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Objective: Tuberculosis (TB) is a major public health problem that affects millions of people worldwide. Malnutrition is a common
complication of TB and can worsen the disease outcome. The purpose of this study was to investigate the dietary and nutritional status, as
well as the dietary structure, of TB patients in Hulunbuir City, Inner Mongolia, China. Additionally, the study aimed to analyze the factors
that influence the nutritional status in order to provide a theoretical foundation for the prevention and treatment of TB and related issues.

Methods: A cross-sectional study was conducted on 334 randomly selected TB patients from Hulunbuir City Second Hospital.
A questionnaire survey was administered to collect information on demographic characteristics, dietary habits, and food intake.
Nutritional status was assessed by body mass index (BMI). Dietary diversity score (DDS) was calculated based on the number of food
groups consumed in the previous 24 hours. Statistical analysis was performed using SPSS 20.0 software. Descriptive statistics
employed rates and composition ratios, and categorical data was represented using frequencies and percentages. The chi-square test
was used to analyze the association between nutritional status and other variables, with a significance level set at 0=0.05. Multivariable
ordinal logistic regression analysis was performed to identify the independent factors affecting the nutritional status of TB patients.

Results: The univariate analysis revealed statistically significant differences (P < 0.05) in the nutritional status (as measured by BMI)
among tuberculosis patients, considering ethnicity, educational level, smoking, meat-based diet, vegetable consumption, and DDS grading.
No statistically significant differences were found regarding gender, age, marital status, occupation, sleep duration, alcohol consumption,
and consumption of rice and flour dishes. Statistically significant variables from the univariate analysis were included in a multivariable
ordinal logistic regression analysis model. The findings highlighted that educational level (high school or below), smoking, meat-based diet,
DDS scores of 1-3, and a primarily vegetable-based diet had independent effects on the nutritional status of tuberculosis patients (all P <
0.05). No significant difference was found in nutritional status between the Han ethnic group and other ethnicities.

Conclusion: The study revealed that the dietary and nutritional status of TB patients in Hulunbuir City was suboptimal and influenced
by several factors. Smoking, meat-based diet, and low dietary diversity score were the primary risk factors for malnutrition among TB
patients. The study suggests that nutritional education and intervention programs should be implemented for TB patients to improve
their dietary quality and nutritional status.
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Background

Pulmonary tuberculosis is a severe, chronic infectious disease, significantly affecting global mortality rates.' According
to the World Health Organization, there were an estimated 10 million new cases and 1.4 million deaths from tuberculosis
in 2019, with 44% of the cases occurring in the WHO Western Pacific Region and the WHO South-East Asia Region.’
China, as one of the 30 high-burden countries for tuberculosis, experienced an increasing incidence rate, reaching 59 per
100,000 in 2019.* Inner Mongolia has seen improvements due to comprehensive policies such as the “Inner Mongolia
Tuberculosis Prevention and Control Action Plan”, resulting in a decline in tuberculosis cases, with an incidence rate of
49.86 per 100,000 in 2019.> However, the situation remains critical, especially with the emergence of multidrug-resistant
(MDR) and extensively drug-resistant (XDR) tuberculosis strains, which pose a serious threat to public health and
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tuberculosis control.® Previous studies have shown that certain lineages of Mycobacterium tuberculosis, such as Beijing
and East-African Indian, are more prevalent among MDR and XDR strains than among non-MDR strains, suggesting
a possible association between genetic diversity and drug resistance.”* Various risk factors, including exposure history,
environment, lifestyle choices like smoking and alcohol consumption, and health conditions like tumors and malnutrition,
influence tuberculosis risk.” Managing these factors through promoting healthy behaviors is essential. Malnutrition is
a common comorbidity of tuberculosis, affecting both the host immune response and the bacterial growth.'® After the
onset of tuberculosis, the body experiences excessive consumption and becomes susceptible to malnutrition, which in
turn can impair the treatment outcome and increase the risk of mortality.'" Therefore, managing these factors through
promoting healthy behaviors and providing adequate nutritional support is essential for tuberculosis patients.

The Inner Mongolia Autonomous Region is situated in a vast, elongated area, covering a considerable range of longitudes.
It displays notable variations in climate, household and cultural practices, population composition, as well as the level of
amalgamation between the Mongolian and Han populations in different localities.'* The dietary culture of the region is
characterized by distinctive regional elements: meat and milk form the fundamental dietary staples, complemented by the
inclusion of noodles, rice, and vegetables. The local populace commonly consumes homemade yogurt and smoked meat, and
there is a notable prevalence of alcohol consumption and smoking behaviors.These dietary habits may have an impact on the
nutritional status and treatment outcome of tuberculosis patients. Moreover, different dietary patterns may reflect different
modes of transmission of tuberculosis, such as household contact, community contact, or animal contact, which could provide
clues for identifying the sources of infection and preventing further spread.'*'*

The aim of this study was to investigate the dietary intake and nutritional status of tuberculosis patients in Inner
Mongolia, and to explore the association between dietary factors and BMI. We also compared the dietary patterns of
different ethnic groups and regions to identify the potential dietary risk factors for tuberculosis. This study may provide
valuable information for developing effective nutritional interventions for tuberculosis patients in Inner Mongolia, as
well as for understanding the epidemiology and transmission dynamics of tuberculosis in this region.

Materials and Methods

Research Subjects
We included patients who were diagnosed with tuberculosis and received treatment at Hulunbuir Second Hospital from
January to June 2023. This study was approved by the Ethics Committee of Hulunbuir Second Hospital and conducted in
accordance with the Declaration of Helsinki. All participants provided written informed consent before participating in
the survey. We defined the inclusion and exclusion criteria as follows:

Inclusion criteria: Patients who were confirmed to have tuberculosis by sputum smear microscopy, culture, or molecular
tests, and who had a BMI less than 18.5 or greater than 24.0, indicating malnutrition or overweight, respectively.

Exclusion criteria: Patients who had other chronic diseases, such as diabetes, hypertension, or cardiovascular diseases,
or who refused to participate in the survey or provide complete information.

Research Contents

The survey questionnaire collected basic information about the subjects, including their gender, age, ethnicity, height,
weight, marital status, and educational level, as well as their diet and lifestyle habits, such as smoking, alcohol
consumption, sleep duration, and dietary diversity score (DDS). We analyzed the individual characteristics of tubercu-
losis patients and examined the relationship between different dietary patterns and lifestyle habits, and BMI, which was
the outcome variable of the study. Using the chi-square test, we determined whether there was statistical and practical
significance in the composition ratios of various characteristics.

Data Collection

We selected random samples of tuberculosis patients who visited the Second Hospital of Hulunbuir City in Inner Mongolia
from January to June 2023. A survey questionnaire was administered to gather information regarding their general conditions,
diet, smoking, drinking, and other lifestyle habits.The questionnaires were distributed, collected, and reviewed on-site by
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a team of investigators who had undergone standardized training. The survey team promptly addressed any concerns and
completed any missing items on the questionnaires. After cross-checking for accuracy, the data was entered twice.A total of
400 questionnaires were distributed to the eligible patients, and 360 questionnaires were returned, with a response rate of 90%.
After excluding 26 questionnaires with incomplete or inconsistent information, 334 questionnaires were included in the final

analysis, with an effective rate of 83.5%.

Statistical Analysis

The survey data were entered and organized in Excel 2019. Descriptive statistics were computed using SPSS 20.0 software.
Quantitative variables with normal distributions were summarized as mean + standard deviation. Categorical variables were
reported as frequency and percentage. The participants were stratified by BMI, and the chi-square test was used to compare the
categorical variables between the two groups. Ordered logistic regression analysis was performed on the statistically significant
independent variables to identify the influencing factors. A P-value of less than 0.05 was considered statistically significant.

Related Concepts
The Body Mass Index (BMI) is a standard measurement calculated as weight (kg) divided by height (m)?. It is used to assess
obesity levels, determine a person’s physical health, and evaluate their nutritional status. The criteria for classification are defined
by the American Society for Parenteral and Enteral Nutrition (ASPEN) clinical guidelines: a BMI less than 18.5 indicates
underweight, a BMI between 18.50 and 24.0 is considered normal, and a BMI of 24.00 or higher indicates overweight.'®

The Dietary Diversity Score (DDS) is commonly employed as a tool to evaluate the diversity of food intake. It
utilizes a 9-category method to evaluate the diversity of the foods consumed. This involves calculating the number of
different food categories consumed by participants in a survey over a one-week period. The calculation is based on the
information gathered through a questionnaire. The calculated DDS is represented by numerical score, where each of the
nine food categories contributes to the total score, reflecting the overall dietary diversity.'®

Results

Basic Information
A total of 334 tuberculosis patients were included in this study, with their gender, age, ethnicity, educational level, marital
status, BMI level, and basic occupational information presented in Table 1.

Analysis of Patient’s Living Habits

The living habits of the patients, including smoking, alcohol consumption, and sleep duration, are shown in Table 1.
There were 108 patients who reported smoking, constituting 32.3% of the total sample size. Among the patients, 134
individuals consumed white liquor, representing 40.1% of the total. The number of patients who drink beer is 169,
accounting for 50.6%. Among the participants, 291 individuals reported having a sleep duration of over 6 hours,
constituting 87.1% of the sample (Table 1).

Analysis of the Patient’s Dietary Situation

Dietary Intake Among Tuberculosis Patients

The daily food intake was assessed by using a food frequency questionnaire (FFQ) based on the Food Guide Pagoda,
which was developed by the Chinese Nutrition Society.!” The FFQ included nine food categories: cereals and potatoes,
vegetables, fruits, poultry and meat, fish and shrimp, eggs, dairy products, soybeans and their products, and fats and oils.
The dietary intake of the patients is shown in Table 2. The patients mainly consumed cereals and potatoes as their staple
food, and supplemented with vegetables, fruits, poultry, meat, and eggs. In addition, due to the traditional dietary habits
and unique food characteristics of the Inner Mongolia region, the patients also had a higher consumption of dairy
products.
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Table | Characteristics and Lifestyle Habits of Tuberculosis Patients

Category Sub-Category Number of Composition
Cases Ratio (%)

Gender Male 222 66.5
Female 112 335
Age (Years) <24 32 9.5
25~44 75 225
45~64 156 46.7
65~ 71 21.3
Ethnic group Han 238 713
Others 96 28.7
Educational level High school/vocational school and below 227 68.0
College degree/bachelor’s degree or higher 107 32.0
Marital status Unmarried 47 14.1
Married 287 85.9
BMI (kg/m?) <185 88 26.3
18.5~24.0 181 54.2
224.0 65 19.5
Occupation Workers or peasants 127 38.0
Students 20 6.0
Staff of public institutions 20 6.0
Personnel in the business or service industry 41 12.3
Unemployed 126 377
Smoking Yes 108 323
No 226 67.7
Drinking white liquor Yes 134 40.1
No 200 59.9
Drinking beer Yes 169 50.6
No 165 49.4
Sleeping time (h) <6 43 12.9
26 291 87.1
TB Duration Short-term 100 299
Long-term 234 70.1
TB Severity Mild 150 44.9
Moderate 100 299
Severe 84 25.1
Treatment Method Medication 300 89.8
Surgery 30 9.0
Other 4 1.2

In terms of dietary preferences, men predominantly consume meat and rice-based dishes, while women tend to favor
vegetables. The findings demonstrate statistically significant variations in three domains: meat consumption, vegetable

intake, and consumption of rice and flour dishes, as illustrated in Table 3.

Patient Dietary Diversification Scoring

Each of the one or two types of food in the same category is assigned a score of 1 point. Two categories of food receive
a score of 2 points. The highest possible score is 9 points. Scores are not duplicated for the same category of food, and
the frequency and quantity of food intake are not considered. The DDS is categorized as insufficient (1-3 points),
moderate (4-6 points), or adequate (7-9 points) based on the diversity of the diet structure. The mean DDS score for the
tuberculosis patients surveyed was (6.174+2.329). Of the tuberculosis patients surveyed, 9.6%, 41.3%, and 49.1% had
insufficient, moderate, and adequate food diversity, respectively (Table 4).
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Table 2 Dietary Intake of Tuberculosis Patients

Food Category Number Composition
of Cases Ratio
Cereals and potatoes Yes 306 91.6
No 28 84
Vegetables Yes 285 85.3
No 49 14.7
Fruits Yes 282 844
No 52 15.6
Poultry and meat Yes 292 87.4
No 42 12.6
Fish and shrimp Yes 110 329
No 224 67.1
Eggs Yes 254 76.0
No 80 24.0
Dairy products Yes 248 743
No 86 25.7
Soybeans and their products Yes 186 55.7
No 148 443
Fats and oils Yes 97 29.0
No 237 71.0

Table 3 Analysis of Food Types by Gender

Food Category Gender Total x P
Male Female
N % N %
Mainly meat 71 319 21 18.8 92 6.531 0.011*
Mainly vegetables 17 7.7 37 33.0 54 35.374 | <0.001*
Mainly rice and flour dishes 67 30.2 17 15.2 84 8.900 0.003*
Balanced nutrition 67 30.2 37 33.0 104 0.283 0.595

Note: *indicates that the P-value is statistically significant (P < 0.05).

Table 4 Diversity Scores of Tuberculosis

Patients
DDS Number | Composition
of Cases Ratio
1~3 32 9.6
4~6 138 41.3
7~9 164 49.1

Univariate Analysis of Patient BMI
BMI is a widely used indicator of nutritional status, and it has been shown that low BMI is associated with increased risk
of mortality and morbidity in tuberculosis patients.'®

The univariate analysis of the influencing factors revealed statistically significant differences (P < 0.05) in the
nutritional status BMI of tuberculosis patients based on ethnicity, educational level, smoking status, meat consumption,
vegetable consumption, and DDS classification, involving a total of 6 variables. However, no statistically significant
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differences (P > 0.05) were found regarding gender, age, marital status, occupation, sleep duration, alcohol consumption,
consumption of rice and flour dishes, or balanced nutrition. Please refer to Table 5 for further information.

Multifactorial Analysis Using Ordered Logistic Regression on Factors Influencing the Nutritional Status of
Patients

The variables with statistically significant differences in the univariate analysis were included in the multi-factor ordinal
logistic regression analysis model. The analysis indicated that an educational level of high school or below (OR=2.817,
95% CI: 0.357 to 1.714, P=0.003), smoking (OR=0.605, 95% CI: —1.235 to 2.31, P=0.049), a meat-based diet (OR=1.526,
95% CI: —1.045 to 1.891, P=0.037), DDS scores of 1-3 (OR=0.787, 95% CI: —2.259 to 1.781, P=0.031) were independent
factors influencing the nutritional status of individuals with pulmonary tuberculosis. No significant difference was found in
nutritional status between the Han ethnic group and other ethnicities (OR=0.969, 95% CI: —0.677 to 0.614, P=0.923), as
presented in Table 6.

Table 5 Univariate Analysis of BMI in Tuberculosis Patients, n (%)

Influencing Factors n BMI t/F P

Gender Male 222 21.769+3.816 0.144 0.886
Female 112 21.709+3.208

Age(Years) <25 32 21.265+2.709 1.705 0.166
25~ 75 21.687+3.072
45~ 156 22.177+4.192
65~ 71 21.092+3.032

Ethnic group Han 238 22.022+3.590 2.160 0.031*
Others 96 21.074+3.707

Marital status Unmarried 47 21.844+2.813 1.181 0.238
Married 287 21.844+3.729

Occupation Workers or peasants 127 21.754+3.640 1.401 0.233
Students 20 21.010+2.136
Staff of public institutions 20 23.050+3.952
Personnel in the business or service industry 41 22.389+3.715
Unemployed 126 21.448+3.669

Educational level High school/vocational school and below 227 22.069+3.915 2.350 0.019*
College degree/bachelor’s degree or higher 107 21.072+2.883

Sleeping time (h) <6 43 21.757+4.433 0.015 0.988
26 291 21.748+3.491

Smoking Yes 108 22.702+3.260 3.330 0.001*
No 226 21.295+3.775

Drinking white liquor Yes 134 21.953+3.316 0.841 0.401
No 200 21.613+3.809

Mainly meat Yes 92 22.714+4.676 3.018 0.003*
No 242 21.388+3.066

Mainly vegetables Yes 54 20.779+3.113 2.163 0.031*
No 280 21.937+3.684

Mainly rice and flour dishes Yes 84 22.038+2.974 0.839 0.402
No 250 21.654+3.808

Balanced nutrition Yes 104 21.22243.106 1.786 0.075
No 230 21.985+3.808

DDS Score 1~3 32 21.232+3.245 5.131 0.006*
Score 4~6 138 22.502+3.528
Score 7~9 164 21.217+3.728

Note: *Indicates that the P-value is statistically significant (P < 0.05).
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Table 6 Multivariable Ordered Logistic Regression Analysis of Factors Influencing the Nutritional Status of
Pulmonary Tuberculosis Patients

Variable Evaluate | Standard Error | Wald | Significance 95% CI OR
Lower Limit | Upper Limit

Ethnic group —0.032 0.3292 0.009 0.923 —0.677 0.614 0.969
Educational level 1.036 0.3463 8.940 0.003* 0.357 1.714 2817
Smoking —0.502 0.3739 1.804 0.049* —1.235 231 0.605
Mainly meat 0.423 0.7489 0.319 0.037* —1.045 1.891 1.526
Mainly vegetables —0.320 0.4250 2.548 0.128 —1.153 0.513 0.726
DDS | Score 1~3 —0.239 1.0305 0.054 0.031* —2.259 1.781 0.787

Score 4~6 —0.200 0.2777 0.519 0.471 —0.744 0.344 0.819

Notes: *indicates that the P-value is statistically significant (P < 0.05).

Discussion

The nutritional status of tuberculosis patients is an important factor that affects the disease progression and outcome.
Previous studies have shown that malnutrition, especially underweight, is associated with increased risk of tuberculosis
infection, severity, mortality, and relapse.w*21 Moreover, dietary factors, such as dietary diversity, intake of micronu-
trients, and consumption of animal products, may also influence the immune response and the treatment outcome of
tuberculosis patients.”>>* Therefore, it is essential to assess the dietary and nutritional status of tuberculosis patients and
identify the potential risk factors that may affect their health and recovery.

In this study, we examined the dietary intake and nutritional status of tuberculosis patients in Inner Mongolia, a region
notable for its high tuberculosis burden and unique dietary culture. We found significant dietary habits and nutritional
status among the patients. A significant proportion of these patients consumed cereals and potatoes, vegetables, fruits,
poultry, meat, eggs, and notably, a high intake of dairy products, which is a hallmark of the Inner Mongolian diet. The
mean Dietary Diversity Score (DDS) for the patients was 6.174+2.329, indicating a moderate level of dietary diversity.Our
results revealed distinct dietary preferences based on gender and ethnicity. Men were more inclined towards meat and
rice-based dishes, whereas women showed a preference for dairy products. These findings underscore the influence of
gender, ethnicity, and cultural traditions on the dietary patterns of tuberculosis patients in Inner Mongolia.?***¢

The study also explored factors affecting the nutritional status of tuberculosis patients. Significant factors included ethnicity,
educational level, smoking status, meat-based diet, and DDS classification. Contrary to our initial expectations, Mongolian
patients did not demonstrate a higher risk of being underweight compared to Han patients. This outcome might be reflective of the
balanced nature of their diet, despite the high consumption of animal products. Patients with lower educational levels (primary
school or below) were found to have a higher risk of being overweight, possibly due to limited access to a variety of foods and
lower awareness of nutritional balance. Smoking was associated with a lower risk of being underweight, aligning with existing
literature that suggests smoking can impact appetite and metabolism.?”*® A meat-based diet, typically high in protein and essential
nutrients, was correlated with a lower risk of being underweight. Lastly, the DDS played a crucial role in the nutritional status.
A higher DDS was associated with a lower risk of being underweight but did not significantly affect the risk of being overweight,
suggesting that a varied diet is beneficial for maintaining an adequate nutritional status, especially in tuberculosis patients.

BMI was chosen as the primary indicator due to its relevance in assessing nutritional status, especially in chronic conditions
like tuberculosis.”” Lower BMI is associated with a higher risk of contracting tuberculosis, emphasizing the need for better
metabolic health to reduce the disease’s prevalence and mortality.’**' Dietary patterns, particularly in eastern Inner Mongolia,
lean heavily towards meat consumption, influenced by the region’s reliance on animal husbandry and grain production.*® Urban
dietary habits are more akin to the Han ethnic group.The majority of survey participants were rural, middle-aged or elderly
individuals with limited education. This demographic shows inadequate understanding and protective measures against
tuberculosis transmission, necessitating extensive public health education and awareness campaigns, especially in rural areas.
Smoking is identified as a critical factor affecting tuberculosis incidence and prognosis, impairing immune function and lung
health.>>** Research consistently shows smoking as a significant risk factor for pulmonary tuberculosis.*
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Our study has several limitations that should be acknowledged. Firstly, the sample size of this study was relatively small
and limited to specific regions of Hulunbuir City, which may affect the generalizability of the results. Secondly, the study
design was cross-sectional, which could not establish causal relationships between dietary factors and BMI. Thirdly, the
dietary intake data was collected by using a FFQ, which may be subject to recall bias and measurement errors. Fourthly, the
study did not collect data on other potential confounding factors, such as tuberculosis severity, treatment regimen,
comorbidities, and socioeconomic status, which may also affect the nutritional status of tuberculosis patients. Therefore,
future studies should include larger and more representative samples, use prospective and longitudinal designs, employ more
accurate and objective methods to assess dietary intake, and adjust for more covariates to confirm and extend our findings.

Conclusion

In conclusion, this study revealed that the nutritional status and dietary intake of tuberculosis patients in Inner Mongolia were
influenced by various factors, such as ethnicity, educational level, smoking, meat-based diet, and dietary diversity. The study
also found that underweight and overweight were both prevalent among tuberculosis patients, and that both conditions were
associated with increased risk of adverse outcomes. Therefore, it is important to provide individualized and comprehensive
nutritional assessment and intervention for tuberculosis patients, taking into account their dietary habits, preferences, and
needs. Moreover, it is necessary to improve the health awareness and education of the local population, especially in rural
areas, and to promote healthy lifestyle behaviors, such as quitting smoking, reducing alcohol consumption, and increasing
physical activity. These measures may help to prevent and control tuberculosis, as well as to improve the quality of life and
well-being of the affected individuals.
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