Anaemia of chronic disease among pulmonary
tuberculosis patients is associated with inflammatory
marker at the start of intensive phase
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ABSTRACT

Background: Tuberculosis (TB) disrupts iron balance through systemic inflammation. Pulmonary tuberculosis (PTB) is linked to diverse
anaemia types, necessitating intricate haematological and biochemical assessments for diagnosis. This study aims to describe the
prevalence of anaemia of chronic disease (ACD), iron deficiency anaemia (IDA) among PTB patients and factors associated with these
types of anaemia. Methods: A cross-sectional analysis was conducted from community-based cohort study involving sputum-positive
PTB patients from 2018 to 2020 in urban Puducherry. Participants were enrolled from 10 primary health centres within 2 weeks of
initiating anti-tubercular treatment (ATT). Blood samples were collected for assessing haematological and biochemical parameters.
The sTfR/log ferritin ratio was used to distinguish between ACD and IDA. Data were captured using Epicollect5 and analysed using
STATA V14. Result: Of the 176 PTB patients included, 63.07% (111/176) had anaemia, with ACD being the predominant type (84.6%,
94/111). The C-reactive protein (CRP) levels were higher among the anaemic group [40.77 (16.66-58.51) mg/dl vs 24.65 (14.23-47.26)
mg/dl] and higher among the ACD as compared to IDA [46.9 (22.3-61.2) vs 20.8 (13.0-39.1) mg/dl]. Undernourished [adjusted
prevalence ratio (APR) =3.43; confidence interval (CI): 1.21-9.69] and patients having low risk of dependence on tobacco [APR =1.52;
CI: 1.10-2.11] had higher risk of ACD. Female patients had higher risk of IDA [APR = 4.95, P < 0.01]. Conclusion: The largest
proportion of the PTB participants with anaemia had ACD. Acute-phase reactant and inflammatory marker are increased among
newly diagnosed new sputum smear-positive (NSP) PTB participants at the start of ATT. Addressing inflammation is needed for
combating anaemia in PTB patients.
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Tuberculosis (IB) remains a significant global health threat,
causing substantial morbidity and mortality.l") Despite the
World Health Organization (WHO)’s efforts, TB affects millions
annually, with 10.6 million cases and 1.6 million deaths in 2021.54
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India repotts a fifth of cases.”! TB and anaemia are intertwined,
increasing tisks and treatment challenges.! Anaemia worsens TB
outcomes, including sputum conversion, mortality and post-TB

issues such as lung damage.["”!

Anaemia affects 32.8% of the world’s population, with the
prevalence being higher in women (33.9%) than in males (31.8%),
and it is mostly brought on by inadequate dietary iron consumption
and its poor bioavailability.'"'? Anaemia can also result from
maternal haemorrhage, sickle cell disorder, thalassaemia and
chronic kidney disease, but chronic parasitic infection and
inflammation are the main causes of iron deficiency anaemia (IDA)

and anaemia of chronic disease (ACD), respectively.!'"!”

Anaemia is known to be more common (60-80%) in patients
with pulmonary TB (PTB) than in the general population.!'"
Anaemia in patients with TB has been linked to various factors
including malnutrition, bone marrow suppression, haemoptysis,
failure of iron utilization, iron deficiency (ID) and chronic

1531 Among these, chronic inflammation and ID

inflammation.
are the primary drivers contributing to the presence of anaemia
among TB patients.”? Patients with chronic immunological
activation, such as PTB and HIV, are more likely to have ACD
compared to IDA.P Infection frequently induces a significant
acute-phase response, resulting in iron sequestration, limited
erythropoiesis and cytokine-mediated inflammation-related
anaemia. Assessing the extent of iron deficiency contributing
to anaemia in PTB patients proves challenging, "

The primary objective of this study was to find out the prevalence
of types of anaemia and its association with iron parameters such
as C-reactive protein (CRP) at the start of treatment which helps
us to understand the interplay between inflammation and iron
metabolism in TB-associated anaemia.

Materials and Methods

Study design, population and setting

The study participants were residents of Puducherry, enrolled
between 2017 and 2019 as part of a community-based
prospective cohort study. Adult PTB patients with new sputum
smear positivity (NSP) from primary healthcare centres (PHC)
within 1015 km of the tertiary care medical college hospital
were included, excluding individuals on anti-tubercular
treatment (ATT) for over 3 weeks, pregnant/nursing women,
HIV-positive, physically challenged, blood-transfused or with
chronic diseases.

Puducherry is a union territory with a population of 1,248,000
in 2011.”4 There are 27 designated microscopy centres (DMCs)
and seven TB units (TUs) in Puducherry. After being screened
for comorbidities, individuals receiving a TB diagnosis at the
DMCs are directed to their local PHC for the start of treatment.

The sample size was determined based on the prevalence of
anaemia of inflammation (75.9%) at the start of ATT using

Journal of Family Medicine and Primary Care

OpenEpi version 3.01, with an o-error of 0.05, absolute precision
of 7% and non-response rate of 20%, and the final sample size
was calculated as 176.%) We enrolled participants consecutively
as they were registered in the National Tuberculosis Elimination
Programme (NTEP) register in Puducherry.

Study procedure

During enrolment, 190 NSP participants were registered
from selected PHCs under NTEP; 14 participants were
excluded [Figure 1]. We enrolled 176 participants after obtaining
written informed consent. Interviews gathered sociodemographic
data (age, sex, residence, marital status, education, socioeconomic
status and occupation), and risk behaviours (alcohol and
smoking) were assessed using structured and validated
questionnaires. The Alcohol Use Disorders Identification
Test-Consumption (AUDIT-C) scale is a brief screening tool
that evaluates alcohol consumption patterns. It consists of 10
questions, each assigned a score, and the total score indicates the
level of alcohol consumption. The Fagerstrom Test for Nicotine
Dependence scale assesses the degree of nicotine dependence
in smokers. This scale includes six questions that contribute
to a total score, which helps categorize the level of nicotine
dependence, guiding interventions for smoking cessation.
Nutritional status, body mass index (BMI) and mid-upper arm
circumference (MUAC) were assessed using weight in kg/m?2
and measuring tape, respectively.

For biochemical (iron) and haematological parameters (CBC),
5 ml venous blood was drawn using a BD Vacutainer: 3 ml for
biochemical analysis and 2 ml in ethylenediaminetetraacetic
acid (EDTA) tube for complete blood count (CBC). Serum was
obtained by centrifuging the blood in the serum tube at 3000 rpm
for 10 minutes and then stored at -20°C for analysis.

Haematological and biochemical tests, including CBC parameters
(haemoglobin (Hb), red blood cell (RBC), haematocrit (Hct),
mean corpuscular volume (MCV), mean haemoglobin (MCH),
mean haemoglobin concentration (MCHC) and red cell

NSP TB patients registered and taking
treatment under NTEP (N = 190)

5 non-consented
6 previously treated

3 inappropriate addresses
A

Total number of eligible participants
started on treatment (N = 176)

|
v v )

‘ Questionnaire ’

5 ml Blood

(socio-demography; sample collection

24 dietary recall)

Anthropometry

2ml: CBC test

3 ml: stored at -80 C

Figure 1: Study algorithm
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distribution width (RDW)) on an XTi 4000i autoanalyzer
(Sysmex, Kobe, Japan) and iron-related parameters (serum
ferritin, transferrin and iron) on a Beckman Coulter AUG80
autoanalyzer (California, USA), were conducted at a South
Indian tertiary care hospital’s Pathology and Biochemistry
departments. Soluble transferrin receptor (sTfR) was measured
using chemiluminescence (Beckman Coulter version AU5800),
and CRP was determined with a Calbiotech ELISA kit. The sTfR
index was calculated by applying the log (base-10) function to
both ferritin and sTfR values. Total iron-binding capacity (TIBC)
and transferrin saturation (TSAT) were calculated using the
specified formulas:

TIBC = transferrin X conversion factor (1.4),1
TSAT = (serum iron/TIBC) X100.*!

Operational definitions

Aleohol use: Consumption of any form of alcohol (one standard
drink) in the past year was assessed using AUDIT-C.P

Tobacco use: Use of smoke or smokeless form of tobacco in the
past year was assessed using the Fagerstrom Test for Nicotine
Dependence (FIND) tool.””

Anaemia: Hb levels less than 13 g/dL and 12 g/dL for males and

females, respectively.?

MUAC: male <23 cm and female <22 cm considered low.”
Classification of types of anaemia based on iron profile [Figure 2]

IDA: Hb low and serum ferritin <15; serum ferritin low/ normal and
STIR index is >1.5.

ACD: Hb low, serum ferritin increased and sTYR index is <1.5.P1

Iron deficiency without anaemia IDWA): Hb normal, ferritin low/
normal and sTIR index is >1.5.001

Ethical statement

Every participant in the study provided written informed
permission, and the authors followed the Declaration of Helsinki,
with approval from the university’s ethics committee (JIP/
IEC/2017/0151)

Statistical analysis

Data entry was conducted in Epicollect5, and analysis was
performed using STATA version 14 (STATA Corp LP, College
Station, TX, USA). Categorical variables were summarized using
frequency (n) and percentage (%). Continuous variables were
summarized using mean with SD or median with interquartile
range (IQR) based on the normality of data. The differences in
the level of haematological and biochemical parameters between
ACD, IDA and no anaemia groups were analysed using the
analysis of variance (ANOVA) with Tukey’s multiple comparison
test and Kruskal-Wallis test with Dunn’s multiple comparisons.
The prevalence of types of anaemia was expressed as proportion
with 95% CI. Variables with a P value < 0.2 in bivariate analysis
were entered into the multivariable log-binomial regression model
to determine factors that are independently associated with the
ACD and IDA and expressed as adjusted prevalence ratio (APR).
The variables included for ACD were age, gender, ration card,
AUDIT-C and FIND, diabetes mellitus (DM) and BMI; for ID
were age, gender, religion, education, occupation, ration card,
marital status, AUDIT-C score, FTND, DM, BMI and MUAC.
The Spearman rank test was performed to assess the correlation
between iron parameters and Hb status. The Pvalue of 0.05 was
considered statistically significant.

| TB Patients- CBC |

o
. ' : ‘ { Ferritin/Normal |
| MCV<80fL | [ MCV80-100fL | | MCV>100fL | !
| | ‘ ‘ sTfR index >1.5 |
{
Ferritin Iron Deficiency without
15-300 ng/mL anemia
!
! ! )
| <15 ng/mL | | 15-300 ng/mL | ‘ >300 ng/mL |
{ Ferritin ’ sTfR index >1.5 | sTfR index <1.5

—

| Iron Deficiency Anemia ‘

Figure 2: Algorithm used for differentiating the types of anaemia
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Results

Baseline characteristics of the NSP PTB patients

Among the study participants, males accounted for 73.2% (129)
and females 27.8%. The median age of the study participants was
43 years (IQR 34-52 years). About three-fourths (71.0%) of the
participants were aged between 30 and 60 years. The majority of
them were Hindus (88.1%), and 86% had at least basic formal
education. More than half were employed (55.1%), and about
two-thirds (64.2%0) were from the below poverty line. Alcohol use,
smoking, DM and undernoutishment (BMI <18.5 kg/m?) were
reported in 44.9%, 38.6%, 46% and 44.9% of the participants,
respectively [Table 1].

Prevalence and types of anaemia observed among
the NSP PTB patients

The prevalence of anaemia was 63.1% (95% CI: 55.4%—75.2%).
About 83% of those with anaemia were females. ACD was the
most common type (94/111, 84.6%) followed by IDA (15/111,
13.5%) among the anaemics. Mixed anaemia (ACD + IDA) and
megaloblastic anaemia were observed in one participant each.
Among the non-anaemics, iron deficiency was found in three

participants (2.63%) [Figure 3].

Association of the haematological parameters with
ACD, IDA and no anaemia in study participants

The differences in mean (SD) of haematological parameters
such as Hb, RBC, Hct, MCV, MCH, MCHC and RDW of
the NSP PTB patients were statistically significant between
the three groups, namely ACD, IDA and no anaemia based
on one-way ANOVA test. On post hoc test with Bonferroni,
differences in all the haematological parameters were found to
be statistically significant between ACD vs IDA, except RBC
and Hct [Figure 4]. When the haematological parameters were
compared between non-anaemic vs ACD and non-anaemic vs
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Figure 3: ACD: anaemia of chronic disease; IDA: iron deficiency
anaemia; ACD + IDA: anaemia of chronic disease and iron deficiency
anaemia; ID: iron deficiency
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IDA groups, differences in all the parameters such as Hb, RBC,
HCT, MCH, MCHC and RDW were statistically significant
except MCV [Table 2].

Association of the biochemical parameters with
ACD, IDA and no anaemia in study participants

The differences in the median IQR) of parameters such as TSAT,
log of ferritin, sTfR, sTfR index and CRP between the three
groups: ACD, IDA and no anaemia, were statistically significant
based on the Kruskal-Wallis test. In posz hoc group comparisons
by the Dunn test, we found a significant difference in the levels
of ferritin, TSAT, log ferritin, sTfR and ratio of sTfR between
the ACD and IDA [Figure 5]. Ferritin levels were significantly
lower in the IDA group compared to non-anaemic, whereas there
was negligible difference between the ACD and non-anaemic,
the level being slightly lower in the ACD [Table 3].

Correlation between Hb and biochemical parameters

Hb was positively correlated with ferritin (r = 0.2; P < 0.001)
and TSAT (r = 0.39; P < 0.001) in the anaemic TB patients, the
correlations being low and moderate, respectively. There was a
weak negative correlation between CRP levels and Hb (r = -0.15;
P = 0.03) in the anaemic TB patients [Figure 5].

Factors associated with ACD and IDA

Binary logistic regression was performed to identify the
factors independently associated with ACD and IDA.
Very low dependence on tobacco (FIND score 3—4) and
undernutrition (BMI < 18.5 kg/m?) was significantly associated
with ACD. In the univariate analysis age, gender and type of
ration card signifying the socioeconomic status of the TB patients
were found to be associated with ACD, which was not associated
after adjusting for other covariates [Tables 4-7].

Female patients were significantly associated with IDA (APR = 4.95;
95% CI 1.54-15.87). In the univariate analysis age, occupation,
marital status and DM were found to be associated with IDA,
which was overcome after adjusting for other covariates.

Discussion

Iron is required by pathogens and the host as well for their
survival.P#3 Pathogens use iron to survive inside their hosts,
either by competing with them for intracellular iron or by creating

35,36

molecules with high iron affinity.’>*¥ Exploring the relationship

between anaemia and iron parameters is difficult.

As per the WHO classification, 63.1% of PTB patients in
our study had anaemia at the time of diagnosis of TB. The
prevalence from other studies in India by Mukerjee ez /. (71.8%)
and Dileepan e/ al. (75.5%) and from Indonesia by Sahiratmadja
¢t al. (63%) was comparable to our findings.>!**!

In our study, ACD was the predominant type of anaemia as
compared to IDA [95 (84.6%) vs 15 (13.5%)]. Others [Mario
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Table 1: Distribution of anaemia among new sputum smear-positive pulmonary tuberculosis patients at the start of
anti-tubercular treatment in Puducherry, South India

Variables Total no. of participants n=176
Anaemia n=111 n (%) No anaemia n=65 n (%) Total

Gender

Male 72 (55.8) 57 (44.1) 129

Female 39 (82.9) 08 (17.0) 47
Age in years

18-30 26 (72.2) 10 (27.7) 36

30-60 72 (57.6) 53 (42.4) 125

>60 13 (86.6) 02 (13.3) 15
Religion

Hindu 97 (62.5) 58 (37.4) 155

Christian 08 (57.1) 06 (42.8) 14

Muslim 06 (85.7) 01 (14.2) 7
Education

No formal education 18 (72.0) 07 (28.0) 25

Primary (class 1-12) 56 (64.3) 31 (35.0) 87

Senior secondary (undergraduation and above) 37 (57.8) 27 (42.1) 64
Occupation

Employed 50 (51.5) 47 (48.4) 97

Unemployed 61 (77.2) 18 (22.7) 79
Ration card

Yellow card 32 (50.7) 31 (49.2) 63

Red card 79 (69.9) 34 (30.0) 113
Marital status*®

Married 78 (61.9) 48 (38.1) 126

Unmarried 26 (68.4) 12 (31.5) 38

Others 7 (58.3) 05 (41.0) 12
AUDIT-C scalef

Lower risk 70 (65.4) 37 (34.5) 107

Higher risk 6 (7) 22 8

Increasing risk 27 (62.7) 16 (37.2) 43

Possible dependence 8 (44.4) 10 (55.5) 18
FIND? (applicable only for male participants)

Very low 45 (49.4) 46 (50.5) 91

Low 13 (81.2) 03 (18.7) 16

High 07 (70.0) 03 (30.0) 10

Very high 01 (25.0) 03 (25.0) 04

Medium 06 (75.0) 02 (25.0) 08
DM?

Yes 42 (51.8) 39 (48.1) 81

No 69 (72.6) 26 (27.3) 95
BMI!

Underweight (<18.5 kg/m?) 67 (84.8) 12 (15.1) 79

Normal (18.5-22.9 kg/m?) 34 (50.0) 34 (50.0) 68

Overweight (23-24.9 kg/m?) 04 (30.7) 09 (69.2) 13

Obesity (225 kg/m?) 06 (37.5) 10 (62.5) 16
MUACY

Normal 49 (51.5) 46 (48.4) 95

Deficient 62 (76.5) 19 (23.4) 81

*Divorced; separated; widow; widower; TAUDIT-C scale : high risk (16-19), increasing risk (8-15), low risk (0-7), possible dependence (20+); *Fagerstrom Tolerance Test: high (6-7), low (3-4), medium (5), very

high (8-10), very low (0-2); SDM: diabetes mellitus; BMI: body mass index; MUAC: mid-upper arm circumference; '™MUAC male: <23 ecm; MUAC female : <22 cm considered low

Olivetia (75.9%),% Minchella PA ez 4., (36%0),”" Bashir A (34%),F®
Jerry Hella ez al., (59.8%)""] have also reported ACD as the

most common type of anaemia among the PTB patients from

various parts of the world, while the proportions range widely,
probably because definitions applied to differentiate ACD and

Journal of Family Medicine and Primary Care
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IDA varied.P' However, Sheila ¢f al. from their study in Tanzania
reported IDA to be the most common type of anaemia (37%).1

ACD arises from chronic illnesses characterized by a
persistent underlying inflammatory condition, leading to

Volume 13 : Issue 4 : April 2024
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Table 2: Distribution of haematological parameters observed among the ACD, IDA and normal study participants at the
start of treatment

Haematological ACD IDA Mean No anaemia P ACD vs No anaemia No anaemia
parameters Mean (SD) (SD) Mean (SD) IDA vs ACD vs IDA
Hb g/dL 10.94 (1.31) 9.58 (1.42) 14.06 (1.28) <0.001 0.001 <0.001 <0.001
RBC uL 4.18 (0.55) 4.20 (0.64) 5.04 (0.62) <0.001 1.000 <0.001 <0.001
HCT % 34.10 (3.97) 31.22 (3.90) 41.99 (3.89) <0.001 0.029 <0.001 <0.001
MCV fl 81.93 (7.11) 75.39 (10.84) 83.35 (7.42) 0.001 0.007 0.781 0.001
MCH pg 26.38 (2.78) 2248 (3.21) 27.92 (2.60) <0.001 <0.001 0.003 <0.001
MCHC gm% 32.13 (1.44) 30.54 (1.58) 33.54 (1.42) <0.001 <0.001 <0.001 <0.001
RDW % 15.48 (2.59) 17.18 (2.48) 13.98 (1.34) <0.001 0.027 0.001 <0.001

Hb: Haemoglobin; RBC: Red blood cell, HCT: Haematocrit; MCV: Mean corpuscular volume; MCH: Mean haemoglobin; MCHC: Mean haemoglobin concentration; RDW-CV: Red cell volume distribution width;

fl: Femtolitre; pg: picogram; %: Percentage

Ferritin Serum iron Soluble transferrin receptor
% @ 5 Aostadlint pvae=0.001 & = pvalue <0.001
g pvaue = 1 . = $ wwna 001
. vaiue=0.001 e . §
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Figure 4: Box plot shows the distribution of biochemical parameters among the anaemic tuberculosis patients at the start of the treatment. A
P-value <0.05 is considered statistically significant, (a)Ferritin, (b) Serum Iron, (c) Soluble Transferrin Receptor, (d) C-reactive protein, (e) Transferrin

Saturation, (f) Transferrin receptor ratio

inflammation-related issues such as shortened erythrocyte
lifespan, impaired erythrocyte iron absorption, and reduced
sensitivity to or availability of erythropoietin."* IDA primarily
stems from inadequate dietary intake and malabsorption due
to food insecurity and reduced appetite among PTB patients.
IDA and ACD-related IDA both result from disruptions in iron

balance, with the latter often being linked to inflammation.*

The Hb, HCT, MCH and MCHC levels were low among
the anaemic PTB participants. The mean (SD) Hb was
10.74 (1.39) g/dL in anaemic and 14.11 (1.30) g/dL in
non-anaemic participants, which is similar to findings from other
Indian studies. RDW at the start of ATT was higher among

the anaemic patients. Haematological changes that occur are
often associated with body’s immune response of TB infection.

Journal of Family Medicine and Primary Care

A reduction in Hb levels in anaemic TB patients may be related
to the severity of TB infection and inflammation, which may have
an impact on erythropoiesis, but also due to iron deficiency.!”

Distinguishing IDA from ACD relies on criteria involving
lowered Hb, HCT, MCV and MCHC, and raised RDW for
IDA. ACD shares similar criteria except for normal MCHC,
with normal or increased RDW. Our study confirmed these
criteria, revealing significant differentiation between groups
through post hoc analysis. Notably, though RDW and HCT did
not show statistical significance, lower levels were evident in
ACD and IDA.

Irrespective of the anaemic status, serum iron, TSAT and sTfR
index were low in all PTB patients, whereas TIBC and CRP levels

Volume 13 : Issue 4 : April 2024
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Table 3: Distribution of biochemical parameters observed among the ACD, IDA and normal study participants at the
start of treatment

Biochemical parameters ACD Median (IQR) IDA Median (IQR) No anaemia Median (IQR) P

Ferritin ng/ml. 297 (127-450) 14 (11-27) 265 (172-406) <0.001
Transferrin mg/dL 267 (230-312) 315 (250-391) 284.5 (255-331) 0.020
Serum iron pg/dL 38 (24-50) 17 (14-28) 56 (34-81) <0.001
TIBC ng/dL 373.8 (322-4306.8) 441 (350-547.4) 398.3 (357-463.4) 0.020
TSAT % 9.7 (6.0-14.3) 4.1 (3.1-7.4) 14.9 (8.7-29.5) <0.001
Log ferritin 2.4 (2.1-2.6) 1.1 (1.0-1.4) 2.4 (2.2-2.6) <0.001
CRP mg/L 46.9 (22.3-61.2) 20.8 (13.0-39.1) 23.8 (14.1-49.8) <0.001
sTR mg/L 1.2 (0.7-1.6) 2.4 (1.4-3.7) 1.4 (0.8-2.1) 0.001
Ratio of sTfR 0.49 (0.35-0.83) 1.8 (1.3-2.2) 0.5 (0.4-0.9) 0.001

TIBC: Total iron-binding capacity; TSAT: Transferrin saturation; sTfR: Soluble transferrin receptor; ng: Nanogram; mL: Millilitre; pg: microgram; dL: Decilitre; mg: Milligram; L: Litre

Table 4: Sociodemographic factors associated with ACD among the newly diagnosed pulmonary tuberculosis patients at
the start of the treatment n=176

Variables Total Risk factors for ACD PR 95%CI APR 95%CI Adjusted P
ACD (n=9%4) No ACD (n=82)

Age in years

18-30 36 18 (50) 18 (50) 1

31-60 125 66 (52.8) 59 (47.2) 1.05 (0.73-1.52) 1.19 (0.82-1.72) 0.82

>60 15 10 (66.67) 05 (33.33) 1.33 (0.82-2.16) 1.42 (0.86-2.33) 0.86
Gender

Male 129 67 (51.94) 62 (48.06) 1

Female 47 27 (57.45) 20 (42.55) 1.10 (0.82-1.48) 1.22 (0.87-1.71) 0.23
Ration card

Red 113 67 (59.29) 46 (40.71) 1.38 (1.00-1.91)

Yellow 63 27 (42.86) 36 (57.14) 1

ACD: Anaemia of chronic disease; 1 reference

Table 5: Lifestyle risk factors and nutritional status associated with ACD among the newly diagnosed pulmonary
tuberculosis patients at the start of the treatment n=176

Variables Total Risk factors for ACD PR 95%CI APR 95%CI Adjusted P
ACD (n=94) No ACD (n=82)
AUDIT-C scalef
Lower risk 107 56 (52.34) 51 (47.66) 1
Higher risk 08 05 (62.5) 03 (37.5) 1.19 (0.67-2.10)
Increasing risk 43 26 (60.47) 17 (39.53) 1.15 (0.85-1.56)
Possible dependence 18 07 (38.89) 11 (61.11) 0.74 (0.40-1.38)
FTIND? (applicable only for male participants)
Very low 91 40 (43.9) 51 (56.04) 1
Low 16 13 (81.25) 03 (18.75) 1.84 (1.32-2.57) 1.52 (1.10-2.11) 0.01
High 10 07 (70.00) 03 (30.00) 1.59 (0.99-2.54) 1.13 (0.75-1.71) 0.54
Very high 04 01 (25.00) 03 (75.00) 0.56 (0.10-3.15) 0.51 (0.11-2.36) 0.39
Medium 08 06 (75.00) 02 (25.00) 1.70 (1.07-2.70) 1.43 (0.92-2.21) 0.10
DM}
Yes 81 40 (49.38) 41 (50.62) 0.86 (0.65-1.15)
No 95 54 (56.84) 41 (43.16) 1
BMI!
Underweight (<18.5 kg/m? 79 58 (73.42) 21 (26.58) 391 (1.39-10.95)  3.43 (1.21-9.69) 0.02
Normal (18.5-22.9 kg/m? 68 29 (42.65) 39 (57.35) 2.27 (0.79-6.54) 2.05 (0.70-5.94) 0.18
Overweight (23-24.9 kg/m?) 13 04 (30.77) 09 (69.23) 1.64 (0.44-6.05) 1.49 (0.41-5.34) 0.53
Obesity (=25 kg/m?) 16 03 (18.75) 13 (81.25) 1

1 reference; ACD: anaemia of chronic disease; 'BMI: body mass index; AUDIT-C scale: high risk (16-19), increasing risk (8-15), low risk (0-7), possible dependence (20+); FTND: ‘Fagerstrom Test for Nicotine
Dependence: high (6-7), low (3-4), medium (5), very high (8-10), very low (0-2)

wete high. Similar observation was reported by Bashir A ez al,
Mishra ¢# a/. and Chandan e 2/P%**) However, it was noted that

Bashir A ¢z al. reported low TIBC, which might indicate functional
deficit of availability of iron.P+!
1322
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Figure 5: Spearman’s correlation plot between biochemical parameters and haemoglobin levels is shown Anemic and No anemia tuberculosis
patients at the start of treatment. A P value <0.05 is considered significant, (a) Ferritin vs Haemoglobin, (b) Transferrin vs Haemoglobin, (c) Serum iron
vs Haemoglobin , (d) Soluble transferrin receptor vs Haemoglobin, (e) Total iron-binding capacity, vs Haemoglobin, (f) Transferrin saturation vs
Haemoglobin, (g) Soluble Transferrin receptor ratio vs Haemoglobin, (h) C-reactive protein vs Haemoglobin

In our study, weak positive correlations with statistical rise. Limited association might stem from PTB-related
significance were observed between ferritin, serum iron, TSAT  inflammation. CRP displayed weak negative correlation with
and Hb, suggesting a slight Hb increase as iron parameters Hb, implying high inflammation linked to Hb reduction,
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Table 6: Sociodemographic associated with IDA among the newly diagnosed pulmonary tuberculosis patients at the start
of the treatment n=176

Variables Total Risk factors for IDA PR 95%CI APR 95%CI Adjusted
IDA (n=15) No IDA (n=161) P

Age in years

18-30 36 08 (22.22) 28 (77.78) 5.55(1.93-15.93) 1.96 (0.37-10.24) 0.42

31-60 125 05 (04) 120 (906) 1 1

>60 15 02 (13.33) 13 (86.67) 3.33 (0.71-15.70) 2.92(0.30-28.44) 0.35
Gender

Male 129 04 (3.1) 125 (96.9) 1

Female 47 11 (23.4) 36 (76.6) 7.54 (2.52-22.55) 4.95 (1.54-15.87) 0.00
Religion

Hindu 155 12 (7.74) 143 (92.206) 1.08 (0.15-7.73)

Christian 14 1(7.14) 13 (92.86) 1

Muslim 7 2 (28.57) 05 (71.43) 4 (0.43-36.91)
Education (ISC)

No formal education 87 5(5.75) 82 (94.25) 1

Primary, middle stage and secondary 64 8 (12.5) 56 (87.5) 2.17 (0.74-6.33)

Senior secondary education and 25 2(8) 23 (92) 1.39 (0.28-6.74)

bachelors or masters or equivalent
Occupation

Employed 97 05 (5.15) 92 (94.85) 1

Unemployed 79 10 (12.66) 69 (87.34) 2.45 (0.87-6.88) 0.90 (0.37-2.17) 0.82
Ration card

Red 113 11 (9.73) 102 (90.27) 1.53 (0.51-4.61)

Yellow 63 04 (6.35) 59 (93.65) 1
Marital status

Married 126 06 (4.76) 120 (95.24) 1

Unmarried 38 07 (18.42) 31 (81.58) 3.86 (1.38-10.81) 1.12 (0.25-5.01) 0.87

Others 12 02 (16.67) 10 (83.33) 3.5 (0.79-15.47) 1.63 (1.31-20.35) 0.70

IDA: Tron deficiency anaemia; PR: Prevalence risk; APR: Adjusted prevalence risk

Table 7: Lifestyle risk factors and nutritional status associated with IDA among the newly diagnosed pulmonary
tuberculosis patients at the start of the treatment n=176

Variables Total Risk factors for IDA PR 95%CI APR 95%CI Adjusted P
IDA (n=15) No IDA (n=161)
AUDIT-C scale’
Lower risk 107 13 (12.15) 94 (87.85) 1
Higher risk 8 1(12.5) 07 (87.5) 1.02 (0.15-6.89)
Increasing risk 43 0 43 (100) 1
Possible dependence 18 1 (5.56) 17 (94.44) 0.45 (0.06-3.28)
DM
Yes 81 02 (2.47) 79 (97.53) 0.18 (0.04-0.77) 0.27 (0.49-1.50) 0.13
No 95 13 (13.68) 82 (86.32)
BMI!
Underweight (<18.5 kg/m?) 79 08 (10.13) 71 (89.87) 1.37 (0.47-4.01)
Normal (18.5-22.9 kg/m? 68 05 (7.35) 63 (92.65) 1
Overweight (23-24.9 kg/m?) 13 0 13 (100) 1
Obesity (225 kg/m?) 16 02 (12.5) 14 (87.5) 1.7 (0.36-7.98)
MUACY
Normal 95 06 (6.32) 89 (93.68) 1
Deficient 81 09 (11.11) 72 (88.89) 1.75 (0.65-4.73)

DM: diabetes mellitus; BMI': body mass index; low risk (0-7); possible dependence (20+); MUAC: mid-upper arm circumferences. 1 references; PR: prevalence risk; APR: adjusted prevalence risk. There are less
participants diagnosed with IDA in the FTND group; therefore, we have not included in the PR table. "AUDIT-C scale: high risk (16-19); increasing risk (8-15)

affirming inflammation’s Hb impact. Elevated ferritin, tuberculosis (MTB) multiplication by limiting iron availability,
TIBC, transferrin and sTfR may counter Mycobacterium  responding to infection. !4
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Our study also found a small number of cases with IDWA.
Diagnostic iron parameters such as ferritin, serum iron, TIBC,
transferrin and TSATH*) are affected by chronic illness,
complicating their interpretation.

While ferritin levels decrease in IDA, inflammation can elevate
them, similar to serum iron, TIBC and transferrin, making it
complex to interpret in Fe-deficient patients with infections or
inflammation. Patients with PTB often exhibit elevated serum
ferritin levels, which can indicate oxidative stress.*’l Transferrin,
a marker for nutritional status and a negative acute-phase
protein, tends to decrease during infections and is influenced
by protein intake and malnutrition.P"! Stress and immune
mediator cytokine synthesis by the liver can further impact the
synthesis of proteins such as albumin and transferrin levels.*2
Additionally, Fe deficiency prompts increased sTR release from

erythroblasts.!*!

sTfR is a transmembrane protein expressed in cells that require
iron. These receptors are not affected by any inflammatory
condition and are raised during Fe-deficient state.(39) Studies
have shown sTfR is a better indicator of Fe deficiency when
associated with inflammation. This is consistent with our finding
that highest mean sTfR is found in the IDA [(2.65 (1.4)] when
compared to the ACD group [(1.39 (0.8)]. This comparison
explains thatlow Hb and high sTfR in IDA compared with ACD
indicate inflammation related to anaemia and may be due to iron
deficiency in PTB patients with anaemia.

This finding is in accordance with the research by Abedin
et al., who also found an increase in sTfR in the ACD patient’s
group.”" In our study, sTR alone did not distinctly sepatate
ACD and IDA due to overlapping values. We then used
the sTfR/log ferritin index, estimating body iron across
various stores. The index decreased in ACD and increased
in IDA, facilitating accurate differentiation. ACD correlated
with alcohol, smoking and undernutrition, while IDA was
predominantly linked to gender among sociodemographic
characteristics.

As previously reported,!™ ferritin is an acute-phase reactant and its
level is not reliable at the time of infection; hence, the type of anaemia
can be differentiated by sTfR index. Our results demonstrate that the
addition of sTfR and sTfR index to the serum ferritin measurement
substantially improves the detection of ACD and IDA, particulatly
in PTB diagnosis where routine markers for iron status such as Hb,
MCYV, ferritin, Fe, Tf, TIBC and TSAT provide equivocal results
that may delay diagnosis of combined IDA and ACD. This study,
investigating ACD during the initiation of ATT, offers a focused
and valuable examination. As anaemia has implications on the TB
treatment outcomes, it is necessary to address and control anaemia
in TB patients. However, treatment with Fe supplementations can
be a double-edged sword as it can fuel MTB growth. We propose
that type of anaemia be evaluated in all TB patients at the start of
treatment and managed adequately based on whether it is due to Fe
deficiency or inflammation. Due to the heightened inflammatory

Journal of Family Medicine and Primary Care

response in TB patients, iron supplements might not effectively
correct infection-related anaemia. Instead, treatment strategies
targeting the infection or inflammation itself, such as anti-tumour
necrosis factor (TNF) therapy, have been recommended.”*"

The strength of the study is the use of sTfR index in the evaluation
of the types of anaemia, which clearly delineates the anaemia of
chronic disease from anaemia due to iron deficiency. This study
has certain limitations as well. The patients were from the urban
areas, and the levels of inflammation may vary in those from the
rural areas. There could have been causes of inflammation other
than TB in these patients, which we did not explore. Despite this
limitation, the study offers vital insights into ACD’s characteristics,
emphasizing the importance of routine screening and management
during ATT. It also calls for further research into the connections
between TB, ACD and treatment timing,

Conclusion

The study concludes that iron metabolism is altered during TB
infection. Hence, anaemia among PTB patients is mainly due
to ACD compared to iron deficiency. The parameters such as
ferritin, TTBC, transferrin and sTfR were not able to differentiate
between the types of anaemia in PTB patients as their levels
change in response to infection. The sTfR /log ferritin index was
a better measure for differentiation between the ACD and IDA.
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