
Continuous data are presented as mean (sp) or median
(interquartile range, IQR) according to the Shapiro-Wilk
test of normality. Categorical variables are presented as
counts and percentages. Comparisons between groups
were performed using Wilcoxon-Mann—Whitney test for
continuous variables, and Pearson’s Chi-squared test with
Yates’ continuity correction for categorical variables.
Comparison of differences in the distribution of values
among seasons was conducted using Kruskal-Wallis test,
followed by a post hoc Dunn test for multiple comparisons.
Univariate logistic regression analysis was performed to
explore the unadjusted association between variables
and vitamin D deficiency. The variables whose univariate
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analysis obtained a P-value <0-25 and other variables of
known clinical relevance were selected for the multivariate
analysis. Statistical significance was assessed at a two-sided
P < 0:05. All analyses were conducted using R 3.5.2 (The R
Project for Statistical Computing, 2018) in R-studio 1.1.463
(RStudio Inc.).

Results

The general characteristics of studied population are
depicted in Table 1. A total of 306 subjects with CHC were
included in the study. The majority of subjects were males
(162/3006; 53 %) with a mean age of 50 + 11 years. The
prevalence of comorbidities was 56 % (169/3006); most of
the subjects had their first consultation during winter
(126/3006; 41 %) and had no previous HCV treatment expe-
rience (272/306; 89 %). HCV genotype 1 was the most fre-
quent (246/3006; 80 %), and mean baseline HCV RNA viral
load was 59 + 0-7 log;o Ul/ml. The prevalence of vitamin
D deficiency and insufficiency was 16 % (50/306) and 23 %
(71/3006), respectively. The median serum concentration of

Table 1 Characteristics of the study population

1249

25(0H)D was 39 (IQR 17), 62 (IQR 11) and 112 (IQR, 47)
nmol/l in patients with vitamin D deficiency, insufficiency
and sufficiency, respectively. Subjects with vitamin D
deficiency presented a higher prevalence of unhealthy
ALT values, despite having no statistically significant differ-
ence in the mean ALT value (P = 0-5). A trend was observed
towards having a lower HCV RNA viral load for vitamin
D-deficient subjects (6 =07 v. 58+ 07 log;y Ul/ml,
P = 0-00).

Seasonality of blood sampling and serum 25(0OH)
D concentration

Overall, subjects who have had their blood drawn during
summer and autumn showed higher serum 25(OH)D
concentrations (P = 0-01, with Kruskal-Wallis test). Post
hoc multiple comparisons found a statistically significant
difference between spring-summer (P = 0-04), autumn—
winter (P = 0-01) and summer—winter (P = 0-009) (Fig. 1).
The prevalence of vitamin D deficiency was also shown
to be statistically higher in spring and winter (P = 0-007),
without statistically significant differences between them.

Vitamin D >50 nmol/I Vitamin D <50 nmol/I

Overall, n 306 (n256) (n50)
normeanor %orsbor normeanor %oOrsSbor normeanor % Or SD or

Variables median IQR median IQR median IQR P-value
Male gender 162 53 139 54 23 46 0-3
Age 50 11 50 11 49 11 0-3
Dark skin colour 68 22 56 22 12 24 0-8
Presence of comorbidities 169 56 138 54 31 63 0-3
Treatment-naive 272 89 228 89 44 88 1-0
Seasonality of blood sampling 0-007

Summer 35 11 34 13 1 2

Autumn 68 22 62 24 6 12

Winter 126 4 102 40 24 48

Spring 77 25 58 23 19 38
Serum 25(OH)D concentration, nmol/l 87 59 100 54 38 17 <0-001
Vitamin D status <0-001

Sufficiency (>75 nmol/l) 185 60 185 72 -

Inadequacy (<75 nmol/l)

Insufficiency 71 23 71 28 -
(50-74-9 nmol/l)
Deficiency (<50 nmol/l) 50 16 - 50 100

HCV genotype 1 246 80 210 82 36 72 0-1
HCV RNA, logo U/ml 5.9 0.7 6 0.7 5.8 0.7 0-06
ALT, U/L 63 54 62 52 71 44 05
Unhealthy ALT value 269 88 225 88 44 88 1.0
Liver fibrosis <0-001

No fibrosis 27 8-8 22 8.6 5 10

Mild fibrosis 61 20 55 21 6 12

Moderate fibrosis 62 20 59 23 3 6

Severe fibrosis 25 8-2 24 94 1 2

Cirrhosis 45 15 4 16 4 8

Not available 86 28 55 21 31 62
eGFR, ml/min/1-73 m? 98 20 98 19 929 25 0-2

Data are presented as nand %, mean and sp, or median and IQR unless otherwise indicated.
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Seasonality of blood sampling as an independent
risk factor for vitamin D inadequacy

The relationship between vitamin D inadequacy (i.e. serum
25(OH)D concentration <75 nmol/) and seasonality of
blood sampling was further analysed using a logistic regres-
sion model adjusted for the variables whose univariate
analysis obtained a P-value <0-25, and other variables of
known clinical relevance were selected for the multivariate
analysis. In the first model, the presence of vitamin D inad-
equacy was independently associated with male gender
(adjusted OR (aOR) = 0-4,95 % CI0-2,0-7), serum albumin
concentrations (aOR = 0-4, 95 % CI 0-2, 0-9) and only with
samples being collected in winter (aOR = 2.9, 95 % CI 1,
9-6) and spring (aOR = 2-8, 95 % CI 0-9, 10) (Table 2).

Summer Winter

Fig. 1 (colour online) Mean serum concentration of 25(0OH)D by gender and season. A, males; ®, females

In the second model, we sought to examine the predic-
tors of vitamin D deficiency. As presented in Table 3, vitamin
D deficiency was independently associated with moderate
liver fibrosis (aOR = 0-1, 95 % CI 0-01, 0-8) and only with
samples being collected in spring (aOR = 6-2, 95 % CI
1, 120).

Discussion

In this study of subjects with CHC infection living in Sdo
Paulo, Brazil, almost 40 % had vitamin D inadequacy
(i.e. serum 25(OH)D concentration <75 nmol/D. While
others have reported similar findings in non-infected
subjects, the literature shows a much higher prevalence

Table 2 Univariate and multivariate logistic regression for detecting the predictors of serum 25(0OH)D concentration <75 nmol/l

Univariate Multivariate
Variables OR 95 % ClI P-value aOR 95 % CI P-value
Male gender 0-4 0-3,07 <0-001 0-4 0-2,07 0-001
Age 1 09,1 0-6
Dark skin colour 0-9 0-5,1-6 0-8
Presence of comorbidities 1 0-6, 1-6 0-9
Treatment-naive 0-7 04,15 0-3
Seasonality of blood sampling
Summer Reference -
Autumn 4 1.5,12.8 0-01 1.8 0-5,6:5 0-3
Winter 5 2,15 0-001 29 1,96 0-06
Spring 4 1.5, 13 0-009 2.8 0.9, 10 0.07
HCV genotype 1 1.2 0-7. 21 0-5
HCV RNA, logio U/ml 09 07,13 05
ALT, U/l 1 09,1 07
Unhealthy ALT value 1.2 06, 2:6 0-5
Albumin 0-3 0-1,05 <0-001 0-4 0-2,09 0-03
Liver fibrosis
No fibrosis Reference -
Mild fibrosis 09 03,25 0-8
Moderate fibrosis 0-3 0-1, 0-99 0-04 0-3 0-09, 0-9 0-03
Severe fibrosis 05 0-1,1.7 0-3
Cirrhosis 0.7 03,2 05
eGFR, ml/min/1-73 m? 1 0.9, 1 0-3
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Table 3 Univariate and multivariate logistic regression for detecting the predictors of serum 25(0OH)D concentration <50 nmol/I
Univariate Multivariate
Variables OR 95 % ClI P-value aOR 95 % ClI P-value
Male gender 0-7 04,13 0-3
Age 1 09,1 0-3
Dark skin colour 1 05,22 0.7
Presence of comorbidities 1.5 08,28 0-2 1.2 0.6, 2.5 0.7
Treatment-naive 0-9 04,25 0-8
Seasonality of blood sampling
Summer Reference -
Autumn 33 0-5, 63 0-3
Winter 8 1.6, 145 0-04 3-6 0-6, 68 0-2
Spring 11 2,204 0-02 6-2 1,120 0-09
HCV genotype 1 1.8 09,35 0-1 1.3 06, 3 0-5
HCV RNA (logso U/ml) 07 05,1 0-1 0.7 0-5, 1 0-1
ALT (U/1) 1 09,1 0-2 1 09, 1 0-1
Unhealthy ALT value 1 04,28 1
Albumin 0-3to 02,07 0-04 0-8 03,2 0-6
Liver fibrosis
No fibrosis Reference -
Mild fibrosis 0-5 01,18 0-2 04 01,18 0-2
Moderate fibrosis 0-2 0-04, 0-98 0-05 0-1 0-01,0-8 0-03
Severe fibrosis 0-2 0-009, 1-3 0-1 0-1 0-007,1-2 0-1
Cirrhosis 0-4 0-09, 1-8 0-2 0-3 0-05, 1-3 0-1
EGFR, mi/min/1-73 m? 1 09,1 0-6

in HCV-infected subjects®. In fact, we had expected a
higher frequency of vitamin D inadequacy as most of the
HCV-infected subjects have cumulative risk factors for
hypovitaminosis D.

However, there are several possible explanations for
our findings. First, sunlight is an essential determinant of
vitamin D status and stimulates the production of vitamin
D3 in the skin depending on age, skin pigmentation, cloth-
ing style and sunscreen use®®. Although the last ones were
not addressed in this study, most of our subjects were
middle-aged men and had light skin colour, which could
explain this difference in prevalence.

Yet, as the effect of sunlight on vitamin D metabolism is
dependent upon exposure to adequate sunlight wave-
length, geographical location and season are considered
important determinants of vitamin D status*>. Regarding
these aspects, in Brazil, seasonal variability of UV-B radia-
tion reaching the earth’s surface decreases proportionally
with latitude. Therefore, as this study’s area is located in
a low-latitude region (§23°32"), we expected that seasonal
variation of UV-B radiation would influence serum concen-
trations of 25(OH)D. Accordingly, we found that subjects
who have had their blood drawn during summer and
autumn showed a higher serum 25(OH)D concentration
and, thus, a lower prevalence of vitamin D inadequacy
during those seasons. To the best our knowledge, so far,
no study has been performed in subjects with CHC infec-
tion to assess whether the season when the blood sample
was drawn is associated with the presence of vitamin D
inadequacy.

Nevertheless, recent emerging evidence on the preva-
lence of vitamin D inadequacy in sunny countries suggests

0.1017/51368980019004178 Published online by Cambridge University Press

that, despite the abundance of sunlight, this condition
might be a public health issue®™'®. However, although they
considered the geographical location, none have taken into
account the season in which the blood was collected. In this
study, we showed that blood sampling seasonality is an
important preanalytical factor for the assessment of vitamin
D inadequacy in subjects with CHC infection.

The overall prevalence of vitamin D inadequacy was
rather similar to that reported in non-infected postmeno-
pausal women (60-85 years) living in the same geographi-
cal location®. Thus, considering the characteristics of our
sample, CHC infection appears to have a significant impact
in terms of reducing the age for decline in 25(OH)D and
may be related to the degree of liver fibrosis and serum
albumin concentration.

Serum albumin revealed to be an independent risk fac-
tor for vitamin D inadequacy and deficiency, and that a
one unit increase in albumin predicted an increase of
25 nmol/l in the overall serum 25(OH)D concentration
(SE = 7-03; P < 0-001; data not shown). Indeed, vitamin
D-binding protein (DBP) and albumin are known impor-
tant determinants of the overall circulatory 25(OH)D.
About 90 % of total vitamin D is bound with DBP, whereas
9:9 % is loosely bound with albumin, and about 0-1 % is
present as free-circulating fraction. Therefore, the avail-
ability of 25(OH)D depends not only on the total
25(OH)D concentration but also on the concentration of
DBP and albumin and the genetic background of the
individual®”'®. For this reason, it seems reasonable that
further studies should be performed to assess the impact
of extrahepatic hypoalbuminemia on serum 25(OH)D
concentrations.
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In the literature, there exists clear evidence that the vita-
min D system plays a key role in immune modulation?,
Therefore, by viewing CHC as an inflammatory disease,
the nature of this relationship becomes even more impor-
tant, especially when considering a possible role of the
vitamin D system in the regulation of fibrotic process.
Indeed, the vitamin D receptor has been shown to regulate
hepatic fibrogenesis through the inhibition of hepatic
stellate cell activation, down-regulation of the expression
of collagen, and antagonism of the SMAD3 pro-fibrotic
pathway®?. Moreover, a recent report has shown that
CHC subjects with 25(OH)D deficiency might benefit from
25(OH)D supplementation due to its role in the reversion
of changes in serum fibrogenic cytokine and enzymes to
the pro-fibrolytic state®!-??, Therefore, from a public health
perspective, these data suggest a need for further studies to
assess the impact of vitamin D sufficiency on CHC infection
with respect to its possible role in the progression of liver
fibrosis.

The results of this study should be interpreted with the
following limitations in mind. First is the cross-sectional
design of this study, which does not provide evidence
of a temporal relationship between blood sampling
seasonality and vitamin D inadequacy. On the other hand,
as the study variables were assessed at the same time, bias
owing to variations between independent and dependent
variables within the same individual was reduced.
Moreover, other confounding factors such as variation in
age, gender and skin pigmentation were also controlled.
Another limitation was the lack of information on serum
1,25(OH)D concentration, genetic analysis of SNPs of
genes encoding DBP and 25-hydroxylase, and other
potential confounders such as clothing style and sunscreen
use. Despite these limitations, the study provides evidence
on the importance of blood sampling seasonality as an
important preanalytical factor for the assessment of vitamin
D inadequacy in subjects with CHC infection.

In conclusion, this cross-sectional study demonstrated a
rather low prevalence of vitamin D inadequacy among
CHC-infected subjects in a sunny country. The occurrence
of vitamin D deficiency was independently associated
with male gender, serum albumin concentration and
with samples drawn in winter and spring. These findings
reaffirm not only the relevance to consider season as a
factor influencing 25(OH)D concentration but also the
need to actively screen for hypovitaminosis D in all patients
with CHC infection, especially in females and those with
low albumin concentration.
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