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Summary: Despite evidence suggesting that Mycobacterium tuberculosis induces tryptophan depletion, microbiota
dysbiosis and ultimately immune dysfunction, no data exist on serum levels of tryptophan and microbiota-metabolite (indole
proprionic acid, IPA) in Nigerian TB patients. This study determined anthropo-nutritional status [Body Mass Index (BMI),
Mid-Upper Arm Circumference (MUAC), Waist Circumference (WC), Hip Circumference (HC)], and Simplified Nutritional
Appetite Questionnaire (SNAQ) scores, serum albumin, tryptophan and IPA in Nigerian PTB patients using a questionnaire
and ELISA as appropriate. Higher prevalence of DS-TB (92%) than MDR-TB (19%) or control (4%) showed appetite loss
with a clinically meaningful risk of 5% weight loss within six months. BMI, MUAC, WC, HC, and SNAQ scores were
significantly reduced in DS-TB and MDR-TB patients compared with the control. The MUAC, WC, HC and SNAQ scores
were significantly reduced in DS-TB patients compared with MDR-TB patients. Serum albumin levels were not significantly
reduced, while IPA levels were not significantly increased in DS-TB or MDR-TB patients compared with the control. The
serum levels of tryptophan were significantly increased in DS-TB patients or MDR-TB patients compared with control. Our
findings revealed a need for tryptophan-based management for PTB patients and that PTB is an infectious, metabolic and
nutritional disease.
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INTRODUCTION 2015), but the SNAQ (Simplified Nutritional Appetite
Questionnaire) score has not been used. The SNAQ score is
a validated screening tool to assess risk of malnutrition in
patients with chronic illnesses like PTB. A low SNAQ score
(<14) indicates risk of malnutrition, unintentional weight

loss and poor recovery in illnesses (Wilson et al., 2005). The

Pulmonary tuberculosis (PTB), caused by Mycobacterium
tuberculosis (M.tb) alongside malaria and acquired
immunodeficiency syndrome (AIDS) are challenges to
global public health particularly in low- and middle-income

countries (Patel et al., 2025). In Nigeria, socioeconomic
factors such as poverty, food insecurity, and limited access
to healthcare promote PTB prevalence and progression
(Ogunniyi et al., 2024). PTB patients showed high
prevalence of underweight, low body mass index, reduced
levels of total protein and albumin, decreased lipid profile
(cholesterol, HDL, LDL, triglycerides), deficiencies of
micronutrients (vitamins A, D, zinc), lower antioxidant
levels to confirm protein-energy malnutrition and oxidative
stress (Akiibinu ef a/ 2008, Akiibinu et al 2024). These
conditions contribute to delayed recovery and increased
mortality thus necessitating nutritional intervention
(Adedapo et al., 2006).

Anthropometric  measurements and  biochemical
parameters have been previously used to assess immune-
nutritional status of PTB patients in Nigeria (Akiibinu et al.,
2008, Akiibinu et al., 2024, Edem et al., 2017, Edem et al.,

SNAQ score could therefore be applied as a quick tool for
assessing nutrition status of PTB patients in a low resource
setting like Nigeria.

Albumin is a major protein in the blood plasma,
synthesized by the liver and low albumin levels are often
seen in protein-energy malnutrition or chronic illnesses
(Baral 2025). Albumin is the main plasma protein
responsible for transporting tryptophan, fatty acids, and
hormones.10 PTB patients often have hypoalbuminemia
which may cause reduced tryptophan transport to tissues
and contributing to poor treatment outcomes (Shoff et al.,
2025, Ardiansyah et al., 2023). Gut microbiota metabolism
of tryptophan produces IPA but reduced albumin levels
impair tryptophan transport, while diversion of tryptophan
metabolism away from IPA production further exacerbates
oxidative stress and inflammation (Shoff er al., 2025,
Ardiansyah et al., 2023, Ren et al., 2025). Tryptophan is an
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essential amino acid derivable from a protein-rich diet, and
it is important for protein synthesis, and it has been reported
that low dietary protein causes lower tryptophan
availability, affecting host immunity (Ren et al., 2025, Xie
et al., 2024). This interrelationship highlights the
importance of nutritional support in PTB management.

Tuberculosis profoundly disrupts tryptophan
metabolism  through inflammatory and nutritional
mechanisms (Collins et al., 2026). Certain micronutrients
(vitamin B6, iron, and magnesium) which have been found
to be reduced in PTB patients are required for the
metabolism of tryptophan. Indole propionic acid (IPA) is
produced by gut bacteria catabolism of tryptophan and is
known to have antibiotic, antimycobacterial, anti-
inflammatory, immune modulatory and antioxidant effects
(Negatu ef al., 2020, Baral et a.,1 2025, Jiang et al., 2023);
thus, IPA- and probiotic-based therapies are proposed TB
control.

The interplay between host nutritional status, tryptophan
metabolism and gut microbiota metabolite (IPA) in PTB
pathogenesis emphasises that PTB is not only an infectious
disease but also a nutritional, immunological and metabolic
disorder. Therefore, exploration of this interrelation
provides promising targets for improved adjunctive
therapies. The present study determined the serum levels of
albumin, IPA and tryptophan coupled with anthropometric
measurements and SNAQ scores in drug-sensitive
tuberculosis (DS-TB) and drug-resistant tuberculosis (DR-
TB) Nigerian patients.

PARTICIPANTS AND METHODS

Study Design and Participants: Seventy-eight (78)
participants were recruited for the study. They were twenty-
six (26) newly diagnosed drug-sensitive pulmonary
tuberculosis (DS-TB) patients, twenty-six (26) newly
diagnosed multi-drug-resistant pulmonary tuberculosis
(MDR-TB) patients and twenty-six (26) non-TB apparently
healthy subjects. Participants with HIV and helminth
infections or on any form of medication or pregnancy were
excluded. The study protocol was reviewed and approved
by the University of Ibadan/University College Hospital
joint Institutional Research Ethics Committee. Written
informed consent was obtained from all patients recruited
from the Jericho Chest Hospital, Ibadan, Nigeria, by a
Consultant Chest Physician after laboratory tests, chest X-
ray and clinical history. MDR-TB patients were TB resistant
to isoniazid and rifampicin while DS-TB patients were
under directly observed treatment, short-course (DOTS)
with intensive phase of first 2 months on a daily
combination of four first-line drugs (isoniazid, rifampicin,
pyrazinamide and ethambutol and continuation phase of
remaining 4 months on a daily or thrice-weekly combination
of isoniazid and rifampicin.

Five (5) milliliters of blood was withdrawn from the
antecubital fossa vein into non-anticoagulated tubes and
processed for serum collection by centrifugation for 5
minutes at 5,000 r.p.m.

Exclusion criteria: Participants on chemotherapy, below 18
years, pregnant or lactating females, severe systemic
illnesses (HIV/AIDS, hepatic or renal diseases),
Table 1:

extrapulmonary TB, rifampicin-resistant TB (RR-TB) and
extensively drug-resistant TB (XDR-TB).

Anthropometric measurement: These were determined as
previously described (Edem et al., 2017). Mid-upper arm
circumference (MUAC) was measured using a measuring
tape. Tape was extended around the mid-upper arm of the
participant while the arm was straight and relaxed.
Measurement was taken to the nearest 0.1cm and recorded.
Weight was measured with a bioelectrical impedance
analysis (BIA) scale (IntelliScale BS0114, China) which
was placed on a flat surface. Study participants wore light
clothing and were without shoes before they stood on the
scale. Waist circumference was measured using a measuring
tape. Participants were instructed to raise their cloth above
their waist and cross their arms at chest level while
maintaining an upright posture. Measurements were taken
by extending the measuring tape around the participants
from the belly button. Hip circumference was measured
using a measuring tape extended around the hip of study
participants while maintaining an upright posture. Body
mass index was calculated.

Body mass index (BMI) = Weight (kg)
Height? (m?)
SNAQ score: The Simplified Nutritional Appetite

Questionnaire (SNAQ) is a 4-item tool designed to assess
appetite and predict malnutrition risk. A  total
score <14 indicates a poor appetite and a significant risk
of weight loss within six months. It is commonly used for
screening in older adults and clinical settings. The SNAQ
score can range from 4 to 20 and a score <14 indicates
appetite loss with a clinically meaningful risk of 5% weight
loss within six months (Wilson ef al., 2005).

Biochemical analysis: Enzyme-linked immunosorbent
assay (ELISA) was used to measure serum albumin, IPA
and tryptophan. The assay protocol was as specified by the
manufacturer, and the absorbance of all the assays was
measured at 450nm with an ELISA reader (SpectraMax Plus
384, Molecular Devices LLC, USA). The procedure was
carried out as previously described (Edem ef al 2015).

Statistical analysis

The data obtained were analyzed using the Statistical
Package for the Social Sciences (SPSS) version 17.0. The
results are presented as percentages, mean-interquartile
ranges and meantstandard deviations. Student t-test was
used to compare the mean values, while the Kruskal-Wallis
test was used to compare mean-interquartile ranges. Values
were considered significant at p<0.05.

RESULTS

As shown in Table 1, the incidence of either DS-TB or
MDR-TB was not affected by age and gender, but higher
prevalence of DS-TB than DR-TB or control showed
appetite loss (SNAQ score <14). BMI, MUAC, WC, HC,
and SNAQ score were significantly reduced in DS-TB and
MDR-TB patients compared with the control group.

Socio-demographic Characteristics and SNAQ Distribution Among DS-TB, DR-TB, and Healthy Control Groups
Microbiota metabolite and nutrition in TB patients



Niger. J. Physiol. Sci. 41 (2026): Adedeji et al 45

Variables DS-TB MDR-TB Control p-values

Age (Years) 39.584+13.99 41.08+13.91 37.7749.69

Age group 18-24 4 5 3 0.511
25-44 11 10 16
45-59 8 8 7
>60 3 3 0

Gender Male 21 16 16 0.230
Female 5 10 10

SNAQ <14 24(92%) 5(19%) 1(4%) <0.001
>14 2(8%) 21(81%) 25(96%)

Values are presented as frequency (percentage) for categorical variables and mean + standard deviation for continuous variables. Age
groups, gender, and SNAQ categories were compared across groups using Chi-square test. SNAQ: Simplified Nutritional Appetite
Questionnaire; DS-TB: Drug-sensitive tuberculosis; MDR-TB: Drug-resistant tuberculosis.

Table 2:

Comparison of Anthropometric and Nutritional Parameters Among DS-TB, DR-TB, and Healthy Control Groups
Variables DS-TB MDR-TB Control F p-values
Weight 53.73+8.23¢% 50.04+7.128 68.92+12.90 27.43 <0.001
BMI 19.1+£2.022 18.20+2.292 24.95+4.87 31.70 <0.001
MUAC(mm) 9.17+1.502 23.37+3.1280 30.26+4.27 299.04 <0.001
HC (mm) 33.12+1.732 81.91+7.372P 98.39+12.03 367.23 <0.001
WC (mm) 28.28+2.65% 71.52+7.412p 85.06+11.17 444.41 <0.001
SNAQ 11.234£1.992 13.62+1.362P 16.85+1.047 87.97 <0.001

Values are presented as mean * standard deviation. Differences among groups were assessed using one-way analysis of variance (ANOVA). BMI: Body
Mass Index; MUAC: Mid Upper Arm Circumference; WC: Waist Circumference; HC: Hip Circumference; SNAQ: Simplified Nutritional Appetite
Questionnaire; DS-TB: Drug-sensitive tuberculosis;, MDR-TB: Drug-resistant tuberculosis.

“Significantly different compared with control.
bSignificantly different compared with DS-TB patients.

Table 3:

Comparison of Serum Albumin, IPA, and Tryptophan Levels Among DS-TB, MDR-TB, and Healthy Control Groups
Variables DS-TB MDR-TB Control F p-values
Albumin (g/L) 46.04+7.80 46.19+8.18 49.85+5.56 2.282 0.109
IPA (pg/ml) 44.97(40.30-50.50) 50.27(40.70-68.90) 41.05(33.09-84.67) 6.723 0.151
TRYP (pg/ml) 127.87(112.71-133.46)* 117.80(106.83-145.78)*° 114.69(94.48-126.50) 11.878 0.018

Values of albumin are in mean+ S.D while other values are presented as median (interquartile range). Differences across DS-TB, MDR-TB, and Control
groups were analyzed using Student t-test for albumin and Kruskal-Wallis test. IPA = Indole propionic acid; TRYP = Tryptophan.

“Significantly different compared with control.
bSignificantly different compared with DS-TB patients

The MUAC, WC, HC and SNAQ score were significantly
reduced in DS-TB patients compared with MDR-TB
patients. See Table 2. The serum levels of albumin were
not significantly reduced in DS-TB patients or MDR-TB
patients compared with control. In fact, the levels were
almost the same in DS-TB and MDR-TB patients. The
serum levels of IPA were not significantly increased in
DS-TB patients or MDR-TB patients compared with
control. Moreover, DR-TB patients had the highest level of
IPA among all the study groups. The serum levels of
tryptophan were significantly increased in DS-TB patients
or MDR-TB patients compared with control. The serum
tryptophan level was highest in DS-TB patients compared
with control or MDR-TB patients. See Table 3.

DISCUSSION

To reduce public health burden or prevent emergence of
MDR-TB, there is urgent need for holistic metabolic and
nutritional therapeutic approaches to adequately manage
PTB patients, which this study addressed. The authors
demonstrated that patients with PTB had significantly lower
BMI, MUAC, WC, HC, and SNAQ scores compared with
healthy control. This is consistent with wasting due to
increased M.tb-induced hypermetabolism, anorexia, chronic
energy deficiency (Onifade ef al., 2018, Sinha et al., 2024),

altered nutrient utilisation and raised protein catabolism.
The lower SNAQ scores observed among present PTB
patients highlight the impact of PTB on appetite and feeding
behaviour resulted from gastrointestinal disturbances. A
previous study established that poor appetite in PTB patients
compounds nutritional deficit, disease progression and
delayed recovery (Sinha et al., 2024). Our study suggests
that routine nutritional assessment using simple, cost-
effective measures such as BMI, MUAC, WC, HC, and
SNAQ should be included in TB care programs for timely
nutritional interventions, dietary counselling, and
therapeutic feeding. Prior studies proposed acute catabolic
responses, wasting and malnutrition in DS-TB patients (de
Oca MM, et al., 2021, Cegielski & McMurray 2004), the
present study reported slightly higher anthropometric
indices (MUAC, HC, and WC) and SNAQ score in MDR-
TB patients compared with DS-TB patients. This difference
suggests that inflammation-driven weight loss is more
pronounced in DS-TB. Also, DR-TB patients might have
experienced prior treatment exposure and metabolic
adaptation due to prolonged M.tb infection.

In this study, the investigators observed that a
significantly greater proportion of DS-TB patients had
SNAQ scores below 14 (a threshold suggesting appetite loss
and increased risk of weight loss) compared with MDR-TB
patients. The observation implies that inflammation
mediators, systemic metabolic derangements and

Microbiota metabolite and nutrition in TB patients
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anorexigenic effect are stronger in DS-TB than in DR-TB
patients. Pro-inflammatory cytokines (TNF-a, IL-1, and
IL-6) produced in response to M.th infection stimulates
hypothalamus to cause hunger reduction, increased energy
expenditure, suppressed appetite and raised protein
catabolism (Lacourt et al., 2021, Oliveira et al., 2022). In
DS-TB patients, bacterial replication, anorexia and IL-1, IL-
6 and TNF-o levels are raised (Moffett & Namboodiri
2003). Moreover, MDR-TB Nigerian patients typically
experience  preferential  attention and  diet-drug
supplementation resulting in relatively better appetite.
Appetite loss in TB contributed to malnutrition, weight loss,
and disease progression (Cegielski & McMurray 2004).

The mean albumin levels in DS-TB, MDR-TB and
control suggested a trend toward reduced albumin in TB
patients, regardless of resistance status. This aligns with
existing literature, where hypoalbuminemia has been linked
to chronic infections (Gupta et al., 2009). Reduced albumin
levels in TB patients are often attributed to systemic
inflammation, poor nutritional status, and increased protein
breakdown during chronic illness. Our finding of a higher
proportion (12%) of DS-TB patients having albumin values
below normal reference range (<35g/L) compared with DR-
TB patients also support other previous reports (Gupta et al.,
2009) and anthropometric outcomes (MUAC, HC and WC)
and SNAQ score of the present study. DS-TB patients are
often newly diagnosed and this stage is typically associated
with heightened inflammatory responses, reduced dietary
intake, and increased protein catabolism, all of which lower
serum albumin. (Karyadi et al., 2000) have shown that DR-
TB engaged in long-term treatment programs, clinical
monitoring and, in some cases, nutritional supplementation,
which may contribute to improved or stabilised albumin
levels over time.

The gut-brain axis has been shown to be involved in
appetite regulation in TB through gut bacterial metabolites
such as IPA (Jiang et a., 2022) which is produced by
bacterial metabolism of tryptophan to influence hunger,
satiety, maintaining intestinal barrier integrity and systemic
inflammation (Patangia ef al., 2022). Chronic infections and
antibiotic exposure disrupts gut microbiota, but metabolic
functionality of this microbiota is preserved (Jiang et al.,
2023). The lack of significant difference in IPA levels in this
study indicated preservation of microbial metabolic
function, as a report suggested that microbial metabolic
functions were partially preserved due to functional
redundancy within the gut microbiome or as a result of
compensatory activity by other microbial taxa (Maulina et
al.,2024). Additionally, similar dietary intake due to ethico-
cultural background of the participants, which influences
substrate availability for microbial metabolism and
composition might have contributed to maintaining
circulating IPA levels.

The identification of the gut microbiota—derived
metabolite IPA as possessing antimycobacterial, anti-
inflammatory, and antioxidant properties (Negatu et al.,
2020. Baral et al., 2025, Jiang et al., 2023), together with
the observation of elevated—though not statistically
significant—levels of IPA in PTB patients, particularly
those with drug-resistant TB, carries several important
implications. From a drug discovery perspective, TPA
represents a promising chemical scaffold for the
development of more potent semi-synthetic analogs,

potentially enabling the creation of a new class of broad-
spectrum antimycobacterial agents effective against both
TB and non-tuberculous mycobacterial (NTM) lung
diseases. In terms of host-microbiome interactions, IPA
may serve as a functional link between gut microbial
activity and host susceptibility to mycobacterial infections.
Finally, as a microbiota-derived metabolite, IPA highlights
the human microbiota as a potentially underexplored
reservoir for identifying novel antimicrobial compounds for
the treatment of PTB.

This study demonstrated that DS-TB patients exhibited
significantly higher circulating tryptophan levels compared
with healthy controls. This finding contrasts with the
commonly reported depletion of tryptophan in infectious
and inflammatory conditions (Arinola et al., 2023) and
highlights the complexity of host metabolic responses
during early or untreated TB. Activation of indoleamine 2,3-
dioxygenase-1 (IDO1) during infection typically promotes
the conversion of tryptophan into kynurenine, leading to
reduced circulating tryptophan levels However, the elevated
tryptophan levels observed in this study suggest that this
metabolic shift might not have been fully established or
might have been counterbalanced by other physiological
mechanisms. One possible explanation is that untreated TB
is characterized by altered metabolic regulation preceding
full activation of tryptophan catabolism, increased protein
catabolism, tissue breakdown, muscle wasting and cachexia
(Pathak et al 2020). These processes normally lead to the
release of amino acids, including tryptophan into
circulation, thus the observed increase in tryptophan in DR-
TB patients.

In conclusion, complete TB management requires not
only antimicrobial treatment but also a holistic metabolic
and nutritional approach.
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