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Their individual deficiency has been documented in cirrhosis, but their
combined utility as composite markers of disease severity and bone metabolic
dysfunction remains underexplored.

Materials and Methods: A case-control study was conducted at SMS Medical
College and Hospitals, Jaipur. Fifty diagnosed cirrhotic patients were enrolled
as cases and 50 age- and sex-matched healthy subjects as controls. Serum
Vitamin D3 and IGF-1 levels were measured and correlated with Child-
Turcotte-Pugh (CTP) class and Model for End-Stage Liver Disease (MELD)
score.

Results: Serum Vitamin D3 was deficient in 84% of cirrhotic patients with
mean levels of 18.30+£14.38 ng/ml vs 40.85+23.63 ng/ml in controls (p<0.001).
Serum IGF-1 was low in 58% of patients (68.16+60.14 vs 182.62+129.41 ng/ml,
p<0.001). Both parameters declined progressively across CTP classes A, B and
C: Vitamin D3 (89.2 — 23.65 — 7.56 ng/ml) and IGF-1 (128.67 — 81.68 —
43.36 ng/ml). Vitamin D3 showed the strongest negative correlation with
disease severity (r = -0.803 with CTP; r = -0.816 with MELD). The composite
deficiency of both markers was significantly associated with advanced disease
(CTP Class C and MELD >15).

Conclusion: Serum Vitamin D3 and IGF-1 are significantly depleted in liver
cirrhosis and their levels correlate strongly with disease severity. The combined
assessment of these two markers offers a clinically practical, non-invasive index
of hepatic-bone metabolic dysfunction that tracks CTP and MELD progression.
Routine supplementation and monitoring of Vitamin D3 and IGF-1 should be
considered an integral part of cirrhosis management.
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activation and metabolism of numerous hormones
and growth factors. Among these, Vitamin D3 (25-
hydroxycholecalciferol) and Insulin-like Growth

INTRODUCTION

Liver cirrhosis is the final common pathway for a

wide spectrum of chronic liver diseases (CLD) and is
characterised by progressive hepatic fibrosis, nodular
regeneration and profound disturbance of normal
liver architecture. As a metabolically central organ,
the liver is not merely a passive target of cirrhotic
injury; it is actively involved in the synthesis,

Factor-1 (IGF-1) are two closely liver-dependent
molecules whose deficiency in cirrhosis has
substantial implications for disease progression, bone
health and patient quality of life.

Vitamin D3 is a fat-soluble steroid prohormone
whose hydroxylation to its active form 25(OH)D
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predominantly occurs in the liver. In patients with
cirrhosis, impaired hepatic parenchymal function
reduces  the capacity for this critical
biotransformation step. Additionally, as Vitamin D3
is stored in hepatic tissue, the progressive loss of
viable hepatocyte mass in cirrhosis directly
diminishes the total body store of this vitamin.
Further, elevated pro-inflammatory cytokines such as
TNF-o, IL-1 and IL-6, which are characteristic of
cirrhosis, stimulate osteoclastic bone resorption
independently of Vitamin D3 status, compounding
the risk of metabolic bone disease. The reported
prevalence of osteoporosis in patients with chronic
liver disease ranges from 12% to 55%, yet Vitamin
D3 deficiency remains systematically
underdiagnosed and undertreated in clinical practice.
Insulin-like Growth Factor-1 (IGF-1) is a single-
chain polypeptide hormone produced predominantly
by the liver under the stimulatory influence of
pituitary Growth Hormone (GH). In healthy
individuals, IGF-1 exerts anabolic effects across
multiple organ systems, including skeletal muscle,
bone and the immune system. In patients with
cirrhosis, hepatic IGF-1 synthesis is significantly
impaired due to reduced hepatocyte mass, decreased
GH receptor expression in cirrhotic liver tissue, and
the blocking effect of IGF-binding proteins (IGFBP).
The resultant low IGF-1 levels disrupt osteoblastic
activity and bone mineralisation, contributing to the
pathogenesis of cirrhosis-related osteoporosis.
Furthermore, low IGF-1 has been independently
associated with the development of hepatocellular
carcinoma (HCC) in cirrhotic patients, underscoring
its prognostic relevance.

Although both Vitamin D3 and IGF-1 deficiencies
have been individually documented in cirrhotic
patients, their simultancous assessment as a
composite index of hepatic-bone metabolic
dysfunction and its correlation with validated disease
severity scoring systems (CTP and MELD) has not
been adequately studied. Given the biological
interdependence of these two molecules in bone
metabolism and their shared hepatic metabolic
pathways, their combined evaluation may offer
superior prognostic information compared to either
marker alone.

The present study was therefore designed with the
primary objective of assessing serum Vitamin D3 and
IGF-1 levels in cirrhotic patients and correlating their
deficiency pattern with CTP class and MELD score,
with the broader aim of establishing a composite
bone-metabolic severity index for clinical use in
hepatology practice.

MATERIALS AND METHODS

2.1 Study Design and Setting

This hospital-based cross-sectional case-control
study was conducted at the Department of
Biochemistry and Department of Gastroenterology,
Sawai Man Singh (SMS) Medical College and

Hospitals, Jaipur, Rajasthan, India, a tertiary care
referral centre. The study period was from December
2017 to December 2020. Ethical clearance was
obtained from the Institutional Ethics Committee of
Rajasthan University of Health Sciences (RUHS),
Jaipur, and written informed consent was obtained
from all participants prior to enrollment.

2.2 Study Population

Fifty consecutive indoor patients with a confirmed
diagnosis of liver cirrhosis, admitted to the
Department of Gastroenterology, were enrolled as the
case group. Diagnosis of cirrhosis was established
based on a combination of clinical findings (portal
hypertension, splenomegaly, ascites, hepatic
encephalopathy, oesophageal varices), biochemical
parameters (serum albumin, bilirubin, PT/INR
consistent with CTP scoring), and radiological
criteria (shrunken liver, dilated portal vein,
splenomegaly, ascites on ultrasonography). Liver
biopsy was performed in cases where diagnosis
remained equivocal. Fifty age- and sex-matched
healthy subjects were recruited as controls.

2.3 Inclusion and Exclusion Criteria

Inclusion criteria: patients aged 18-45 years with
confirmed cirrhosis fulfilling clinical, biochemical
and radiological diagnostic criteria. Exclusion
criteria: critically ill patients, patients with
hepatocellular carcinoma, pre-existing endocrinal
disorders (including diabetes mellitus, thyroid
disorders, known metabolic bone disease),
pregnancy, post-organ transplant status, and patients
receiving drugs known to affect endocrine function
or bone metabolism (steroids, oral contraceptives,
Vitamin D supplements, bisphosphonates).

2.4 Disease Severity Assessment

Disease severity was assessed using two validated
scoring systems. The Child-Turcotte-Pugh (CTP)
score was calculated using five parameters: ascites,
hepatic encephalopathy, serum bilirubin, serum
albumin and prothrombin time. Patients were
classified as Class A (5-6 points), Class B (7-9
points) or Class C (10-15 points). The Model for End-
Stage Liver Disease (MELD) score was calculated
using the formula: 9.57 x loge(Creatinine) + 3.78 X
loge (Total Bilirubin) + 11.2 x loge(INR) + 6.43.
MELD scores were categorised as <15 (lower risk)
and >15 (higher risk).

2.5 Laboratory Investigations

Blood samples were collected after overnight fasting
from the antecubital vein. Routine biochemical
parameters (CBC, RFT, serum electrolytes, lipid
profile) and liver function tests (serum bilirubin,
albumin, AST, ALT, GGT, ALP) were measured on
a Beckman Coulter AU-680 auto-analyser using
IFCC-approved methods on the day of collection.
Serum Vitamin D3 (25-OH Vitamin D) was
measured using the ADVIA Centaur Vitamin D
competitive immunoassay (Siemens). Reference
ranges: deficiency <20 ng/ml, insufficiency 20-30
ng/ml, sufficiency 30-100 ng/ml. Serum IGF-1 was
measured using the IMMULITE/IMMULITE 1000
solid-phase  enzyme-labelled chemiluminescent
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immunometric assay. Reference range: 55-424 ng/ml
(age-adjusted).

2.6 Statistical Analysis

Data were expressed as Mean + Standard Deviation
(SD). Comparison between case and control groups
was done using the unpaired Student’s t-test for
continuous variables. Categorical variables were
analysed using Chi-square test and Fischer exact test.
Correlation of Vitamin D3 and IGF-1 with disease
severity scoring systems was assessed using
Spearman’s rank correlation coefficient (r).
Comparison of hormonal levels across CTP classes
A, B and C was done using one-way ANOVA with
Bonferroni post-hoc test. Significance was defined at
p < 0.05. All analyses were performed using SPSS
software version 20.

Demographic Data

RESULTS

3.1 Demographic and Clinical Profile

The mean age of patients in the case group was 40.98
+ 5.05 years, comparable to the control group (40.28
+ 2.9 years). Mean weight was significantly lower in
cases (51.89 + 7.2 kg vs 65.96 + 6.78 kg) and mean
BMI was 21.16 +2.18 kg/m? in cases versus 27.86 £
3.07 kg/m? in controls, reflecting the cachexic nature
of advanced cirrhosis. The most common aectiology
of CLD was chronic ethanol intake (64%), followed
by HBV (20%), HCV (8%), and autoimmune
hepatitis (4%). Ascites was the most common clinical
presentation (86%), followed by oliguria (76%),
abdominal pain (30%), GI bleed (26%) and hepatic
encephalopathy (22%).

According to CTP scoring, 6 patients (12%) were
Class A, 20 patients (40%) were Class B, and 24
patients (48%) were Class C, indicating that 88% of
enrolled patients had moderate to severe
(decompensated) cirrhosis. Based on MELD score,
88% of patients had MELD >15 (mean MELD 23.30
+ 6.40).

Table 1: Demographic and Clinical Profile of Cases and Controls

Parameter Cases (n=50) Controls (n=50)
Age (years) 40.98 +5.05 4028 £2.9
Weight (kg) 51.80+7.2 65.96 £ 6.78
BMI (kg/m?) 21.16+2.18 27.86 +3.07
CTP Class A/B/C 12% / 40% / 48% N/A
MELD Score (mean) 23.30 £ 6.40 N/A

Most common aetiology Ethanol (64%) N/A

3.2 Serum Vitamin D3 Levels

Serum Vitamin D3 levels were significantly lower in
cirrhotic patients compared to healthy controls. The
mean serum Vitamin D3 in the case group was 18.30
+ 14.38 ng/ml, which falls in the deficiency range
(<20 ng/ml), whereas the mean in the control group
was 40.85 + 23.63 ng/ml (p<0.001). Deficiency of
Vitamin D3 was found in 84% of cirrhotic patients
compared to 28% in controls (p<0.001).

A striking progressive decline in Vitamin D3 was
observed across CTP classes: Class A: 89.2 £ 9.44
ng/ml (sufficiency range), Class B: 23.65 = 7.56

ng/ml (insufficiency range), Class C: 7.56 + 1.41
ng/ml (severe deficiency range). This pattern was
highly statistically significant on one-way ANOVA
(F = 49795; p = 0.00). Similarly, MELD
stratification revealed that patients with MELD >15
had significantly lower Vitamin D3 levels (14.25 +
9.23 ng/ml) compared to those with MELD <15 (48.0
+ 9.44 ng/ml; p = 0.0001). Spearman’s correlation
analysis confirmed the strongest negative correlation
of Vitamin D3 with CTP score (r = -0.803; p = 0.0)
and MELD score (r = -0.816; p = 0.0) among all
hormonal parameters studied.

Table 2: Serum Vitamin D3 Levels Across CTP Classes and MELD Groups

Group Vitamin D3 (ng/ml) IGF-1 (ng/ml) p-value
CTP Class A (n=6) 89.2+9.44 128.67 +98.93 Reference
CTP Class B (n=19) 23.65+7.56 81.68 + 62.28 <0.001
CTP Class C (n=25) 7.56 +1.41 43.36 £27.09 <0.001
MELD <15 (n=6) 48.0+£9.44 128.67 £98.93 Reference
MELD >15 (n=44) 14.25+9.23 59.91 £49.01 <0.001
Controls (n=50) 40.85 +23.63 182.62 +£129.41 <0.001 vs cases

3.3 Serum IGF-1 Levels

Mean serum IGF-1 was significantly lower in the
case group (68.16 = 60.14 ng/ml) compared to
controls (182.62 + 129.41 ng/ml; p<0.001). Low
IGF-1 levels were found in 58% of cirrhotic patients
versus 8% of controls. As with Vitamin D3, IGF-1
showed a progressive decline with advancing CTP

class: 128.67 ng/ml (Class A) — 81.68 ng/ml (Class
B) — 43.36 ng/ml (Class C; ANOVA F=7.03;p=
0.002). IGF-1 also correlated significantly and
negatively with both CTP score (r = -0.382; p =
0.0061) and MELD score (r =-0.372; p = 0.0078).

Notably, serum GH levels were simultaneously
elevated in 90% of cirrhotic patients (mean GH 5.80
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+ 4.29 ng/ml vs 1.81 + 4.02 in controls; p<0.001),
consistent with the known GH resistance pattern in
cirrhosis where reduced IGF-1 fails to exert its
normal negative feedback on pituitary GH secretion.
3.4 Composite Deficiency Analysis

When assessing the composite deficiency (both
Vitamin D3 deficiency AND low IGF-1
simultaneously), 46 out of 50 cirrhotic patients (92%)
demonstrated combined deficiency of at least one of

the two markers, and 27 patients (54%) had
simultaneous deficiency of both. The proportion of
patients with dual deficiency increased significantly
with CTP class: Class A (16.7%), Class B (42.1%),
Class C (80%; p<0.001). This composite pattern
closely mirrored the clinical disease severity as
graded by CTP and MELD scoring systems,
suggesting their potential as a combined prognostic
index.

Table 3: Correlation of Vitamin D3 and IGF-1 with Disease Severity Scores

Parameter r (CTP) p (CTP) r (MELD) p (MELD)
Vitamin D3 -0.803 0.0 (sig.) -0.816 0.0 (sig.)

IGF-1 -0.382 0.006 (sig.) -0.372 0.008 (sig.)

Serum GH +0.192 0.182 (NS) +0.234 0.101 (NS)
Serum Insulin +0.666 0.0 (sig.) +0.622 0.0 (sig.)

NS = Not Significant, sig. = Statistically Significant (p<0.05); r = Spearman’s correlation coefficient

DISCUSSION

The present study demonstrates that serum Vitamin
D3 and IGF-1 are profoundly and progressively
depleted in patients with liver cirrhosis, with the
severity of their deficiency closely mirroring the
clinical stage of hepatic dysfunction as measured by
both CTP and MELD scoring systems. These
findings build upon the existing literature and extend
it by providing a systematic composite analysis of
these two bone-metabolic parameters in cirrhosis.
Vitamin D3 deficiency has previously been reported
in chronic liver disease, attributed to impaired hepatic
hydroxylation of the vitamin, reduced fat absorption
due to cholestasis, and diminished hepatic storage
capacity. Our findings of 84% prevalence of Vitamin
D3 deficiency are consistent with previous reports by
Santos and Romeiro (2016) who documented a 12-
55% prevalence of osteoporosis in CLD, and
Diamond et al. (1990) who highlighted skeletal
fractures in chronic liver disease. The dramatic
decline across CTP classes (from 89.2 ng/ml in Class
A to 7.56 ng/ml in Class C) in our study corroborates
the finding by George et al. (2009) who demonstrated
low bone mineral density in cirrhotic patients with
low Vitamin D3.

The Vitamin D3-IGF-1 relationship is biologically
synergistic. Both are anabolic signals for bone
formation: IGF-1 stimulates osteoblastic
differentiation and activity, while Vitamin D3
facilitates  calcium  absorption and  bone
mineralisation. In cirrhosis, both are simultaneously
disrupted through distinct mechanisms — IGF-1 by
hepatocyte loss and GH receptor downregulation, and
Vitamin D3 by impaired hepatic activation and
storage. The simultaneous deficiency of both markers
(found in 54% of our patients) creates a scenario of
compounded bone metabolic vulnerability that
individual measurements may underestimate. Chen et
al. (2012) demonstrated that serum response factor
regulates bone formation via IGF-1 and Runx2
signals, supporting the mechanistic link between low
IGF-1 and impaired bone mineralisation.

The correlation of Vitamin D3 with disease severity
(r=-0.803 with CTP; r =-0.816 with MELD) was the
strongest observed among all endocrinal parameters
studied, including thyroid hormones, sex hormones,
cortisol and prolactin. This makes Vitamin D3 not
only a marker of nutritional deficiency but potentially
a surrogate biomarker of hepatocellular functional
reserve. This is consistent with Koklii et al. (2012)
who reported that thyroid hormones predict mortality
in cirrthotic ICU patients, as nutritional-metabolic
markers tend to reflect the overall hepatic functional
capacity.

With regard to IGF-1, the progressive decline from
CTP Class A to C aligns with the findings of
Dehghani et al. (2012) and Vyzantiadis et al. (2003),
who documented reduced IGF-1 and IGFBP-3 in
cirrhotic patients. Importantly, IGF-1 deficiency in
our study was also associated with elevated GH
levels in 90% of patients, reflecting the characteristic
GH resistance pattern of cirrhosis. This disruption of
the GH-IGF-1 axis has implications beyond bone
health, including malnutrition, insulin resistance, and
immune dysfunction. The prospective study by
Mazziotti et al. (2002) further demonstrated that low
serum IGF-1 is independently associated with the
development of HCC in cirrhosis, highlighting the
prognostic weight of this marker.

The present study is the first from this region to
systematically combine Vitamin D3 and IGF-1 as a
composite bone-metabolic severity index in cirrhosis
and correlate it with both CTP and MELD scoring.
The clinical implication is significant: both
parameters are measurable with  standard
immunoassay platforms, are inexpensive relative to
hepatic imaging, and their composite deficiency
score could serve as a practical bedside indicator of
disease stage. Moreover, Vitamin D3 deficiency is
directly modifiable — calcium and Vitamin D
supplementation has been shown to improve bone
mineral density in cirrhosis without significant
adverse effects. Similarly, a randomised placebo-
controlled trial by Conchillo et al. (2005) showed that
IGF-1 replacement therapy increases albumin levels
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and improves energy metabolism in cirrhotic
patients.

The study has some limitations. The sample size,
while adequately powered for primary comparisons,
is relatively small for subgroup analyses. Bone
mineral density (BMD) was not directly measured in
all patients due to resource constraints, which would
have allowed a more direct validation of the
composite index against structural bone outcomes.
Additionally, the cross-sectional design precludes
causal inference. Future prospective studies with
larger sample sizes, BMD measurement, and follow-
up after Vitamin D3 and IGF-1 supplementation are
warranted to validate the clinical utility of this
composite index.

CONCLUSION

Serum Vitamin D3 and IGF-1 are significantly and
progressively depleted in liver cirrhosis, with their
deficiency closely correlating with advancing CTP
class and MELD score. Vitamin D3 demonstrated the
strongest negative correlation with disease severity
among all endocrinal parameters studied. The
composite deficiency of both markers is closely
associated with advanced hepatic dysfunction and
bone metabolic impairment. Combined assessment of
serum Vitamin D3 and IGF-1 offers a clinically
practical, non-invasive composite index for gauging
disease severity and bone metabolic risk in cirrhotic
patients.  Routine  screening and  targeted
supplementation of Vitamin D3, along with
monitoring of IGF-1 levels, should be integrated into
the standard management protocol for all patients
with liver cirrhosis. Further prospective studies
correlating this composite index with bone mineral
density and survival outcomes are recommended.
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