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Abstract:

Background: Tuberculosis (TB) remains a significant global health challenge, particularly in low- and middle-
income countries, with India bearing the highest burden globally. Sputum smear conversion, defined as the
transition from a positive to a negative sputum smear after anti-TB treatment, is a critical indicator of treatment
success and patient response to therapy. This study aimed to evaluate the role of serum albumin levels and Body
Mass Index (BMI) in sputum smear conversion among newly diagnosed sputum-positive pulmonary
tuberculosis patients.

Methodology: A hospital-based prospective observational study was conducted at the Institute of Respiratory
Diseases, SMS Medical College, Jaipur, from September 2022 to August 2023. A total of 100 newly diagnosed
sputum-positive pulmonary TB patients were enrolled, excluding those with comorbidities such as diabetes,
HIV, drug-resistant TB, and pregnant or lactating women. Data on demographic, clinical, and laboratory
parameters were collected, including BMI, serum albumin levels, and sputum conversion status at the initiation,
intensive, and continuation phases of treatment.

Results: The study found that 62% of patients achieved sputum conversion, while 38% did not. The majority of
patients were male (73%), with a mean age of 37.63 + 12.7 years for males and 38.70 + 11.7 years for females.
Most patients (69%) were from rural areas, highlighting the impact of socioeconomic factors on TB
susceptibility. Nutritional status played a significant role, with 55% of patients having a normal BMI (18.5—
24.9), 35% being underweight (BMI <18.5), and 10% overweight (BMI 25-29.9). A significant association was
observed between BMI and sputum conversion, with underweight patients showing poorer conversion rates.
Serum albumin levels also significantly influenced sputum conversion, with 63% of patients having levels >3.5
g/dL and 37% having levels <3.5 g/dL. Higher albumin levels were positively associated with sputum
conversion, emphasizing the role of nutritional status in TB treatment outcomes. Smoking history was another
critical factor, with non-smokers showing better conversion rates compared to current and former smokers.
Clinical symptoms such as weight loss (85%) and cough (83%) were prevalent, but no significant association
was found between these symptoms and sputum conversion. Hemodynamic parameters, including oxygen
saturation and blood pressure, were not significantly associated with sputum conversion.

Conclusion: The study concluded that low serum albumin levels, underweight status, and smoking history are
significant risk factors for delayed sputum conversion in TB patients. Nutritional interventions aimed at
improving BMI and albumin levels are crucial for enhancing treatment outcomes. Routine screening for
malnutrition and targeted nutritional support should be integrated into TB management protocols to improve
sputum conversion rates and overall treatment success.
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Introduction

Tuberculosis (TB) remains a formidable global
public  health challenge, disproportionately
affecting vulnerable populations such as pediatric
patients, individuals with drug-resistant TB, and
those with HIV coinfection. Despite being
preventable and treatable, TB imposes a significant
healthcare burden, particularly in resource-limited
settings, exacerbated by factors such as
malnutrition, inadequate healthcare infrastructure,
and social determinants of health [1][2]. According
to the World Health Organization (WHO), over 10
million people were diagnosed with TB in 2021—
2022, resulting in 1.3 million deaths, including
167,000 deaths among individuals co-infected with
HIV [3]. Furthermore, the COVID-19 pandemic
has disrupted TB diagnostic and treatment services,
reversing years of progress in reducing TB
incidence and mortality [4].

Despite efforts to combat TB, all WHO regions
have fallen short of the targets set by the End TB
Strategy, which aims to reduce TB incidence by
90% and mortality by 95% between 2015 and 2035
[5]. India bears the highest burden of TB globally,
with an estimated 2.5 million cases and 350,000
deaths annually as of 2023, alongside 38,000 cases
of TB-HIV co-infection [6]. Factors such as
malnutrition, overcrowding, poor sanitation, and
delayed access to healthcare further amplify the TB
burden [7]. Additionally, challenges like drug-
resistant TB, inadequate treatment adherence, and
the coexistence of other comorbidities hinder
control efforts [8]. Addressing these issues requires
a  comprehensive,  multisectoral  approach
encompassing improved diagnostics, treatment, and
social support.

Sputum smear conversion, defined as the transition
from a positive to negative sputum smear after anti-
TB treatment, serves as a key indicator of treatment
success and the patient’s response to therapy [9].
Early conversion, typically within the first 60 days
of treatment, is crucial for reducing infectiousness,
preventing relapse, and tailoring treatment duration
[8][10]. It also reflects the effectiveness of national
TB control programs and clinical management
strategies. However, achieving sputum conversion
is influenced by numerous factors, including
malnutrition, a critical determinant of TB
progression and recovery [11].

Malnutrition significantly weakens the immune
system, increasing susceptibility to TB infection
and reducing the likelihood of favorable treatment
outcomes. Individuals with TB often experience a
decline in nutritional status due to poor appetite,
malabsorption, and the catabolic effects of the
disease [12]. Among key nutritional indicators,
body mass index (BMI) and serum albumin levels
are vital for assessing the severity of malnutrition
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and its 1impact on TB outcomes [13].
Hypoalbuminemia, defined as serum albumin
levels below 3.5 g/dL, is commonly observed in TB
patients and is associated with worse clinical
outcomes and higher mortality risk [16][17].
Recognizing the critical role of nutrition in TB
control, the Government of India launched the
"Nikshay Poshan Yojana," which provides
financial support of ¥500 per month to all notified
TB patients during treatment to address nutritional
deficiencies [20]. This initiative underscores the
importance of integrating nutritional support into
TB management to enhance treatment success,
improve patient outcomes, and achieve the End TB
Strategy goals. By focusing on sputum conversion
and the role of nutritional status, this study aims to
provide insights into the  multifactorial
determinants of TB outcomes and guide efforts to
combat this pervasive disease.

Aim & Objectives

Aim: To study the role of serum albumin and body
mass index in sputum smear conversion among
Newly diagnosed case of sputum positive pulmo-
nary tuberculosis At Institute of respiratory Disease
Sawai Man Singh MedicalCollege Jaipur

Material & Methods

Study Area: The study was conducted at institution
of Respiratory Diseases under supervision of De-
partment of Respiratory Medicine SMS Medical
College, Jaipur.

Permission: Permission was brought from the Re-
search review board and ethics committee
(559/MC/EC/2023) of SMS medical college Jaipur
Rajasthan.

Study Periods: After approval of the plan from
Research Review Board from (2022). Theproposed
study was conducted from Sept 2022 to August
2023. An additional 2 months’ time was used for
data compilation, statistical analysis processing and
report writing.

Study Design: Hospital based prospective
observational study.

Study Universe: All patients attending Institute of
Respiratory Diseases, Jaipur, S.M.S. hospitals,
Jaipur.

Sampling Technique: Convenient Sampling.
Inclusion criteria

o Those who give written informed consent.

o Age above 18 years.

e Newly diagnosed pulmonary tuberculosis with
sputum smear positive.
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Exclusion criteria

o Patients with deranged liver function and renal
function.

o Patients with retroviral disease and diabetes
mellitus.

o  Patients with drug resistant TB.

e  Pregnant and lactating females.

o  Patients with symptoms of Respiratory failure.

o  Patients with immunocompromised condition

Study population.

All newly diagnosed sputum smear positive pul-
monary tuberculous patients

Sample size:

Sample size is calculated at 95 % confidence
interwal and o error of 0.05 assuming propor-
tional AFB positive pulmonary sputum conversion
among TB patient as 61.54 % as per previous study
(Nutrition Status Related to Clinical Improvement
in AFB-Positive Pulmonary Tuberculosis Patients
inPrimary Health Centers in Medan, Indonesia.). At
the absolute allowable error of 10 % the required
sample size was 94 patients which was further
rounded off to 100 subjects as a final sample size
with 5% attrition.

Study Procedure:

After the ethics committee approval for the study
protocol. Those patients who fulfil the inclusion
criteria were selected, Informed consent was ob-
tained from patients or their relative.

e Complete history of patient including any
known drug allergy were taken.

e General and systemic examination and local
examination done before goinginvestigations.

The subjects undergo the following-

e History including symptoms and drug history

e  Clinical examination

e Chest X- Ray PA view

e  Sputum smear examination for AFB

e Sputum CBNAAT

e Body weight and Height measurement

e  BMI calculation

e Complete blood count, erythrocyte sedimen-
tation rate , liver functiontest, renal function
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test, blood sugar HIV,
e  Serum albumin level
e SPo2
« HR, SBP, DBP

After the aforementioned examination and investi-
gations patients was Followed-up at start of treat-
ment, end of intensive phase and end of continua-
tion phase and measure BMI and serum albumin
level for improvement and look for sputum con-
version timing and sputum conversion rates in dif-
ferent groups.

Outcome variables

e Proportions of cases as per Demographic pro-
file (gender, marital status, residency of pa-

tients.)

o Proportions of case with personal history
(smoking history)

o Proportions of patients as per clinical parame-
ters.

e Hemodynamic parameters (Mean pulse rate,
systolic blood pressure, diastolic blood pres-
sure, Sp02)

e Mean body weight, BMI and serum albu-
min level before stating of treatment and
correlation of these indices with incidence of
tuberculosis.

o Proportions of patients as per of sputum con-
version and timing indifferent groups.

o  Proportions of cases with their outcome.

Statistical analysis

All collected data was entered in an excel sheet.
Quantitative data was expressed as mean +standard
deviation (SD).

Qualitative data was expressed as frequency and
percentage. Independent sample t test of signifi-
cance was used to compare twomeans (quantitative
data).

Chi-square (x2) test of significance was used to
compare proportions between qualitative parame-
ters.

The confidence interval was set to 95%, and the
margin of error was accepted at 5%. The p value <
0.05 is considered as a significant and p value >
0.05 would be considered insignificant.
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Study Population: All patients attending Institute of Respiratory
Diseases, Jaipur, S M.S. hospitals, Jaipur.

Clinical History. Physical Examination, Chest X-Ray, Routine
Blood investigation and viral marker

| Sputum for AFB & CBNAAT |

I Inclusion Criteria |— \ —I Exclusion Criteria I

Sample Population: All newly diagnosed sputum smear positive pulmonary
TB Patients (n=100)

Initiation of ATT (dots)
Measure Serum Albumin and Body Mass Index at Start of Treatment, end of
Initiation Phase, end of Continuation Phase Measure Sputum Smear
Conversion and Determine Timing of Conversion

I Follow-up I

I Data Collection I

I Statistical Analysis l

Inference |

Flow Chart 1:

Observations & Result

The study examined various demographic, clinical,
and laboratory parameters of sputum-positive
patients and their association with sputum
conversion. Among the 100 participants, the
majority were male (73%) with females
constituting 27% of the cohort. [Figure 1] The
mean age was 37.63 + 12.7 years for males and
38.70 + 11.7 years for females, with no statistically
significant difference in mean age between genders
(p-value = 0.703(NS)). Most patients (69%) were
from rural areas, and the distribution of residence
was significantly associated with gender (p — value
=0.0001 (S)). Regarding nutritional status, 55% of
patients had a normal BMI (18.5-24.9), 35% were
underweight (BMI <18.5), and 10% were
overweight (BMI 25-29.9). No obese patients
(BMI >30) were identified. Smoking history was
prevalent among male patients, and a statistically
significant association was observed between
gender and smoking history (p < 0.05). Clinically,
the most common symptoms were weight loss
(85%) and cough (83%), followed by expectoration
(58%), breathlessness (25%), chest pain (21%), and
hemoptysis  (21%). [Table 1] The mean
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hemodynamic parameters recorded were as
follows: systolic blood pressure (SBP) of 127.02 +
16.3 mmHg, diastolic blood pressure (DBP) of
79.20 + 7.21 mmHg, heart rate (HR) of 96.69 +
10.84 beats per minute, and oxygen saturation
(Sp02) of 95.53 £ 3.92%. None of these parameters
were significantly associated with sputum
conversion. Serum albumin levels revealed that
63% of patients had levels >3.5 g/dL, while 37%
had levels <3.5 g/dL, indicating a significant
association between higher albumin levels and
sputum conversion (p < 0.001).

Sputum conversion was achieved by 62% of the
patients, while 38% did not show conversion. Age,
gender, residence, and clinical symptoms such as
cough, expectoration, breathlessness, weight loss,
and chest pain were not significantly associated
with sputum conversion (p > 0.05). [Table 2]
However, smoking history and BMI were
significantly associated with sputum conversion (p
< 0.05), with non-smokers and patients with normal
or higher BMI showing better conversion rates.
[Table 3] Improvement in BMI and albumin levels
over time was also statistically significant (p <
0.001). [Table 4] Among the 38 patients who did
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not achieve sputum conversion, 78.94%
experienced delayed smear conversion, 5.26%
showed MDR/XDR conversion, 5.26% succumbed
to the disease, and 10.52% required a regimen
change or were classified as defaulters. These
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findings emphasize the multifactorial determinants
of sputum conversion, highlighting the importance
of nutritional status, smoking history, and serum
albumin levels as key factors influencing treatment
outcomes. [Figure 3]

Data Collection

Figure 1: Gender wise distribution of sputum positive patients

Figure 2: Sputum conversion status at Initiation 1 Phase of sputumpositive patients

MDR/XDR
conversion,
5.26%

Death, 5.26%

mDelayed smear conversion ~ mDeath

» MDR/XDR conversion  mDefaulter

Figure 3: Outcome of patients with negative smear conversion (n-38)
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Table 1: Presenting symptoms of sputum positive patients

Presenting Complaints %

Cough 83 83%
Chest pain 21 21%
Expectoration 58 58%
Breathlessness 25 25%
Weight loss 85 85%
hemoptysis 21 21%

Table 2: Association of socio-demographic and clinical symptoms ofsputum positive patients with sputum

conversion
Sputum Conversion at end of IP Level of significant
No Yes
Gender Male 27 46 Chi-square- 0.012
Female 11 16 P-value- 0.911(NS)
Residency Rural 25 44 Chi-square- 0.103
Urban 13 18 P-value- 0.748(NS)
Cough No 9 8 Chi-square- 1.252
Yes 29 54 P-value- 0.263(NS)
expectorations No 19 23 Chi-square- 1.124
Yes 19 39 P-value- 0.289(NS)
breathlessness No 26 49 Chi-square- 0.905
Yes 12 13 P-value- 0.238(NS)
Weight loss No 8 7 Chi-square- 1.079
Yes 30 55 P-value- 0.299(NS)
Chest pain No 28 51 Chi-square- 0.591
Yes 10 11 P-value- 0.442(NS)
Hemoptysis No 35 44 Chi-square- 1.19
Yes 6 15 P-value- 0.292(NS)

Table 3: Association of smoking history of sputum positive patients withsputum conversion

Sputum Conversion at end of IP Level of significant
No Yes
Smoking Smoker 15 22 Chi-square-8.229
Ex-smoker 11 13 P-value- 0.016 (S)
Non-smoker 6 33
Table 4: Association of BMI of sputum positive patients with sputumconversion
Sputum Conversion at end of IP Level of significant
No Yes
BMI | Underweight 21 14 Chi-square- 11.25P-value- 0.004(S)
Normal 15 40
Overweight 2 8
Total 38 62
Discussion provide critical insights into the nutritional and

Tuberculosis (TB) remains a significant global
health challenge, particularly in low- and middle-
income countries. Despite advances in diagnosis
and treatment, achieving and maintaining sputum
conversion—defined as the transition from a
positive to a negative sputum smear—remains a
crucial milestone in TB treatment. Sputum
conversion serves as an important indicator of
treatment efficacy and infectiousness. While
multiple factors influence sputum conversion, two
notable patient-related variables are serum albumin
levels and Body Mass Index (BMI), both of which
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overall health status of TB patients and their
potential impact on treatment outcomes.

Low serum albumin levels, often indicative of
malnutrition or chronic illness, have been
consistently associated with poorer clinical
outcomes in various diseases, including TB.
Hypoalbuminemia, a common finding among TB
patients, compromises immune function and
reduces the efficacy of anti-TB medications,
potentially delaying sputum conversion. Similarly,
BMI is a key indicator of nutritional and health
status. Low BMI, reflective of undernutrition, is
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prevalent among TB patients and has been linked to
increased morbidity and mortality. Addressing
these factors could play a pivotal role in optimizing
TB treatment outcomes.

In this context, the present study was planned to
assess BMI and serum albumin levels in sputum-
positive patients and determine their association
with sputum conversion rates.

This hospital-based observational study was
conducted at the Institution of Respiratory Diseases
under the supervision of the Department of
Respiratory Medicine, SMS Medical College, and
Jaipur. A total of 100 sputum-positive patients
attending the facility, who met the inclusion
criteria, were enrolled. Informed consent was
obtained from all participants. The sputum
conversion status of each patient was recorded after
the initial intensive phase of anti-tuberculosis
treatment (ATT). Detailed sociodemographic,
personal, medical, and surgical histories were
obtained.

Sociodemographic Profile: The study revealed
that most of the patients were male (73%), with
females accounting for 27%. The mean age for
males was 37.63 + 12.7 years, and for females, it
was 38.70 = 11.7 years. The association between
age and sputum conversion was not statistically
significant. The male predominance observed in
this study is consistent with the annual report of the
Ministry of Health and Family Welfare,
Government of India, which states that males
account for approximately 68% of total TB cases
[18]. Similar findings were reported by Mega et al.
[19] and Ockenga et al. [20].

The 20—40-year age group was identified as being
at higher risk of TB due to factors such as increased
exposure to crowded environments, higher
mobility, and engagement in high-risk behaviours,
including smoking and substance abuse. This age
group also experiences significant stress from work
and lifestyle choices, which may weaken the
immune system. Additionally, socioeconomic
constraints and limited access to healthcare
contribute to the heightened susceptibility.

The study also found that patients from rural areas
were at significantly higher risk of TB (69%)
compared to those from urban areas (31%). Rural
populations face numerous challenges, including
delayed access to healthcare facilities, poor living
conditions, and widespread malnutrition, all of
which compromise immune function and increase
vulnerability to TB.

Sputum Conversion Outcomes: In this study,
62% of patients achieved sputum conversion, while
38% did not. This conversion rate is lower than the
78.5% reported by Pajankar et al. [21], 82.4%
noted by Gopi et al. [22], and 75% reported by
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Reider HL [23]. However, it is still higher than the
conversion rates observed in some settings but falls
short of the 85% conversion rate reported in
Bangladesh and the 91% achieved in India with
short course Directly Observed Therapy (DOT)
[24]. In this study, sputum conversion at the end of
the first month was only 34%.

The relatively low sputum conversion rate observed
in this study can be attributed to the profile of the
patient population. Patients attending one of the
largest tertiary care hospitals in Rajasthan, India,
were often referred from primary health centers or
community health centers (CHCs). This referral
process likely caused delays in accessing care and
initiating treatment, which could have negatively
impacted sputum conversion rates.

Personal History: In this study, 37% of patients
were current smokers, 24% were former smokers,
and 39% were non-smokers. A significant
association was observed between smoking history
and sputum conversion. Consistent with these
findings, Cailleaux-Cezar et al. reported that
smoking was associated with delayed sputum
smear conversion at the end of the second month of
TB treatment (relative risk = 3.58 [95% CI: 1.3—
9.86], p = 0.01) and poor treatment outcomes
(relative risk = 6.29 [95% CI: 1.57-25.21], p =
0.009). Among current smokers, the association
between smoking and a positive culture in the
second month of treatment was statistically
significant (p = 0.027) [25]. Similar observations of
delayed Mycobacterium  tuberculosis  culture
conversion among pulmonary TB patients have
been reported in China (Leung CC, Yew WW et
al.) [26] and Spain (Gullon Blanco JA, Suarez et
al.) [27].

In contrast, A.T. Abal et al. observed that while
smoking did not influence the chances of early
sputum conversion when other factors were
controlled, it did delay sputum conversion in TB
patients. This underscores the importance of
advising patients to quit smoking during TB
treatment [28]. However, other studies, such as
those by Shprykov and Zhadnov, did not find a
significant influence of smoking on sputum
conversion, highlighting the variability in findings
across populations [29].

Clinical Symptoms: In this study, most patients
reported weight loss (85%) and cough (83%) as
their most common symptoms, followed by
expectoration (58%), breathlessness (25%), chest
pain  (21%), and hemoptysis (21%). This
distribution underscores weight loss and cough as
the primary presenting symptoms among sputum-
positive patients. However, sputum conversion was
not significantly associated with these clinical
symptoms. This aligns with the findings of M.
Ramirez-Hidalgo et al., who observed that cough
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(93%), purulent sputum (72%), and weight loss
(68%) were the most common symptoms among
TB patients. Despite their prevalence, these clinical
symptoms have not been consistently linked to
treatment outcomes or sputum conversion [30].

Hemodynamic Parameters and SpO:: The mean
SpO: (oxygen saturation) level among patients was
95.53 + 3.92, while the mean PaO. was 77.21 =+
6.18. The mean diastolic blood pressure (DBP) was
79.20 + 7.21 mmHg, and the mean heart rate (HR)
was 96.69 + 10.84 bpm. Although TB leads to a
reduction in lung capacity and effective surface
area, in this study, sputum conversion was not
significantly  associated with  hemodynamic
parameters or oxygen saturation.

BMI and Sputum Conversion: The majority of
patients in this study had a normal BMI (18.5—
24.9) (55%), while 35% were underweight (BMI
<18.5), and 10% were overweight (BMI 25-29.9).
No patients were classified as obese (BMI >30). A
significant association was observed between BMI
and sputum conversion, with underweight patients
showing poorer conversion rates.

These findings are consistent with the study by
Mega et al., which reported that most pulmonary
TB patients had a BMI of <I18.5-25 kg/m?
(53.85%) [31]. Similarly, Puspita et al. found that
46.5% of pulmonary TB patients had normal BMI,
while 43.7% were underweight [32]. Suliyanti also
noted that 51.7% of TB patients had normal
nutritional status, with underweight patients
comprising a significant proportion [33]. Studies by
Wokas et al. in Indonesia and Shah et al. in Uganda
corroborate the prevalence of poor nutritional status
among TB patients, emphasizing its critical impact
on disease outcomes [34,35].

In India, Shetty et al. demonstrated that TB patients
were 11 times more likely to have a BMI <18.5 and
7 times more likely to have a mid-arm
circumference <24 cm [36]. Nutritional
deficiencies, including  reduced  appetite,
malabsorption, and altered metabolism, perpetuate
wasting in TB patients, adversely impacting
treatment response [37].

Serum  Albumin Levels and  Sputum
Conversion: Serum albumin levels in this study
revealed that 63% of patients had levels >3.5 g/dL,
while 37% had levels <3.5 g/dL. Sputum
conversion was positively associated with higher
serum albumin levels. These findings align with
Mega et al, who reported that patients with
albumin levels >3.5 g/dL were more likely to
achieve sputum conversion, while those with levels
<3.5 g/dL had poorer outcomes [38]. Research by
Khairil et al. showed that decreased albumin levels
were associated with a 54.2% likelihood of poor
clinical improvement in TB patients [39]. Hatsuda
et al. also observed that malnutrition markers,
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including low albumin, predicted delayed sputum
culture conversion due to impaired immune
responses [37]. Kulsum et al. further identified low
serum albumin as a risk factor for failed sputum
conversion, emphasizing the role of albumin in
drug transport, such as rifampicin, an essential
component of TB therapy.[38]

Conclusion

Based on the findings of this study, patients with
low albumin levels and underweight status are at
risk for delayed sputum conversion. Similarly,
patients with a history of smoking also experience
impeded sputum conversion rates. All patients
should be routinely screened for malnutrition using
validated tools. Nutritional interventions that in-
crease calorie and protein intake arecrucial for pa-
tients who are malnourished or at risk of malnutri-
tion. These interventions are essential to improve
nutritional status and aid in the resolutionof tuber-
culosis (TB).

Limitation of the Study: Limited data on previous
history, family history and exact duration of the
disease could affect the generalizability of the study
results. Conducting the study at a single institution
with a limited number of patients might limit the
applicability of the results to other regions with
different patient populations and healthcare prac-
tices. The study used BMI as the sole indicator of
nutritional status, which might not comprehensive-
ly capture all aspects of malnutrition. Sputum con-
version depends on many inter-related factors like
drug compliance, working conditions, type of
work, etc., and complete information regarding
these factors is limited in this study. The study did
not follow patients longitudinally beyond sputum
conversion to assess long-term outcomes or the
impact of nutritional interventions over time.
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