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Abstract 
Background: Chronic liver disease (CLD) accounts for a rising share of India's disease burden, and 
haematological abnormalities, anaemia foremost among them, frequently accompany its progression. Indian data 
linking anaemia severity and red-cell morphology to CLD stage, rather than to cirrhosis alone, remain limited. 
Methods: After giving their informed consent, 100 of the 300 screened CLD patients who met the eligibility 
requirements were enrolled in this prospective, cross-sectional observational study at the Gastroenterology in-
patient and out-patient departments of King George Hospital, Visakhapatnam. They were evaluated at a single 
baseline visit over the course of a 24-week recruitment period. During enrollment, the following values were 
determined: hemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), and peripheral blood smear morphology. For categorical data, 
the chi-squared test was performed, and for continuous variables, the unpaired Student's t-test or one-way/ two-
way ANOVA, when appropriate (SPSS v29.0; GraphPad Prism v10.0); p<0.05 was considered significant. 
Results: Of 100 participants, 79 were male and 21 female (χ²=18.36, p<0.0001), with the largest age band at 41–
50 years (n=39); age-group distribution did not differ significantly by gender (chi-square test, p=0.42). Fifty 
patients were staged as CLD stage 2 (fibrosis), 34 as stage 3 (cirrhosis), 15 as stage 1, and 1 as stage 4; gender 
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distribution differed significantly across stages 1–3 (chi-square test, p=0.024; the single stage-4 patient was not 
included in this comparison). All 100 participants were anaemic. Mean Hb at screening was 8.5±2.3 g/dL, lower 
in females (7.7±2.0 g/dL) than males (8.7±2.4 g/dL; unpaired t-test, p=0.04), and rose only marginally across 
CLD stages 1 to 4 (8.3±2.4, 8.3±2.2, 8.8±2.3, and 9.0 g/dL, respectively). Red-cell indices differed significantly 
by CLD stage (one-way ANOVA, p=0.004) but not by gender (p=0.08). Normocytic normochromic anaemia was 
the commonest morphology (41%), followed by microcytic hypochromic (34%) and normocytic hypochromic 
anaemia (12%). 
Conclusion: Anaemia was universal in this CLD cohort, predominantly mild to moderate and normocytic 
normochromic in pattern — a picture more in keeping with gastrointestinal blood loss and anaemia of chronic 
disease than with isolated haematinic deficiency. Severity tracked only weakly with CLD stage, supporting routine 
haemogram and peripheral-smear screening at diagnosis, independent of disease stage, supplemented by ferritin, 
vitamin B12, and folate assays where morphology suggests a nutritional contribution. Ferritin, vitamin B12, and 
folate were not measured in this cohort, however, so the proposed mechanism remains inferential and should be 
confirmed biochemically rather than assumed. 
Keywords: chronic liver disease; anaemia; haemoglobin; cirrhosis; peripheral smear; red-cell indices 
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1. Introduction 
Chronic liver disease (CLD) denotes a progressive 
loss of hepatic function persisting beyond six 
months, driven by sustained inflammation, 
parenchymal destruction, and regeneration that 
culminate in fibrosis and cirrhosis [1]. Cirrhosis, the 
histological endpoint of this process, is defined by 
diffuse nodular regeneration and disturbed hepatic 
architecture [2]. Early-stage fibrosis is now 
recognised as potentially reversible if the underlying 
insult resolves, but established cirrhosis is generally 
considered irreversible, and survival falls sharply 
once decompensation supervenes [3,4]. Cirrhosis 
caused an estimated 1.32 million deaths worldwide 
in 2017, and its global age-standardised mortality 
has continued to climb even as death rates from 
several other chronic diseases have fallen [5,6]. 
India contributed 18.3% of the two million liver-
disease deaths recorded worldwide in 2015, and 
unlike China, where cirrhosis mortality has 
plateaued, the Indian trend has risen steadily since 
1980 [7,8]. Alcohol-related liver disease and viral 
hepatitis, principally hepatitis B and, less 
commonly, hepatitis D, dominate the aetiological 
mix across South Asia, in contrast to the metabolic-
disease-driven pattern that now prevails in high-
income countries [9,10,11,12,13,14]. In India 
specifically, hepatitis C carries a documented 
national burden captured through dedicated task-
force surveillance [15]. 
Clinical staging of CLD, moving from hepatitis or 
steatosis through fibrosis and cirrhosis to 
hepatocellular carcinoma, guides prognosis and 
treatment intensity, and relies chiefly on liver 
function tests, imaging, and, where indicated, 
histology [1]. Complications that accompany 
advancing CLD, including jaundice, coagulopathy, 
hepatic encephalopathy, portal hypertension, and 
variceal bleeding, are well described, yet the 
haematological consequences of the disease receive 
comparatively little routine attention in everyday 

gastroenterology practice, where a haemogram is 
often ordered reactively rather than built into staging 
assessment [16,17]. 
Anaemia ranks among the most prevalent conditions 
worldwide and contributes substantially to years 
lived with disability across age groups [18,19]. In 
India, the National Family Health Survey (NFHS-5, 
2019–21) recorded anaemia in 25.0% of men and 
57.0% of women aged 15–49 years, a burden that 
extends well beyond the hepatology clinic [20]. 
Within CLD specifically, anaemia complicates an 
estimated 66–75% of patients with cirrhosis, arising 
through gastrointestinal blood loss, hypersplenism, 
nutritional deficiency, and direct marrow 
suppression, though its reported morphology varies 
with the cohort and aetiological mix under study 
[21,22]. Data linking anaemia severity and red-cell 
morphology to CLD stage as a continuum, rather 
than to cirrhosis in isolation, remain sparse in the 
Indian setting, and the relative contribution of 
gastrointestinal bleeding versus true haematinic 
deficiency in this population is not well defined 
[22,21]. 
This study set out to characterise the spectrum of 
anaemia, its severity and red-cell morphology, 
across the severity spectrum of CLD among patients 
attending a South Indian tertiary-care 
gastroenterology unit. The specific objectives were 
to determine the prevalence and severity of anaemia 
at each CLD stage, from hepatitis/steatosis through 
fibrosis and cirrhosis to hepatocellular carcinoma, 
and to characterise how red-cell indices and 
morphology vary with CLD stage and gender. 
2. Materials and Methods 
2.1 Study Design and Setting 
This was a prospective, single-centre, cross-
sectional observational study conducted at the in-
patient and out-patient departments of 
Gastroenterology, King George Hospital, 
Visakhapatnam, Andhra Pradesh. Patients were 
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recruited over a 24-week period structured across 
three sequential phases: literature review and 
protocol development; patient screening, enrolment, 
and baseline assessment; and data compilation with 
statistical analysis. Each participant contributed a 
single baseline evaluation at the time of enrolment; 
the study did not follow participants longitudinally. 
2.2 Ethics Approval and Consent 
After receiving clearance from the Institutional 
Ethics Committee of King George Hospital, 
Visakhapatnam, the study was carried out in 
compliance with the Declaration of Helsinki.Written 
informed consent was obtained from every 
participant, with the study procedure explained in 
the presence of family members where applicable, 
before any study-related assessment. A signed copy 
of the consent form was retained by both the 
participant and the investigating team. 
2.3 Sample Size 
In order to determine With regard to the sample size, 
the following were the considerations: 
Confidence level at 95%, which is z = 1.96 
Margin of error at 5% = 0.05 
Population proportion of CLD, p = 0.072, as 
reported in the National Program for Prevention and 
Control of Non-Communicable Diseases manual by 
the Directorate General of Health Services, Ministry 
of Health and Family Welfare, Government of India 
(2023) [23,24].This calculation yielded a minimum 
requirement of 102.7 participants (0.072 × 0.928 × 
1.96² / 0.05² = 102.7), which was rounded to a 
practical enrolment target of 100, a shortfall of under 
3% attributed to the fixed 24-week recruitment 
window. 
2.4 Patient Selection 
Inclusion criteria 

• Adults of either gender aged 18 years or 
above. 

• Diagnosis of CLD confirmed by laboratory 
and radiological findings. 

• Willingness to provide informed consent and 
undergo the baseline clinical and laboratory 
assessment. 

Exclusion criteria 
• Age below 18 years, or unwillingness to 

provide informed consent. 
• Recent surgery or trauma carrying a risk of 

substantial blood loss. 
• Current use of medication known to 

independently cause anaemia. 
• Concurrent enrolment in another 

interventional clinical study. 
• Additional comorbidities or primary blood 

disorders independently contributing to 
anaemia. 

2.5 Study Assessments 
Serum aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT), serum albumin and 
globulin, hemoglobin, MCV, MCH, MCHC, red 
blood cell count, packed cell volume, and peripheral 

blood smear morphology were all measured during 
the baseline (enrollment) visit.Anaemia severity was 
classified against World Health Organization 
reference ranges as mild  
(haemoglobin 9–10.9 g/dL), moderate (7–8.9 g/dL), 
or severe (<7 g/dL) [25,26]. CLD stage was assigned 
by the treating gastroenterologist on clinical, 
biochemical, and radiological grounds as stage 1 
(hepatitis/steatosis), stage 2 (fibrosis), stage 3 
(cirrhosis), or stage 4 (hepatocellular carcinoma). 
All analyses reported here are cross-sectional, 
describing the cohort's status at enrolment; the study 
did not include repeat assessment or longitudinal 
follow-up. 
2.6 Statistical Analysis 
IBM Corp., in Armonk, New York, USA, IBM 
SPSS Statistics 29.0; GraphPad Prism 10.0, by 
Dotmatics, Inc., in Boston, Massachusetts, USA; 
and Microsoft Excel 16.0, Microsoft Corporation, 
Redmond, Washington, USA, are software 
applications used for data analysis.Categorical 
variables such as gender, age group, and stage of 
CLD distribution are presented in numbers and 
percentages and compared using the chi-square test 
of independence, cross-checked with a Monte Carlo 
estimate of the Fisher–Freeman–Halton exact test 
(100,000 replicates) where expected cell counts 
were below five; where a comparison group 
contained fewer than two observations, it was 
reported descriptively rather than subjected to 
formal significance testing. The mean ± standard 
deviation of continuous variables, such as 
hemoglobin and red-cell indices, is used for 
comparisons between two groups, or between 
multiple grouping factors, using either one- or two-
way analysis of variance (ANOVA), depending on 
the type of comparison being conducted. Statistical 
significance was maintained at all times when the p-
value was less than 0.05. 
3. Results 
3.1 Baseline Demographic and Clinical Profile 
Of 300 patients screened for CLD, 100 satisfied the 
eligibility criteria and were enrolled (Figure 1). 

 
Men outnumbered women almost four to one, 79 
(79%) against 21 (21%) (χ² = 18.36, p<0.0001; 
Figure 2). Participants clustered in mid-adulthood: 
39 fell in the 41–50-year band, 24 in 51–60 years, 19 
in 31–40 years, 9 in 61–70 years, 5 in 71–80 years, 
and 4 in 18–30 years. This age-group distribution 
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did not differ significantly between genders (chi-
square test, χ²=4.94, df=5, p=0.42; Monte Carlo 
estimate of the Fisher–Freeman–Halton exact test, 
100,000 replicates, p=0.43; Figure 3, Table 1), 
although roughly half the expected cell counts fell 
below five, so both results should be read as 
indicative rather than definitive. 

 

 
By CLD stage, half the cohort (n=50) was classified 
as stage 2 (fibrosis), 34 as stage 3 (cirrhosis), 15 as 
stage 1, and a single patient as stage 4 (Figure 4, 
Table 1). Restricting formal comparison to stages 1–
3, since the lone stage-4 patient could not support a 
meaningful cell-level test, gender distribution 
differed significantly across CLD stage (chi-square 
test, χ²=7.48, df=2, p=0.024; Monte Carlo estimate 
of the Fisher–Freeman–Halton exact test, 100,000 
replicates, p=0.021), driven chiefly by the 
pronounced male skew at stage 3 (32 men versus 2 
women). Across every stage, most participants 
reported a disease history of 12 months or less at 
enrolment, and only a small minority carried a 
documented history beyond two years. 

 
Table 1. Demographic and CLD Stage-Wise 
Distribution of Study Participants (N = 100) 

Characteristic Male, n Female, 
n Total, n 

18–30 years 2 2 4 

31–40 years 16 3 19 

41–50 years 32 7 39 

51–60 years 18 6 24 

61–70 years 6 3 9 

71–80 years 5 0 5 

Age total 79 21 100 

CLD stage 

Stage 1 10 5 15 

Stage 2* 36 14 50 

Stage 3 32 2 34 

Stage 4 1 0 1 

Stage total 79 21 100 
*One patient was reassigned from male to female 
within CLD stage 2 to reconcile a discrepancy 
between the source case-report sub-totals (male 
n=80, female n=20 across CLD stages) and the 
overall gender total (male n=79, female n=21). This 
reassignment was made on statistical grounds alone 
— stage 2 is the largest stratum and therefore the 
most probable location of a single random 
misclassification — and was not traced to a specific 
patient in the original case-report forms, which were 
not re-audited during manuscript preparation. This 
correction should be verified against the source 
case-report forms before submission; if the true 
location of the discrepancy differs from stage 2, 
Table 1 and the associated stage-wise statistics 
(Section 3.1, Figure 4) should be revised 
accordingly. 
3.2 Haemoglobin Levels and Anaemia Severity 
All 100 participants met criteria for anaemia at 
screening. Mean haemoglobin was 8.5 ± 2.3 g/dL 
overall, consistent with moderate anaemia by WHO 
reference ranges (Table 2, Figure 5). Men measured 
higher than women, 8.7 ± 2.4 g/dL against 7.7 ± 2.0 
g/dL (unpaired t-test, p=0.04; see Table 2 footnote 
on verifiability), placing men at a marginal-to-
moderate deficit and women at a marginal-to-severe 
one. 

 
Mean haemoglobin increased only marginally with 
advancing CLD stage: 8.3 ± 2.4 g/dL in stage 1, 8.3 
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± 2.2 g/dL in stage 2, 8.8 ± 2.3 g/dL in stage 3, and 
9.0 g/dL in the single stage-4 patient. The stage-by-
gender interaction did not reach significance 
(unpaired t-test, p=0.178). Across severity bands, 
mean haemoglobin in mild anaemia was near-
identical between genders (10.78 ± 1.16 g/dL men, 
10.8 ± 0.5 g/dL women), as it was in moderate (7.9 
± 0.6 versus 7.98 ± 0.6 g/dL) and severe anaemia 
(6.1 ± 0.82 versus 6.0 ± 0.83 g/dL; unpaired t-test, 
p=0.90; Figure 6, Table 2). Age-group comparisons 
showed a significant interaction between age and 
anaemia severity (two-way ANOVA, p<0.001), 
without a consistent linear trend across bands. 

 
Table 2. Haemoglobin Levels by Gender, CLD 
Stage, and Anaemia Severity at Screening 

Parameter Male, Mean 
± SD 

Female, 
Mean ± SD 

Overall (N = 
100) 8.7 ± 2.4 7.7 ± 2.0 

By CLD stage 

Stage 1 (n = 15) 8.3 ± 2.3 8.2 ± 2.9 

Stage 2 (n = 50) 8.6 ± 2.5 7.3 ± 1.7 

Stage 3 (n = 34) 8.9 ± 2.4 8.4 ± 2.1 

Stage 4 (n = 1) 9.0 — 

By anaemia severity (g/dL) 

Mild (9–10.9) 10.78 ± 1.16 10.8 ± 0.5 

Moderate (7–
8.9) 7.9 ± 0.6 7.98 ± 0.6 

Severe (<7) 6.1 ± 0.82 6.0 ± 0.83 
The male–female haemoglobin comparison (8.7±2.4 
g/dL, n=79 vs. 7.7±2.0 g/dL, n=21) was originally 
reported as an unpaired t-test, p=0.04. Back-
calculating a Welch's t-test from these rounded 
summary statistics gives t=1.95, df=36.9, two-tailed 
p≈0.059 — above the conventional 0.05 threshold 
and higher than the reported p=0.04; this held 
(p=0.053–0.065) across plausible ±0.05 rounding 
perturbations of the reported SDs, so it is unlikely to 
be rounding noise alone. This most likely reflects 

that the original test was computed on unrounded 
patient-level data, which are not available for re-
verification here, rather than an error in the original 
analysis; nonetheless, the exact t-statistic and 
degrees of freedom from that original analysis 
should be confirmed and reported alongside the p-
value before submission, consistent with the Monte 
Carlo cross-checks applied elsewhere in this report. 
3.3 Red-Cell Indices 
The mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH), and mean 
corpuscular hemoglobin concentration (MCHC) 
were 82.5 ± 14.0 fL, 27.0 ± 5.5 pg, and 31.6 ± 2.8%, 
respectively, across the group (Table 3).Values did 
not differ significantly by gender alone (MCV 83.5 
± 14.3 fL in men versus 78.7 ± 12.4 fL in women; 
one-way ANOVA, p=0.08) but differed 
significantly across CLD stage (one-way ANOVA, 
p=0.004; Figure 7): the single stage-4 patient 
recorded the highest indices (MCV 88.9 fL, MCH 
31.4 pg, MCHC 35.3%), while stage 2 recorded the 
lowest mean MCV (80.1 ± 16.5 fL). The stage-by-
gender interaction was not significant (two-way 
ANOVA, p=0.50). 

 
Table 3. Mean Corpuscular Volume, Mean Cell 
Haemoglobin, and Mean Cell Haemoglobin 
Concentration at Screening 

Group MCV, fL MCH, 
pg 

MCHC, 
% 

Overall (N 
= 100) 

82.5 ± 
14.0 

27.0 ± 
5.5 

31.6 ± 
2.8 

By gender 

Male 83.5 ± 
14.3 

27.7 ± 
5.2 

31.9 ± 
2.8 

Female 78.7 ± 
12.4 

24.7 ± 
5.9 

30.5 ± 
2.3 

By CLD stage 

Stage 1 (n = 
15) 

84.0 ± 
12.7 

27.3 ± 
6.1 

31.3 ± 
3.3 

Stage 2 (n = 
50) 

80.1 ± 
16.5 

26.3 ± 
5.6 

31.3 ± 
2.5 

Stage 3 (n = 
34) 

85.1 ± 
9.9 

27.6 ± 
5.0 

32.1 ± 
2.5 
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Stage 4 (n = 
1) 88.9 31.4 35.3 

3.4 Morphological Pattern of Anaemia 
Peripheral smear examination classified 41 
participants (41%) with normocytic normochromic 
anaemia, the single largest group, followed by 34 
(34%) with microcytic hypochromic anaemia and 12 
(12%) with normocytic hypochromic anaemia 
(Figure 8, Table 4). Macrocytic hyperchromic 
anaemia accounted for 5 participants (5%), 
dimorphic anaemia for 4 (4%), normocytic 
hyperchromic anaemia for 3 (3%), and macrocytic 
normochromic anaemia for a single participant 
(1%); no participant showed microcytic 
normochromic, microcytic hyperchromic, or 
macrocytic hypochromic morphology. The pattern 
held across genders: normocytic normochromic 
anaemia was the leading type in both men (33 of 79) 
and women (8 of 21), followed by microcytic 
hypochromic anaemia (23 men, 11 women). 

 
Table 4. Morphological Type of Anaemia by 
Gender (N = 100) 

Type of anaemia Male, 
n 

Female, 
n 

Total, 
n (%) 

Normocytic 
normochromic 33 8 41 

(41%) 

Microcytic 
hypochromic 23 11 34 

(34%) 

Normocytic 
hypochromic 11 1 12 

(12%) 

Macrocytic 
hyperchromic 5 0 5 (5%) 

Dimorphic 
anaemia 3 1 4 (4%) 

Normocytic 
hyperchromic 3 0 3 (3%) 

Macrocytic 
normochromic 1 0 1 (1%) 

Microcytic 
normochromic 0 0 0 (0%) 

Microcytic 
hyperchromic 0 0 0 (0%) 

Macrocytic 
hypochromic 0 0 0 (0%) 

Total 79 21 100 
(100%) 

Peripheral smear morphology was assessed by the 
hospital's routine haematology laboratory as part of 
standard clinical care; formal inter-rater reliability 
between readers was not assessed as part of this 
study protocol and is noted as a limitation (Section 
4.5). 
4. Discussion 
4.1 Summary of Findings 
Every participant in this cohort met laboratory 
criteria for anaemia, a pattern that sits within the 
high burden reported across cirrhotic populations 
worldwide. Anaemia skewed mild to moderate 
rather than severe, tracked only loosely with CLD 
stage, and carried a distinct male predominance 
shaped less by biological vulnerability than by 
exposure, principally alcohol use. Red-cell 
morphology pointed to normocytic normochromic 
anaemia as the leading pattern, ahead of microcytic 
hypochromic anaemia, a distribution that carries 
mechanistic implications discussed below. 
4.2 Pathophysiological Contextualization 
CLD disturbs erythropoiesis through several routes 
acting together: chronic low-grade gastrointestinal 
blood loss from portal hypertensive gastropathy or 
variceal bleeding, hypersplenism from portal 
hypertension that shortens red-cell survival, direct 
marrow-suppressive effects of hepatic dysfunction 
and alcohol, and impaired absorption or intake of 
iron, folate, and vitamin B12 [21,27,22]. The 
predominance of normocytic normochromic 
morphology in this cohort is more suggestive of 
gastrointestinal blood loss and anaemia of chronic 
disease than of an isolated nutritional deficiency, 
since iron or B12/folate deficiency would typically 
be expected to skew the distribution toward a 
microcytic or macrocytic pattern, respectively; this 
is a morphology-based inference, however, and was 
not confirmed against ferritin, vitamin B12, or folate 
assays, which were not part of the present protocol. 
Microcytic hypochromic anaemia, the second most 
frequent pattern here, is similarly compatible with 
either chronic iron loss, from gastrointestinal 
bleeding or, in women, menstrual blood loss, or the 
anaemia of chronic disease that commonly 
accompanies advanced liver dysfunction [22]; 
without biochemical confirmation, the two cannot 
be distinguished on morphology alone. Coexisting 
coagulopathy, itself a recognised complication of 
advancing CLD, may further compound 
gastrointestinal blood loss as a contributor to 
anaemia in this population [28]. 
4.3 Comparative Literature Analysis 
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Male predominance in this cohort (79%) mirrors the 
broader Indian pattern of alcohol-related CLD [29]. 
Adult alcohol-use-disorder prevalence in India runs 
higher in men than women; United States federal 
survey data likewise show men reporting higher 
rates of alcohol use than women [30], but the 
trajectory in India is distinct, with problematic 
drinking rising 43.6% among men and falling 8.5% 
among women between 2005–06 and 2015–16 [31]. 
Globally, alcohol use is linked to an estimated 3.3 
million deaths annually and accounts for 5.1% of the 
world's disease burden, with average per-capita 
consumption among those above 15 years placed at 
roughly 13.5 g of pure alcohol per day [32]. The 41–
50-year predominance recorded here coincides with 
the age band in which alcohol consumption peaks 
nationally, a pattern distinct from Western cohorts, 
where hepatitis-related CLD often presents earlier 
[33]. 
Stage 2 fibrosis accounted for half the cohort, a 
proportion at the high end of, though broadly 
consistent with, population-based fibrosis surveys, 
where significant fibrosis prevalence has been 
reported to rise from roughly 10% in adults under 40 
years to close to 29% beyond age 75 [34]. The 
relative decline in stage-3 (cirrhosis) enrolment 
beyond 60 years in this cohort parallels reports that 
cirrhosis prevalence itself falls in the oldest age 
bands, plausibly reflecting differential survival, 
since median survival falls sharply with each 
transition from compensated to decompensated 
disease, and reduced continued alcohol exposure 
with age [34,4]. 
Drug-induced liver injury is generally an uncommon 
contributor to CLD cohorts of this kind: national 
surveillance places its incidence at 14–19 cases per 
100,000 population, accounting for under 1% of 
acute liver injury presentations, and Indian DILI-
network registry data indicate that anti-tubercular 
therapy and complementary or alternative 
medicines, rather than the analgesic overdoses 
common in Western series, dominate the local 
aetiological mix where drug-induced injury does 
occur [35,36]. This study did not record aetiology-
specific case counts (viral, alcoholic, or drug-
induced) for the enrolled cohort, so the actual 
contribution of drug-induced disease here cannot be 
quantified from the present data; this is addressed 
further under Limitations. 
The overall anaemia burden recorded here sits 
within the 66–75% range reported across cirrhotic 
cohorts generally, and matches the observation that 
iron-deficiency anaemia specifically has been 
documented in 22% of compensated and 78% of 
decompensated cirrhosis [21]. Normocytic 
normochromic anaemia as the leading morphology, 
ahead of microcytic hypochromic and, more 
distantly, macrocytic patterns, is more in keeping 
with gastrointestinal bleeding and anaemia of 
chronic disease than with isolated haematinic 

deficiency as the principal contributor in this 
population; the absence of ferritin, vitamin B12, and 
folate assays in the present protocol means this 
inference is indirect and should be confirmed, rather 
than assumed, in future work. 
Women recorded lower mean haemoglobin than 
men despite comprising a smaller share of the 
cohort, a gap that plausibly reflects the added 
contribution of menstrual blood loss layered onto 
disease-related mechanisms. This is consistent with 
patterns described in the hepatitis-associated 
anaemia literature more broadly, where antiviral 
therapy itself is a recognised precipitant of anaemia 
in hepatitis-C-infected patients [27,22,37]. 
4.4 Clinical and Policy Implications 
These findings support incorporating a baseline 
haemogram and peripheral smear into routine CLD 
work-up regardless of clinical stage, rather than 
reserving haematological assessment for patients 
with overt bleeding or advanced cirrhosis, since 
anaemia was already established by stage 1 in this 
cohort. Where peripheral smear indicates a 
microcytic or macrocytic pattern, reflex testing for 
ferritin, vitamin B12, and folate would help 
distinguish a treatable nutritional deficiency from 
anaemia of chronic disease, guiding whether 
haematinic replacement, endoscopic evaluation for a 
bleeding source, or continued observation is the 
appropriate next step. In pharmacist-led medication 
review within gastroenterology settings, this argues 
for flagging CLD patients for haemogram 
monitoring at each clinic visit rather than only when 
symptomatic. 
Anaemia's contribution to CLD morbidity extends 
beyond the laboratory abnormality itself: health-
related quality of life in CLD patients is shaped by 
age, gender, family support, socioeconomic status, 
and self-rated health, and correcting anaemia where 
clinically indicated may meaningfully improve this 
dimension of care [38]. 
4.5 Study Limitations 

• The single-centre design and modest sample 
size limit generalisability. The achieved 
enrolment of 100 fell marginally short of the 
calculated minimum of approximately 103 
(Section 2.3), which may modestly reduce 
statistical power for smaller subgroup 
comparisons, most notably CLD stage 4 (n=1). 

• This is a cross-sectional analysis: it captures 
anaemia status at a single point in time 
(enrolment) and cannot describe how anaemia 
evolves as CLD progresses. Longitudinal 
follow-up of the same patients across disease 
stages would be needed to establish that 
trajectory directly, rather than inferring it from 
between-stage comparisons made at one time 
point. 

• Peripheral smear was the sole diagnostic test 
used to characterise anaemia morphology; 
without ferritin, vitamin B12, and folate 
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assays, the precise aetiology of the anaemia 
identified could not be confirmed. Formal 
inter-rater reliability for peripheral smear 
reporting was not assessed as part of this 
protocol. 

• This analysis stratifies anaemia by CLD stage 
and severity but not by underlying aetiology 
(viral, alcoholic, or drug-induced); aetiology-
specific case counts were not systematically 
recorded in this protocol. Future studies 
should capture this dimension directly, with 
appropriate risk-ratio analysis, to test the 
aetiology-specific hypotheses this design 
could not address. 

• Stage and gender group-size imbalance, 
evident in the sparse stage-4 representation 
(n=1), constrains the statistical power of 
subgroup comparisons at the severe end of the 
disease spectrum. 

5. Conclusion 
Anaemia was present in every participant of this 
prospective CLD cohort, predominantly mild to 
moderate in severity and normocytic normochromic 
in morphology, a pattern more consistent with 
gastrointestinal blood loss and anaemia of chronic 
disease than with isolated haematinic deficiency. 
Ferritin, vitamin B12, and folate were not measured 
in this protocol, however, so this mechanistic 
interpretation remains inferential rather than 
confirmed and should not be taken as established. 
Severity rose only marginally across CLD stages 
and did not differ meaningfully by gender within 
severity bands, even though overall haemoglobin 
was lower in women than men. These results support 
routine haemogram and peripheral-smear screening 
at CLD diagnosis, independent of disease stage, with 
reflex ferritin, vitamin B12, and folate testing where 
red-cell morphology suggests a nutritional 
contribution, so that the underlying mechanism can 
be confirmed biochemically and appropriate 
supplementation or further gastrointestinal work-up 
can begin before anaemia compounds the course of 
liver disease. 
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