
INTERNATIONAL JOURNAL OF 

MEDICAL BIOCHEMISTRY

Address for correspondence: Necip Nas, MD. Department of Internal Medicine, Private Siirt Duru Hospital, Siirt, Türkiye
Phone: +90 506 773 78 89 E-mail: necipnas@gmail.com ORCID: 0000-0002-0927-5217

Submitted: April 07, 2026 Revised: May 17, 2026 Accepted: May 20, 2026 Available Online: July 13, 2026
OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Hepatosteatosis represents the clinical starting point of a 
diverse pathological continuum. If left unmanaged, this 

condition can progress to inflammation-driven steatohepati-
tis and progressive hepatic fibrosis, potentially culminating in 
end-stage cirrhosis or hepatocellular carcinoma (HCC). A pri-
mary challenge in clinical management is the typically silent 

progression of the disease; consequently, its diagnosis and 
clinical impact are frequently recognized only after substantial 
liver damage has already occurred [1]. Recently renamed from 
non-alcoholic fatty liver disease (NAFLD) to metabolic dysfunc-
tion-associated steatotic liver disease (MASLD), this condition 
has become the leading cause of chronic liver disease globally, 
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with an estimated prevalence of 25–30% in the general popu-
lation. Current evidence emphasizes that MASLD is not merely 
a localized hepatic disorder but a complex multisystem disease. 
It is intrinsically linked to an elevated risk of cardiovascular com-
plications and persistent systemic inflammation [2, 3].
Vitamin D, a fat-soluble vitamin with potent pleiotropic ef-
fects, plays a crucial role far beyond bone metabolism. Recent 
studies indexed in PubMed have highlighted its significant 
regulatory role in the renin-angiotensin system (RAS), sug-
gesting that vitamin D deficiency may directly contribute to 
arterial hypertension and endothelial dysfunction [4]. While 
the association between reduced serum vitamin D concen-
trations and the accumulation of hepatic lipids is well docu-
mented, the precise relationship between vitamin D status 
and hemodynamic variables, specifically systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP), throughout the 
progressive stages of hepatosteatosis continues to be a focal 
point of contemporary clinical research [5–11].
Furthermore, the severity of hepatosteatosis is often reflect-
ed by alterations in hematological indices and inflamma-
tion-based ratios. Inflammatory indices, such as the neutro-
phil-to-lymphocyte ratio (NLR), which captures the balance 
between innate and adaptive immune signaling, and the 
platelet-to-lymphocyte ratio (PLR), a validated surrogate 
marker of subclinical systemic inflammation and prothrom-
botic activity, offer economical and readily available means 
to quantify systemic inflammatory burden. In addition, the 
monocyte-to-lymphocyte ratio (MLR) and the prognostic nu-
tritional index (PNI) provide valuable information regarding 
the immunological profile and nutritional status of patients 
with metabolic dysfunction [11–16]. Nevertheless, there is a 
paucity of data concerning the concurrent variations of these 
biomarkers in relation to vitamin D status across the patholog-
ical spectrum of hepatosteatosis (Grades 0, 1, and 2–3).
Although the association between vitamin D and hepatic fat 
accumulation has been well established, the specific relation-
ship between vitamin D status and hemodynamic parameters 
across different severities of hepatosteatosis remains insuffi-
ciently explored. The present study addresses this gap by in-
vestigating the interplay between vitamin D levels, vascular 
parameters, and cost-effective, readily accessible inflammato-
ry and nutritional indices, including PLR, NLR, MLR, and PNI, 
across Grade 0, Grade 1, and Grades 2–3 hepatosteatosis.

Materials and Methods

Ethical considerations
This investigation was performed in strict adherence to the eth-
ical principles outlined in the Declaration of Helsinki. The study 
protocol received formal review and institutional approval from 
the Ethics Committee of Siirt University (Date of Approval: Feb-
ruary 26, 2026; Decision No: 168386). Given the retrospective 
design of the research, the requirement for written informed 
consent was formally waived by the ethics committee.

Study design and population
This research utilized a retrospective cross-sectional design, 
evaluating a cohort of patients who underwent clinical as-
sessment at Department of Internal Medicine, Siirt Universi-
ty Faculty of Medicine between January 2022 and December 
2025. The study population comprised 369 individuals with 
hepatosteatosis, as confirmed by ultrasonographic imaging. 
All relevant clinical, biochemical, and radiological parameters 
were systematically extracted from the institutional electronic 
medical records for retrospective analysis.

Inclusion criteria:
i)	 Patients aged 18 years or older.

ii)	 Ultrasonographically confirmed hepatosteatosis (Grade 1, 
2, or 3).

iii)	 Patients with available data on serum vitamin D levels and 
complete blood count (CBC) parameters.

Exclusion criteria:
i)	 Chronic inflammatory diseases, active infections, or auto-

immune disorders.

ii)	 Known history of malignancy or chronic kidney disease 
(Stage 3 or higher).

iii)	 Use of vitamin D supplements, corticosteroids, or immu-
nosuppressive agents within the previous three months.

iv)	 Pregnancy or lactation.

v)	 Excessive alcohol consumption (defined as >20 g/day for 
women and >30 g/day for men).

Radiological grading assessment of hepatosteatosis
Hepatosteatosis was diagnosed and graded using high-res-
olution transabdominal ultrasonography performed by ex-
perienced radiologists. The radiologists were blinded to the 
clinical and laboratory findings of the participants. Based on 
parenchymal echogenicity, the presence of a “bright liver” 
appearance, and attenuation of the ultrasound beam, partic-
ipants were categorized into three groups: Group 1 (Grade 0; 
minimal), Group 2 (Grade 1; mild), and Group 3 (Grades 2–3; 
moderate-to-severe).

Hemodynamic assessment
To ensure high precision in hemodynamic evaluation, blood 
pressure (BP) measurements were performed by trained 
healthcare professionals in a standardized clinical environ-
ment. Following a 5-minute rest period in a seated position, 
BP was measured using a calibrated mercury sphygmoma-
nometer in conjunction with a validated digital oscillometric 
monitor (Omron HEM-907XL; Omron Healthcare, Kyoto, Ja-
pan). Blood pressure measurements were obtained at least 
twice, and the average values were used for statistical analysis. 
All measurements were performed in accordance with current 
international guidelines to minimize the white-coat effect and 
ensure intra-observer reliability.
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Hormonal, biochemical, and complete blood count 
measurements
To minimize the influence of diurnal fluctuations, peripheral 
venous blood samples were collected from all participants 
between 08:00 and 10:00 AM following a standardized 8–12-
hour overnight fast. Specimens were collected into special-
ized vacuum tubes containing the appropriate clot activators 
or anticoagulants. Subsequently, serum was separated by cen-
trifugation at 3,000 rpm for 10 minutes under ambient tem-
perature conditions. To ensure maximum analyte stability, all 
biochemical, hormonal, and CBC parameters were analyzed 
on the same day as sample collection.

Classification of Vitamin D status
Serum 25-hydroxyvitamin D [25(OH)D] concentrations were 
measured. Participants were stratified according to serum vi-
tamin D status using the Endocrine Society guideline thresh-
olds: deficiency (<20 ng/mL), insufficiency (20–29 ng/mL), and 
sufficiency (≥30 ng/mL) [17].

Hormonal and vitamin analysis
Serum concentrations of hormonal and vitamin parameters 
were determined using the electrochemiluminescence immu-
noassay (ECLIA) method on an automated platform (Beckman 
Coulter, UniCel DxI 600, CA, USA).
Biochemical markers, including albumin, alkaline phosphatase 
(ALP), alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), lactate dehydrogenase (LDH), triglycerides, and 
uric acid, were measured using routine enzymatic colorimet-
ric assays on a Cobas Integra 800 analyzer (Roche Diagnostics 
GmbH, Mannheim, Germany). All analyses were conducted in 
accordance with the manufacturer’s quality assurance proce-
dures to maintain analytical reliability and accuracy.

Hematological analysis and calculation of indices
CBC parameters, including absolute neutrophil count (ANC), ab-
solute lymphocyte count (ALC), absolute monocyte count (AMC), 
and platelet count, were analyzed using an automated hematol-
ogy analyzer (Sysmex XN-1000; Sysmex, Norderstedt, Germany).

Laboratory analysis and calculation of indices
The systemic inflammatory and immunological profiles were 
quantified using the following derived ratios and indices:
•	 Neutrophil-to-Lymphocyte Ratio (NLR): Determined by 

dividing the absolute neutrophil count by the absolute 
lymphocyte count. 

•	 Platelet-to-Lymphocyte Ratio (PLR): Calculated as the 
quotient of the absolute platelet count and the absolute 
lymphocyte count. 

•	 Monocyte-to-Lymphocyte Ratio (MLR): Derived from 
the ratio of the absolute monocyte count to the absolute 
lymphocyte count. 

•	 Prognostic Nutritional Index (PNI): This multiparametric 
index was calculated to assess the intersection of nutri-

tional status and immune competence using the following 
established formula: 
PNI=10×serum albumin (g/dL)+0.005×total lymphocyte 
count (per mm3)

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics 
version 20.0 (IBM Corp., Armonk, NY, USA). Categorical vari-
ables are expressed as counts and percentages (n, %), while 
continuous variables are presented as mean±standard devi-
ation (SD). The normality of continuous variables was evalu-
ated using the Shapiro–Wilk test in combination with visual 
inspection of histograms and probability plots. Parametric 
statistical methods were applied for variables with a normal 
distribution, whereas non-parametric methods were used for 
variables that violated normality assumptions.
For comparisons between two independent groups, the 
Student’s t-test was used for normally distributed variables, 
whereas the Mann–Whitney U test was applied for non-nor-
mally distributed variables. Associations between categorical 
variables were evaluated using the chi-square test or Fisher’s 
exact test, as appropriate. For comparisons among multiple 
groups (hepatosteatosis grades 0, 1, and 2–3), homogeneity 
of variances was assessed using Levene’s test before perform-
ing one-way analysis of variance (ANOVA). ANOVA was then 
followed by Tukey’s post hoc test for pairwise comparisons.
Multivariate linear regression analyses were conducted 
to determine whether serum vitamin D levels were inde-
pendently associated with blood pressure parameters after 
adjustment for potential confounding variables, including 
age, sex, BMI, diabetes status, lipid profile parameters, and 
medication use. Correlations between continuous variables 
were analyzed using Pearson’s correlation coefficient or 
Spearman’s rank correlation coefficient, as appropriate ac-
cording to data distribution.
A two-sided p-value<0.05 was considered statistically signif-
icant. The overall study workflow is summarized in Figure 1.

Results
The study cohort comprised 369 patients with ultrasono-
graphically verified hepatosteatosis, consisting of 188 fe-
males (50.9%) and 181 males (49.1%). The overall mean age 
was 47.92±13.10 years. Subgroup analysis by biological 
sex revealed a mean age of 48.16±0.92 years for males and 
47.80±0.95 years for females, with no statistically significant 
age difference between the groups (p=0.790). Detailed com-
parisons of demographic profiles and BP characteristics across 
the study population are presented in Table 1.
The mean SBP and DBP values of the entire cohort were 
131.43±18.11 mmHg and 83.68±13.39 mmHg, respectively, 
while the mean serum vitamin D concentration was 11.70±7.97 
ng/mL. Pearson correlation analysis demonstrated a signifi-
cant negative correlation between vitamin D levels and both 
SBP (r=-0.162, p=0.002) and DBP (r=-0.155, p=0.003) (Fig. 2).
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No significant correlations were observed between vitamin D 
levels and liver function tests (p>0.05). A significant positive 
correlation was detected between RDW and ALP (r=0.314, 
p=0.001), whereas a significant negative correlation was ob-
served between PLR and ALT (r=-0.164, p=0.02). No significant 
correlations were identified between NLR, MLR, or PNI and 
liver function test parameters (p>0.05).

Participants were categorized into three groups according to 
the severity of hepatosteatosis: Group 1 (Grade 0; minimal), 
Group 2 (Grade 1; mild), and Group 3 (Grades 2–3; moder-
ate-to-severe). To identify parameters associated with hep-
atosteatosis severity, one-way ANOVA followed by Tukey’s 
post hoc test was performed. Comparisons of biochemical 
and hormonal parameters among the study groups are shown 
in Table 2, while comparisons of hematological indices and 
inflammation-based ratios among the study groups are pre-
sented in Table 3. The analysis revealed significant differences 
in LDH, triglycerides, uric acid, lymphocyte count (LYM), mono-
cyte count (MONO), and PLR among the three groups (p<0.05).

Comparisons of hemodynamic, biochemical, hormonal, and 
metabolic parameters according to vitamin D status groups 
are shown in Table 4. Significant differences were observed for 
SBP, DBP, TSH, and C-peptide levels among the groups (p<0.05). 
Post hoc analyses demonstrated that SBP and DBP values dif-
fered significantly between Group 1 and Group 2, whereas no 
significant differences were observed in the other subgroup 
comparisons. Similarly, C-peptide levels were significantly 
higher in Group 2 than in Group 1. In contrast, no statistically 
significant differences were detected regarding liver function 
tests, lipid parameters, ferritin, vitamin B12, insulin, uric acid, 
or thyroid hormone levels other than TSH (all p>0.05).

Comparisons of hematological and inflammatory indices ac-
cording to vitamin D status groups are shown in Table 5. No 
statistically significant differences were observed among the 
groups regarding WBC, platelet count, MCV, RDW-C, MPV, 
neutrophil, lymphocyte, monocyte counts, or inflamma-

Figure 1. Study workflow illustrating retrospective data collection, 
ultrasonographic grading of hepatosteatosis, analytical procedures, 
and main outcomes.
PLR: Platelet-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; MLR: 
Monocyte-to-lymphocyte ratio; PNI: Prognostic nutritional index; ANOVA: Analysis 
of variance.

Figure 2. Scatter plots show the relationships between vitamin D levels and systolic (a) and diastolic (b) blood pressure Linear regression lines 
with 95% confidence intervals are displayed.
SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

a b
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tory indices, including NLR, PLR, MLR, and PNI (all p>0.05). 
Although minor numerical variations were present between 
groups, these differences did not reach statistical significance.

Discussion
The present study demonstrates that lower serum vitamin D 
levels are significantly associated with higher SBP and DBP in 
patients with ultrasonographically confirmed hepatosteato-
sis. This finding may indicate a potential association between 

vitamin D deficiency and adverse hemodynamic profiles, sug-
gesting that vitamin D status may be linked to an increased 
cardiovascular risk profile in this population. Furthermore, 
key hematological and inflammation-based indices, including 
LYM count, MONO count, PLR, LDH, triglycerides, and uric acid, 
showed significant variation across hepatosteatosis grades. 
These findings suggest that increasing hepatosteatosis sever-
ity is accompanied by progressive metabolic and systemic 
inflammatory alterations. While vitamin D levels remained 

Table 1. Comparison of demographic and blood pressure characteristics among the study groups

Group 1 (Grade 0; n=190)
Mean±SD

Group 2 (Grade 1; n=139)
Mean±SD

Group 3 (Grades 2–3; n=40)
Mean±SD

p

Age (years) 47.0±13.62 48.35±12.52 50.75±12.51 0.230a

SBP (mmHg) 129.30±17.79 133.0±18.67 135.85±16.78 0.057a

DBP (mmHg) 82.47±12.56 83.96±14.99 88.05±10.27 0.053a

Data are presented as mean±standard deviation a: p<005 was considered statistically significant using one-way ANOVA. SD: Standard deviation; SBP: Systolic blood pressure; DBP: 
Diastolic blood pressure.

Table 2. Comparison of biochemical and hormonal parameters among the study groups

Group 1 (Grade 0; n=190)
Mean±SD

Group 2 (Grade 1; n=139)
Mean±SD

Group 3 (Grades 2–3; n=40)
Mean±SD

p

AST (U/L) 2138±1111 2321±1394 2270±856 0.387a

ALT (U/L) 2635±2201 3136±2203 3275±1744 0.059a

GGT (U/L) 3332±421 3732±4239 3472±2262 0.678a

ALP (U/L) 7689±3101 7932±2591 7652±2339 0.717a

LDH (U/L)
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

161±33 170±41 184±47 0.001a

0.069b

0.020b

0.128b

CRP (mg/L) 493±622 576±805 641±567 0.352a

TG (mg/dL)
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

142±63 146±85 177±103 0.032a

0.840b

0.024b

0.073b

Total Cholesterol (mg/dL) 202±38 205±40 206±42 0.761a

LDL (mg/dL) 111±26 112±26 112±31 0.837a

HDL (mg/dL) 5583± 1189 5346± 1120 5187± 1311 0.066a

Free T3 (fT3) (pg/mL) 333±040 326±045 331±047 0.335a

Free T4 (fT4) (ng/dL) 137± 10 128± 030 128± 016 0.449a

Ferritin (ng/mL) 5122±6121 6437±6520 5894±5103 0.161a

Vitamin B12 (pg/mL) 350 ±126 331 ±101 349 ±102 0.323a

Insulin (µIU/mL) 1571 ±1281 1911 ±1910 2190 ±1454 0.052a

Vitamin D (ng/mL) 1140±838 1234±787 1094±622 0.469a

TSH (µIU/mL) 222±359 233±230 319±548 0.272a

C-peptide (ng/mL) 354±307 405±263 443±227 0.101a

Uric acid (mg/dL)
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

471±132 518±132 515±146 0.004a

0.005b

0.143b

0.992b

Data are presented as mean±standard deviation a: p<005 was considered statistically significant using one-way ANOVA; b: p<005 was considered statistically significant using post-
hoc Tukey test. SD: Standard deviation; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; LDH: Lactate 
dehydrogenase; CRP: C-reactive protein; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; WBC: White blood cell count; PLT: Platelets; TSH: Thyroid-stimulating hormone.
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comparable across all steatosis severities, their negative asso-
ciation with BP underscores a systemic cardiovascular effect 
that appears to be independent of the histological or sono-
graphic degree of liver fat accumulation.
Although serum vitamin D levels did not differ significantly 
across hepatosteatosis grades, significant inverse correla-
tions with SBP and DBP were still observed. Similarly, blood 
pressure parameters did not show significant differences 
between hepatosteatosis groups despite the observed weak 
inverse correlations with vitamin D levels. PLR levels dif-
fered significantly according to hepatosteatosis severity. This 
finding may suggest that the vascular and hemodynamic 
effects of vitamin D deficiency occur independently of the 
ultrasonographic severity of hepatosteatosis. In addition, 
the generally low vitamin D levels observed throughout the 
cohort may have reduced the ability to detect significant dif-
ferences between steatosis grades. The multifactorial patho-
physiology of MASLD, involving metabolic, inflammatory, 
and cardiovascular mechanisms, may also contribute to this 
dissociation. However, statistical significance was not consis-
tently maintained across all subgroup comparisons, particu-
larly between more advanced hepatosteatosis grades, which 
may reflect biological heterogeneity and the multifactorial 
inflammatory nature of MASLD.
Routine CBC offers a practical and cost-effective means of 
evaluating systemic immune dynamics. Parameters such as 

NLR, MLR, PLR, and the systemic immune-inflammation index 
(SII) have emerged as accessible biomarkers that capture the 
balance between distinct leukocyte subpopulations [18–20]. 
A major finding of our study is the grade-dependent alter-
ation in PLR, which reflects both platelet activation and rela-
tive lymphopenia. PLR emerged as a significant marker asso-
ciated with hepatosteatosis severity, supporting its role as an 
indicator of subclinical inflammation and prothrombotic ten-
dency. As hepatosteatosis progresses, lipid-laden hepatocytes 
trigger evolving inflammatory and fibrotic cascades. Previous 
research, such as the study by Demiröz et al. [21], demon-
strated that systemic inflammatory markers like the Pan-Im-
mune-Inflammation Value (PIV) positively correlate with hep-
atosteatosis severity; our findings extend this observation by 
identifying PLR as a particularly sensitive marker in a graded 
clinical setting. Although significant inverse correlations were 
observed between serum vitamin D levels and blood pressure 
parameters, no statistically significant differences in vitamin D 
levels or blood pressure measurements were detected across 
hepatosteatosis grades. In addition, while certain inflamma-
tory indices demonstrated significant variation between some 
subgroups, these differences were not consistently main-
tained across all hepatosteatosis stages, particularly in more 
advanced grades. These findings suggest that the observed 
associations should be interpreted cautiously given the multi-
factorial and heterogeneous nature of MASLD.

Table 3. Comparison of hematological indices and inflammation-based ratios among the study groups

Group 1 (Grade 0; n=190)
Mean±SD

Group 2 (Grade 1; n=139)
Mean±SD

Group 3 (Grades 2–3; n=40)
Mean±SD

p

WBC (×10³/µL) 741±225 761±171 758±173 0.658a

Platelet (×10³/µL) 286±69 275 ±65 291±64 0.229a

MCV (fL) 8634±586 8602±605 8604±570 0.879a

RDW-C (%) 1368±150 1378±160 1368±099 0.804a

MPV (fL) 1021±111 1012±099 1030±108 0.607a

Neutrophil (×10³/µL) 431±141 441±137 444±146 0.764a

LYM (×10³/µL)
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

239±069 260±079 248±050 0.031a

0.023b

0.753b

0.608b

MONO (×10³/µL)
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

042±013 046±013 047±014 0.014a

0.029b

0.094b

0.906b

NLR 194±089 181±071 183±069 0.349a

PLR 
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

129±46 112±34 121±35 0.001a

0.001b

0.489b

0.479b

MLR 019±0067 019±006 020±008 0.677a

PNI 4766±270 4790±274 4759±243 0.671a

Data are presented as mean±standard deviation a: p<005 was considered statistically significant using one-way ANOVA; b: p<005 was considered statistically significant using post-
hoc Tukey test. SD: Standard deviation; MCV: Mean corpuscular volume; RDW-C: Red cell distribution width; MPV: Mean platelet volume; LYM: Lymphocyte; MONO: monocytes; 
NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio; PNI: Prognostic nutritional index.
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Table 4. Comparison of hemodynamic, biochemical, hormonal, and metabolic parameters according to vitamin D status groups

Group 1 (<20 ng/mL, n=322)
Mean±SD

Group 2 (20–29 ng/mL, n=33)
Mean±SD

Group 3 (≥30 ng/mL, n=14)
Mean±SD

p

SBP (mmHg)
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

132.45±18.43 132.45±12.75 126.64±17 0.016a

0.020b

0.463b

0.854b

DBP (mmHg)
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

84.66±12.73 74.63±15.53 82.57±15.91 0.001a

0.001b

0.829b

0.141b

AST (U/L) 22.29±8.60 21.90±6.55 21.14±7.20 0.929a

ALT (U/L) 29.01±7.40 29.39±6.07 25.78±5.55 0.855a

GGT (U/L) 35.32±11.78 35.63±12.39 24.92±12.60 0.640a

ALP (U/L) 77.29±25.28 83.39±18.68 75.71±11.76 0.482a

LDH (U/L) 166.86±38.50 169.03±38.82 163.35±42.20 0.897a

CRP (mg/L) 5.56±3.21 4.93±2.05 3.42±1.85 0.483a

TG (mg/dL) 149.91±79.95 123.18±41.49 138.28±63.98 0.150a

Total cholesterol (mg/dL) 204.05±39.19 199.48±36.30 197.28±44.53 0.684a

LDL (mg/dL) 111.80±27.22 108.42±22.05 105.57±27.27 0.569a

HDL (mg/dL) 54.32± 11.85 56.74± 11.64 52.80± 11.97 0.463a

Free T3 (fT3) (pg/mL) 3.31±0.41 3.31±0.31 3.02±0.82 0.064a

Free T4 (fT4) (ng/dL) 1.33± 0.79 1.25± 0.17 1.40± 0.20 0.769a

Ferritin (ng/mL) 57.0±21.55 56.49±21.26 56.47±16.47 0.999a

Vitamin B12 (pg/mL) 340.67 ±113.81 366.96 ±125.18 336.57 ±106.30 0.455a

Insulin (µIU/mL) 17.19±6.88 21.38±5.44 21.94±4.85 0.209a

TSH (µIU/mL) 2.41±1.64 2.06±1.30 2.09±1.14 0.015a

C-peptide (ng/mL)
Group 1 vs 2
Group 1 vs 3
Group 2 vs 3

Uric acid (mg/dL)

3.69±2.27

4.92±1.34

5.20±3.19

5.10±1.36

3.82±1.78

5.13±1.71

0.015a

0.010b

0.984b

0.280b

0.730a

Data are presented as mean±standard deviation. a: p<0.05 was considered statistically significant using one-way ANOVA. b: p<0.05 was considered statistically significant using 
post-hoc Tukey test. SD: Standard deviation; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; 
LDH: Lactate dehydrogenase; CRP: C-reactive protein; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; WBC: White blood cell count; PLT: Platelets; TSH: Thy-
roid-stimulating hormone.

Table 5. Comparison of hematological and inflammatory indices according to vitamin D status groups

Group 1 (<20 ng/mL, n=322)
Mean±SD

Group 2 (20–29 ng/mL, n=33)
Mean±SD

Group 3 (≥30 ng/mL, n=14)
Mean±SD

p

WBC (×10³/µL) 7.49±1.77 7.68±3.79 7.80±1.76 0.773a

Platelet (×0³/µL) 283.68±66.55 274.78±70.80 280.92±64.15 0.271a

MCV (fL) 86.28±5.92 85.09±6.11 86.92±4.66 0.879a

RDW-C (%) 13.71±1.45 13.81 ±1.93 13.69±1.26 0.713a

MPV (fL) 10.16±1.06 10.26±0.99 10.4±1.08 0.409a

Neutrophil (×10³/µL) 4.40±1.43 4.0±1.18 4.6±1.41 0.431a

LYM (×10³/µL) 2.48±0.69 2.53±0.92 2.46±0.82 0.925a

MONO (×10³/µL) 0.44±0.13 0.44± 0.14 0.43±0.11 0.903a

NLR 1.89±0.82 1.72±0.64 2.03±0.88 0.431a

PLR 122±41 118±42 122±38 0.879a

MLR 0.189±0.066 0.186±0.0561 0.189±0.0805 0.971a

PNI 47.78±2.66 47.70±3.19 41.17±1.76 0.710a

Data are presented as mean±standard deviation. a: p<0.05 was considered statistically significant using one-way ANOVA. WBC: White blood cell count; MCV: Mean corpuscular 
volume; MPV: Mean platelet volume; LYM: Lymphocyte count; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio; PNI: 
Prognostic nutritional index.
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The pleiotropic effects of vitamin D on immune regulation, in-
sulin sensitivity, and inflammatory pathways provide a biolog-
ical basis for these observations. The proposed link between 
vitamin D status and MASLD involves attenuation of adipose 
tissue-derived inflammation and suppression of hepatic fi-
brotic processes through vitamin D receptor-dependent 
pathways [22]. According to the "two-hit" hypothesis, the ini-
tial "hit" of insulin resistance drives triglyceride accumulation, 
whereas the "second hit," characterized by oxidative stress and 
proinflammatory cytokines, initiates local and systemic in-
flammation [23]. Our observed negative correlation between 
PLR and ALT further suggests that inflammatory dysregulation 
may not always parallel conventional liver enzyme elevations, 
reinforcing the concept that systemic inflammation can occur 
independently of overt hepatocellular injury.

While many studies have associated MASLD with lower vita-
min D levels due to impaired mobilization from adipose tissue 
in obese individuals [24–28], some population-based reports 
have failed to identify such differences [29, 30]. These discrep-
ancies may arise from heterogeneity in diagnostic criteria or 
genetic polymorphisms in the vitamin D receptor [31, 32]. 
Although previous studies consistently linked low vitamin D 
levels to metabolic syndrome [33, 34], data examining hemo-
dynamic parameters across graded hepatosteatosis remain 
limited. Our study addresses this gap by demonstrating that 
reduced vitamin D levels correlate with elevated blood pres-
sure independently of hepatosteatosis severity, indicating a 
predominantly vascular influence rather than one confined to 
liver pathology. Vitamin D deficiency has been associated with 
endothelial dysfunction, increased activation of the renin–an-
giotensin–aldosterone system (RAAS), impaired vascular com-
pliance, and increased arterial stiffness, all of which may con-
tribute to elevated blood pressure in patients with MASLD [35, 
36]. In addition, chronic low-grade inflammation and oxidative 
stress accompanying metabolic liver disease may further ex-
acerbate vascular dysfunction and hemodynamic impairment.

Regarding inflammatory indices, our finding that PLR, rather 
than NLR or MLR, was significantly associated with disease se-
verity is noteworthy. While some investigations have reported 
elevated NLR in advanced MASLD [19, 34, 37–42], the lack of 
significance in our cohort may be explained by the predomi-
nance of early-stage hepatosteatosis. In these early stages, sys-
temic inflammatory activation may be sufficient to alter PLR be-
fore inducing the marked neutrophil-to-lymphocyte imbalance 
typically observed in advanced fibrosis or cirrhosis [43–45].

Given the central role of the liver in nutritional metabolism, 
nutritional impairment is a common feature across chronic liv-
er disease. In this context, PNI, as a composite marker reflect-
ing serum albumin levels and lymphocyte count, provides a 
cost-effective and readily accessible measure of nutritional and 
immunological status [46, 47]. Higher PNI values have been 
shown to correlate with an increased likelihood of MASLD while 
exhibiting an inverse association with the risk of atrial fibrilla-
tion [47]. However, additional well-designed studies are neces-

sary to confirm and validate these findings. Although PNI did 
not differ significantly across hepatosteatosis grades in our co-
hort, this finding may reflect the predominance of early-stage 
disease, in which overt malnutrition has not yet developed. PNI 
may therefore have greater clinical relevance in advanced stag-
es of liver disease or in longitudinal assessments rather than 
in cross-sectional evaluations of early hepatosteatosis. Taken 
together, these findings suggest that lymphocyte dynamics, as 
a key component of the PNI calculation, vary across different 
stages of MASLD and may account for the divergent patterns 
observed in PNI throughout disease progression [48].

Clinical implications and limitations
The observed inverse association between serum vitamin D 
levels and blood pressure parameters may suggest a potential 
relationship between vitamin D deficiency and cardiovascu-
lar risk in patients with hepatosteatosis. However, given the 
weak correlation strength, these findings should be interpret-
ed cautiously and may have limited clinical predictive value. 
In addition, readily accessible hematological indices such as 
PLR may provide supportive information regarding systemic 
inflammatory status in clinical practice.
Several limitations should be acknowledged. First, due to the 
cross-sectional and retrospective design of the study, the ob-
served associations should not be interpreted as causal rela-
tionships. Second, although ultrasonography is widely used 
in routine clinical practice for the assessment of hepatoste-
atosis, it has lower sensitivity than histological evaluation or 
advanced imaging modalities such as MRI-PDFF. Although 
ultrasonographic grading was performed by multiple experi-
enced radiologists who were blinded to clinical and labora-
tory findings, formal interobserver variability analysis could 
not be performed because of the retrospective study design. 
Furthermore, information regarding antihypertensive treat-
ment was not consistently available and therefore could not 
be comprehensively assessed. Additionally, several important 
metabolic and cardiovascular confounding factors, including 
waist circumference, smoking status, and insulin resistance in-
dices such as HOMA-IR, were not consistently available, which 
may have limited comprehensive risk adjustment. Fibrosis 
severity was also not systematically evaluated. Seasonal vari-
ation in serum vitamin D levels could not be comprehensive-
ly assessed due to the retrospective design. In addition, the 
relatively small sample size in the advanced hepatosteatosis 
group may have limited statistical power for certain subgroup 
comparisons. Finally, the relatively weak correlations ob-
served in this study may limit the generalizability and clinical 
applicability of the findings. Further large-scale prospective 
and interventional studies are needed to clarify the clinical 
significance of these associations in patients with MASLD.

Conclusion
In summary, variations in readily accessible hematological in-
flammatory indices, particularly PLR, across different stages of 
hepatosteatosis may support the presence of low-grade system-
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ic inflammation accompanying the progression of metabolic liv-
er disease. In addition, serum vitamin D levels were significant-
ly associated with blood pressure parameters in patients with 
hepatosteatosis; however, the strength of these associations 
was weak and should therefore be interpreted cautiously. These 
findings suggest that vitamin D status and hematological inflam-
matory markers may provide supportive clinical information in 
patients with MASLD. Nevertheless, given the cross-sectional 
design and modest correlation strengths, further large-scale 
prospective studies are required to clarify the clinical signifi-
cance and potential causal relationships of these associations. 
Future prospective multicenter studies incorporating fibrosis as-
sessment and longitudinal evaluation of inflammatory markers 
are needed to further elucidate the clinical utility of vitamin D 
status and inflammatory indices in patients with MASLD.
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