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Abstract

Background and Aims: Liver fibrosis leading to chronic liver disease (CLD) is a major

cause of morbidity, mortality and health‐care expenditure worldwide. The “gold

standard” for diagnosis and staging of liver fibrosis is histological analysis of liver

tissue obtained by liver biopsy, an invasive procedure. Therefore, there is the need

to identify noninvasive and inexpensive markers for diagnosis and staging of liver

fibrosis. This study aimed at evaluating the correlation of hyaluronic acid (HA) and

25‐hydroxyvitamin D (25‐OH vitamin D) serum levels as markers of fibrosis with

histologically staged and graded liver biopsies obtained from CLD patients.

Methods: This was a case‐control study involving 40 CLD patients requiring liver

biopsies and 40 controls. Liver biopsies were staged to determine the degree of

fibrosis. Serum levels of 25‐OH vitamin D and HA were determined using ELISA.

Statistical analyses were performed to determine differences in HA and 25‐OH

vitamin D levels between controls and patients as well as to correlate the biomarkers

with the stages of fibrosis.

Results: CLD patients showed significant (p < 0.001) increase in the levels of AST,

ALT, GGT, compared to the controls. Patients also had significantly (p < 0.001) lower

serum 25‐OH vitamin D and higher HA (p < 0.001) levels compared to the controls.

Additionally, 25‐OH vitamin D levels of the CLD patients were significantly different

across the stages of liver fibrosis likewise serum HA levels. Furthermore, 25‐OH

vitamin D levels inversely correlated with the severity of liver fibrosis. A significant

negative correlation (r = −0.33, p < 0.05) between CLD patients' HA and 25‐OH

vitamin D were found.

Conclusion: CLD patients had significantly reduced serum 25‐OH vitamin D and

higher HA. Both markers correlated with the degree of liver fibrosis. These findings
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have major clinical translatable implication in the use of vitamin D supplementation

in the management of CLD in Ghana.
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1 | BACKGROUND

Chronic liver diseases (CLD) cause significant impairment in patients'

quality of life and are responsible for significant morbidity and

economic burden.1,2 Liver fibrosis occurs as a result of the formation

of fibrous scars that results from the accumulation of extracellular

matrix (ECM) proteins, largely type I and type III collagens, which

replace damaged normal tissue.3

Histological examination of liver biopsies is the “gold standard” for

assessing and staging liver fibrosis. However, the use of liver biopsies to

monitor disease progression is limited by the fact that it is an invasive

procedure, associated with potential for sampling error, high inter-

observer variability and high costs. Therefore, a search for markers

suitable for early diagnosis of fibrosis has been ongoing for decades.

The complex process of ECM remodeling during fibrogenesis

involves different molecules, such as a polysaccharide known as

hyaluronic acid (HA).4 HA, which is synthesized mainly by the liver

and plays an important role in the formation of the ECM, is

considered a valid marker of fibrosis because its production and

release levels increase during fibrogenesis.5–7 Indeed, HA serum

levels increase in correlation with fibrosis progression in alcoholic

liver disease, peaking in patients with alcoholic cirrhosis.8

Moreover, patients with nonalcoholic fatty liver disease have also

significantly greater HA levels than normal individuals, and in these

patients HA help to differentiate patients with fibrosis from those

without fibrosis.9,10

Apart from its critical role in the control of calcium homeostasis

and bone health, vitamin D is a steroid hormone with numerous

additional functions, and it is involved in the modulation of the

immune system, insulin secretion, cell proliferation and cell differentia-

tion through the inhibition of matrix metalloproteinases.11–13 Therefore,

vitamin D has been evaluated for its possible role in CLD. Also, the

pathway to synthesis of the active form of vitamin D (1, 25 (OH)2

vitamin D) involves hydroxylation of vitamin D2 and D3 to

25‐hydroxyvitamin D (25‐OH vitamin D) in the liver. Even though the

cut off level for serum 25‐OH vitamin D deficiency is controversial,

levels below 30 ng/mL are generally considered deficient or insuffi-

cient.14 Vitamin D deficiency or insufficiency is found in patients with

liver diseases, and nearly in all kinds of CLD.15–17 Unsurprisingly, low

serum levels of 25‐OH vitamin D have been associated with the severity

of liver fibrosis in chronic hepatitis C patients.18–20

Furthermore, a large number of studies showed that low

circulating vitamin D levels were associated with the development

of hepatic fibrosis in patients with various CLD, thus suggesting the

use of vitamin D levels to follow the progression of liver fibrosis.21

The aim of this study was to investigate if serum levels of HA and

25‐OH vitamin D could be good markers of liver fibrosis in patients

with CLD at the Korle Bu Teaching Hospital (KBTH).

2 | METHODS

2.1 | Study site

The study site was the KBTH, located in the Accra Metropolitan Area

in the Greater Accra Region of Ghana. It is a tertiary healthcare

facility and a major referral hospital, serving patients from both

Ghana and theWest African Sub‐Region. KBTH has a bed capacity of

about 2000 and 17 clinical and diagnostic departments.

2.2 | CLD patients and controls characteristics

Forty patients with CLD were recruited from the Gastrointestinal

Unit of KBTH between June 2014 and August 2015. Age‐ and

gender‐matched control subjects with normal alanine amino-

transferase (ALT) and aspartate aminotransferase (AST) levels and

no history, symptoms or signs of CLD were recruited from healthy

blood donors. The diagnosis of CLD was based on standard clinical,

ultrasound and laboratory features. Only patients who consented and

required liver tissue as part of their evaluation within the period were

recruited into the study. Patients with history of active drug

addiction, Wilson's disease, hemochromatosis, alpha‐1 anti‐trypsin

deficiency or treated with drugs known to affect serum 25‐OH

vitamin D metabolism, including vitamin/mineral supplements, were

excluded from the study.

Body mass index (BMI) was calculated for each patient using the

formula BMI = weight (kg)/height (m)2. ALT, AST, and γ glutamyl‐

transferase (GGT) levels were measured by standard laboratory

methods. Reference liver function enzymes were obtained from

MDS‐Lancet Laboratories Ltd (GH) Korle Bu.

2.3 | Sample collection, processing, and sample size

About 5mL of whole blood samples were collected from the patients

and matched controls by phlebotomist into clot activator and gel

separating tubes, covered immediately with aluminum foil to avoid

direct exposure to sunlight and placed on ice. Samples were allowed

to clot for 30min followed by centrifugation at 1500 rpm for 10min.
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The serum was pipetted into Eppendorf tubes in aliquots of 1 mL and

stored at −80°C while recruitment went on.

Liver tissue was obtained by standard blind liver biopsy

procedure on the same day the clinical and anthropometric data

were obtained from the patients. Initial liver ultrasound, blood count

and clotting profiles were carried out to exclude contraindications.

The position of the liver was then located by percussion and the

proposed biopsy site anesthetized with 10mL of 5% xylocaine.

A G18 semi‐automatic biopsy needle was inserted through the site

and the tissue obtained. The patients were monitored for 4 h after

the procedure for complications.

In arriving at the sample size of 40 participants each for the CLD

patients and healthy controls for the study, patients were recruited

over the period June 2014 through to August 2015 from the

Gastrointestinal Unit of the KBTH. The patients on treatment within

the period who required liver biopsies and consented to participate in

the study were consecutively recruited. The study employed one

case to one control in the participants' recruitment process. Since

there were no literature on similar study conducted in Ghana and

sub‐Saharan Africa before this study, appropriate parameters needed

to conduct sample size estimation were not available. Thus, the study

relied on the duration of 15 months (June 2014 to August 2015) to

recruit available study participants who met the inclusion criteria.

2.4 | Measurement of HA serum levels

The serum HA was measured at the Research Unit of Molecular

Genetics of Complex Phenotypes, “Bambino Gesù” Children's

Hospital IRCCS, Rome, Italy and determined using an ELISA kit

according to the manufacturer protocol (Hyaluronan; R&D Systems).

2.5 | Measurement of 25‐OH vitamin
D serum levels

The serum 25‐OH vitamin D levels were also measured at the

Research Unit of Molecular Genetics of Complex Phenotypes,

“Bambino Gesù” Children's Hospital IRCCS, Rome, Italy, using Quidel

MicroVue (San Diego, USA) serum 25‐OH vitamin D enzyme

immunosorbent assay (EIA) as described by the manufacturer's

protocol. Briefly, 50 μL of serum samples were pipetted into the

wells, 15 μL of assay buffer added followed by incubation for 2 h at

25°C while shaking at 300 rpm. Plates were washed three times (3x)

with wash solution (TRIS‐HCL with deionized water) and 200 μL of

horse radish peroxidase conjugate solution added followed by

incubation for 30min while shaking at 300 rpm at 25°C. Plate was

again washed 3x with wash solution. Hundred microliters (100 μL) of

chromogenic solution (tetramethylbenzidene‐TMB substrate) was

added to the wells and incubated for 15min at 25°C while shaking at

300 rpm in a hood. A total of 100 μL of stop solution (1M HCl) was

then added and absorbance read within an hour at a wavelength of

450 nm using a spectrophotometer.

A calibration curve was plotted and the total serum 25‐OH

vitamin D (D2 and D3) concentrations of the samples were

determined by dose interpolation from the calibration curve.

2.6 | Histopathology

The histology slides were reported by a single pathologist (RKG), who

was unaware of the patient's identity and demographic details.

Biopsies were considered adequate for evaluation if the specimen

had a minimum length of 15mm or the presence of at least 10

complete portal tracts. Biopsies were reported according to the Batt‐

Ludwig scoring system22; the grade of inflammation was done using a

4‐point scale; G0 to G3–4 (where G0 = portal inflammation only, no

activity; G1 =minimal, G2 =mild, G3 =moderate and G4 = severe

inflammation) and the stage of fibrosis, S0 to S3–4 (where S0 = no

fibrosis; S1 = portal fibrosis; S2 = periportal fibrosis; S3 = Septal

fibrosis and S4 = cirrhosis).22

2.7 | Ethics and confidentiality

The principles of the Declaration of Helsinki and its appendices, as

well as national legislation, were followed during the conduct of the

study. The University of Ghana College of Health Sciences, Ethical

and Protocol Review Committee granted ethical approval, and all

patients and control subjects provided written informed permission.

All demographic patient data were given unique identifiers to protect

confidentiality. These data sheets were coded and only the principal

investigator knew the database containing the unique identifiers.

2.8 | Statistical analysis

We summarized the data by using mean, median and interquartile

range for continuous variables while frequencies and their associated

percentages were used to summarize categorical variables as

appropriate. To assess the relationship of inflammation to the

histological characteristics of patients, we used a 4‐point scale G0

to G3–4 as the grade of inflammation and S0 to S3–4 as the stage of

fibrosis from the mildest to severest, respectively. The study

examined differences in HA and serum 25‐OH vitamin D levels

between cases and controls using the Wilcoxon rank‐sum test

because both the HA and serum vitamin D levels were not normally

distributed. The significant differences and/or associations between

cases and controls were compared using Kruskal–Wallis equality‐of‐

populations rank test. This is appropriate because the data were not

normally distributed, and we had four levels of stages to be

compared. A Spearman's correlation analysis was used to determine

correlation between CLD patients' serum 25‐OH vitamin D and HA

levels with the stage of fibrosis. All analyses were done using Stata

version 16.1. A p value below 0.05 was used to declare statistical

significance under a two‐tailed test.
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3 | RESULTS

3.1 | Characteristics of CLD patients and healthy
controls

A total of 40 CLD patients and 40 healthy control participants were

recruited for this study (Table 1). The mean age of the CLD patients

was 43.5 ± 10.7 and that of the healthy controls was 43.5 ± 10.3;

there was no significant difference in the ages between the two

groups. The majority of the participants were male. We found

significant differences in both HA (p < 0.001) and 25‐OH vitamin D

(p < 0.001) between CLD patients and healthy controls. There were

significant differences in the anthropometric measurements (weight

and BMI) between CLD patients and healthy controls. CLD patients

showed a significant increase in the levels of AST (p < 0.001), ALT

(p < 0.001), and GGT (p < 0.001) compared to the healthy control

participants (Table 1).

3.2 | Histological characteristics of CLD patients

The etiology of CLDs and histological severity are shown in Table 2.

The hepatitis B virus (HBV) infection was the most common cause of

liver disease (29, 72.5%) among the patients studied. With regards to

the grade of inflammation, the majority of the patients presented

with G1 (16, 40%), followed by G0 (12, 30%), G2 (7, 17.5%), and

G3–4 (5, 12.5%). The majority of the CLD patients fall within stage S0

of fibrosis (23, 57.5%) indicative of no observable fibrosis, followed

by stage S1 (9, 22.5%) indicating portal fibrosis.

3.3 | HA and vitamin D levels between CLD
patients and healthy controls

Next, serum levels of HA and 25‐OH vitamin D were analysed in CLD

and healthy controls. As shown in Table 3, HA and 25‐OH D levels

between CLD patients and healthy controls were significantly

different. The median HA levels were significantly higher in CLD

patients (363.8 ng/mL) than in control subjects (178.5 ng/mL)

(z = −4.446, p < 0.001), with effect size r = 0.50. The median 25‐OH

vitamin D levels was also significantly lower in the CLD patients

(62.4 ng/mL) than in the control subjects (96.6 ng/mL) (z = 6.899,

p < 0.001) with effect size r = 0.77.

3.4 | HA and vitamin D levels across stages
of fibrosis and grades of inflammation

Furthermore, to determine the differences between serum levels of

HA and 25‐OH vitamin D across the stages of fibrosis and grades of

inflammation among CLD patients, a Kruskal–Walli's test was

performed (Table 4). The result showed that the HA levels of the

CLD patients were significantly different across the grade of

TABLE 1 Characteristics of chronic liver disease patients and
healthy control participants.

CLD patients
Healthy
controls

Characteristic (n = 40) (n = 40) p value

Age (years) 43.5 ± 10.7 43.5 ± 10.3 0.96

Sex (M/F) 22, 18 22, 18 –

Weight (kg) 77.6 ± 12.2 69.3 ± 7.7 0.002

BMI (kg/m2) 27.5 ± 4.5 24.8 + 2.9 0.004

AST (0–40 IU/L)* 49.7 ± 31.5 26.9 ± 5.2 <0.001

ALT (0–41 IU/L)* 47.4 ± 29.8 25.7 ± 4.2 <0.001

GGT (<55 IU/L)* 124.3 ± 207 37.7 ± 8.7 <0.001

HA (ng/mL) 363.8 (280.4) 178.5 (131.9) <0.001

25‐OH Vitamin D

(ng/mL)

62.4 (13.4) 96.6 (29.9) <0.001

Note: Data are expressed as frequencies, mean ± SD, median (interquartile
range) as appropriate. All p values were calculated by Wilcoxon rank‐sum
test. Asterisk (*) in first column indicate standard reference
values were obtained from MDS‐Lancet Laboratories Ltd, Ghana.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; CLD, chronic liver disease;
GGT, γ glutamyl‐transferase; HA, hyaluronic acid.

TABLE 2 Etiology, grade, and stage of liver disease.

Characteristic Frequency (%)

Cause of fibrosis

Autoimmune hepatitis 2 (5.0)

Drug induced hepatitis 1 (2.5)

HBV 29 (72.5)

Multiple liver masses 1 (2.5)

HCV 3 (7.5)

Lymphoproliferative disorder 1 (2.5)

Nonalcoholic steatohepatitis 1 (2.5)

Idiopathic‐Unknown? 2 (5.0)

Grade of inflammation

G0 12 (30)

G1 16 (40)

G2 7 (17.5)

G3–4 5 (12.5)

Stage of fibrosis

S0 23 (57.5)

S1 9 (22.5)

S2 4 (10.0)

S3–4 4 (10.0)

Note: Data are expressed in numbers and percentages.

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus.
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inflammation χ2(df = 3, n = 40) = 18.005, p < 0.001 and stage of

fibrosis χ2(df = 3, n = 40) = 8.92, p = 0.006. However, the differences

were not always consistent with the severity of fibrosis. Only the

stage S2 to S3–4 of fibrosis corresponded to an average increase in

the level of HA in agreement with what has been reported in

literature. Additionally, 25‐OH vitamin D levels were also signifi-

cantly different across the grade of inflammation χ2(df = 3,

n = 40) = 9.989, (p = 0.002) and stage of fibrosis χ2(df = 3,

n = 40) = 17.461, (p < 0.001). Taken together, the data revealed a

step‐wise decrease in the level of 25‐OH vitamin D values in

patients from liver fibrosis stage S0 to S3–4 (619 ng/mL for stage

S0, 127 ng/mL for S1, 48 ng/mL for S2 and 26 ng/mL for S3–4).

A similar trend was observed for the grades of inflammation

(Table 4). Patients with higher stages of fibrosis had lower serum

25‐OH vitamin D. Collectively, the data on serum 25‐OH vitamin D

levels demonstrated that stages of fibrosis correlated consistently with

the severity of liver fibrosis and inflammation.

A Spearman's correlation analysis indicated that there was a

negative significant correlation between CLD patients' HA and

25‐OH vitamin D levels, r = −0.33, n = 40, p < 0.05 (Table 5).

4 | DISCUSSION

4.1 | Principal findings

In the present study, we have reported the first evidence that

correlates serum levels of 25‐OH vitamin D and HA with liver fibrosis

among CLD patients in Ghana and tropical Africa. The study sought

to evaluate the levels of HA and 25‐OH vitamin D in the serum of

CLD patients to determine the possibility of using them as reliable,

consistent, inexpensive and noninvasive markers for diagnosis and

staging of liver fibrosis. The study also aimed at correlating the levels

of these two markers to the severity of liver fibrosis among the CLD

patients. This is very important because taking of histological biopsies

for staging requires certain expertize, it's invasive and may lead to

certain complication and its cost is not affordable to many Ghanaians.

The major findings in this study revealed that CLD patients had a

significantly lower serum 25‐OH vitamin D and significantly higher

HA levels compared to the healthy controls. Furthermore, 25‐OH

vitamin D levels of CLD patients were significantly different across

TABLE 3 Differences between CLD patients and healthy
controls for HA and 25‐OH vitamin D serum levels (n = 80).

Variables n Rank sum Expected Variance p value

HA

Cases 40 2082 1620

Controls 40 1158 1620 10,800 <0.001

25‐OH vitamin D

Cases 40 903 1620

Controls 40 2337 1620 10,800 <0.001

Note: Wilcoxon rank‐sum test was used to examine the significant
differences between groups.

Abbreviation: HA, hyaluronic acid.

TABLE 4 Differences between HA and 25‐OH vitamin D serum
levels with regards to stage of fibrosis and grade of inflammation
among CLD patients only (n = 40).

Variables n Rank sum χ2 value p value

HA

Grade of inflammation 18.005 0.001

G0 12 136

G1 16 385

G2 7 120

G3–4 5 179

25‐OH vitamin D

Grade of inflammation 9.989 0.019

G0 12 341

G1 16 299

G2 7 129

G3–4 5 51

HA

Stage of fibrosis 8.92 0.006

S0 23 376

S1 9 224

S2 4 72

S3–4 4 148

25‐OH vitamin D

Stage of fibrosis 17.461 0.006

S0 23. 619

S1 9 127

S2 4 48

S3–4 4 26

Note: Wilcoxon rank‐sum test was used to examine the significant

differences between groups.

Abbreviation: HA, hyaluronic acid.

TABLE 5 Correlation between HA and 25‐OH vitamin D serum
levels of CLD patients.

Serum measure Correlation
Median HA 25‐OH vitamin D

CLD patients

HA 363.8 1

25‐OH vitamin D 62.4 −0.3278* 1

Note: Spearman's correlation.

Abbreviation: HA, hyaluronic acid.

*p < 0.05.
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the stages of liver fibrosis and grades of inflammation, similar to the

trend observed for HA levels.

4.2 | Interpretation

CLDs are disorders that manifest progressively and the histological

staging of liver biopsies to determine the degree of fibrosis is the

main method of assessing the prognosis of the disease. First, we

determined the serum levels of ALT, AST, and GGT in the patients'

samples and compared to those of the healthy controls. The patients

had much greater average activity of these enzymes than the

controls, as predicted. This indicates that the patient's liver was not

functioning properly. Persistently elevated serum levels of ALT have

been linked to stages of fibrosis and its pathways of progression.23

This agreed with our results where the average ALT detected is much

higher in the cases compared to the healthy controls. Our analysis

found the predominant cause of liver abnormalities in our patients to

be HBV infection, followed by hepatitis C virus infection. These

findings are not surprising, given that HBV infection is common in

Ghana, with a prevalence of 12.3%.24

In the present study, we observed significantly higher levels of HA

in the patients compared to the healthy controls. This finding agrees

with what has been extensively reported in the literature.7–10,25

Furthermore, we observed an increased level of HA in CLD patients

from stage S2 to S3–4, which is consistent with previous studies.5

However, the level of HA decreased from grade S0 to S1, which is

contrary to most previous data.5–8 The inconsistency in the HA results

presented in this study might be due to different methods employed in

histological staging of the liver biopsies in the various studies. In the

method by Batts and Ludwig, used in this study, S0 is an indication of

normal tissue or no fibrosis and S1 denotes portal fibrosis only. Probably

this staging is able to clearly distinguish fibrosis from periportal fibrosis

(S2) to septal fibrosis (S3) and cirrhosis (S4). The disparity observed in

this study may also be due to the different etiology of CLD in this study

compared to previous ones.26 The correlation of HA presented in this

study is however not very different from what was found in a study in

Pakistan carried out by,27 where the authors observed that HA did not

consistently differentiate minimal and significant liver disease in chronic

hepatitis C patients.

The pathways to the synthesis of active vitamin D (1,25 (OH)2 D)

require hepatic hydroxylation of vitamin D2 and D3 to 25‐OH

vitamin D, therefore impaired liver function might result in low 25‐

OH vitamin D levels in the serum. Low level of vitamin D in patients

with CLD could be caused by defective or decreased hydroxylation in

the liver, impaired absorption from the intestine and decreased intake

from the diet.28 In the present study, we found that serum levels of

25‐OH vitamin D are significantly lower in patients with CLDs

compared to the healthy control subjects. Furthermore, we have

observed an inverse relationship between 25‐OH vitamin D levels

and the stage of liver fibrosis. Low serum levels of 25‐OH vitamin D

could be due to limited exposure to the sun because of long hours

spent in air‐conditioned vehicles and offices. This could be very

important in causing vitamin D deficiency among patients with end

stage liver diseases, who might spend most of their time hospitalized.

In our study, low serum levels of 25‐OH vitamin D correlated with

the severity of the histologically staged level of fibrosis and

necroinflammation. As liver fibrosis becomes severe from stage S1

to S3–4 indicating portal fibrosis to septal fibrosis and cirrhosis, 25‐

OH vitamin D levels drastically reduces (Table 4). The inflammation

data of the biopsies compared with the 25‐OH vitamin D levels also

showed a similar inverse relationship. Our findings are in agreement

with several others reported in the literature from other geographical

regions.11–18,21 Literature search indicated a paucity of information

with regards to serum 25‐OH vitamin D levels and liver fibrosis in

tropical Africa, probably because of the assumption that people are

adequately exposed to sunlight and therefore, there would not be a

deficiency of vitamin D. Furthermore, this study also showed that

25‐OH vitamin D serum levels were consistently associated with the

severity of liver fibrosis and inflammation compared to HA serum

levels. Additionally, serum 25‐OH vitamin D seems to be a more

reliable and consistent marker of liver fibrosis compared to HA in our

study. The averaged vitamin D level observed among patients with

septal fibrosis and cirrhosis was 26 ng/mL, which fall within deficient

or insufficient levels. In fact, deficient levels of 25‐OH vitamin D have

been linked to many CLD of different etiology.15–20

4.3 | Strengths of the study

Liver biopsies for histological staging were collected from clinically

diagnosed CLD patients by a single gastroenterologist throughout the

study. A single pathologist, who was unaware of the clinical history of

the CLD patients, consistently performed the histological staging

during the study using the same scoring system. Collectively, these

measures reduces the prospect of staging bias and strengthen the

objectivity and validity of the study. Furthermore, this study have a

good potential for translational application in liver disease diagnosis,

staging of liver biopsies noninvasively and inexpensively. The results

of this study could also influence the management of CLD patients in

Ghana by encouraging in this group of patients', supplementation

with vitamin D.

4.4 | Limitation of the data

Some challenges were encountered in the design and implementation

of the study because it was the first to be conducted in Ghana.

Sample size could be a limitation that could be bypassed by

performing the next study on a larger population. We did not pre‐

determine the nutritional parameters or used fasting blood of the

participants before evaluating the 25‐OH vitamin D levels. This could

influence the level of serum vitamin D at the time of taking the

samples but the healthy controls blood samples were also obtained

similar to that of the CLD patients. Furthermore, samples were taken

early in the morning to reduce this possible confounding challenge.
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5 | CONCLUSION

The findings reported in our study have potential effects on the

management of CLD patients in Ghana and Africa. CLD patients

have significantly reduced level of 25‐OH vitamin D compared to the

control subjects. Also, severity of liver fibrosis inversely correlates

with the level of 25‐OH vitamin D. Large scale clinical trials can be

potentially organized in Ghana or sub‐Saharan Africa to determine

the dose‐dependent requirement of vitamin D supplementation

among CLD. However, to actualize the clinical translatable applica-

tion of our findings, additional studies are warranted in Africa using

larger sample sizes. These further studies will help to support more

evidence‐based decisions that will be critical to direct healthcare

policy formulation in diagnosis, staging of liver fibrosis and manage-

ment of CLD.
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