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Abstract
Background/Aims: Chronic hepatitis C virus (HCV) infection is accompanied by persistent 
hepatic inflammation, progressive fibrogenesis and metabolic disturbance, of which insulin 
resistance (IR) is the most consistently reported. The neutrophil-to-lymphocyte ratio (NLR), 
derived from a routine complete blood count, has been proposed as an inexpensive index of 
systemic inflammatory activity, but its diagnostic accuracy for IR in fibrotic chronic hepatitis C 
has not been quantified in Iraqi patients. To quantify the cross-sectional diagnostic performance 
of NLR for the identification of insulin resistance in patients with fibrotic chronic hepatitis C, 
and to characterise its associations with metabolic, inflammatory and hepatic biochemical 
parameters. Methods: A case–control study was conducted at the Baghdad Hospital for 
Gastroenterology and Hepatology, Medical City, Baghdad, Iraq, between December 2021 and 
January 2022. One hundred and fifty participants were enrolled consecutively until each of three 
groups reached its a priori target of 50: patients with fibrotic chronic hepatitis C and insulin 
resistance (CHC+IR), patients with fibrotic chronic hepatitis C without insulin resistance (CHC−
IR), and apparently healthy controls. Insulin resistance was defined a priori as a Homeostatic 
Model Assessment for Insulin Resistance (HOMA-IR) value ≥ 2.6. Hepatic fibrosis was recorded 
as present or absent from clinical, ultrasonographic and available histological records; stage-
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level fibrosis data were not available. Complete blood count, liver function tests including 
alanine aminotransferase (ALT) and aspartate aminotransferase (AST), fasting glucose, fasting 
insulin, C-reactive protein (CRP), interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-α) 
were measured. Groups were compared by Welch analysis of variance with Games–Howell 
post hoc tests. Diagnostic performance was assessed by receiver operating characteristic 
(ROC) analysis with DeLong confidence intervals and Youden-optimal cut-offs; associations 
were quantified by Pearson and Spearman correlation with 95 % confidence intervals, and 
independence was examined by multivariable linear regression and by Firth penalised logistic 
regression. A sensitivity analysis in which the HOMA-IR threshold of 2.6 was applied strictly, 
so that a single clinically allocated patient with a recalculated value of 2.59 was reassigned, 
was performed for all principal outcomes. Results: The three groups were comparable for age 
(p = 0.075) and sex (p = 0.593). NLR increased stepwise across controls, CHC−IR and CHC+IR 
(1.79 ± 0.02, 1.95 ± 0.13 and 2.53 ± 0.15, respectively; Welch F = 625.5, p < 0.001; all pairwise 
comparisons p < 0.001). Within the chronic hepatitis C cohort (n = 100), NLR separated insulin-
resistant from non-insulin-resistant patients completely, giving an area under the curve (AUC) 
of 1.000 at an exploratory, cohort-derived Youden-optimal cut-off of 2.24, with sensitivity 
and specificity of 100 % (95 % CI 92.9–100 % for each). NLR discriminated fibrotic chronic 
hepatitis C from healthy controls with an AUC of 0.942 (95 % CI 0.885–0.972) at a cut-off of 
1.85 (sensitivity 90.0 %, specificity 100 %), whereas the AST/ALT ratio was uninformative (AUC 
0.528, p = 0.583). NLR correlated strongly with HOMA-IR (r = 0.898, 95 % CI 0.852–0.930), 
fasting insulin (r = 0.903), CRP (r = 0.913), TNF-α (r = 0.906) and IL-6 (r = 0.798) (all p < 0.001). 
NLR remained independently associated with HOMA-IR after adjustment for age and sex (B 
= 2.31, 95 % CI 2.08–2.54, p < 0.001) and after further adjustment for hepatic biochemical 
markers (B = 1.55, 95 % CI 1.16–1.94, p < 0.001). Under strict application of the HOMA-
IR threshold, which reassigned that patient and gave strata of 49 and 51 patients, the AUC 
for NLR was 0.9994 (95 % CI 0.9932–0.9999), the Youden-optimal threshold was recovered 
unchanged at 2.24, sensitivity remained 100 % and specificity fell to 98.0 % (95 % CI 89.7–99.7 
%), and the regression estimates were essentially unaltered (B = 2.31, 95 % CI 2.08–2.54; odds 
ratio 12.04 per 0.1-unit increment in NLR); the direction, magnitude and statistical significance 
of every principal result were unchanged. Conclusion: In this cohort, NLR was strongly and 
independently associated with insulin resistance and discriminated insulin-resistant from 
non-insulin-resistant patients with fibrotic chronic hepatitis C with high accuracy. Because the 
groups were completely separated on NLR and the threshold was derived in the same sample, 
the cut-off of 2.24 is an exploratory, cohort-derived threshold rather than an established 
clinical cut-off, and the accuracy estimates are optimistic and require independent external 
validation. As all patients had fibrosis and no fibrosis staging was available, the present data 
support a diagnostic association with the presence of disease rather than prediction of fibrosis 
severity.

Introduction

Chronic hepatitis C virus (HCV) infection remains a major global public health burden 
despite the availability of highly effective direct-acting antiviral agents. Persistent viral 
replication maintains hepatic inflammation and progressive loss of functional liver tissue, 
which culminates in fibrosis, cirrhosis and hepatocellular carcinoma [1]. Fibrogenesis in this 
setting is driven principally by sustained inflammatory signalling and hepatic stellate cell 
activation, with consequent excessive deposition of extracellular matrix and distortion of the 
hepatic architecture [2].

Chronic HCV infection is increasingly recognised as a systemic inflammatory and 
metabolic disorder rather than a disease confined to the liver. Clinical and experimental 
studies have consistently linked HCV infection to insulin resistance (IR), which in turn 
increases the risk of type 2 diabetes mellitus and accelerates fibrosis progression [3]. Viral 
proteins and inflammatory mediators interfere with insulin receptor signalling through 
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oxidative stress and the release of pro-inflammatory cytokines, in particular interleukin-6 
(IL-6) and tumour necrosis factor-alpha (TNF-α), which are regarded as important effectors 
of both chronic inflammatory activity and metabolic derangement in HCV infection [4].

Liver biopsy remains the reference standard for the assessment of hepatic fibrosis, but 
it is invasive and costly, and is limited by sampling variability, inter-observer disagreement 
and patient discomfort [5]. Consequently, attention has turned to non-invasive biomarkers 
capable of providing reliable information on hepatic inflammation, fibrosis burden and 
metabolic disturbance in chronic liver disease [6].

The neutrophil-to-lymphocyte ratio (NLR), computed from routine complete blood count 
parameters, has attracted interest as an index of systemic inflammation across inflammatory, 
infectious and neoplastic conditions [7]. An elevated NLR reflects an imbalance between 
neutrophil-mediated innate inflammatory activity and lymphocyte-mediated immune 
regulation; in chronic liver disease, higher values have been associated with advanced 
fibrosis and cirrhosis [8] and with increased all-cause mortality in patients with cirrhosis 
[9]. In chronic hepatitis C specifically, Abdel-Razik et al. reported a higher NLR in patients 
with HOMA-IR above 3 than in those without insulin resistance, positive correlations of NLR 
with HOMA-IR, CRP, TNF-α and IL-6, and a higher NLR in advanced than in early fibrosis [10]. 
Other studies, however, found NLR unrelated to insulin resistance and to fibrosis assessed 
by transient elastography [11], or to histological fibrosis severity [12]. The evidence linking 
NLR to insulin resistance in fibrotic chronic hepatitis C is therefore limited and inconsistent, 
and we are not aware of any study that has examined this relationship in Iraqi patients.

The present study was therefore designed to quantify the cross-sectional diagnostic 
performance of NLR for the identification of insulin resistance in patients with fibrotic 
chronic hepatitis C, to characterise the associations of NLR with metabolic, inflammatory and 
hepatic biochemical parameters, and to determine whether any such association persists 
after adjustment for potential confounding variables. Because the design is cross-sectional, 
the analysis addresses diagnostic discrimination at a single time point and does not evaluate 
longitudinal prediction. Any threshold identified in these data is, by construction, derived 
in the same sample in which it is evaluated, and is therefore presented throughout as an 
exploratory value requiring independent validation.

Materials and Methods

Study design and setting
This observational case–control study was conducted at the Baghdad Hospital for Gastroenterology 

and Hepatology, Medical City, Baghdad, Iraq, between December 2021 and January 2022. All laboratory 
measurements were obtained from a single fasting venous sample per participant, and no follow-up visits 
were undertaken. Reporting was guided by the STARD 2015 recommendations for diagnostic accuracy 
studies [13] and the STROBE statement for observational research [14].

Participants and group definitions
The sample size was determined a priori using G*Power [15]. For the primary three-group comparison, 

50 participants per group (N = 150) provide a power of 0.80 at a two-sided α of 0.05 to detect an effect size 
of f = 0.26 by one-way analysis of variance, corresponding to a medium effect. Eligible patients attending 
the hepatology clinics and eligible apparently healthy volunteers were enrolled consecutively until each of 
the three groups reached this target of 50 participants, after which enrolment to that group ceased. The first 
group (CHC+IR, n = 50) comprised patients with chronic hepatitis C infection, documented hepatic fibrosis 
and insulin resistance. The second group (CHC−IR, n = 50) comprised patients with chronic hepatitis C 
infection and documented hepatic fibrosis but without insulin resistance. The third group (control, n = 50) 
comprised apparently healthy, HCV-negative volunteers of comparable age and sex distribution recruited 
from the same catchment population. The diagnosis of chronic hepatitis C was established by the attending 
hepatologists on the basis of persistent anti-HCV seropositivity with detectable HCV RNA for more than six 
months, supported by clinical, laboratory and imaging assessment. Group allocation was determined before 
any of the analyses reported here were performed.
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Inclusion and exclusion criteria
Adult patients with an established diagnosis of chronic hepatitis C were eligible. To limit confounding 

of inflammatory and metabolic parameters, participants were excluded if they had concurrent viral hepatitis 
other than HCV, autoimmune disease, acute or chronic bacterial infection, malignancy, diabetes mellitus not 
attributable to HCV infection, or any other chronic systemic illness. Healthy controls were required to be 
free of these conditions and to be HCV seronegative.

Definition and assessment of hepatic fibrosis
Hepatic fibrosis was recorded as a binary variable (present or absent). No uniform protocol-defined 

threshold or staging system was applied: fibrosis status was taken from the pre-existing clinical diagnosis 
recorded by the treating hepatologist on the basis of the available clinical, biochemical and ultrasonographic 
information and, where available, histological reports already present in the hospital file. Neither transient 
elastography nor prospective protocol-driven liver biopsy was performed for the purposes of this study, and 
stage-level fibrosis scores (METAVIR or equivalent) were not uniformly recorded and could therefore not be 
retrieved. As a consequence, all 100 patients with chronic hepatitis C were classified as having fibrosis and 
all 50 controls as not having fibrosis, so that fibrosis status and HCV status were completely collinear in this 
dataset. Analyses involving fibrosis are accordingly presented as discrimination between fibrotic chronic 
hepatitis C and healthy controls, and no analysis of NLR across increasing fibrosis severity was possible. 
This constraint is emphasised again in the interpretation of the results and in the limitations.

Definition and assessment of insulin resistance
Insulin resistance was quantified using the Homeostatic Model Assessment for Insulin Resistance 

(HOMA-IR), calculated as fasting insulin (μIU/mL) multiplied by fasting plasma glucose (mmol/L) and 
divided by 22.5 [16]. Insulin resistance was defined a priori as HOMA-IR ≥ 2.6, the threshold in routine 
clinical use at the recruiting centre. Because published HOMA-IR thresholds vary between populations and 
studies, this value is not presented as a broadly established cut-off, and the effect of applying it strictly was 
examined in the sensitivity analysis described in Section 2.11.

Group allocation was made clinically at recruitment and was not revised in the light of the analytical 
dataset. Recalculation of HOMA-IR from the recorded fasting insulin and glucose values reproduced the 
clinical allocation in 149 of the 150 participants (99.3 %). One patient allocated clinically to the CHC+IR 
group had a recalculated HOMA-IR of 2.59, marginally below the threshold. That patient was retained in 
the originally assigned group for the primary analysis, so that group membership was not redefined post 
hoc, and the consequences of applying the threshold strictly were examined in the pre-specified sensitivity 
analysis described in Section 2.11. No participant allocated to either non-insulin-resistant group reached 
the threshold.

Ethical approval and informed consent
The study was conducted in accordance with the ethical principles of the Declaration of Helsinki. The 

study protocol and the accompanying participant consent documentation were reviewed and approved 
before the commencement of enrolment by the Ethics Committee of the Institute of Genetic Engineering and 
Biotechnology for Postgraduate Studies, University of Baghdad, Baghdad, Iraq (reference ETH/255/MOH26, 
issued 15 October 2021). The approval letter records that the committee reviewed the proposal description 
and the consent form, approved the research to be conducted in the form presented, and required that the 
committee be informed of the progress of the study, of any serious adverse event, and of any subsequent 
amendment to the protocol or to the participant information and consent documentation. A copy of the 
approval letter has been provided to the Editorial Office.

Consent was obtained from every participant before enrolment and sample collection, in the form 
specified in the approved protocol. Because the study involved no intervention beyond a single venous 
blood sample obtained during routine clinical care and carried no more than minimal risk, consent was 
administered verbally by a member of the clinical team using a standardised information script derived 
from the approved consent documentation, and was recorded by the consenting clinician in the participant’s 
study record, which was countersigned and dated at the time of enrolment. Participation was voluntary, no 
direct or indirect personal identifiers were retained in the analytical dataset, and participants were free to 
withdraw at any time without any effect on their clinical care.
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Sample collection
After an overnight fast of at least eight hours, approximately 5 mL of venous blood was drawn from each 

participant under aseptic conditions. Blood was distributed into a dipotassium ethylenediaminetetraacetic 
acid tube for haematological analysis and into a plain gel separator tube for biochemical and immunological 
analysis. Serum was obtained by centrifugation at 3000 rpm for 10 minutes, aliquoted and stored at −20 °C 
until analysis. Haematological analysis was performed within two hours of collection.

Haematological and biochemical analysis
Absolute neutrophil and lymphocyte counts were obtained by automated complete blood count 

analysis on a Sysmex XN-350 haematology analyser (Sysmex Corporation, Kobe, Japan). The neutrophil-
to-lymphocyte ratio was calculated as the absolute neutrophil count divided by the absolute lymphocyte 
count, both expressed as ×10⁹/L. Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), total bilirubin, total protein and fasting 
plasma glucose were measured on a cobas c 311 clinical chemistry analyser (Roche Diagnostics, Mannheim, 
Germany) according to the manufacturer’s instructions, and the AST/ALT ratio was derived arithmetically. 
Fasting insulin was measured by electrochemiluminescence immunoassay on a cobas e 411 analyser (Roche 
Diagnostics, Mannheim, Germany). Internal quality control material at two concentrations was analysed in 
each run, and all measurements were performed by operators blinded to group allocation.

Measurement of inflammatory biomarkers
Serum C-reactive protein was measured by particle-enhanced immunoturbidimetric assay on the 

cobas c 311 analyser (Roche Diagnostics, Mannheim, Germany). Serum interleukin-6 and tumour necrosis 
factor-alpha concentrations were quantified by quantitative sandwich enzyme-linked immunosorbent 
assay kits (SunLong Biotech Co., Ltd., Hangzhou, China) according to the manufacturer’s instructions. The 
manufacturer-stated assay range and sensitivity are 2–80 pg/mL and 0.5 pg/mL for the IL-6 kit (catalogue 
no. SL1001Hu), and 6–300 pg/mL and 2.2 pg/mL for the TNF-α kit (catalogue no. SL1761Hu). In both 
assays, horseradish peroxidase-conjugated detection antibody and tetramethylbenzidine substrate were 
used, absorbance was read at 450 nm, and concentrations were interpolated from the standard curve run 
on each plate. All samples were assayed in duplicate on a single reagent lot for each analyte, and the mean of 
the duplicates was used in the analysis. One TNF-α value (5.78 pg/mL, control group) lay marginally below 
the lower limit of the stated assay range but above the kit sensitivity, and one IL-6 value (80.92 pg/mL) lay 
marginally above the upper limit of the stated range but below the highest calibrator (90 pg/mL); both were 
retained as measured.

Statistical analysis
All analyses were performed on the complete dataset of 150 participants; there were no missing values 

for any variable, and no imputation was required. The distribution of each continuous variable was examined 
within each group by the Shapiro–Wilk test, and homogeneity of variance was assessed by the Levene test. 
Continuous data are presented as mean ± standard deviation. Because variances were heterogeneous for 
several variables, between-group comparisons were performed by the Welch analysis of variance with 
Games–Howell post hoc tests, which do not assume equal variances or equal group sizes [17]. Categorical 
variables are presented as counts and percentages and were compared by the chi-square test.

Associations of NLR with metabolic, inflammatory and hepatic parameters were quantified by the 
Pearson product-moment correlation coefficient with 95 % confidence intervals derived from the Fisher 
z transformation, with the Spearman rank correlation coefficient reported in parallel as a distribution-free 
confirmation. Correlations were computed within the chronic hepatitis C cohort (n = 100), which is the 
clinically relevant stratum, and repeated in the full cohort (n = 150). Partial correlations adjusted for age 
and sex were obtained by correlating the residuals of the corresponding linear models.

Diagnostic performance was assessed by receiver operating characteristic (ROC) analysis. The area 
under the curve (AUC) and its 95 % confidence interval were estimated by the non-parametric method 
of DeLong with a logit transformation, and areas under correlated curves were compared by the DeLong 
test [18]. The threshold maximising the Youden index was identified [19]. Because that threshold was both 
derived and evaluated in the same sample, it is reported throughout as an exploratory, cohort-derived value 
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rather than as a diagnostic cut-off proposed for clinical use. Sensitivity, specificity, positive and negative 
predictive values and overall accuracy at the selected threshold are reported with Wilson score 95 % 
confidence intervals.

The independence of the association between NLR and insulin resistance was examined in two 
complementary ways. First, HOMA-IR was modelled as a continuous outcome in multivariable linear 
regression, with unstandardised coefficients, 95 % confidence intervals and variance inflation factors 
reported. Second, insulin resistance was modelled as a binary outcome; because NLR separated the two 
classes completely, conventional maximum-likelihood logistic regression does not yield finite estimates, and 
Firth penalised likelihood logistic regression was used instead, with profile penalised-likelihood confidence 
intervals and penalised likelihood ratio tests [20, 21]. All tests were two-sided and a p-value below 0.05 was 
considered statistically significant. Analyses were performed in SPSS version 21 (IBM Corp., Armonk, NY, 
USA) and independently reproduced in Python version 3.12 using the NumPy, SciPy, pandas, scikit-learn 
and statsmodels libraries.

Sensitivity analysis of the insulin-resistance classification
Because one clinically allocated patient in the CHC+IR group had a recalculated HOMA-IR of 2.59, 

marginally below the a priori threshold of 2.6, the robustness of the principal results to the classification 
rule was examined in a sensitivity analysis. In that analysis the threshold of HOMA-IR ≥ 2.6 was applied 
strictly to the recalculated values, so that the patient concerned was reassigned to the non-insulin-resistant 
stratum and the two chronic hepatitis C groups became 49 and 51 patients, respectively. The complete 
set of principal analyses was then repeated without further modification, comprising the between-group 
comparison of NLR, the ROC analysis of NLR for insulin resistance within the chronic hepatitis C cohort with 
re-estimation of the AUC and of the Youden-optimal threshold, the multivariable linear regression of HOMA-
IR on NLR adjusted for age and sex, and the penalised logistic regression of insulin resistance on NLR. The 
linear model is by construction invariant to the classification rule, since HOMA-IR enters as a continuous 
outcome, the covariates are unchanged, and the reclassification relabels one patient without adding 
or removing any observation; it is nevertheless refitted and reported so that the invariance is verifiable 
rather than merely asserted. Because the reclassification is capable of introducing overlap between the 
two NLR distributions, the ROC analysis of the reclassified data was additionally examined for whether the 
DeLong variance became estimable, and a conventional maximum-likelihood logistic model was refitted to 
determine whether finite estimates could be obtained. The primary analysis retains the clinical allocation, 
because that allocation was fixed before any analysis was undertaken; the sensitivity analysis is reported 
alongside it so that the influence of the single borderline observation is fully transparent.

Data, code and reproducibility
The de-identified participant-level dataset (Supplementary Data S1), the corresponding statistical 

output (Supplementary File S2), and the analysis code used to reproduce the principal analyses 
(Supplementary Code S3) are provided as supplementary materials. The dataset contains a sequential study 
identifier in place of any hospital or personal identifier, and no name, date of birth, admission number, 
address or other directly or indirectly identifying field is included. From Supplementary Data S1 alone, 
Supplementary Code S3 reproduces the between-group comparison of NLR, the ROC analyses of NLR and 
the comparator markers, the linear and penalised logistic regression of the association between NLR and 
insulin resistance, and the sensitivity analysis of Section 3.9, and Supplementary File S2 records its output.

Results

Demographic characteristics
The study population comprised 150 participants distributed equally among the three 

groups. Mean age was 49.74 ± 4.13 years in controls, 51.02 ± 4.71 years in the CHC−IR group 
and 52.00 ± 5.90 years in the CHC+IR group, with no statistically significant difference 
between groups (F = 2.60, p = 0.075). Male participants accounted for 27 (54.0 %), 32 (64.0 
%) and 29 (58.0 %) of the control, CHC−IR and CHC+IR groups respectively, and the sex 
distribution did not differ significantly between groups (χ² = 1.045, df = 2, p = 0.593). The 



Cell Physiol Biochem 2026;60:592-610
DOI: 10.33594/000000892
Published online: 30 September 2026 598

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2026 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG

Alnaqqash  et al.: NLR For Insulin Resistance in Chronic Hepatitis C

three groups were therefore comparable with respect to the two principal demographic 
determinants of the parameters under study (Table 1).

Haematological parameters and the neutrophil-to-lymphocyte ratio
Absolute neutrophil counts rose progressively across the three groups, from 3.83 ± 0.27 

×10⁹/L in controls to 4.56 ± 0.40 ×10⁹/L in the CHC−IR group and 5.36 ± 0.56 ×10⁹/L in the 
CHC+IR group (Welch F = 170.7, p < 0.001), with all three pairwise comparisons statistically 
significant (p < 0.001). Lymphocyte counts were 2.14 ± 0.15, 2.34 ± 0.16 and 2.12 ± 0.23 
×10⁹/L respectively (Welch F = 25.8, p < 0.001); the CHC−IR group differed from both the 
control group (p < 0.001) and the CHC+IR group (p < 0.001), whereas controls and the 
CHC+IR group did not differ (p = 0.859). The neutrophil-to-lymphocyte ratio increased in a 
stepwise manner across the three groups, from 1.79 ± 0.02 in controls to 1.95 ± 0.13 in the 
CHC−IR group and 2.53 ± 0.15 in the CHC+IR group (Welch F = 625.5, p < 0.001), and all three 
pairwise comparisons were statistically significant (p < 0.001). The observed ranges did not 
overlap between the CHC−IR group (1.62–2.22) and the CHC+IR group (2.24–2.80) (Table 2).

Liver function biomarkers
Serum ALT rose from 30.80 ± 3.64 U/L in controls to 38.79 ± 5.90 U/L in the CHC−IR 

group and 48.97 ± 5.17 U/L in the CHC+IR group (Welch F = 207.4, p < 0.001), and AST from 
31.12 ± 5.65 to 39.62 ± 5.89 and 49.40 ± 5.60 U/L (Welch F = 131.4, p < 0.001). Corresponding 
increases were observed for GGT (30.04 ± 4.88, 42.12 ± 4.90 and 53.02 ± 4.91 U/L; Welch 
F = 274.0, p < 0.001), ALP (118.70 ± 8.76, 132.00 ± 9.50 and 140.00 ± 9.97 U/L; Welch F = 
67.0, p < 0.001) and total bilirubin (0.95 ± 0.12, 1.17 ± 0.18 and 1.40 ± 0.18 mg/dL; Welch F 
= 110.8, p < 0.001). Total serum protein decreased across the same sequence (7.69 ± 0.12, 
7.38 ± 0.06 and 7.17 ± 0.04 g/dL; Welch F = 547.8, p < 0.001). By contrast, the AST/ALT ratio 
was essentially identical in the three groups (1.02 ± 0.19, 1.04 ± 0.18 and 1.02 ± 0.15; Welch 
F = 0.3, p = 0.776) (Table 3).

Table 1. Demographic characteristics of the study participants. Values are mean ± standard deviation or 
n (%). CHC−IR, chronic hepatitis C without insulin resistance; CHC+IR, chronic hepatitis C with insulin 
resistance 

Variable Control (n = 50) CHC−IR (n = 50) CHC+IR (n = 50) Test statistic p-value 
Age (years) 49.74 ± 4.13 51.02 ± 4.71 52.00 ± 5.90 F = 2.60 0.075 
Male, n (%) 27 (54.0) 32 (64.0) 29 (58.0) χ² = 1.045 0.593 
Female, n (%) 23 (46.0) 18 (36.0) 21 (42.0) χ² = 1.045 0.593 

 
Table 2. Haematological parameters and neutrophil-to-lymphocyte ratio among the study groups. Values 
are mean ± standard deviation. NLR, neutrophil-to-lymphocyte ratio. Games–Howell post hoc comparisons 
were significant at p < 0.001 for all pairs except control versus CHC+IR for lymphocytes (p = 0.859) 

Variable Control (n = 50) CHC−IR (n = 50) CHC+IR (n = 50) Welch F p-value 
Neutrophils (×10⁹/L) 3.83 ± 0.27 4.56 ± 0.40 5.36 ± 0.56 170.7 <0.001 
Lymphocytes (×10⁹/L) 2.14 ± 0.15 2.34 ± 0.16 2.12 ± 0.23 25.8 <0.001 
NLR 1.79 ± 0.02 1.95 ± 0.13 2.53 ± 0.15 625.5 <0.001 
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Metabolic parameters and insulin resistance
Fasting plasma glucose increased from 87.62 ± 5.05 mg/dL in controls to 103.00 ± 5.36 

mg/dL in the CHC−IR group and 109.60 ± 6.16 mg/dL in the CHC+IR group (Welch F = 213.3, 
p < 0.001). Fasting insulin was 6.13 ± 0.32, 7.23 ± 1.21 and 12.37 ± 0.84 μIU/mL respectively 
(Welch F = 1194.8, p < 0.001), and HOMA-IR was 1.33 ± 0.12, 1.84 ± 0.36 and 3.35 ± 0.35 
(Welch F = 747.6, p < 0.001). All pairwise comparisons for the three metabolic variables 
were statistically significant (p < 0.001). Recalculated HOMA-IR values ranged from 2.59 to 
4.15 in the CHC+IR group and from 1.02 to 2.59 in the two non-insulin-resistant groups; the 
lower bound of the former range corresponds to the single borderline patient described in 
Section 2.5, whose reassignment is examined in Section 3.9 (Table 4).

Inflammatory biomarkers
Serum CRP was 0.74 ± 0.11 mg/L in controls, 0.97 ± 0.12 mg/L in the CHC−IR group and 

2.46 ± 0.24 mg/L in the CHC+IR group (Welch F = 1057.0, p < 0.001). IL-6 concentrations 
were 32.57 ± 7.29, 42.85 ± 8.31 and 61.93 ± 7.89 pg/mL respectively (Welch F = 188.2, p 
< 0.001), and TNF-α concentrations were 7.29 ± 0.73, 8.76 ± 0.37 and 13.83 ± 0.79 pg/mL 
(Welch F = 1057.2, p < 0.001). All pairwise comparisons were statistically significant (p 
< 0.001). The highest concentrations of all three mediators were observed in the insulin-
resistant group (Table 5).

Table 3. Liver function biomarkers among the study groups. Values are mean ± standard deviation. ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; ALP, alkaline 
phosphatase 

Variable Control (n = 50) CHC−IR (n = 50) CHC+IR (n = 50) Welch F p-value 
ALT (U/L) 30.80 ± 3.64 38.79 ± 5.90 48.97 ± 5.17 207.4 <0.001 
AST (U/L) 31.12 ± 5.65 39.62 ± 5.89 49.40 ± 5.60 131.4 <0.001 
AST/ALT ratio 1.02 ± 0.19 1.04 ± 0.18 1.02 ± 0.15 0.3 0.776 
GGT (U/L) 30.04 ± 4.88 42.12 ± 4.90 53.02 ± 4.91 274.0 <0.001 
ALP (U/L) 118.70 ± 8.76 132.00 ± 9.50 140.00 ± 9.97 67.0 <0.001 
Total bilirubin (mg/dL) 0.95 ± 0.12 1.17 ± 0.18 1.40 ± 0.18 110.8 <0.001 
Total protein (g/dL) 7.69 ± 0.12 7.38 ± 0.06 7.17 ± 0.04 547.8 <0.001 

 
Table 4. Metabolic parameters among the study groups. Values are mean ± standard deviation. HOMA-IR, 
Homeostatic Model Assessment for Insulin Resistance 

Variable Control (n = 50) CHC−IR (n = 50) CHC+IR (n = 50) Welch F p-value 
Fasting glucose (mg/dL) 87.62 ± 5.05 103.00 ± 5.36 109.60 ± 6.16 213.3 <0.001 
Fasting insulin (μIU/mL) 6.13 ± 0.32 7.23 ± 1.21 12.37 ± 0.84 1194.8 <0.001 
HOMA-IR 1.33 ± 0.12 1.84 ± 0.36 3.35 ± 0.35 747.6 <0.001 

 
Table 5. Inflammatory biomarkers among the study groups. Values are mean ± standard deviation. CRP, 
C-reactive protein; IL-6, interleukin-6; TNF-α, tumour necrosis factor-alpha 

Variable Control (n = 50) CHC−IR (n = 50) CHC+IR (n = 50) Welch F p-value 
CRP (mg/L) 0.74 ± 0.11 0.97 ± 0.12 2.46 ± 0.24 1057.0 <0.001 
IL-6 (pg/mL) 32.57 ± 7.29 42.85 ± 8.31 61.93 ± 7.89 188.2 <0.001 
TNF-α (pg/mL) 7.29 ± 0.73 8.76 ± 0.37 13.83 ± 0.79 1057.2 <0.001 
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Association of NLR with metabolic, inflammatory and hepatic parameters
Within the chronic hepatitis C cohort (n = 100), NLR was strongly and positively 

correlated with HOMA-IR (r = 0.898, 95 % CI 0.852–0.930; ρ = 0.853; p < 0.001) and with 
fasting insulin (r = 0.903, 95 % CI 0.859–0.934; p < 0.001), and more moderately with fasting 
glucose (r = 0.569, 95 % CI 0.420–0.689; p < 0.001). Among the inflammatory mediators, 
NLR correlated most strongly with CRP (r = 0.913, 95 % CI 0.873–0.941), followed by TNF-α 
(r = 0.906, 95 % CI 0.863–0.936) and IL-6 (r = 0.798, 95 % CI 0.713–0.860), all p < 0.001. 
Positive correlations of intermediate strength were observed with GGT (r = 0.772), ALT 
(r = 0.693), AST (r = 0.687), total bilirubin (r = 0.563) and ALP (r = 0.421), and a strong 
inverse correlation with total protein (r = −0.881, 95 % CI −0.918 to −0.828). NLR was not 
correlated with the AST/ALT ratio (r = −0.040, p = 0.691) or with age (r = 0.032, p = 0.750). 
The correlation between NLR and HOMA-IR was essentially unchanged after adjustment for 
age and sex (partial r = 0.898, p < 0.001), and all correlations were of the same magnitude 
and direction in the full cohort of 150 participants (Table 6, Fig. 1).

Table 6. Correlations of the neutrophil-to-lymphocyte ratio with metabolic, inflammatory and hepatic 
parameters. Analyses restricted to patients with chronic hepatitis C (n = 100). Confidence intervals for the 
Pearson coefficient were derived from the Fisher z transformation. p-values refer to the Pearson coefficient 

Variable r (Pearson) 95 % CI ρ (Spearman) p-value 
HOMA-IR 0.898 0.852 to 0.930 0.853 <0.001 
Fasting insulin 0.903 0.859 to 0.934 0.849 <0.001 
Fasting glucose 0.569 0.420 to 0.689 0.555 <0.001 
CRP 0.913 0.873 to 0.941 0.838 <0.001 
TNF-α 0.906 0.863 to 0.936 0.813 <0.001 
IL-6 0.798 0.713 to 0.860 0.796 <0.001 
GGT 0.772 0.679 to 0.841 0.790 <0.001 
ALT 0.693 0.575 to 0.783 0.671 <0.001 
AST 0.687 0.567 to 0.778 0.674 <0.001 
Total bilirubin 0.563 0.413 to 0.684 0.551 <0.001 
ALP 0.421 0.245 to 0.571 0.406 <0.001 
Total protein −0.881 −0.918 to −0.828 −0.844 <0.001 
AST/ALT ratio −0.040 −0.235 to 0.157 −0.035 0.691 
Age 0.032 −0.165 to 0.227 0.060 0.750 
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Diagnostic performance of NLR
Within the chronic hepatitis C cohort (n = 100, of whom 50 were insulin resistant), NLR 

discriminated insulin-resistant from non-insulin-resistant patients with an area under the 
curve of 1.000. The exploratory, cohort-derived threshold maximising the Youden index was 
2.24, at which sensitivity and specificity were both 100 % (95 % CI 92.9–100 % for each), 
with positive and negative predictive values of 100 % (95 % CI 92.9–100 %) and overall 
accuracy of 100 % (95 % CI 96.3–100 %). This value reflects complete separation of the two 
classes: the highest NLR observed among non-insulin-resistant patients was 2.22 and the 
lowest among insulin-resistant patients was 2.24. Because the classes were fully separated, 
the DeLong variance of the area estimate was zero and a conventional confidence interval 
for the AUC could not be computed; the accuracy estimates should therefore be regarded as 
upper bounds obtained in the derivation sample rather than as generalisable performance 
figures.

For comparison, within the same cohort CRP (threshold 1.94 mg/L) and TNF-α (threshold 
12.11 pg/mL) also separated the two classes completely (AUC 1.000 for each), whereas IL-6 
achieved an AUC of 0.954 (95 % CI 0.904–0.979; threshold 48.53 pg/mL, sensitivity 98.0 %, 
specificity 82.0 %), GGT an AUC of 0.947 (95 % CI 0.887–0.976; threshold 50.40 U/L, the 
highest of three thresholds sharing the maximal Youden index, sensitivity 78.0 %, specificity 
98.0 %), ALT an AUC of 0.903 (95 % CI 0.829–0.947) and the absolute neutrophil count an 
AUC of 0.871 (95 % CI 0.787–0.925). The area under the curve for NLR was significantly 
greater than that for IL-6 (difference 0.046, z = 2.60, p = 0.009), GGT (difference 0.053, z 
= 2.48, p = 0.013) and ALT (difference 0.097, z = 3.31, p < 0.001); comparison with CRP 
and TNF-α was not possible because all three markers produced identical, perfectly ranked 
classifications. When the analysis was extended to the full cohort of 150 participants, the 
same exploratory threshold of 2.24 retained a sensitivity of 100 % (95 % CI 92.9–100 %) 
and a specificity of 100 % (95 % CI 96.3–100 %) (Table 7, Fig. 2). All thresholds reported 
in this section were derived within the present cohort and are presented for description of 
these data only; none is proposed as a clinical decision threshold in the absence of external 
validation.

For the secondary comparison between fibrotic chronic hepatitis C and healthy controls, 
NLR yielded an area under the curve of 0.942 (95 % CI 0.885–0.972, p < 0.001). At the 
exploratory, cohort-derived threshold of 1.85, sensitivity was 90.0 % (95 % CI 82.6–94.5 %), 
specificity 100 % (95 % CI 92.9–100 %), positive predictive value 100 % (95 % CI 95.9–100 

Fig. 1. Relationship between the 
neutrophil-to-lymphocyte ratio and 
HOMA-IR across the three study groups, 
with the fitted linear trend for the whole 
cohort.
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%), negative predictive value 83.3 % (95 % CI 72.0–90.7 %) and overall accuracy 93.3 % (95 
% CI 88.2–96.3 %). The AST/ALT ratio did not discriminate between these two groups (AUC 
0.528, 95 % CI 0.427–0.627, p = 0.583). Because every patient in this cohort had fibrosis and 
every control did not, this comparison quantifies discrimination between fibrotic disease 
and health rather than discrimination among fibrosis stages (Fig. 3).

Fig. 2. Receiver operating 
characteristic curves for the 
neutrophil-to-lymphocyte ratio 
and comparator markers in the 
identification of insulin resistance 
among patients with chronic hepatitis 
C (n = 100).

Table 7. Diagnostic performance of the neutrophil-to-lymphocyte ratio and comparator markers. AUC, 
area under the receiver operating characteristic curve; CI, confidence interval; J, Youden index. Confidence 
intervals for the AUC were obtained by the DeLong method with logit transformation and are not estimable 
where the classes are completely separated. All thresholds were derived within the present cohort by 
maximisation of the Youden index and are exploratory values requiring independent external validation; 
none is an established clinical cut-off. For GGT, three thresholds yielded the same maximal Youden index 
(J = 0.760): 48.50 U/L (sensitivity 84.0 %, specificity 92.0 %), 50.30 U/L (80.0 %, 96.0 %) and 50.40 U/L 
(78.0 %, 98.0 %); the highest is reported (Supplementary File S2). Confidence intervals for sensitivity and 
specificity are Wilson score intervals 

Marker and outcome AUC (95 % CI) Threshold Sensitivity % (95 % CI) Specificity % (95 % CI) J 
Insulin resistance within CHC (n = 100) 
NLR 1.000 (not estimable) 2.24 100 (92.9–100) 100 (92.9–100) 1.000 
CRP (mg/L) 1.000 (not estimable) 1.94 100 (92.9–100) 100 (92.9–100) 1.000 
TNF-α (pg/mL) 1.000 (not estimable) 12.11 100 (92.9–100) 100 (92.9–100) 1.000 
IL-6 (pg/mL) 0.954 (0.904–0.979) 48.53 98.0 (89.5–99.6) 82.0 (69.2–90.2) 0.800 
GGT (U/L) 0.947 (0.887–0.976) 50.40 78.0 (64.8–87.2) 98.0 (89.5–99.6) 0.760 
ALT (U/L) 0.903 (0.829–0.947) 43.90 86.0 (73.8–93.0) 84.0 (71.5–91.7) 0.700 
Neutrophils (×10⁹/L) 0.871 (0.787–0.925) 4.86 86.0 (73.8–93.0) 78.0 (64.8–87.2) 0.640 
Insulin resistance in the full cohort (n = 150) 
NLR 1.000 (not estimable) 2.24 100 (92.9–100) 100 (96.3–100) 1.000 
Fibrotic CHC versus healthy controls (n = 150) 
NLR 0.942 (0.885–0.972) 1.85 90.0 (82.6–94.5) 100 (92.9–100) 0.900 
AST/ALT ratio 0.528 (0.427–0.627) 0.96 69.0 (59.4–77.2) 42.0 (29.4–55.8) 0.110 
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Multivariable analysis
In multivariable linear regression restricted to patients with chronic hepatitis C, NLR 

remained strongly associated with HOMA-IR after adjustment for age and sex, with each unit 
increase in NLR corresponding to an increase of 2.31 units in HOMA-IR (95 % CI 2.08–2.54, 
p < 0.001; model R² = 0.811). Neither age (B = 0.009, 95 % CI −0.005 to 0.023, p = 0.193) 
nor male sex (B = −0.063, 95 % CI −0.216 to 0.090, p = 0.413) was independently associated 
with HOMA-IR. Further adjustment for hepatic biochemical markers attenuated but did not 
abolish the association (B = 1.55, 95 % CI 1.16–1.94, p < 0.001; R² = 0.846), with independent 
contributions from GGT (B = 0.026, 95 % CI 0.011–0.041, p = 0.001) and total bilirubin (B 
= 0.415, 95 % CI 0.030–0.800, p = 0.035). When the inflammatory mediators were added, 
the coefficient for NLR fell further but remained significant (B = 0.59, 95 % CI 0.10–1.08, p 
= 0.018; R² = 0.884), alongside TNF-α (B = 0.133, p = 0.004) and IL-6 (B = 0.010, p = 0.021); 
variance inflation factors of 15.6 for TNF-α and 16.4 for CRP in this model indicate severe 
collinearity among the inflammatory markers, and the individual coefficients of that model 
should not be interpreted as independent effects.

In Firth penalised logistic regression with insulin resistance as the binary outcome, each 
increment of 0.1 in NLR was associated with an odds ratio of 11.87 (95 % profile penalised-
likelihood CI 3.74 to 3527, p < 0.001) after adjustment for age and sex, and of 5.69 (95 % 
CI 2.02 to 231, p < 0.001) after further adjustment for ALT and GGT. Neither age nor sex 
was independently associated with insulin resistance in either model. Penalisation was 
necessary because NLR separated the outcome classes completely, and that same separation 
leaves the penalised likelihood almost flat as the coefficient increases, so that the upper 
confidence limits are extremely wide and carry no useful information; the lower limits are 
the interpretable part of these intervals, and the point estimates are stabilised values whose 
magnitude should not be read as a calibrated effect size (Table 8).

Sensitivity analysis of the insulin-resistance classification
When the a priori threshold of HOMA-IR ≥ 2.6 was applied strictly to the recalculated 

values, the single borderline patient described in Section 2.5 (recalculated HOMA-IR 2.59) 
was reassigned from the CHC+IR to the CHC−IR stratum, so that the two chronic hepatitis C 
groups comprised 49 and 51 patients respectively. All other data and all analytical procedures 

Fig. 3. Receiver operating 
characteristic curves for the 
neutrophil-to-lymphocyte ratio and 
the AST/ALT ratio in the discrimination 
of fibrotic chronic hepatitis C from 
healthy controls (n = 150).
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were unchanged. Under this reclassification, mean NLR was 2.54 ± 0.15 in the insulin-
resistant stratum and 1.96 ± 0.14 in the non-insulin-resistant stratum, and the difference 
between the two strata remained highly significant (Welch F = 415.5, p < 0.001).

In the ROC analysis of NLR for insulin resistance within the chronic hepatitis C 
cohort, the area under the curve was 0.9994 (95 % CI 0.9932–0.9999), and the threshold 
maximising the Youden index was 2.24, recovered unchanged from the primary analysis, 
at which sensitivity was 100 % (95 % CI 92.7–100 %) and specificity 98.0 % (95 % CI 
89.7–99.7 %), with overall accuracy 99.0 % (95 % CI 94.6–99.8 %). The reclassification 
abolished the complete separation of the two distributions: of the 2499 case–control pairs 
one was discordant and one was tied, the reassigned patient (NLR 2.28) now lying above one 
retained insulin-resistant patient (NLR 2.24) and level with another. The DeLong variance 
was consequently non-zero (5.57 × 10⁻⁷), so that a confidence interval for the area became 
estimable for the first time.

In multivariable linear regression with HOMA-IR as the outcome, the coefficient for 
NLR adjusted for age and sex was B = 2.31 (95 % CI 2.08–2.54, p < 0.001; R² = 0.811), 
identical to the primary estimate because the linear model does not depend on the binary 
classification. In Firth penalised logistic regression, the odds ratio per 0.1-unit increment in 
NLR adjusted for age and sex was 12.04 (95 % profile penalised-likelihood CI 3.81 to 7325, p 
< 0.001), compared with 11.87 (95 % CI 3.74 to 3527) in the primary analysis. Conventional 
maximum-likelihood logistic regression still failed to converge to finite estimates, because a 
single discordant pair leaves the data quasi-separated, and penalised estimation therefore 
remained necessary. The corresponding primary and sensitivity estimates are set out side by 
side in Table 9, and the full output is given in Supplementary File S2.

Taken together, the sensitivity analysis indicates that reallocation of the single 
borderline patient left the direction, magnitude and statistical significance of every principal 
result unchanged. The exploratory threshold of 2.24 was recovered exactly, sensitivity was 
unaltered at 100 %, specificity fell by a single misclassified patient from 100 % to 98.0 %, 
the area under the curve fell from 1.000 to 0.9994, and the regression estimates moved only 
marginally. The dependence of the reported diagnostic performance on the classification 
rule is therefore modest, but it is set out here in full so that it is visible to the reader rather 
than assumed; the one substantive change is that the loss of complete separation permits a 
confidence interval for the area to be constructed, and that interval is itself consistent with 
near-perfect discrimination within this sample.

Table 8. Multivariable analysis of the association between the neutrophil-to-lymphocyte ratio and insulin 
resistance in patients with chronic hepatitis C (n = 100). B, unstandardised regression coefficient; OR, 
odds ratio; CI, confidence interval. Confidence intervals for the odds ratios are profile penalised-likelihood 
intervals; their upper limits are very wide because complete separation leaves the penalised likelihood 
almost flat as the coefficient increases, and only the lower limits are informative. Model C is reported for 
completeness only; variance inflation factors above 15 indicate severe collinearity among the inflammatory 
markers 

Model and variable Estimate 95 % CI p-value 
Linear regression, outcome HOMA-IR 
Model A: NLR (adjusted for age, sex); R² = 0.811 B = 2.31 2.08 to 2.54 <0.001 
Model B: NLR (adjusted for age, sex, ALT, GGT, bilirubin); R² = 0.846 B = 1.55 1.16 to 1.94 <0.001 
Model C: NLR (adjusted for age, sex, IL-6, TNF-α, CRP); R² = 0.884 B = 0.59 0.10 to 1.08 0.018 
Firth penalised logistic regression, outcome insulin resistance 
Model 1: NLR per 0.1 unit (adjusted for age, sex) OR = 11.87 3.74 to 3527 <0.001 
Model 2: NLR per 0.1 unit (adjusted for age, sex, ALT, GGT) OR = 5.69 2.02 to 231 <0.001 
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Discussion

This case–control study quantified the cross-sectional diagnostic performance of the 
neutrophil-to-lymphocyte ratio for the identification of insulin resistance in patients with 
fibrotic chronic hepatitis C. Three findings emerged. First, NLR increased in a graded fashion 
from healthy controls through non-insulin-resistant patients to insulin-resistant patients, 
and the increase paralleled the rise in fasting insulin, HOMA-IR, CRP, IL-6 and TNF-α. Second, 
NLR was strongly correlated with HOMA-IR and with each of the inflammatory mediators, 
and this association persisted after adjustment for age, sex and hepatic biochemical 
markers. Third, NLR discriminated insulin-resistant from non-insulin-resistant patients 
with an area under the curve of 1.000 at an exploratory, cohort-derived threshold of 2.24, 
and discriminated fibrotic chronic hepatitis C from health with an area under the curve of 
0.942 at an exploratory threshold of 1.85.

It is important to distinguish clearly between these three levels of evidence. The 
graded group differences and the correlations establish an association between NLR 
and the metabolic and inflammatory phenotype of chronic hepatitis C. The ROC analyses 
establish diagnostic discrimination, that is, the ability of NLR measured at a single time 
point to classify patients according to a concurrently measured reference standard. Neither 
analysis establishes prediction in the prognostic sense, because no participant was followed 
longitudinally and no incident outcome was observed. Nor can the observed associations be 
interpreted causally: the design cannot determine whether inflammatory activation drives 
insulin resistance, whether insulin resistance amplifies inflammatory signalling, or whether 
both arise from a common process driven by persistent viral replication. The wording of the 
present conclusions has been restricted accordingly.

The perfect discrimination observed for NLR merits particular caution and is reported 
here transparently rather than presented as a strength. The distributions of NLR in the 
insulin-resistant and non-insulin-resistant patients did not overlap at all, the highest value 
in the latter group being 2.22 and the lowest in the former 2.24. Complete separation of 

Table 9. Primary and sensitivity analyses of the principal results according to the rule used to classify 
insulin resistance. AUC, area under the receiver operating characteristic curve; CI, confidence interval; 
NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; SD, standard deviation. The primary analysis retains 
the group allocation made clinically at recruitment. The sensitivity analysis applies the a priori HOMA-IR 
threshold of 2.6 strictly to the recalculated values, reassigning one patient with a recalculated HOMA-IR 
of 2.59 from the insulin-resistant to the non-insulin-resistant stratum. The linear regression coefficient is 
invariant to the classification rule, because HOMA-IR enters that model as a continuous outcome and no 
observation is added or removed 

Parameter Primary analysis (clinical 
allocation; 50 / 50) 

Sensitivity analysis (strict 
HOMA-IR ≥ 2.6; 49 / 51) 

NLR, insulin-resistant stratum (mean ± SD) 2.53 ± 0.15 2.54 ± 0.15 
NLR, non-insulin-resistant stratum (mean ± SD) 1.95 ± 0.13 1.96 ± 0.14 
AUC for NLR (95 % CI) 1.000 (not estimable) 0.9994 (0.9932–0.9999) 
Youden-optimal threshold 2.24 2.24 
Sensitivity % (95 % CI) 100 (92.9–100) 100 (92.7–100) 
Specificity % (95 % CI) 100 (92.9–100) 98.0 (89.7–99.7) 
Overall accuracy % (95 % CI) 100 (96.3–100) 99.0 (94.6–99.8) 
Linear regression, B for NLR adjusted for age and 
sex (95 % CI) 2.31 (2.08–2.54) 2.31 (2.08–2.54) 

Penalised logistic regression, OR per 0.1 NLR 
adjusted for age and sex (95 % CI) 11.87 (3.74–3527) 12.04 (3.81–7325) 
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this kind is exceptional in clinical biomarker data and has two immediate consequences. 
Statistically, it renders the variance of the area estimate zero, so that no confidence interval 
can be constructed, and it prevents conventional maximum-likelihood logistic regression 
from converging, which is why penalised estimation was required. Substantively, an area 
under the curve of 1.000 obtained in the sample in which the threshold was also derived is an 
optimistic estimate that incorporates optimisation bias and cannot be assumed to transfer 
to an independent population. The same pattern was observed for CRP and TNF-α, which 
suggests that the phenomenon reflects a feature of the sampling frame — most plausibly 
the selection of clinically well-defined groups at the extremes of the metabolic spectrum — 
rather than a property unique to NLR. The value of 2.24 is therefore presented throughout 
this article as an exploratory, cohort-derived threshold, that is, as a hypothesis to be tested 
prospectively, and not as an established or clinically actionable cut-off.

The dependence of these estimates on the rule used to classify insulin resistance was 
examined directly. Because a single patient allocated clinically to the insulin-resistant group 
had a recalculated HOMA-IR of 2.59, marginally below the a priori threshold, the whole 
set of principal analyses was repeated with that patient reassigned according to a strict 
application of the threshold. The results of that reanalysis are reported in Section 3.9 and 
Table 9 and show that reallocation of that patient left every principal estimate essentially 
unchanged: the exploratory threshold of 2.24 was recovered exactly, sensitivity remained 
100 % and specificity fell to 98.0 %, and the area under the curve fell from 1.000 to 0.9994. 
This exercise illustrates a more general point about the present dataset: where two classes 
are separated by a narrow margin, the reported discrimination is necessarily sensitive to 
the placement of observations close to the classification boundary, and the fact that moving 
a single observation across that boundary was enough to abolish complete separation is a 
further reason why the threshold reported here requires validation in a cohort in which it 
was not derived.

The direction and magnitude of the difference in NLR closely resemble those reported 
by Abdel-Razik et al. in chronic hepatitis C, who found a mean NLR of 2.61 in patients with 
HOMA-IR above 3 and 1.92 in those at or below it [10], compared with 2.53 and 1.95 in the 
insulin-resistant and non-insulin-resistant groups of the present study. Two other studies 
found no association of NLR with insulin resistance or with fibrosis [11, 12]; differences in 
patient selection, in the method of fibrosis assessment and in the HOMA-IR threshold used to 
define insulin resistance may contribute to this inconsistency, which is a further reason why 
the present threshold requires external validation. The direction and biological coherence of 
the findings are nevertheless consistent with the wider literature. An elevated NLR reflects 
the combination of neutrophil-predominant innate activation and relative lymphocyte 
depletion that characterises persistent viral infection, and higher values have been reported 
in chronic liver disease in association with fibrosis progression and adverse outcome [22, 
23]. The parallel elevation of TNF-α and IL-6 accords with experimental evidence that these 
mediators impair insulin receptor substrate phosphorylation and activate intracellular 
inflammatory cascades that interfere with hepatic and peripheral insulin signalling [24, 
25]. The concurrent rise of NLR, cytokine concentrations and HOMA-IR observed here is 
compatible with the view that immune activation and metabolic dysfunction are closely 
coupled in chronic hepatitis C, although the present design cannot establish the direction of 
that coupling [24, 26].

The biochemical profile of the patients — elevated ALT, AST, GGT, ALP and bilirubin with 
reduced total protein — is consistent with sustained hepatocellular injury and impaired 
synthetic function [27], and with the extracellular matrix remodelling and progressive 
architectural distortion that characterise hepatic fibrogenesis [28, 29]. Notably, the AST/ALT 
ratio, a widely used surrogate index of advanced fibrosis, neither differed between groups 
nor correlated with NLR, and did not discriminate patients from controls. This reinforces 
the point that the fibrosis-related comparison in this study reflects the presence of disease 
rather than its stage: in a cohort in which fibrosis severity varies little, or in which stage is 
not recorded, indices designed to track stage would not be expected to perform well.
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From a clinical standpoint, the appeal of NLR lies in its accessibility. It is derived from 
a complete blood count that is already performed routinely, requires no additional reagent, 
sample or cost, and can be calculated in any laboratory irrespective of resources. In settings 
where transient elastography, protocol liver biopsy and cytokine assays are not routinely 
available, an index of this kind could plausibly complement rather than replace established 
metabolic and fibrosis assessment tools [30], for example by flagging patients who warrant 
formal assessment of insulin resistance [31]. Realising that potential, however, depends on 
validation in cohorts that were not used to derive the threshold, and no clinical use of the 
value reported here is advocated on the strength of the present data.

Limitations
Several limitations should be considered when interpreting these results. The most 

important concerns the characterisation of fibrosis. Fibrosis was recorded only as present or 
absent, was ascertained from clinical, ultrasonographic and pre-existing histological records 
rather than by a uniform protocol, and was completely collinear with HCV status in this 
dataset. No fibrosis stage was available, no elastography was performed, and no patient with 
chronic hepatitis C in the absence of fibrosis was enrolled. It follows that the study cannot 
address whether NLR tracks fibrosis severity, and all statements concerning fibrosis have 
been confined to discrimination between fibrotic disease and health.

Second, important disease-related characteristics of the HCV cohort were not collected 
and could not be retrieved retrospectively. These include treatment status and any prior 
or ongoing direct-acting antiviral therapy, HCV RNA viral load, viral genotype, estimated 
duration of infection, body mass index, waist circumference, lipid profile, alcohol intake 
and smoking status. Several of these variables influence both inflammatory and metabolic 
parameters, and antiviral therapy in particular alters both the metabolic and the fibrotic 
trajectory of chronic hepatitis C [32], and their absence means that residual confounding 
of the association between NLR and insulin resistance cannot be excluded. In particular, 
adiposity is a well-recognised determinant of both NLR and HOMA-IR, and the lack of any 
anthropometric measure is a material constraint on the multivariable analysis.

Third, the complete separation of the outcome classes on NLR, CRP and TNF-α limits the 
interpretability of the diagnostic and regression estimates, as discussed above, and raises 
the possibility that group selection was influenced by characteristics correlated with the 
markers under study. Fourth, the reference standard itself is a dichotomised continuous 
index, and the placement of a single patient close to the HOMA-IR threshold was sufficient 
to warrant a formal sensitivity analysis; any threshold-based definition of insulin resistance 
carries this dependence, and the HOMA-IR value of 2.6 used here, although in routine use 
at the recruiting centre, is not universally adopted. Fifth, the study was conducted at a 
single tertiary centre with 50 participants per group, and the findings may not generalise to 
primary care populations or to patients with a broader spectrum of disease severity. Sixth, 
the diagnostic thresholds were derived and evaluated in the same sample without internal 
cross-validation or external validation, so the reported accuracy is subject to optimism. 
Seventh, the cross-sectional design precludes any inference about temporal sequence or 
prognosis. Finally, NLR is a non-specific index that rises in bacterial infection and sepsis 
and is influenced by corticosteroid use, physical stress and haematological disorders [33]; 
although participants with recognised confounding conditions were excluded, unrecognised 
influences cannot be ruled out.

Directions for future research
Prospective multicentre studies with protocol-driven fibrosis staging, ideally by 

transient elastography with histological confirmation in a subset, are required to determine 
whether NLR tracks fibrosis severity as distinct from disease presence. Such studies should 
record viral load, genotype, treatment status and anthropometric and lipid parameters, so 
that the independence of any association with insulin resistance can be assessed properly. 
Validation of the exploratory threshold reported here in an independent cohort, preferably 
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with internal bootstrap or cross-validated correction for optimism reported alongside the 
apparent performance, and evaluation of whether NLR adds incremental information to 
established non-invasive indices, would be necessary before any clinical application could 
be contemplated.

Conclusion

In patients with fibrotic chronic hepatitis C, the neutrophil-to-lymphocyte ratio 
was strongly and independently associated with insulin resistance and with circulating 
concentrations of CRP, IL-6 and TNF-α, and discriminated insulin-resistant from non-insulin-
resistant patients with high accuracy. The ratio also distinguished patients with fibrotic 
chronic hepatitis C from healthy controls. Because the outcome classes were completely 
separated on NLR and the threshold was derived in the same sample, the value of 2.24 is 
an exploratory, cohort-derived threshold rather than an established clinical cut-off, the 
accompanying accuracy estimates are optimistic, and both require independent external 
validation before any clinical use can be considered. Because fibrosis was recorded only as 
present or absent and was collinear with HCV status, the data support a diagnostic association 
with the presence of fibrotic disease rather than prediction of fibrosis severity, and no 
prognostic claim can be made from a cross-sectional design. Subject to these qualifications, 
the neutrophil-to-lymphocyte ratio remains an inexpensive and universally available index 
that merits prospective evaluation as a complement to established metabolic and fibrosis 
assessment tools in chronic hepatitis C.
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