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Objective: Patients with tuberculosis have a high nutritional risk, and patients with tuberculosis and structural lung disease have
a poor quality of life. However, few studies have investigated the nutritional risk of patients with tuberculosis and structural lung
disease. This study aimed to evaluate nutritional risk in patients with pulmonary tuberculosis and structural lung disease and to identify
factors associated with nutritional risk in this population.

Methods: We performed a cross-sectional study of patients diagnosed with pulmonary tuberculosis and structural lung disease
admitted to The Third People’s Hospital of Shenzhen, China between January 1, 2019 and December 31, 2021. We assessed
participants’ nutritional risk using the Nutritional Risk Screening 2002 tool, and analyzed the relationship between nutritional risk
and sociodemographic factors, disease status, and laboratory test results.

Results: Of the 415 participants, 53.5% were at nutritional risk on admission to the hospital. Nutritional risk was significantly
associated with being unmarried, destroyed lung, and red blood cell (RBC) and lymphocyte counts.

Conclusion: Patients with tuberculosis and structural lung disease had a high prevalence of nutritional risk. The main factors
associated with nutritional risk were being unmarried, lung cavitation, and low RBC and lymphocyte counts. Patients hospitalized with
pulmonary TB should be evaluated for nutritional risk. Moreover, unmarried patients and patients with lung cavitation or low RBC or
lymphocyte counts should be closely monitored.
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Introduction
Tuberculosis (TB) is still one of the leading causes of death worldwide, especially in low- and middle-income countries.
According to the World Health Organization (WHO), an estimated 9,900,000 people had active TB infection, and
1,300,000 people without human immunodeficiency virus infection died of TB in 2020; China is one of the eight
countries with the highest TB burden.’

Malnutrition, which is prevalent in the low- and middle-income populations, is a risk factor for TB. According to the
State of Food Security and Nutrition, 811 million people (almost one-tenth of the world’s population) worldwide had

some form of malnutrition in 2020.2
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TB and malnutrition are intrinsically linked: malnutrition can predispose to TB, and TB plays a role in malnutrition.*®
Malnutrition is a major risk factor for the development of pulmonary TB and also a risk factor for extrapulmonary disease
in patients with pulmonary TB.? Previous studies have shown that hospitalized patients with TB have a high prevalence of
malnutrition.™® Another study of 1181 patients with TB showed that malnutrition is closely related to the severity of TB.”
WHO and some researchers have recommended that attention be paid to the nutritional status of patients with TB.*>*
Structural lung disease (including secondary bronchiectasis, honeycomb lung, multiple cavities, and consolidation) occurs
in patients with advanced pulmonary TB and further degrades patients’ quality of life.’ Therefore, in the treatment of TB,
attention should be paid to patients’ nutritional status.

Patients with TB and structural lung disease are more likely to have nutritional risk, which may aggravate the primary
disease. However, the factors associated with nutritional risk in patients with TB and structural lung disease remain
unclear. This study aimed to evaluate the nutritional risk status of patients with pulmonary TB and structural lung disease
and to analyze factors associated with nutritional risk using the Nutritional Risk Screening 2002 (NRS-2002) tool in
order to improve the clinical outcomes of this population.

Patients and Methods
Study Design and Patient Selection

We performed a cross-sectional study of patients diagnosed with pulmonary TB and structural lung disease, admitted to
The Third People’s Hospital of Shenzhen between January 1, 2019 and December 31, 2021. The inclusion criteria were:
(1) a diagnosis of pulmonary TB; (2) structural lung disease diagnosed by computed tomography (CT), in addition to
other imaging findings, such as secondary bronchiectasis, honeycomb lung, multiple lung bullae, lung consolidation,
fibrous cavitary pulmonary TB, and tuberculous lung damage; and (3) provision of written informed consent. The
etiology of the structural lung disease was not considered in this study. Patients were excluded if they met any of the
following exclusion criteria: (1) mental illness or severe language impairment, cognitive dysfunction, or knowledge
impairment, or other factors that could lead to poor compliance and inability to cooperate; (2) pregnant or lactating
women; (3) transfer to another hospital or loss to follow-up during the study period; (4) incomplete clinical data; and (5)
cancer, human immunodeficiency virus infection, or other wasting diseases.

Definition and Grouping

Pulmonary TB was diagnosed according to the Tuberculosis Classification Criteria WS196-2017 and Tuberculosis

Diagnostic Criteria WS288-2017, published by the National Health and Family Planning Commission of China in 2017.
The nutritional risk status of the participants was assessed with the NRS-2002 tool on the day of admission. Based on

their NRS-2002 score, the participants were divided into nutritional risk groups and without nutritional risk groups

according to whether they were assessed as being at nutritional risk. The risk factors of the two groups were then

compared.

Study Data
A questionnaire was used to collect data on participants’ sociodemographic characteristics, including age, sex, education,
marital status, and medical insurance type. Disease-related data, including the use of antituberculous therapy and
complications, condition of the lungs, and laboratory test results, were obtained from the medical records. The condition
of the lungs, including the number of lobes affected, and the presence of bronchiectasis, pneumonia, atelectasis, bronchial
stenosis, lung cavitation, and pneumothorax, was determined by CT. Laboratory markers included the levels of
procalcitonin (PCT), interleukin 6, C-reactive protein (CRP), albumin, alanine transaminase, aspartate transaminase,
urea, and creatinine; the estimated glomerular filtration rate (eGFR); and the red blood cell (RBC), white blood cell,
lymphocyte, T cell, and platelet counts.

Participants with an NRS-2002 score >3 were assigned to the high nutritional risk group, and those with an NRS-2002
score <3 were assigned to the low nutritional risk group. Participants were divided into four age groups: <30, 3045, 45-60,
and >60 years. The level of education was divided into four levels according to the number of years of education: 1-6, 7-9,
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10-12, and >12 years. Marital status was classified as never married, married, divorced, and widowed. Medical insurance
type was classified as employee, resident, and self-paid. Body mass index (BMI) was defined as weight (kg) divided by the
height squared (m?). Patients were divided into four groups according to BMI: underweight (<18.5 kg/m?), normal weight
(18.5-24 kg/m?), overweight (24-28 kg/m?), and obesity (>28 kg/m?).

Nutritional Risk Screening

We used the NRS-2002 tool, developed by the European Society for Parenteral and Enteral Nutrition, to assess
participants’ nutritional risk. NRS-2002 assesses nutritional impairment (nutritional status, loss of weight, and dietary
intake) and disease severity, with each category having a score ranging from 0 to 3. The risk score is increased by 1 if the
patient’s age is >70 years, and a total score >3 indicates nutritional risk.'® This simple and effective tool is recommended
for clinical nutritional risk screening in patients with pulmonary TB.'""'? Weight was measured with the patients standing
on a scale.

Statistical Analysis

Categorical variables were reported as frequencies with percentages, and the statistical significance of differences
between groups was assessed using the chi-square test. Continuous variables were reported as the mean and standard
deviation or the median and interquartile range (IQR), and the differences between groups were compared using
Student’s #-test or the Mann—Whitney U-test. Multivariable logistic regression models were used to identify the factors
associated with nutritional risk. Nutritional risk was the dependent variable, and factors that were statistically significant
in the univariate analysis were the independent variables. The nutrition risk was presented as odds ratio (OR) with 95%
confidence interval (CI). P-values < 0.05 were considered to be statistically significant. Data analysis was performed
using SPSS version 24.0 (IBM Corp., Armonk, NY, USA).

Results

Demographic Characteristics and Nutritional Risk

A total of 415 patients with TB and structural lung disease were enrolled in the study, of whom the majority (71.1%)
were men. Approximately one-third (35.9%) were aged between 45 and 60 years and 68.6% were married; the mean BMI
was 18.99 kg/m? (Table 1).

Of the 415 participants, 53.5% were at nutritional risk. There was no significant difference in the nutritional risk
according to sex or the mean age of participants, but there were significant differences according to age group (P =
0.049). There were also significant differences in nutritional risk according to educational level (P = 0.004), marital status
(P =0.006), or BMI (P < 0.001). Moreover, the nutritional risk group had higher hospitalization costs (P = 0.001) (Table 2).

Clinical Parameters and Nutritional Risk

Regarding comorbidities, the nutritional risk group had a significantly increased risk of anemia (19.4% vs 10.4%; P = 0.011)
and hypoproteinemia (20.3% vs 6.2%; P <0.001) and a significantly decreased risk of diabetes (18.0% vs 33.7%; P < 0.001).
Regarding lesions, the nutritional risk group had a significantly greater number of bilateral lesions (64.9% vs 35.9%; P <
0.001), and a significantly greater risk of pulmonary infection (48.6% vs 32.1%; P <0.001), destroyed lung (70.3% vs 43.0%;
P <0.001), or pneumothorax (10.8% vs 4.7%; P =0.021). For laboratory indicators, the nutritional risk group had significantly
higher PCT levels (P = 0.001), eGFR (P = 0.006), and platelet counts (P < 0.001), significantly lower albumin levels (P <
0.001), and significantly lower lymphocyte (P < 0.001), Tc (P <0.001), Th (P =0.001), Ts (P =0.001), and RBC (P < 0.001)
counts. There was no significant difference between the two groups in the proportion of participants on antituberculous
treatment before admission (Table 3).

Multivariable Analysis
The prevalence of nutritional risk was 83% lower in married participants (OR: 0.17, 95% CI: 0.06-0.49; P = 0.001). The
prevalence of nutritional risk was significantly higher in participants with lung cavitation than in those without lung
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Table | Demographic Characteristics and Nutritional Risk Among Patients with Structural Lung Disease

Characteristics Men Women Total
Age, year, mean (SD) 46.97 (15.79) 39.09 (14.32)
Age groups, n (%)
<30 years 61 (20.6) 43 (35.5) 104 (24.9)
30 years~ 57 (19.3) 33 (27.3) 90 (21.6)
45 years~ 113 (38.2) 36 (29.8) 149 (35.7)
260 years 65 (22.0) 9(74) 74 (17.7)
Education levels, n (%)
1~6 years 61 (20.6) 30 (24.8) 91 (21.8)
7~9 years 110 (37.2) 36 (29.8) 146 (35.0)
10~12 years 107 (36.1) 34 (28.1) 141 (33.8)
>12 years 18 (6.1) 21 (17.4) 39 (94)
Married status, n (%)
Never married 79 (26.7) 33 (27.3) 112 (26.9)
Married 202 (68.2) 84 (69.4) 286 (68.6)
Divorced 12 (4.1) 2 (1.7) 14 (3.4)
Widowed 3(1.0) 2 (1.7) 5(1.2)
Medical insurance style, n (%)
Employee 172 (58.1) 83 (68.6) 255 (61.2)
Residents 27 (9.1) 6 (5.0) 33 (7.9)
Self-pay 97 (32.8) 32 (26.4) 129 (30.9)
Diabetes, n (%) 84 (28.4) 21 (17.4) 105 (25.2)
BMI, Kg/m?, mean (SD 19.05 (3.5) 18.84 (3.42 18.99 (3.53
BMI groups, n (%)
Low weight 131 (48.0) 54 (47.0) 185 (47.7)
Normal weight 116 (42.5) 49 (42.6) 165 (42.5)
Overweight 21 (7.7) 12 (10.4) 33 (8.5)
Obesity 5(1.8) 0 5(1.3)
Length of stay, day, median (IQR) 11 (9) 12 (11) I 9)
Hospitalization costs, Yuan, median 13,117.33 13,548.13 13,199.42
(IQR) (13,680.83) (13,316.93) (13,663.73)

Abbreviations: SD, standard deviation; BMI, body mass index; IQR, interquartile range.

cavitation (OR: 2.29, 95% CI: 1.10-4.75; P = 0.026). Moreover, low RBC and lymphocyte counts were associated with
nutritional risk, with each additional unit of RBC and lymphocyte count reducing the nutritional risk by 65% (OR:0.35,
95% CI: 0.20-0.63; P < 0.001) and 59% (OR: 0.41, 95% CI: 0.23-0.73; P = 0.003), respectively (Table 4).

Discussion

This study investigated the nutritional risk status of patients with pulmonary TB and structural lung disease and explored
the factors associated with nutritional risk. More than half the participants (53.5%) were at nutritional risk on admission
to hospital. Nutritional risk was unrelated to sex and use of antituberculous drugs before hospitalization. The hospitaliza-
tion cost of patients with nutritional risk was significantly higher. Married participants had a significantly lower
prevalence of nutritional risk, and participants with lung cavitation and low RBC or lymphocyte counts had
a significantly higher prevalence of nutritional risk.

TB is a chronic wasting disease. Mycobacterium tuberculosis infection leads to metabolic disturbances and a reduced
capacity of the body to repair damaged tissue, which affects recovery from the disease. Moreover, the disease has
a relatively long course. Structural lung disease, which comprises irreversible damage to the lung parenchyma and
interstitium due to any cause, further reduces the body’s resistance and increases nutrient consumption. Therefore,
patients with pulmonary TB and structural lung disease are likely to have poor nutritional status. Reports on the
prevalence of the nutritional risk in patients with TB vary greatly. In a study with a similar sample size, 50.1% of
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Table 2 Association of Clinical Features with Nutritional Risk Among Patients with of Structural

Lung Disease in the Univariate Analysis

Characteristics Group with Group without P
Nutrition Risk Nutrition Risk
Gender, n (%) 0.634
Men 160 (54.2) 135 (45.8)
Women 62 (51.7) 58 (48.3)
Age, year, mean (SD) 44.72 (16.58) 44.76 (14.86) 0.979
Age groups, n (%) 0.049
<30 years 61 (59.2) 42 (40.8)
30 years~ 40 (44.9) 49 (55.1)
45 years~ 74 (49.7) 75 (50.3)
260 years 47 (63.5) 27 (36.5)
Education levels, n (%) 0.004
|1~6 years 54 (60.0) 36 (40.0)
7~9 years 87 (60.0) 58 (40.0)
10~12 years 58 (41.1) 83 (58.9)
>|2 years 23 (59.0) 16 (41.0)
Married status, n (%) 0.006
Never married 74 (66.7) 37 (33.3)
Married 136 (47.7) 149 (52.3)
Divorced 9 (64.3) 5(35.7)
Widowed 3 (60.0) 2 (40.0)
Medical insurance style, n (%) 0.036
Employee 125 (49.2) 129 (50.8)
Residents 20 (60.6) 13 (394)
Self-pay 77 (60.2) 51 (39.8)
Diabetes, n (%) 40 (18.0) 65 (33.7) <0.001
BMI, Kg/m? mean (SD) 16.55 (2.40) 21.61 (2.54) <0.001
BMI groups, n (%) <0.001
Low weight 184 (99.5) 1 (0.5)
Normal weight 14 (8.5) 151 (91.5)
Overweight 2 (6.1) 31 (93.9)
Obesity 1 (20.0) 4 (80.0)
Length of stay, day, median (IQR) 15.24 (11.60) 13.36 (9.98) 0.074
Hospitalization costs, Yuan, 26,154.39 (33,186.40) 17,345.18 (17,554.99) 0.001
median (IQR)

Abbreviations: SD, standard deviation; BMI, body mass index; IQR, interquartile range.

patients with TB had nutritional risk."' However, in two other studies, 64.4% and 89.1% of patients had nutritional
risk.'*'* Our study showed that the prevalence of nutritional risk in patients with TB and structural lung disease was
53.5%, which is similar to 50.1% but much lower than 89.1%. A possible explanation for the differences in nutritional
risk in different studies is that the sample sizes and population characteristics differed, and that patients with structural
lung disease have a poor quality of life and need more on nutritional support.

Marital status was an independent predictor of nutritional risk, suggesting the importance of assessing nutritional
support in unmarried patients. Unmarried people may have poorer diets than married people, which may increase their
nutritional risk. This may be because patients with structural lung disease have a lower quality of life than patients with
simple TB,” and a spouse can provide psychological support and improve the patient’s compliance with treatment, which
reduces the possibility of nutritional risk. However, a previous study found no association between marital status and low
calorie and protein intake in patients with TB.'* The exact relationship between nutritional risk and marital status
requires further research.
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Table 3 Association of Laboratory Indicators with Nutritional Risk Among Patients with of Structural Lung

Disease in the Univariate Analysis

Characteristics Group with Nutrition Group without Nutrition P
Risk Risk

Complication, n (%):
Diabetes 40 (18.0) 65 (33.7) <0.001
Anemia 43 (194) 20 (10.4) 0.011
Hypoproteinemia 45 (20.3) 12 (6.2) <0.001

CT presentation, n (%):
Numbers of lesion lobes: <0.001

Unilateral 59 (39.6) 90 (60.4)
Bilateral 124 (64.9) 67 (35.9)

Pulmonary cavity 180 (81.1) 157 (81.3) 0.945
Bronchiectasis 56 (25.2) 166 (18.7) 0.108
Pulmonary infection 108 (48.6) 62 (32.1) <0.001
Atelectasis 24 (10.8) 14 (7.3) 0.210
Bronchiarctia 26 (11.7) 17 (8.8) 0.333
Destroyed lung 156 (70.3) 83 (43.0) <0.001
Pneumothorax 24 (10.8) 9 (4.7) 0.021

Anti-TB using pre- admission, 142 (64.0) 120 (62.2) 0.707

n (%)

Laboratory marker, means (SD):
PCT, ng/mL 0.90 (3.05) 0.16 (0.41) 0.001
IL-6, pg/mL 57.12 (88.75) 30.09 (42.17) 0.104
CRP, mg/L 66.41 (55.19) 88.01 (547.02) 0.588
Tc-count, pes/ul 777.36 (429.92) 1056.11 (613.94) <0.001
Th-count, pcs/ul 455.47 (274.20) 584.53 (323.50) 0.001
Ts-count, pcs/ul 290.75 (202.42) 414.33 (317.81) 0.001
ALB, g/L 34.28 (6.09) 38.66 (5.35) <0.001
ALT, U/L 34.87 (169.12) 26.96 (62.53) 0.542
AST, U/L 50.85 (221.19) 29.43 (63.11) 0.197
Urea, mmol/L 4.59 (3.69) 4.75 (2.38) 0.609
Cr, umol/L 61.01 (54.43) 71.73 (51.54) 0.050
eGFR, mL/(minx1.73m?) 114.29 (26.83) 106.40 (23.11) 0.006
RBC, x10'%/L 4.07 (0.74) 441 (0.71) <0.001
WBC, x10°/L 14.61 (68.52) 8.04 (3.47) 0.186
PLT, x10°/L 343.59 (150.69) 285.27 (66.14) <0.001
LYMPH, x10°/L 1.14 (0.64) 1.54 (0.77) <0.001

Abbreviations: PCT, procalcitonin; IL-6, interleukin 6; CRP, C-reactive protein; ALB, albumin; ALT, alanine transaminase; AST, aspartate
transaminase; Cr, creatinine; eGFR, estimated glomerular filtration rate; RBC, red blood cell; WBC, white blood cell; PLT, platelet counts;

LYMPH, lymphocyte.

The present study found lung cavitation to be an independent predictor of nutritional risk. This may be because lung
cavitation is associated with prolonged illness and heavy financial burden, in addition to being a serious condition;'>'®
thus, long-term drug treatment may cause patients to have poor appetite, adverse economic conditions, and inadequate
nutrition.

A previous study suggested that the nutritional risk in TB is associated with a high CRP level and low lymphocyte
count.'' However, in this study, no significant association was found between nutritional risk and the CRP level. The
specific reasons for this discrepancy need to be explored. However, consistent with the previous study, our results showed
that nutritional risk associated with a low lymphocyte count. This may be because when the lymphocyte count decreases,

the body’s immune system function decreases, and the body becomes more susceptible to complications such as
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Table 4 Association of Structural Lung Disease with Nutritional Risk in the
Multivariate Analysis

Factors Reference OR (95% CI) P
Age group: <30 years

30 years~ 1.66 (0.54, 5.12) 0.374

45 years~ 1.81 (0.53, 6.20) 0.342

260 years 2.00 (0.48, 8.32) 0.339
Education levels: 1~6 years

7~9 years 0.96 (0.36, 2.52) 0.929

10~12 years 0.54 (0.20, 1.50) 0.239

>12 years 1.02 (0.26, 4.09) 0.975
Married status: Never married

Married 0.17 (0.06, 0.49) 0.001

Divorced 0.44 (0.04, 4.70) 0.499

Widowed 0.14 (0.01, 2.91) 0.204
Medical insurance style: Employee

Residents 1.26 (0.58, 2.75) 0.557

Self-pay 0.82 (0.21, 3.19) 0.774
Numbers of lesion lobes: Unilateral

Bilateral 1.53 (0.74, 3.17) 0.255
Pulmonary infection No 0.76 (0.36, 1.60) 0.474
Destroyed lung No 2.29 (1.10, 4.75) 0.026
PCT - 1.53 (0.73, 3.20) 0.263
eGFR - 1.01 (0.99, 1.03) 0.115
RBC - 0.35 (0.20, 0.63) <0.001
PLT - 1.00 (1.00, 1.01) 0.062
Lymphocyte - 0.41 (0.23, 0.73) 0.003

Abbreviations: PCT, procalcitonin; eGFR, estimated glomerular filtration rate; RBC, red blood cell; WBC,
white blood cell; PLT, platelet counts; LYMPH, lymphocyte.

infection, in turn leading to decreased nutrient consumption.'” Moreover, the degree of malnutrition in patients with TB
is associated with the degree of immune impairment.'’

There are some limitations to this study. First, this was a single-center study, and thus, the participants may not be
representative of all patients with TB and structural lung disease. Larger, multicenter studies are needed to confirm the
study findings. Second, the study was a cross-sectional study, and we did not follow-up patients to determine changes in
nutritional risk or their clinical outcomes. The relationship between nutritional risk and prognosis needs further research.
Third, there are few published studies on nutritional risk in patients with TB and structural lung disease, which made it
difficult to make comparisons with other studies. However, our research may serve as a reference for comparison with
future studies.

Conclusion

To the best of our knowledge, this is the first report on nutritional risk in patients with TB and structural lung disease. Our
findings suggest that patients with TB and structural lung disease have a high prevalence of nutritional risk. The main
risk factors were being unmarried, lung cavitation, and low RBC and lymphocyte counts. Patients hospitalized with
pulmonary TB should be evaluated for nutritional risk so that nutritional interventions can be applied to patients with
a high nutritional risk to improve their quality of life and reduce the cost of hospitalization. In addition, the nutritional
status of unmarried patients, and patients with lung cavitation or low RBC and lymphocyte counts, should be monitored
so that nutritional risk can be prevented or promptly treated in this population.
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Abbreviations

TB, tuberculosis; CT, computed tomography; WHO, World Health Organization; PCT, procalcitonin; CRP, C-reactive
protein; eGFR, estimated glomerular filtration rate; RBC, red blood cell; BMI, body mass index; OR, odds ratio; CI:
confidence interval.
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