Circulating vitamin D, levels and risk
of non-alcoholic fatty liver disease:

Is there a connection?
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Vitamin D, deficiency has been associated
with the coexistence of many non-skeletal
chronic pathologies (including obesity, type
2 diabetes, cardiovascular disease, several
types of tumours and non-alcoholic fatty liver
disease), suggesting the possibility that this
vitamin can have multiple and beneficial
pleiotropic effects in extra-skeletal confexts,
thanks to the ubiquitous distribution of ifs
specific receptor .

Non-alcoholic fatty liver disease (NAFLD) is
one of these exira-skelefal chronic patholo-
gies associated with low circulating vitamin
D, levels. This disease has been the focus of
significant scientific research, especially in
the last 6-7 years ©.

NAFLD includes a broad spectrum of liver
pathologies characterised by an accumula-
tion of friglycerides in the liver in subjects
without excessive alcohol consumption. The
range of these pathologies includes simple
steatosis and non-alcoholic steatohepatitis
(NASH), which can lead to cirthosis and
even to hepatocellular carcinoma 7. Today,
NAFLD represents the most common form of
chronic liver disease in wesfern countries:
it is estimated that it is present in roughly
25-30% of the general adult population &7.
Clobally, its prevalence is progressive-
ly increasing in many parts of the world,
similar to what has been observed for the
incidence of obesity and type 2 diabe-
fes, two metfabolic pathologies with which
NAFLD is closely connected, as they repre-
sent the most important risk factors for the
disease %10,

The notural onset and progression of
NAFLD toward its most advanced histo-
logical stages is explained by several risk
factors (genetic, epigenetic, environmental
and clinical) which take into account @
broad range of pathological phenotypes
resulting from it and for which different in-
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dividual therapeutic approaches may be
necessary 7. This characteristic distinguish-
es NAFLD from other chronic liver diseas-
es, in which the aetiological agent is well
defined (as in the liver pathology caused
by alcohol abuse or viral hepatitis), or for
which there exists a specific pharmacolog-
ical tfreatment (as in the case of viral and
autoimmune hepatitis). The increasing im-
portance of NAFLD from clinical and pub-
lic health points of view is also determined
by the fact that this pathology is not only
linked to an increased risk of progression
toward NASH and cirrhosis but that it is
also frequently correlated to an increased
risk of developing significant extrahepatic
complications, including cardiovascular
disease (which represents the main cause
of death in this population of patients),
chronic kidney disease, type 2 diabefes
and the development of some types of
tumours  (especially colorectal, pancreas
and breast cancers) 7', For these reasons,
from a clinical point of view it is particularly
important to know the natural evolution of
NAFLD and to identify the main risk factors
which can modify ifs progression toward
hepatic and extrahepatic complications.

Many epidemiological studies of the last -7
years have shown that patients with NAFLD
have significantly lower circulating 25-hy-
droxyvitamin D, levels compared to control
populations without fatty liver disease; these
studies have further correlated low vitamin
D, levels with greater hisfological severity of
NAFLD, independently of the coexistence of
obesity, diabetes and other typical features
of mefabolic syndrome ¢12. Although the ae-
tiopathogenetic mechanisms which can ex-
plain this association are still not completely
clear, it has been hypothesised that vitamin
D, can play an important hepatoprotective
role. Findings from both experimental and
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in vitro studies have shown that vitamin D,
is able to positively modulate insulin sig-
nalling (by improving insulin resistance at
the muscular and hepatic levels), reduce
the production of multiple prothrombotic,
procoagulant and pro-oxidant factors and
perform immunomodulatory actions, in ad-
dition to reducing the proliferation of fibro-
blasts and the production of collagen 2.
To date, however, the literature has not
produced broad prospective cohort stud-
ies or ample randomised clinical frials
which evaluate a possible correlation be-
tween circulating vitamin D, levels and risk
of developing NAFLD; nor have research-
ers examined whether extended vitamin
D, supplementation is able to reduce the
risk of the development or progression
of NAFLD/NASH (which is documented
by means of a hepatic biopsy, the ‘gold
standard’ for the diagnosis and staging of
this liver pathology). Such data is clinically
important so as to be able fo confirm the
biological plausibility and possible causal
role of vitamin D, in the development and
progression of NAFLD.

A recent observational study conducted
by Kim et al. aimed to provide an answer
fo one of these specific points. The “Kang-
buk Samsung Health Study”, an interest-
ing analysis of a broad cohort of Korean
subjects ', had two main objectives: (1)
to determine if circulating baseline levels
of 25-hydroxyvitamin D, could predict the
risk of developing new incident forms of
NAFLD and/or the probability of resolving
known forms of NAFLD af follow-up; and
(2) to examine the correlation of temporal
variations of 25-hydroxyvitamin D, levels,
measured at baseline and follow-up, with

TABLE 1.

the probability of developing and/or re-
solving NAFLD 8.

With regard fo the first objective (evalu-
afion of the association between base-
line vitamin D, levels and incidence of
NAFLD], the authors screened a cohort
of over 139,000 adult subjects (~44%
males, average age 36.8 years, average
BMI 22 kg/m?) who had no history of
alcohol abuse, NAFLD or other known
liver pathologies . These subjects were
not selected on the basis of their base-
line vitamin sfatus: ~7/7% of the sample
had baseline 25-hydroxyvitamin D, levels
< 20 ng/ml. Circulating levels of 25-hy-
droxyvitamin D, were measured in all
participants, and a liver ultrasound was
performed at both baseline and follow-up.
In the first part of the study, as reported
in Table |, the authors clearly showed the
existence of an inverse relation between
circulating  25-hydroxyvitamin D, levels
and risk of developing NAFLD (upon per-
formance of the liver ultrasound) during the
follow-up period (median time of rough-
ly four years). This risk was independent
of multiple known risk factors and other
possible confounding influences '°. To
examine the link between baseline circu-
lating levels of 25-hydroxyvitamin D, and
the probability of resolving known forms
of NAFLD during follow-up, a sample
of roughly 48,700 subjects affected by
NAFLD at baseline was analysed. In this
case — as summarised in Table Il = the
authors reported a positive correlation of
dose-effect type between circulating levels
of 25-hydroxyvitamin D, at baseline and
the probability of observing resolution of

NAFLD at follow-up '°.

In connection with the second objective of
the study (examination of the correlation
between temporal variations of vitamin D,
levels and the probability of developing
and/or resolving NAFLD), the authors
found that an increase in circulating levels
of 25-hydroxyvitamin D, — passing, that is,
from insufficient baseline values (< 20 ng/
ml) to adequate ones (> 20 ng/ml) af
follow-up (median period of 1.8 years)
— was associated with a significantly re-
duced risk of developing NAFLD (adjusted
Hazard Ratio [HR] 0.87, 95% confidence
inferval [IC] 0.82-0.91) in subjects who
did not have NAFLD at baseline; on the
confrary, consistently adequate values of
25-hydroxyvitamin D, at both baseline
and follow-up (> 20 ng/ml), were cor-
related to a greater probability of resolu-
fion of NAFLD (adjusted HR 1.10, 95%
IC 1.02-1.20) in subjects with NAFLD at
baseline °.

The results of this broad prospective co-
hort study therefore suggest that maintain-
ing sufficient levels of 25-hydroxyvitamin
D, can constitute an efficient approach in
the primary and secondary prevention of
NAFLD '3. Nonetheless, the observational
design of this study does not allow us to
posit any causal inference regarding the
observed correlation between levels of
25-hydroxyvitamin D, and risk of NAFLD,
although it is in line with the recent ob-
servations of a Mendelian randomisation
study, conducted on three European pop-
ulations, which found a significant inverse
relation  between genetically predicted
levels of 25-hydroxyvitamin D, and risk of
NAFLD 4. Other crucial limitations of the
study by Kim et al. 1% include the fact that

Risk of developing NAFLD (at the liver ultrasound) at follow-up based on circulating levels of hydroxyvitamin D, in subjects without

NAFLD at baseline (n = 139,599) (from Kim et al., 2022 '3, modified).

Baseline 25(OH)D, Persons-years Incident HR (95% Cl) HR (95% Cl)
ng/mL cases of adjusted for gender adjusted for multiple
NAFLD (n) and age confounding factors
<10 114,688 4,310 1.00 (reference) 1.00 (reference)
10-19 343,137 16,487 0,95 (95%1C0,92:0,99) 0,89 (95%1C0,860,92)
20-29 102,627 5,740 0,91 (95%1C0,880,95) 0,81 (95%1C0,780,85)
> 30 20,569 994 0,76 (95%1C0,71:0,82) 0,72 (95%1C0,670,77)

P-value per trend

<0.001

<0.001
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TABLE II.

Resolution of NAFLD (at liver ultrasound) at follow-up based on circulating levels of hydroxyvitamin D, in subjects with NAFLD at ba-

seline (n = 48,702) (from Kim et al., 2022 '3, modified).

Baseline 25(OH)D, Persons-years Cases HR (95% Cl) HR (95% Cl)
ng/mlL with resolution adjusted for gender adjusted for multiple
of NAFLD (n) and age confounding factors
<10 25,318 1,819 1,00 (reference) 1.00 (reference)
10-19 118,651 8,202 1.12 (95%1C 1.06-1.18) 1.09 (95%1C 1.03-1.15)
2029 41,262 2,929 1.17 (95%1C 1.10-1.24) 1.13 (95%1C 1.06-1.21)
>30 6,140 499 1.23 (95%1C1.12-1.36) 1.21 (95%1C 1.09-1.35)

P-value per trend

<0.001

<0.001

the NAFLD diagnosis was established by
means of a liver ultrasound, which may
not be sufficiently accurate fo show the
presence of a slightly fatty liver, and that
the population of the study was made up
exclusively of Korean subjects (therefore
limiting the extendibility of these observa-
tions to different ethnicities).

In spife of these defects, the findings of
this broad longitudinal study '* convinc-
ingly demonstrate the need to conduct
broad randomised clinical frials in the
near future with an adequate freatment
duration in order fo evaluate the possible
benefits of vitamin D, supplementation on
the risk of the development and progres-
sion of NAFLD/NASH (studies in which
these hepatic outcomes are examined by
liver biopsies). In addition, such trials must
also take info account the vitamin D sta-
tus of the participants, given that it is rea-
sonable fo suppose the any benefits from
high-dose vitamin D, supplementation on
NAFLD/NASH can be greater in patients
with vitamin D deficiency with respect fo
those with normal circulating vitamin D,
levels.
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