
Frontiers in Cellular and Infection Microbiology

OPEN ACCESS

EDITED BY

Amit Singh,
All India Institute of Medical Sciences,
India

REVIEWED BY

Anand Kumar Maurya,
All India Institute of Medical Sciences
Bhopal, India
Anila Basit,
Lady Reading Hospital, Pakistan

*CORRESPONDENCE

Jian-Qing He
Jianqhe@gmail.com

SPECIALTY SECTION

This article was submitted to
Clinical Microbiology,
a section of the journal
Frontiers in Cellular and
Infection Microbiology

RECEIVED 07 August 2022

ACCEPTED 31 October 2022
PUBLISHED 24 November 2022

CITATION

Liu QX, Tang D-X, Xiang X and He JQ
(2022) Associations between
nutritional and immune status
and clinicopathologic factors in
patients with tuberculosis: A
comprehensive analysis.
Front. Cell. Infect. Microbiol.
12:1013751.
doi: 10.3389/fcimb.2022.1013751

COPYRIGHT

© 2022 Liu, Tang, Xiang and He. This is
an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Original Research
PUBLISHED 24 November 2022

DOI 10.3389/fcimb.2022.1013751
Associations between nutritional
and immune status and
clinicopathologic factors in
patients with tuberculosis:
A comprehensive analysis

Quan-Xian Liu1,2, Dao-Yan Tang1, Xi Xiang1 and Jian-Qing He1*

1Department of Respiratory and Critical Care Medicine, West China Hospital of Sichuan University,
Chengdu, China, 2Department of Tuberculosis, Affiliated Hospital of Zunyi Medical University,
Zunyi, China
Objective: This study was designed to assess and analyze nutritional status (NS)

and immune status in patients with tuberculosis.

Methods: A retrospective analysis was conducted on 93 TB patients

hospitalized in the tuberculosis ward of the West China Hospital of Sichuan

University. Subgroup comparisons were made according to age (<65 years and

≥65 years), nutritional risk score 2002 (NRS 2002 <3 and ≥3), tuberculosis

location [pulmonary tuberculosis and extrapulmonary tuberculosis (including

pulmonary tuberculosis complicated with extrapulmonary tuberculosis)], and

prognostic nutrition index (PNI) (<45 vs ≥45).

Results: Significantly increased weight loss was associated with

extrapulmonary tuberculosis (P =0.0010). Serum albumin (P =0.0214), total

lymphocyte count (P = 0.0009) and PNI (P = 0.0033) were significantly

decreased in older patients. Neutrophils/lymphocytes (NLR) (P =0.0002),

monocytes/lymphocytes (MLR) (P < 0.0001), and platelets/lymphocytes (PLR)

(P =0.0107) were higher. According to NRS 2002, higher nutritional risk was

associated with lower body weight and body mass index (BMI) (P < 0.0001),

higher weight loss (P = 0.0012), longer duration of hospitalization (P =0.0100),

lower serum albumin level and hemoglobin concentration (P <0.01), lower

creatinine level, and lower PNI (P < 0.01). 0.0001), lower total lymphocyte

count (P = 0.0004), higher neutrophil and monocyte counts (P <0.05), and

higher NLR (P = 0.0002), MLR (P = 0.0006), and PLR (P = 0.0156). Lower PNI

was associated with lower body weight (P = 0.0001) and BMI (P =0.0074),

lower total protein, albumin, and hemoglobin concentrations (P < 0.0001), and

lower total lymphocyte count (P < 0.0001) and creatinine levels (P = 0.0336),

higher age (P =0.0002) and NRS 2002 score, P < 0.0001), longer hos-pital stay

(P = 0.0003), higher neutrophil count (P = 0.0042), and NLR, MLR, and PLR

(P <0.0001) were significantly correlated. In multivariate logistic regression

analysis, weight loss (OR: 0.209, 95% CI: 0.060-0.722; p =0.013) was

significantly associated with higher nutritional risk (NRS 2002≥3). In multiple

linear regression analysis, the NRS 2002 score was higher (B=2.018; p =0.023),
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and extrapulmonary tuberculosis (B=-6.205; p =0.007) was linked with a longer

duration of hos-pitalization.

Conclusions: Older tuberculosis patients are at nutritional risk, and older

patients (≥65 years old) need to pay attention to nutritional monitoring and

intervention. Older TB patients and those at risk of malnutrition have increased

immune ratio and impaired immune function. Management of TB patients

using basic diagnostic tools to assess nutritional and immune status and

calculate PNI and immunological indexes (NLR, MLR, PLR) to improve

treatment outcomes.
KEYWORDS

tuberculosis, nutritional status, neutrophil/lymphocyte ratio, monocyte/lymphocyte
ratio, platelet/lymphocyte ratio
Introduction

Tuberculosis (TB) is a chronic infectious disease caused by

Mycobacterium tuberculosis (MTB). It is a major infectious

disease killer worldwide and one of the thirteen leading causes

of death worldwide (WHO, 2021), seriously endangering public

health. There are approximately 10 million new cases of TB

every year in the world, and approximately 1.5 million people die

of TB every year. Malnutrition is a serious public health problem

with a global prevalence of 925 million (FAO et al., 2021), and

malnutrition may become more common with the coronavirus-

19 pandemic and the ensuing global economic disruption (Naja

and Hamadeh, 2020). Malnutrition greatly increases the risk of

serious outcomes of TB, and it is strongly associated with the

disease (WHO, 2019). Malnutrition may also lead to

nutritionally acquired immunodeficiency syndrome (Beisel,

1996; Bhargava, 2016; FAO et al., 2019), which greatly

increases the susceptibility of individuals to the progression of

disease infection, thereby increasing the probability of TB

developing from the incubation period to the active phase. At

the same time, malnutrition also in-creases the risk of treatment

failure, relapse and mortality (Sinha et al., 2019). On the other

hand, anorexia, fever, and malabsorption due to metabolic

disorders in TB patients can lead to or aggravate malnutrition.

Malnutrition hinders the elimination of TB globally. To

implement the End TB Strategy, the World Health

Organization recommends that “all people with TB need to

have their nutritional status assessed and receive nutritional

counseling and care as needed” (Bahmanpour andWorld Health

Organization, 2013). It can be seen that nutritional assessment is

greatly significant to the com-prehensive treatment of

tuberculosis patients。It is well known that nutritional status

(NS) is associated with deterioration of humoral and cellular

immune responses (Jablonska et al., 2020). Correct assessment
02
of malnutrition enables appropriate nutritional therapy to

support the care of patients with TB and improve outcomes

for patients with TB and malnutrition.

The current literature on comprehensive assessment of

nutritional status of TB patients is limited. The aim of the

study was to looks for an association between the NS and the

immune system status in tuberculosis patients. Analysis of these

parameters and the patients’ clinical outcome would help assess

the progression of the disease.
Materials and methods

Inclusion and exclusion criteria

We retrospectively analyzed the medical records of 93

tuberculosis patients hospitalized in the Tuberculosis Ward of

the West China Hospital, Sichuan University, from August 2021

to November 2021. Assessment of NS was performed in patients

at the time of hospital admission. There were 44 males and 49

females with a mean age of 45.15 (18–85) years in the study. This

study included patients aged at least 18 years with active

tuberculosis. Patients older than 90 years, with a hospital stay

less than 24 hours, and without complete clinical and

demographic parameters were excluded.
Patients’ general clinical characteristics

Table S1 lists the general clinical characteristics of 93 patients.

The mean body weight of the patients was 54.78 ± 10.54 (30.00-

90.00) kg. The average body weight de-creased due to the disease

was 1.95± 3.11 (0. 00–15. 00) kg. Nine (9.68%) patients had a

weight loss of >10%. BMI was over 18.5 kg/m2 in most patients,
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including 56 (60.22%) patients with BMI 18.5-24.9 kg/m2 and 10

(10.75%) patients with BMI≥25 kg/m2. There were 27 (29.03%)

patients with body mass index <18.5 kg/m2. Most patients

(65.59%) had NRS2002 ≥3. The patient history and inpatient

clinical features are shown in Table S2. There were 44 (47.31%)

cases of pulmonary tuberculosis and 49 (52.69%) cases of

extrapulmonary tuberculosis (including pulmonary tuberculosis

combined with extrapulmonary tuberculosis). Seventy-five

(80.65%) patients were newly treated tuberculosis patients. Fifty-

one (63.75%) tuberculosis patients tested positive for the MTB

nucleic acid amplification test (Xpert test or MTB DNA PCR test).

Twenty-seven (29.03%) patients with malnutrition received a

standard diet and oral nutritional supplements (ONS). The

laboratory test values are presented in Table S3.
Study design

All patients recorded their deterioration of NS (including

clinical symptoms that might affect their food intake, such as loss

of appetite, fever, diarrhea, constipation, etc.), weight, unintentional

weight loss (WL), deterioration of food intake after disease onset

and complications (type 1 and type 2 diabetes) and smoking

information (including the number and duration of smoking and

smoking cessation). Height and weight were measured, and

laboratory blood tests were performed at hospital admission. The

selected blood count parameters (hemoglobin and white blood cell

(WBC), total lymphocyte, neutrophil, and monocyte counts)

and biochemical parameters (serum total protein and albumin,

liver and kidney parameters) were analyzed. The body mass index

(BMI) and WL over the course of the disease were calculated.

Patients were divided into two groups according to BMI:

malnourished patients (BMI< 18.5 kg/m2) and well-nourished

patients (BMI≥18.5 kg/m2), and four groups according to the

World Health Organization (WHO) classification: lean patients

(BMI< 18.5 kg/m2), normal patients (18.5≤BMI ≤ 24.9 kg/m2),

overweight patients(25.0≤BMI≤ 29.9 kg/m2) and obesity patients

(BMI≥30.0 kg/m2) (World Health Organization, 1998). Nutritional

risk was assessed according to the Nutritional Risk Score 2002 (NRS

2002) of the European Society for Parenteral and Enteral Nutrition

(ESPEN). The nutritional prognostic index (PNI) was calculated by

the formula PNI = serum albumin (g/L) +5×total number of

lymphocytes in peripheral blood (×109/L) based on serum

albumin concentration and total number of lymphocytes in

peripheral blood (Tsukahara et al., 2017). Immunological indexes,

such as the neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte

ratio (PLR), and monocyte/lymphocyte ratio (MLR), were

calculated. Subgroup analysis was performed by age (<65 years vs.

≥ 65 years), NRS 2002 (<3 vs. ≥3), PNI (< 45 vs. ≥45), and the lesion

(pulmonary tuberculosis vs. extrapulmonary tuberculosis).

Clinicopathological factors and selected laboratory parameters

were compared between the above subgroups. In addition,
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correlations between selected nutritional parameters (NRS 2002,

PNI, BMI) and selected clinical factors were analyzed.
Statistical analysis

The continuous variables are represented as the means and

standard deviations. Categorical variables are expressed as

numbers and percentages. Based on the type of statistical

distribution, comparisons between groups were made using the

parameterized Student’s T test or nonparametric Mann–Whitney

U test (for continuous variables) and c2 test or Fisher’s exact test
(for categorical variables). P <0.05 was considered statistically

significant. Pearson’s or Spearman’s rank correlation coefficient

was used to analyze the correlation between different nutritional

parameters (NRS 2002, PNI, BMI) and selected clinical factors

(age, sex, tuberculosis site) and laboratory parameters. Correlation

strength (as correlation coefficient) and significance (as p value)

were described. The strength coefficient (r) was calculated. The

strength of the correlation results was explained as follows: 0.00-

0.30 (weak correlation), 0.31-0.50 (moderate correlation), 0.51-

0.80 (strong correlation), and 0.81-1.00 (extremely strong

correlation). Associations between nutritional parameters and

clinical factors were assessed using multiple linear regression

analysis. Multivariate binomial logistic regression analysis was

performed to determine independent factors (NRS 2002≥3)

associated with malnutrition prevalence. Relative risk was

estimated using the exposure odds ratio (OR) and the

corresponding 95% confidence interval (CI) from the cross-list.
Results

Comparison of selected
clinicopathological factors and
nutritional parameters depending on age

The analyzed patients were divided into a low age group (<65

years) and a high age group (≥65 years). NRS-2002 scores were

significantly higher in older patients than in younger patients

(3.61 ± 1.29 vs. 2.72 ± 1.25; p = 0.0082). Serum albumin (33.86 ±

6.19 g/L vs. 37.78 ± 6.41 g/L; p =0.0214) and total lymphocyte

count (0.76 ± 0.32 ×109/L vs. 1.24 ± 0.57 ×109/L; p = 0.0009) in

older patients were significantly lower than those in the younger

group. In addition, the PNI in older patients was significantly

lower than that in young patients (37.68 ± 7.16 vs. 43.99 ± 8.14;

p = 0.0033). NLR of older patients (7.71 ± 5.13 vs. 4.09 ± 2.99;

p =0.0002), MLR (0.96 ± 0.60 vs. 0.49 ± 0.30; P < 0.0001), PLR

(353.58 ± 257.80 vs. 227.55 ± 162.57; p=0.0107). The percentage of

patients with diabetes mellitus (type 2) and arterial hypertension

was significantly higher in older patients (33.33% vs. 4.00%; p =

0.0014 and 38.89% vs. 6.67%; p = 0.0015, respectively). All
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comparisons between the two age groups are shown in Table S4.
Comparison of selected
clinicopathological factors and
nutritional parameters depending on
NRS 2002 classification

There was no significant difference in the incidence of nutritional

risk of pulmonary tuberculosis with extrapulmonary tuberculosis

between the high NRS 2002≥3 and low NRS 2002 (NRS 2002 < 3)

groups (39.34% vs. 34.38%; p = 0.3667). Patients with nutritional risk

had significantly lower body weight than those without nutritional

risk (52.11 ± 8.64 kg vs 61.81 ± 11.19 kg; P < 0.0001). In addition,WL

was significantly higher in patients with NRS 2002≥3 than in patients

with NRS 2002 < 3 (2.52 ± 3.34 kg vs. 0.81 ± 2.31 kg; p = 0.0115). The

BMI of patients with NRS 2002<3 was significantly higher than that

of patients with NRS 2002≥3 (22.50 ± 3.03 kg/m2 vs 19.60 ± 2.92 kg/

m2; P < 0.0001); patients with nutritional risk were less likely to

develop diabetes (type 2) than those without nutritional risk (12.5%

vs. 8.2%; p = 0.013). Patients with nutritional risk were more likely to

have frailty than those without nutritional risk (34.43% vs. 12.50%;

p = 0.0276). Patients with nutritional risk had a significantly longer

duration of hospitalization than those without nutritional risk (15.89

± 13.29 days vs. 10.38 ± 5.23 days; p = 0.0268). Laboratory results

showed that serum albumin levels were significantly lower in patients

at nutritional risk (35.48 ± 6.30 g/L vs. 39.94 ± 5.99 g/L; p = 0.0014).

There was no significant reduction in serum total protein levels in

patients at nutritional risk. The hemoglobin level in the nutritional

risk group was lower than that in the nonnutritional risk group

(114.69 ± 20.88 g/L vs. 126.97 ± 28.11 g/L; p = 0.0192). An interesting

observation was a significant decrease in creatinine in patients with

nutritional risk (62.11 ± 18.85 mmol/L vs. 72.44 ± 30.67 mmol/L; p =

0.0476). The PNI of patients with high NRS 2002 was significantly

lower than that of patients with lowNRS 2002 (40.60 ± 7.48 vs. 46.90

± 8.34; p = 0.0004). The NLR and MLR of patients with nutritional

risk were higher than those without nutritional risk (5.67 ± 4.08 vs.

3.12 ± 2.28; p = 0.0016 and 0.68 ± 0.45 vs 0.41 ± 0.27; p = 0.0028,

respectively). In addition, patients with NRS 2002 ≥ 3 had a

significantly higher PLR than patients with NRS 2002 < 3 (280.06

± 182.18 vs 198.33 ± 195.49; p= 0.0480). There were no significant

differences between the NRS 2002 groups in cholesterol, high-density

lipoprotein cholesterol and triglyceride levels. All laboratory results of

NRS 2002 for both groups are shown in Table S5.
Comparison of selected
clinicopathological factors and
nutritional parameters depending on the
tuberculosis location

There was no significant difference in the distribution of

tuberculosis location between sex and age (p > 0.05). The
Frontiers in Cellular and Infection Microbiology 04
distribution of drug resistance and prior treatment history was

similar between tuberculosis and extrapulmonary tuberculosis.

However, in terms of etiological examination, the positive rate of

MTB culture and MTB nucleic acid amplification test in

extrapulmonary tuberculosis was significantly lower than that in

pulmonary tuberculosis patients (19.51% vs 50.00%, p =0.0051)

and (43.90% vs 84.62%, p =0.0002), respectively. Weight loss was

significantly higher in patients with extrapulmonary location

compared to tuberculosis located within the lung (2.92 ±

3.72 kg vs. 0.83 ± 1.73 kg; p = 0.0010). Additionally, the

percentage of patients with WL >10% was significantly higher

in patients with tuberculosis in the extrapulmonary location

(14.29% vs. 2.27%; p = 0.029). Compared with extrapulmonary

tuberculosis, cough and sputum production were more common

(81.82% vs32.65%, p < 0.0001) and (75.00%vs24.49%, p < 0.0001)

in pulmonary tuberculosis patients. The average duration of

hospitalization for extrapulmonary tuberculosis patients was

significantly longer than for pulmonary tuberculosis patients. In

terms of laboratory examination, white blood cell count and

neutrophil count in pulmonary tuberculosis patients were

significantly higher than those in extrapulmonary tuberculosis

patients (p < 0.05). PNI, NLR, MLR, and PLR were similar in both

subgroups. All comparisons between the two general locations are

presented in Table S6.
Comparison of selected
clinicopathological factors and
nutritional parameters depending on PNI

Patients in the low PNI group (PNI<45) were generally older

than those in the high PNI group (PNI≥45) (50.33 ± 19.44 years

vs. 35.28 ± 16.01 years; p = 0.0003), and the NRS2002 scores of

the low PNI group were higher than those of the high PNI group

(3.18 ± 1.20 scores vs. 2.34 ± 1.31 scores; p = 0.0027). Compared

with the high PNI group, the body weight in the low PNI group

was significantly lower (53.45 ± 9.53 kg vs. 59.25 ± 11.60 kg; p =

0.0114). The serum total protein (63.28 ± 9.06 g/L vs. 71.18 ±

4.97 g/L; p< 0.0001) and albumin (33.63 ± 5.12 g/L vs. 43.47 ±

3.14 g/L; p< 0.0001) concentrations were significantly lower in

the low PNI group than in the high PNI group. Patients with

PNI<45 had a low total lymphocyte count (0.90 ± 0.34 ×10^9/L

vs. 1.63 ± 0.58×10^9/L; p < 0.0001) and hemoglobin

concentration (108.34 ± 20.70 g/L vs. 139.06 ± 16.38 g/L; p <

0.0001) compared to those with PNI≥45. The duration of

hospitalization was significantly longer in patients with

PNI<45 than in those with PNI≥45 (16.75 ± 12.91 days vs.

8.72 ± 4.87 days; p = 0.0741). The NLR, MLR and PLR in the low

PNI group were significantly higher than those in the high PNI

group (5.79 ± 4.06 vs. 2.88 ± 2.06; p =0.0003), (0.71 ± 0.45 vs.

0.35 ± 0.21; p < 0.0001) and (299.17 ± 208.06 vs. 161.90 ± 102.15;

p = 0.0007). All comparisons between the low and high PNI

groups are presented in Table S7.
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Correlations between selected
nutritional parameters and
clinicopathological factors

A significant positive correlation between NRS 2002 andWL

(r = 0.2624; p= 0.0187), duration of hospitalization (r = 0.2659,

p= 0.0100), neutrophil count (r = 0.3068; p= 0.0028), monocyte

count (r = 0.2361; p= 0.0227), NLR (r = 0.3830; p= 0.0002), MLR

(r = 0.3473; p= 0.0006) and PLR (r = 0.2502; p= 0.0156) was

noted in our patients. NRS 2002 was negatively correlated

with weight (r = -0.5687; p < 0.0001), BMI (r = -0.5862; p <

0.0001), albumin (r =-0.3921; p = 0.0001), total lymphocyte

count (r =-0.3621; p = 0.0004), hemoglobin (r =-0.3272; p =

0.0014), creatinine (r =-0.2506; p = 0.0154) and PNI (r =-0.4299;

p < 0.0001).

PNI was positively correlated with weight (r = 0.3845;

p = 0.0001), BMI (r = 0.2761, p = 0.0074), albumin

concentrations (r = 0.9571; p < 0.0001), total protein

concentrations (r = 0.6320; p < 0.0001), total lymphocyte count

(r = 0.7377; p < 0.0001), hemoglobin (r = 0.6365; p < 0.0001), and

creatinine (r = 0.2206; p = 0.0336). and negatively correlated with

age (r =-0.3814; p=0.0002), NRS 2002 (r =-0.4299; p < 0.0001), the

duration of hospitalization (r =-0.3700; p = 0.0003), neutrophil

count (r =-0.294; p = 0.0042), NLR (r =-0.6600; p < 0.0001), MLR

(r =-0.5961; p < 0.0001), and PLR (r =-0.5014; p < 0.0001).

BMI was positively correlated with weight (r = 0.8317; p <

0.0001), albumin concentrations (r =0.2570, p =0.0129),
Frontiers in Cellular and Infection Microbiology 05
total lymphocyte count (r =0.2206; p =0.0336), hemoglobin

(r =0.2693; p =0.0090), and PNI (r =0.2761; p =0.0074). BMI

was significantly negatively correlated with NRS 2002 (r =-

0.5862; p < 0.0001), neutrophil count (r =-0.2512; p = 0.0152),

NLR (r =-0.2976; p = 0.0038), MLR (r =-0.2532; p = 0.0143), and

PLR (r =-0.2619; p = 0.0112).

All correlations are presented in Table 1.
Regression analysis for association
between selected nutritional parameters
and clinicopathological factors

Multiple linear regression analysis showed that BMI (b=-
0.495, p<0.001) and creatinine (b=-0.173, p=0.034) significantly
negatively predicted NRS 2002 scores, and body weight loss

(b=0.205, p =0.010) and age (b=0.195, p =0.021) significantly

positively predicted NRS 2002 scores. Albumin (b=-0.114,
p=0.258) and hemoglobin (b=-0.062, p =0.000) could not

predict NRS 2002 scores. These variables explained 47.0% of

the variation in the NRS 2002 score (Table 2).

In multivariate logistic regression analysis, weight loss (OR:

0.209, 95% CI: 0.060-0.722; p =0.013) was significantly

associated with higher nutritional risk (NRS 2002≥3) (Table 3).

In multiple linear regression analysis, a higher NRS 2002

score was associated with a longer hospital stay (B=2.018;

p =0.023), and patients with extrapulmonary tuberculosis had
TABLE 1 Correlations between NRS 2002, PNI, BMI, and selected clinicopathological and laboratory parameters.

Variable NRS 2002 PNI BMI

r p r p r p

Age 0.1959 0.0599 -0.3814 0.0002 0.06605 0.5293

Weight -0.5687 < 0.0001 0.3845 0.0001 0.8317 < 0.0001

Weight loss 0.3313 0.0012 -0.09969 0.3418 -0.1955 0.0604

BMI -0.5862 < 0.0001 0.2761 0.0074

NRS 2002 -0.4299 < 0.0001 -0.5862 < 0.0001

Duration of hospitalization 0.2659 0.01 -0.37 0.0003 -0.08516 0.417

Total protein -0.1634 0.1176 0.632 < 0.0001 0.1532 0.1426

Albumin -0.3921 0.0001 0.9571 < 0.0001 0.257 0.0129

Neutrophil count 0.3068 0.0028 -0.294 0.0042 -0.2512 0.0152

Monocyte count 0.2361 0.0227 -0.1652 0.1136 -0.1672 0.1092

Total lymphocyte count -0.3621 0.0004 0.7377 < 0.0001 0.2206 0.0336

Hemoglobin -0.3272 0.0014 0.6365 < 0.0001 0.2693 0.009

Creatinine -0.2506 0.0154 0.2206 0.0336 0.1019 0.331

PNI -0.4299 < 0.0001 0.2761 0.0074

NLR 0.383 0.0002 -0.66 < 0.0001 -0.2976 0.0038

MLR 0.3473 0.0006 -0.5961 < 0.0001 -0.2532 0.0143

PLR 0.2502 0.0156 -0.5014 < 0.0001 -0.2619 0.0112
frontie
NRS 2002, Nutritional Risk Score; PNI, prognostic nutritional index; BMI, body mass index; NLR, neutrophil/lymphocyte ratio; MLR, monocyte/lymphocyte ratio; PLR, platelet/
lymphocyte ratio. Significant results (p < 0.05) are highlighted in bold.
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a longer hospital stay than patients with pulmonary tuberculosis

(B=-6.205; p =0.007) (Table 4).
Discussion

This study shows some correlation between NS and

clinicopathological factors. Age, BMI, WL, and low serum

creatinine levels were risk factors for the NRS 2002 nutritional

assessment in our patients. On the other hand, patients with

NRS 2002≥3 and extrapulmonary tuberculosis had a longer

hospital stay. In addition, older patients with tuberculosis and

those with tuberculosis with an NRS2002 score ≥3 had increased

immune ratio (NLR, MLR, and PLR). We noted a significant

negative correlation between PNI and immune ratio (NLR,

MLR, and PLR). Meanwhile, the total peripheral blood

lymphocyte counts of the older patients with tuberculosis and

those with PNI < 45 tended to be lower. Therefore, there is a

relationship between various nutritional parameters and

clinicopathological factors as well as nutritional status.
Association between NRS 2002
nutritional risk assessment and NS in
TB patients

The NRS 2002 is a nutritional risk screening tool that is

commonly used to assess malnutrition in hospitalized patients

and the potential risk of its occurrence. In this study, 61 of 93

inpatients with tuberculosis were found to have NRS 2002 ≥3,

and the incidence of nutritional risk was 65.59% (61/93),

suggesting that inpatients with tuberculosis had a high
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nutritional risk, similar to that reported in previous literature

(Ali et al., 2020; Li et al., 2021). Patients with nutritional risk

(NRS 2002 score ≥3) showed lower body weight and body mass

index, more weight loss, and more fatigue, similar to a literature

review finding that malnutrition patients had different degrees of

underweight, wasting, and weakness (Verrest et al., 2021),

suggesting that the NRS 2002 score could more accurately

reflect the phenotype of malnutrition patients.

Our results showed that neutrophil count, monocyte count,

NLR, MLR and PLR were significantly increased in patients with

high NRS 2002 scores, while total lymphocyte count was

decreased. In the correlation analysis, the NRS 2002 score was

significantly positively correlated with neutrophil count,

monocyte count, NLR, MLR, PLR, weight loss and length of

hospital stay and significantly negatively correlated with total

lymphocyte count, hemoglobin, albumin, creatinine, and PNI.

Tuberculosis patients showed increased neutrophil counts and

monocyte counts and decreased lymphocyte counts (Park et al.,

2014), leading to imbalances in NLR, MLR and PLR. Studies

have shown that MLR can be used as an auxiliary diagnostic

indicator of active tuberculosis (LaManna et al., 2017), including

extrapulmonary tuberculosis, and MLR is related to the severity

of tuberculosis (Chen et al., 2022). MLR decreased after anti-

tuberculosis treatment (Wang et al., 2019). In addition, after

MTB infection, monocytes promote the release of inflammatory

mediators, and then monocytes transform into macrophages to

participate in the immune response (Refai et al., 2018). The

involvement of lymphocytes in adaptive immune response and

the reduction of total lymphocytes may lead to the weakening of

adaptive immune response, resulting in immune dysfunction.

Our results show that TB patients with nutritional impairment

have impaired immune function and longer hospital stay than
TABLE 2 Association between NRS 2002 and selected clinicopathological factors and laboratory parameters in multiple regression linear analysis.

B b t p F Adjusted R2

BMI -0.197 -0.495 -6.031 ＜0.001 14.592 0.470

Weight loss 0.085 0.205 2.644 0.01

Albumin -0.023 -0.114 -1.138 0.258

Age 0.013 0.195 2.351 0.021
BMI, body mass index; SE, standard error; OR, odds ratio; 95% CI, 95% confidence intervals. Significant associations (p< 0.05) are highlighted in bold.
TABLE 3 Association between NRS 2002 classification and selected clinicopathological factors in multiple binomial regression analysis.

B SE b Wald Stat. P OR −95% CI +95% CI

Weight loss groups -1.565 0.633 6.12 0.013 0.209 0.06 0.722

≥5% vs.<5%

Smoking -0.344 0.578 0.356 0.551 0.709 0.228 2.198

Tuberculosis location 0.189 0.49 0.148 0.7 1.207 0.463 3.152

Age groups≤65 vs. >65 -1.362 0.696 3.835 0.05 0.256 0.066 1.001
fron
SE, standard error; OR, odds ratio; 95% CI, 95% confidence interval. Significant associations (p< 0.05) are highlighted in bold.
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TB patients without nutritional risk. Patients at nutritional risk

(NRS 2002 score ≥3) had lower peripheral blood monocyte

count, neutrophil count, and total lymphocyte count, leading to

significantly higher NLR, MLR, and PLR. These results suggest

that the impaired immune function of TB patients at risk of

malnutrition may be related to the reduction of total lymphocyte

count. This could also explain why patients with nutritional risks

are sicker. Total lymphocytes, hemoglobin, albumin and

creatinine are associated with nutritional status and nutritional

risk and can be used as indicators of nutritional status.
Association between age and NS in
TB patients

The NRS-2002 score of patients aged ≥ 65 years is higher

than that of patients aged <65 years, suggesting a high incidence

of nutritional risk in older patients, which is consistent with the

results of related studies (Donini et al., 2020). The reason for the

high incidence of nutritional risk in the older may be related to

the aging of taste and smell, oral problems, decreased activity

and other factors that lead to loss of appetite and insufficient

nutritional intake in older patients (Norman et al., 2021). In

addition, TB patients tend to be in a state of high catabolism and

high consumption (Ren et al., 2019), resulting in increased

energy consumption. Therefore, in the process of anti-

tuberculosis treatment, we should pay attention to the

malnutrition of older tuberculosis patients and provide

nutritional intervention treatment in time.

Albumin is a structural protein produced by the liver.

Insufficient intake, excessive consumption or reduced liver

synthesis influenced by inflammatory mediators will lead to

reduced serum albumin levels and severe inflammatory

responses. Geng (Geng et al., 2015) et al. reported a higher

inflammatory state and lower protein levels in patients with

advanced pancreatic cancer dystrophy. The results of this study

showed that the serum albumin level, total lymphocyte count

and PNI of tuberculosis patients over 65 years old were lower

than those under 65 years old, while NLR, MLR and PLR were

higher than those under 65 years old, indicating that older

tuberculosis patients were also prone to lower albumin levels

and impaired immune function. In addition, the total

lymphocyte count is reduced in older TB patients, and thus,

the adaptive immune response is weakened, so older TB patients

are often immunocompromised.
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Weight loss and BMI in patients with
tuberculosis

In our study, the average weight loss of TB patients was 1.95 ±

3.11 kg, and 9.68% of TB patients lost more than 10% of their

weight. Weight loss in tuberculosis patients is related to the host

immune response, and cachexia appears in severe cases (Luies and

du Preez, 2020). MTB infection leads to the activation of cytokines

such as IL-1, IL-2, TNF-a and IFN-g (Chang et al., 2013), which
leads to a decrease in MyoD protein, a transcription factor

involved in muscle development, and inhibits the activation of

mRNA for myosin synthesis, leading to myosin hydrolysis (Luies

and du Preez, 2020). TNF-a acts on muscle cells to promote

protein loss through nuclear transcription factor kB and activate

the ubiquitin–proteasome pathway to promote muscle

degradation, leading to weight loss (Morley et al., 2006). Weight

loss in tuberculosis patients may also be associated with decreased

plasma leptin levels in the host (Skupien et al., 2018). Studies have

shown that the more severe the inflammation, the lower the leptin

levels, the greater theWL (van Crevel et al., 2002). Leptin levels are

low in TB patients at nutritional risk (Skupien et al., 2018), so

weight loss is significant in TB patients with nutritional disorders.

The basic characteristics of patients in this study showed that

the average BMI was 20.57 ± 3.24 kg/m2, and there were 27

patients (29.03%) with BMI <18.5 kg/m2, suggesting that low BMI

was relatively common in tuberculosis patients. Evidence suggests

an increased risk of TB in people with a low BMI (Dolla et al.,

2021), with an estimated hazard ratio of 12.4 (95% confidence

interval [CI], 5.7 - 26.9) for TB in people with a BMI < 18.5

(Cegielski et al., 2012). In addition, low BMI is associated with

adverse outcomes of TB treatment (Sinha et al., 2019). People with

low BMI need a longer time for negative transformation of

sputum bacteria (Putri et al., 2014), tuberculosis is prone to

relapse (Khan et al., 2006), and the mortality rate caused by

tuberculosis increases (Kvasnovsky et al., 2016).
Association between tuberculosis
location and NS in TB patients

Yi Li et al. found that patients with extrapulmonary

tuberculosis had a higher incidence of malnutrition (Li et al.,

2021). However, in our study, there was no statistically

significant difference in the incidence of nutritional risk

between patients with pulmonary tuberculosis and patients
TABLE 4 Predictors for duration of hospitalization in multiple linear regression analysis.

B b t p F Adjusted R2

NRS 2002 groups <3 vs.≥3 2.018 0.228 2.318 0.023 7.516 0.124

Tuberculosis location Intrapulmonary vs. extrapulmonary -6.205 -0.272 -2.758 0.007
Significant associations (p< 0.05) are highlighted in bold.
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with extrapulmonary tuberculosis, which may be related to the

small sample size of our study and the relatively mild disease of

our patients with extrapulmonary tuberculosis. Compared with

the extrapulmonary tuberculosis group, the number of white

blood cells and neutrophils increased in the tuberculosis group,

but the mechanism is unclear and needs further basic research.

Studies have shown that chronic inflammation itself (Wall et al.,

2013) and changes in the endocrine system caused by chronic

diseases (Pende et al., 1990; Schuetz and Müller, 2006) lead to

decreased appetite, catabolic activity and gastrointestinal

dysfunction, re-sulting in insufficient nutritional intake and

significant WL (Ellingsgaard et al., 2011). The patients with

extrapulmonary tuberculosis had longer hospital stays and more

obvious weight loss due to their complicated conditions,

increased catabolism, and more complications.
Serum creatinine levels in patients
with tuberculosis

Serum creatinine is mainly produced by muscle metabolism

and released into the blood through a nonenzymatic dehydration

reaction (Wyss and Kaddurah, 2000), which indirectly reflects renal

function status. Chronic inflammation can enhance oxidative stress

and endothelial dysfunction associated with renal impairment

(André et al., 2017). Tuberculosis, as a special chronic

inflammatory disease, may have potential renal damage, so the

serum creatinine level of tuberculosis patients is higher than that of

healthy people (Liang et al., 2021). In contrast, our study found that

TB patients at high risk of malnutrition had lower creatinine levels

than TB patients at no risk of malnutrition, possibly because TB

patients at risk of malnutrition have impaired muscle metabolism

and reduced creatinine production due to undernutrition.
Association between PNI and NS in
TB patients

PNI is widely used to evaluate tumor prognosis and nutritional

risk in surgical patients (Liu et al., 2018). Some scholars have

reported that a low PNI is associated with pulmonary tuberculosis

cavities and death (Nakao et al., 2019). Studies on the prognosis of

pancreatic cancer have found that serum concentrations of total

protein and albumin are significantly reduced in patients with low

PNI (Jabłońska et al., 2021). We grouped patients according to the

mean PNI value of 45 and found that the low PNI group had

significantly lower serum total protein and albumin concentrations

and higher NRS scores, confirming that PNI can also be used to

assess nutritional risk in tuberculosis patients. Similar to tumor

patients, tuberculosis patients with low PNI have low immune

function, characterized by high NLR, MLR, and PLR, and PNI was

negatively correlated with immune ratio (NLR, MLR, and PLR).

The total lymphocyte count of tuberculosis patients in the low PNI
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group was reduced, which was consistent with the results of

Cazares-Sosa et al. (Cázares-Sosa et al., 2019). Patients with

tuberculosis have disordered immune status. The reason may be

that the lymphocytes in the process of consuming and limiting

Mycobacterium tuberculosis, on the one hand, through the

activation of immune cells in peripheral blood to interfere with

the normal lymph circulation, on the other hand, may be further

changes in peripheral blood cells by changing the hematopoietic

stem cell subset level total lymphocyte count (Wang et al., 2019).

This study found that the PNI of patients with nutritional risk was

lower than that of patients without nutritional risk, and the hospital

stay was longer than that of patients without nutritional risk, which

was consistent with other studies that patients with nutritional risk

had lower PNI and longer hospital stay (Hiura et al., 2020).

Strengths and limitations

In this study, the relationship between nutritional, clinical

and inflammatory parameters was extensively analyzed. There

are few similar studies in the global literature. Our analysis is

comprehensive and involves many parameters. To our

knowledge, this is the first study to examine the relationship

between nutritional status and clinical and inflammatory

parameters in TB patients. The study has some limitations.

This was a retrospective single-center study with a relatively

small number of patients. Further prospective, multicenter,

large-sample studies are needed to validate our observations.

Conclusion

Our study confirms that nutritional disorders in TB patients

are associated with immune status. Older tuberculosis patients

are at nutritional risk, and older patients (≥65 years old) need to

pay attention to nutritional monitoring and intervention. Older

TB patients and those at risk of malnutrition have increased

immune ratio and impaired immune function.Management of

TB patients using basic diagnostic tools to assess nutritional and

immune status and calculate PNI and immune ratios (NLR,

MLR, PLR) to improve treatment outcomes.
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SUPPLEMENTARY TABLE 1

The patient general clinical characteristics. BMI, body mass index; NRS
2002, Nutritional Risk Score 2002.

SUPPLEMENTARY TABLE 2

The patients clinical characteristics regarding hospitalization. AFB, acid-

fast bacilli; AFB+, AFB smear positive; AFB–, AFB smear negative; NAAT,
nucleic acid amplification test.

SUPPLEMENTARY TABLE 3

Laboratory results. ALT; alanine aminotransferase; AST, aspartate
aminotransferase; GGT; gamma-glutamyl transpeptidase; ALP, alkaline

phosphatase; PNI, prognostic nutritional index; NLR, neutrophil/
lymphocyte ratio; MLR, monocyte/lymphocyte ratio; PLR, platelet/

lymphocyte ratio.

SUPPLEMENTARY TABLE 4

Comparison of selected clinicopathological and nutritional parameters

depending on age. NRS 2002, Nutritional Risk Score 2002; BMI, body
mass index; PNI, prognostic nutritional index; NLR, neutrophil/

lymphocyte ratio; MLR, monocyte/lymphocyte ratio; PLR, platelet/

lymphocyte ratio. Significant results (p < 0.05) are highlighted in bold.

SUPPLEMENTARY TABLE 5

Comparison of selected clinicopathological and nutritional parameters
depending on the NRS 2002 classification. AFB, acid-fast bacilli; AFB+,

AFB smear positive; AFB–, AFB smear negative; TB, tuberculosis; NAAT,

nucleic acid amplification test; BMI, body mass index; ALT; alanine
aminotransferase; AST, aspartate aminotransferase; GGT; gamma-

glutamyl transpeptidase; ALP, alkaline phosphatase; HDL-C, High-
density lipoprotein cholesterol; PNI, prognostic nutritional index; NLR,

neutrophil/lymphocyte ratio; MLR, monocyte/lymphocyte ratio; PLR,
platelet/lymphocyte ratio. Significant results (p < 0.05) are highlighted

in bold.

SUPPLEMENTARY TABLE 6

Comparison of selected clinicopathological and nutritional parameters
depending on the tuberculosis location. AFB, acid-fast bacilli; AFB–, AFB

smear negative; AFB+, AFB smear positive; TB, tuberculosis; NAAT, nucleic

acid amplification test; BMI, body mass index; ALT; alanine
aminotransferase; AST, aspartate aminotransferase; GGT; gamma-

glutamyl transpeptidase; ALP, alkaline phosphatase; HDL-C, high-
density lipoprotein cholesterol; PNI, prognostic nutritional index; NLR,

neutrophil/lymphocyte ratio; MLR, monocyte/lymphocyte ratio; PLR,
platelet/lymphocyte ratio. Significant results (p < 0.05) are highlighted in

significant results (p < 0.05) are highlighted in bold.

SUPPLEMENTARY TABLE 7

Comparison of selected clinicopathological and nutritional parameters
depending on PNI. PNI, prognostic nutritional index; NRS 2002,

Nutritional Risk Score; BMI, body mass index; NLR, neutrophil/

lymphocyte ratio; MLR, monocyte/lymphocyte ratio; PLR, platelet/
lymphocyte ratio. Significant results (p < 0.05) are highlighted in bold.
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Jabłońska, B., Pawlicki, K., and Mrowiec, S. (2021). Associations between
nutritional and immune status and clinicopathologic factors in patients with
pancreatic cancer: A comprehensive analysis. Cancers (Basel) 13 (20), 5041.
doi: 10.3390/cancers13205041

Khan, A., Sterling, T. R., Reves, R., Vernon, A., and Horsburgh, C. R. (2006).
Lack of weight gain and relapse risk in a large tuberculosis treatment trial. Am. J.
Respir. Crit. Care Med. 174, 344–348. doi: 10.1164/rccm.200511-1834OC

Kvasnovsky, C. L., Cegielski, J. P., and van der Walt, M. L. (2016). Treatment
outcomes for patients with extensively drug-resistant tuber-culosis, KwaZulu-natal
and Eastern cape provinces, south Africa. Emerg. Infect. Dis. 22, 1529. doi: 10.3201/
eid2209.160084

La Manna, M. P., Orlando, V., Dieli, F., Di Carlo, P., Cascio, A., and Cuzzi, G.
(2017). Cac- camo n. quantitative and qualitative profiles of circulating monocytes
may help identifying tuberculosis infection and disease stages. PLos One 12 (2),
e0171358. doi: 10.1371/journal.pone.0171358

Liang, L., Li, L., and Rong, F. (2021). Serum creatinine as a potential biomarker
for the diagnosis of tuberculous pleural effusion. Am. J. Med. Sci. 361 (2), 195–201.
doi: 10.1016/j.amjms.2020.07.001

Liu, J., Jiang, S., Yang, X., Li, X., and Wang, N. (2018). The significant value of
preoperative prognostic nutritional index for survival in pancreatic cancers: A
meta-analysis. Pan-creas. 47 (7), 793–799. doi: 10.1097/MPA.0000000000001089

Li, Y., Yang, F., Zhou, H., Shu, L., Wang, R., and Zhao, C. (2021). Clinical
application of NRS-2002 in nutritional risk screening of tuberculosis inpatients.
Ann. Palliat Med. 10 (5), 5322–5328. doi: 10.21037/apm-21-610
Frontiers in Cellular and Infection Microbiology 10
Luies, L., and du Preez, I. (2020). The echo of pulmonary tuberculosis: Mechanisms
of clinical symptoms and other disease-induced systemic complications. Clin.
Microbiol. Rev. 33 (4), e00036–e00020. doi: 10.1128/CMR.00036-20

Morley, J. E., Thomas, D. R., and Wilson, M.-M. (2006). Cachexia:
pathophysiology and clinical relevance. Am. J. Clin. Nutr. 83, 735–743.
doi: 10.1093/ajcn/83.4.735

Naja, F., and Hamadeh, R. (2020). Nutrition amid the COVID-19 pandemic: a
multilevel framework for action. Eur. J. Clin. Nutr 74 (8), 1117–1121. doi: 10.1038/
s41430-020-0634-3

Nakao, M., Muramatsu, H., Arakawa, S., Sakai, Y., Suzuki, Y., Fujita, K., et al.
(2019). Immunonutritional status and pulmonary cavitation in patients with
tuberculosis: A revisit with an assessment of neutrophil/lymphocyte ratio. Respir.
Investig. 57 (1), 60–66. doi: 10.1016/j.resinv.2018.08.007

Norman, K., Haß, U., and Pirlich, M. (2021). Malnutrition in older adults-recent
advances and remaining challenges. Nutrients. 13 (8), 2764. doi: 10.3390/
nu13082764

Park, J., Lee, H., Kim, Y.-K., Kim, K. H., Lee, W., Lee, K. Y., et al. (2014). Automated
screening for tuberculosis by multiparametric analysis of data obtained during routine
complete blood count. Int. J. Lab. Hematol. 36 (2), 156–164. doi: 10.1111/ijlh.12148

Pende, A., Musso, N. R., Vergassola, C., Puppo, F., and Lotti, G. (1990).
Neuroendocrine effects of interferon alpha 2-a in healthy human subjects. J. Biol.
Regul. Homeost Agents 4, 67–72. doi: 10.1016/0167-8760(90)90021-5

Putri, F. A., Burhan, E., Nawas, A., Soepandi, P. Z., Sutoyo, D. K., and Agustin, H.
(2014). Body mass index predic-tive of sputum culture conversion among MDR-TB
patients in Indonesia. Int. J. Tuberc Lung Dis. 18, 564–570. doi: 10.5588/ijtld.13.0602

Refai, A., Gritli, S., Barbouche, M. R., and Essafi, M. (2018). Mycobac-terium
tuberculosis virulent factor ESAT-6 drives macrophage differentiation toward the
pro-inflammatory M1 phenotype and subsequently switches it to the anti-
inflammatory M2 phenotype. Front. Cell. Infection Microbiol. vol. 8, 327. doi:
10.3389/fcimb.2018.00327

Ren, Z., Zhao, F., Chen, H., Hu, D., Yu, W., Xu, X., et al. (2019). Nutritional
intakes and associated factors among tuberculosis patients: a cross-sectional study
in China. BMC Infect. Dis. 19, 907. doi: 10.1186/s12879-019-4481-6

Schuetz, P., and Müller, B. (2006). The hypothalamic–pituitary–adrenal axis in
critical illness. Endocrinol. Metab. Clin. North Am. 35, 823–838. doi: 10.1016/
j.ecl.2006.09.013

Sinha, P., Davis, J., Saag, L., Wanke, C., Salgame, P., Mesick, J., et al. (2019).
Undernutrition and tuberculosis: Public health implications. J. Infect. Dis. 219 (9),
1356–1363. doi: 10.1093/infdis/jiy675

Skupien, E. C., Lazzari, T. K., Coutinho, S. E., and Silva, D. R. (2018). The
relation between leptin and inflammatory markers with respiratory and peripheral
muscle strength in tuberculosis: A case–control study. Clin. Respir. J. 12, 2559–
2565. doi: 10.1111/crj.12956PMID:30180300

Tsukahara, T., Horita, N., Tashiro, K., Nagai, K., Shinkai, M., Yamamoto, M.,
et al. (2017). Factors for predicting outcomes among non-HIV patients with
pulmonary tuberculosis. Intern. Med. 56 (24), 3277–3282. doi: 10.2169/
internalmedicine.9120-17

van Crevel, R., Karyadi, E., Netea, M. G., Verhoef, H., Nelwan, R. H., West, C. E.,
et al. (2002). Decreased plasma leptin concentrations in tuberculosis patients are
associated with wasting and inflammation. J. Clin. Endocrinol. Metab. 87 (2), 758–
763. doi: 10.1210/jcem.87.2.8228

Verrest, L., Wilthagen, E. A., Beijnen, J. H., Huitema, A. D. R., and Dorlo, T. P.
C. (2021). Influence of malnutrition on the pharmacokinetics of drugs used in the
treatment of poverty-related diseases: A systematic review. Clin. Pharmacokinet. 60
(9), 1149–1169. doi: 10.1007/s40262-021-01031-z

Wall, B. T., Dirks, M. L., and van Loon, L. J. (2013). Skeletal muscle atrophy
during short-term disuse: implications for age-related sarcopenia. Aging Res. Rev.
12, 898–906. doi: 10.1016/j.arr.2013.07.003

Wang, W., Wang, L. F., Liu, Y. Y., Yang, F., Zhu, L., and Zhang, X. H. (2019). V
Alue of the ratio of monocytes to lymphocytes for monitoring tuberculosis therapy.
Can. J. Infect. Dis. Med. Microbiol. 2019, 3270393. doi: 10.1155/2019/3270393

WHO. (2019). Global tuberculosis report 2019 (Geneva: WHO).

WHO. (2021). Global tuberculosis report 2021. Available at: https://www.who.
int/publications/i/item/9789240037021 (Accessed January 31st, 2022). World
Health Organization; 2021. License: CC BY-NC-SA 3.0 IGO; Geneva.

World Health Organization (1998). Obesity: preventing and managing the
global epidemic. Report of a WHO consultation. World Health Organ Tech Rep
Ser. 894 (i-xii), 1–253.

Wyss, M., and Kaddurah, R. (2000). Creatine and creatinine metabolism.
Physiol. Rev. 80 (3), 1108–1182. doi: 10.1152/physrev.2000.80.3.1107
frontiersin.org

https://doi.org/10.1136/bmj.i5407
https://doi.org/10.3855/jidc.10583
https://doi.org/10.3855/jidc.10583
https://doi.org/10.1093/aje/kws007
https://doi.org/10.1371/journal.pone.0054564
https://doi.org/10.1155/2022/7340330
https://doi.org/10.1371/journal.pone.0247245
https://doi.org/10.1371/journal.pone.0247245
https://doi.org/10.3390/nu12092857
https://doi.org/10.1038/nm.2513
https://doi.org/10.3177/jnsv.65.S4
https://doi.org/10.4060/cb4474en
https://doi.org/10.1016/j.ejso.2015.07.022
https://doi.org/10.1002/jpen.1599
https://doi.org/10.5114/pg.2019.86806
https://doi.org/10.3390/cancers13205041
https://doi.org/10.1164/rccm.200511-1834OC
https://doi.org/10.3201/eid2209.160084
https://doi.org/10.3201/eid2209.160084
https://doi.org/10.1371/journal.pone.0171358
https://doi.org/10.1016/j.amjms.2020.07.001
https://doi.org/10.1097/MPA.0000000000001089
https://doi.org/10.21037/apm-21-610
https://doi.org/10.1128/CMR.00036-20
https://doi.org/10.1093/ajcn/83.4.735
https://doi.org/10.1038/s41430-020-0634-3
https://doi.org/10.1038/s41430-020-0634-3
https://doi.org/10.1016/j.resinv.2018.08.007
https://doi.org/10.3390/nu13082764
https://doi.org/10.3390/nu13082764
https://doi.org/10.1111/ijlh.12148
https://doi.org/10.1016/0167-8760(90)90021-5
https://doi.org/10.5588/ijtld.13.0602
https://doi.org/10.3389/fcimb.2018.00327
https://doi.org/10.1186/s12879-019-4481-6
https://doi.org/10.1016/j.ecl.2006.09.013
https://doi.org/10.1016/j.ecl.2006.09.013
https://doi.org/10.1093/infdis/jiy675
https://doi.org/10.1111/crj.12956PMID:30180300
https://doi.org/10.2169/internalmedicine.9120-17
https://doi.org/10.2169/internalmedicine.9120-17
https://doi.org/10.1210/jcem.87.2.8228
https://doi.org/10.1007/s40262-021-01031-z
https://doi.org/10.1016/j.arr.2013.07.003
https://doi.org/10.1155/2019/3270393
https://www.who.int/publications/i/item/9789240037021
https://www.who.int/publications/i/item/9789240037021
https://doi.org/10.1152/physrev.2000.80.3.1107
https://doi.org/10.3389/fcimb.2022.1013751
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Associations between nutritional and immune status and clinicopathologic factors in patients with tuberculosis: A comprehensive analysis
	Introduction
	Materials and methods
	Inclusion and exclusion criteria
	Patients’ general clinical characteristics
	Study design
	Statistical analysis

	Results
	Comparison of selected clinicopathological factors and nutritional parameters depending on age
	Comparison of selected clinicopathological factors and nutritional parameters depending on NRS 2002 classification
	Comparison of selected clinicopathological factors and nutritional parameters depending on the tuberculosis location
	Comparison of selected clinicopathological factors and nutritional parameters depending on PNI
	Correlations between selected nutritional parameters and clinicopathological factors
	Regression analysis for association between selected nutritional parameters and clinicopathological factors

	Discussion
	Association between NRS 2002 nutritional risk assessment and NS in TB patients
	Association between age and NS in TB patients
	Weight loss and BMI in patients with tuberculosis
	Association between tuberculosis location and NS in TB patients
	Serum creatinine levels in patients with tuberculosis
	Association between PNI and NS in TB patients

	Strengths and limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


