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Abstract
Background: This study evaluated nutrient intakes of tuberculosis (TB) patients and examine their
associated factors. Methods: In this cross-sectional study, 300 adult TB patients were enrolled in two
impoverished counties in China. Nutrient intakes were evaluated through two consecutive 24-h dietary
recalls and compared with the Chinese Dietary Reference Intakes (DRIs) 2013. Corresponding information
for local general population was derived from 2015 China Health and Nutrition Survey. Results: The mean
daily energy (1655.0 kcal in males, 1360.3 kcal in females) and protein (44.6 g in males, 35.9 g in
females) intakes of TB patients were below Recommend Nutrient Intake (RNI) and Adequate Intake (AI) in
both genders, and intakes of many micronutrients, except for vitamin E and sodium, were insu�cient.
Compared with those for local general population, TB patients’ intakes of all the macronutrients and
micronutrients were lower (p<0.05) except total fat. In addition, Proportions of people with macronutrient
or micronutrient intakes lower than RNI/AI were higher in TB patients than in general population except
for Vitamin E intake. Being unemployed was a risk factor for low energy intake (p<0.05) and out-home-
eating was a protective factor for low protein intake (p<0.01). Conclusions: In impoverished areas in
China, intakes of macronutrients and most micronutrients in TB patients were less than those in general
population. They were also inadequate compared with DRIs, especially in unemployed patients and
patients eating at home. These �ndings suggested that the public health actions are needed to promote
education on TB patients about signi�cance of nutritional support, and, further interventions in TB
patients’ nutritional intakes are also required.

Background
Tuberculosis (TB) is an airborne disease caused by Mycobacterium tuberculosis and is the �rst leading
cause of death from single infectious agents. According to World Health Organization (WHO), there were
estimated 10.0 million people developed TB disease and 1.6 million people died from TB in 2017. China
is in 2nd place among 30 TB high burden countries, with a reported incidence of 63 per 100,000 persons
per year in 2017[ 1].

The interactions between tuberculosis and malnutrition are well appreciated. TB will result in malnutrition
and malnutrition can predispose to TB. TB increases the basal metabolic rate (BMR)[ 2], thus requiring
more energy to maintain body function, leading to weight loss. However, due to reduction in appetite and
gastrointestinal disorder[ 3], food intake will decrease in TB patients, resulting in undernutrition.
Malnutrition will in turn lead to impaired immune function[ 4, 5], as nutritional de�ciency alters the
interaction between macrophages and T-lymphocytes[ 6], thus increasing the risk of getting infected
�rstly. Moreover, although most people who get infected will not manifest symptoms as their immune
system manages to control the bacteria, malnourished person are more likely to develop active TB
because the infection is no longer constrained by their immune systems[ 7].

Three studies in China[ 8-10]reported previously that protein and caloric intakes in TB patients were
inadequate as well as some micronutrients. Insu�cient protein and caloric intakes will hinder the
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functions of some generalized host defense mechanisms that are essential for combating TB[ 11].
Besides, both vitamins and minerals play important roles in immunity[ 12], de�ciency of one or more of
these nutrients will impair person’s resistance to any infection[ 13].

Assessment of nutrient intakes is critical in nutritional management of patients with TB. Until now, only
one research group conducted studies on nutrient intakes in TB patients in China, however, they did not
examine associated factors about nutrient intakes. Moreover, to our knowledge, until now there are no
studies conducted to evaluate the nutritional status of TB patients with reference to the latest Chinese
Dietary Reference Intakes (DRIs) 2013[ 14]. We carried out this community-based study to evaluate
nutrient intake levels of TB patients by comparing them with both current dietary recommendations in
China and local general population, and to examine associated factors of nutrient intakes among TB
patients.

Methods

Study Context
This cross-sectional study was undertaken as part of the project “Investigation of nutrition and diet of
patients with pulmonary tuberculosis in poor areas in China” supported by the WHO Regional O�ce in the
Western Paci�c. It was conducted from November 2015 to April 2017 in two counties, that is, Lingyun
county located in Guangxi province and Lin county located in Shanxi Province. These two counties were
national impoverished counties and behaved well in their routine work. TB case noti�cation rates in 2016
were 63.16 per 100,000 in Lin county and 106.97 per 100,000 in Lingyun county, respectively.

Participants
Adult patients (age≥18 years) with active TB registered in Tuberculosis management information system
from Nov 1st, 2015 through May11th, 2017 and signed consent form were recruited. Patients with
extrapulmonary tuberculosis, and those aged 18 years and below or with severe complications were not
eligible for the study. Pregnant or breast-feeding women, and those who refused to sign the consent form
were also excluded. China Health and Nutrition Survey (CHNS) was conducted in 2015 among the general
population (The sample size was 620 in Lin county and 662 in Lingyun county respectively) in these two
countries with the same component for nutrition assessment. The �ndings of the CHNS was taken as a
comparison group for our study. Detailed information about CHNS 2015 was available on website
https://www.cpc.unc.edu/projects/china/about/design/sample.

Sample Size
As BMI is commonly used in nutrition assessment, we applied the prevalence of BMI<18.5 which is also
de�ned as malnutrition[ 15] ],[in the calculation of sample size. We assumed that the prevalence of

https://www.cpc.unc.edu/projects/china/about/design/sample
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malnutrition in the general population in poor areas and TB patients would be 6.7% [ 16]and 25.0%[ 2],
respectively, and the required sample size was calculated to detect difference in the two proportions. The
probability of a type I error was set at 0.05, the power of the study was estimated at 90% and the design
effect was set at 1, determining a sample size of TB patients was 77 per study site. Considering
participants’ refusal, we expanded the sample size to 150 per study site, and the �nal sample size of TB
patients was 300 totally.

As for general population, after exclusion of subjects with missing data, the sample size was 231 in Lin
county and 265 in Lingyun county, thus 496 in total. A multistage, random cluster process was used to
draw the sample of general population in CHNS 2015.

Socio-demographic and behavioral factors
Data for associated factors were taken from a questionnaire on personal information, including socio-
demographic data (age, gender, education level, marital status, occupation and household income level)
and behavioral data (alcohol consumption, smoking status and eating out-of-home). Age was
categorized into 3 groups, 18-49 years, 50-64 years, 65 years and above, based on Chinese Dietary
Reference Intakes (DRIs) 2013[ 14]. Education level was categorized into 2 groups[ 17], that is, primary
school and below, junior middle school and above. Household income level was evaluated by annual
household income and was categorized into 3 groups, <20,000 yuan, 20,000-40,000 yuan, and ≥40,000
yuan[ 17]. Alcohol consumption was de�ned as drinking wine, beer and Chinese spirit now or ever. A
smoker was de�ned as smoking now or smoking previously but have stopped smoking in the evaluation
period . Eating out-of-home was de�ned as eating at least one meal away from one’s own home or their
residents’ home during the survey[ 18]. Severity of TB was grouped into two categories based on the
result of chest x-ray. If the lesion is con�ned to two lung �elds then it is de�ned as mild. If the lesion
covers more than two lung �elds or there’re cavities, it is de�ned as severe[ 19].

Assessment of Nutrient intake
Trained staff performed face-to-face interviews on each participant to obtain dietary intake data through
a 2-day 24-hour dietary recall (24hdr) questionnaire, which was adapted from the method of 3-day 24hdr[
20]. Participants were instructed to record all food intake at home and away from home in the previous 2
days (one weekday and one weekend day). Consumptions of condiments were also recorded through a
questionnaire. All investigations were completed after the patient registering in Tuberculosis
management information system and before anti-tuberculosis treatment. Data for dietary intake of
general population was obtained from a 3-day 24hdr questionnaire (two weekdays and one weekend
day).

Total energy, four kinds of macronutrients and sixteen kinds of micronutrients were evaluated. Nutrient
intakes of each patient were calculated based on Chinese Food Composition Tables (CFCT) 2004[ 21].
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We also evaluated TB patients’ nutritional intake by applying Chinese dietary reference intakes (DRIs)
2013, with mean daily nutrient intakes compared with Recommended Nutrient Intakes (RNIs) and
Adequate Intakes (AIs).

Statistical analysis
A Chi-square test and a Wilcoxon rank sum test were used to compare the characteristics of TB patients
and the general population. Data of daily nutrient intakes were presented as means ± standard deviation
(SD). A Wilcoxon rank sum test was conducted to compare differences in daily energy and nutrient
intakes of TB patients and general population. As dietary recommendations are different for men and
women, we compared TB patients’ and general populations’ daily nutrient intakes with DRIs by gender.
Comparisons in proportion of participants whose nutrient intakes were below RNI/AI were analyzed with
a Chi-square test and Fisher exact test. Since protein-calorie malnutrition (PCM) is the most common
form of undernutrition in TB patients[ 11], we only examine factors related to insu�cient energy and
protein intakes. Univariate logistic regression analysis was used to identify potential risk factors
associated with inadequate energy and protein intakes in 300 TB patients. Age, gender, county and
severity of TB were considered to be possible confounders in the multiple logistic regression model with
stepwise selection. Patients were classi�ed into two groups: below RNI/AI and above RNI/AI. A P-value of
less than 0.05 was considered statistically signi�cant. All analyses were performed using SAS 9.4 (SAS
Institute Inc, Cary, NC, USA).

Quality Control
The study was carried out on the basis of CHNS 2015, from which the investigating method and tool were
used in our study. All on-site investigations were carried out by the county-level CDC and interviewers were
trained with a standard protocol. Data was checked for completeness and accuracy on the day of
investigation and sampled by provincial CDC for veri�cation later. All data was double-entered into a
database specially designed for this project.

Results

Characteristics of the subjects
Almost all noti�ed TB patients registered from Nov 1st, 2015 to May 11th, 2017 in Lin county were
included in our study, while TB patients enrolled in our study accounted for less than 40% of all noti�ed
TB patients in Lingyun county during that period. For general population, according to local annals, there
were 596.4 thousand resident people in Lin county and 191.7 thousand resident people in Lingyun county
in 2015. Thus, the proportion of general population included in our study were 0.038% in Lin county and
0.138% in Lingyun county respectively.
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There were signi�cant differences (p<0.05) in both socio-demographic and behavioral characteristics
between TB patients and the local general population, except for household income level, as shown in
Table 1. Most TB patients in our study aged between 18 and 49, and were males, but the majority of
general population was in the 50-64 age group and difference of percentages for different genders was
not great. Most TB patients were married, employed and didn’t attend junior middle school, with annual
household income less than 20, 000 RMB yuan. More general population tended to have alcohol
consumption than TB patients, but the proportion of non-smokers was signi�cantly higher in the general
population than in the TB patients. Both TB patients and general population were more likely to eat at
home during the survey (Table 1).

Daily energy and nutrient intake
Recommendations for daily energy intake was 2250 kcal in males and 1800 kcal in females, and for daily
protein intake was 65 g in males and 55 g in females. Thus, the average daily energy (1655.0 kcal in
males, 1360.3 kcal in females) and protein (44.6 g in males and 35.9 g in females) intakes of TB patients
were inadequate in both genders (Table 2). As for micronutrients, in male TB patients, the mean daily
intake of retinol, niacin, vitamin E, sodium, iron, Manganese, copper and Phosphorus were all higher than
RNI/AI, while calcium (216.3 mg) intake was severely less than RNI/AI (800 mg). In female TB patients,
the intakes of vitamin E, copper and sodium were higher than RNI/AI. However, the intakes of ribo�avin,
potassium and calcium were severely inadequate.

Although the mean daily intakes of energy (2069.5 kcal in males, 1741.6 kcal in females) and protein
(63.4 g in males, 54.3 g in females) in the general population were higher than those in the TB patients,
they were still less than RNI/AI. It was also found that except for total fat, both macronutrient and
micronutrient intakes in general population were higher than those in TB patients with signi�cant
difference (p<0.05). Proportions of people with macronutrient or micronutrient intakes below RNI/AI were
higher in TB patients than in general population except Vitamin E intake.

Factors associated with low energy and low protein intakes
in 300 TB patients
As shown in table 4, univariate analysis suggested that being unemployed was associated with
inadequate energy intake and annual household income with 40,000 RMB yuan and above was a
protective factor. In multivariate analysis (see Table 5), after adjusting for other factors, unemployed
participants were more likely to have low energy intake (OR: 3.542; 95%CI:1.471, 8.530)(p<0.01).
Meanwhile, lower protein intake was associated with eating at home. The possibility of low protein intake
for people eating out-of-home was much lower than those eating at home (OR: 0.328; 95CI%:0.133,
0.809)(p<0.05).
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Discussion
Our study demonstrated that intakes of both macronutrients and selected micronutrients were inadequate
in most TB patients. Protein-calorie malnutrition (PCM), characterized by inadequate intakes of both
protein and total calories[ 11], was common in TB patients, with both the male and female TB patients
taking energy and protein below RNI/AI. This �nding was consistent with some published studies[ 8-10] in
China. Also, mean daily intakes of many micronutrients were below RNI/AI, especially calcium, in our
study, the intake of which was much lower than RNI/AI in all the women and 99.5% of men. A survey
conducted in China revealed that TB patients did not take enough �sh, shrimp and dairy products[ 22],
which are all calcium-rich food. This may explain the insu�cient intake of calcium. However, sodium
consumption was higher than RNI/AI in TB patients. Researches conducted in other populations[ 23-25]
in China also showed that high sodium consumption remained a public health problem. Nevertheless, the
quality of diet seemed to improve in some ways, as the daily intake of vitamin E was much higher than
RNI/AI in both genders compared with previous studies[ 8-10] ] , [9] , [.

Compared with the local general population, intake of total fat was a little higher among TB patients. This
result was different from another study conducted in TB patients in Shandong Province[ 10], in which
general populations’ fat intake was more than TB patients’. The difference may be caused by different
dietary patterns in different provinces, thus, further research is needed to con�rm this.

Furthermore, we discerned that eating out-of-home was related to higher intake of protein. Relevant
studies conducted among other populations in China[ 26-28] also demonstrated that there was an
increase in protein intake while eating out-of-home. The reason for this phenomenon may be that people
tend to choose food with better tastes and higher nutritional values when they eat away from home[ 27].
We also discovered that the inadequate energy intake was signi�cantly higher among unemployed TB
patients, being consistent with studies[ 29, 30] ], [conducted in other countries. This is most likely because
that persons with low socio-demographic status will not be able to afford nutritious food.

Malnutrition will also have an impact on the treatment of TB. Malnutrition will reduce the level of protein
in the patient's body, and thus delayed the recovery of lesions. This is probably because su�cient protein,
on the one hand, helps the recovery of lesions during the treatment. On the other hand, increases the
number of drug carriers in the treatment, therefore, concentration of anti-tuberculosis drugs in the blood
will rise, promoting sputum conversion[ 31]. A study in China showed that 56% of patients’ sputum
culture were negative after 20 days of treatment in the nutritional support group, which was signi�cantly
higher than 28% in the general treatment group[ 32].

Limitations and Strengths
There are some limitations in our study. On the one hand, we used the 24hdr method to evaluate the
nutrient intakes, and this method has its own shortcomings. Reliance on the memory of participants and
recall bias could result in an underestimation of nutrient intakes[ 33]. And, when measuring the
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consumption of condiments, we didn’t take the household weighing method commonly used in nutrition
survey. On the other hand, we hope to enroll all eligible TB patients in these two counties noti�ed from
Nov 1st, 2015 to May 11th, 2017. However, almost all noti�ed TB patients in Lin county were included in
our study, while TB patients enrolled in our study accounted for less than 40% of all noti�ed TB patients
in Lingyun county during that period. Moreover, after consulting local annals for these two counties in
2015, we found that the proportion of general population included in our study were only 0.038% in Lin
county and 0.138% in Lingyun county respectively. All of these may result in that our �ndings could not
be generalized to all the local people.

Although limitations existed, our study has outstanding strengths. Firstly, different from previous
hospital-based studies, our study is a community-based study initiated in comparing TB patients’ nutrient
intakes with the latest DRIs and examining the associated factors in TB patients’ nutrient intake.
Moreover, we collected the same information for local general population and make comparisons
between these two groups, avoiding the in�uence of different dietary patterns in various areas.

Conclusions
Our study showed that in poor areas in China, the intakes of macronutrients and most micronutrients in
TB patients were less than those in local general population, and were inadequate compared with DRIs,
especially for those unemployed and eating at home. These �ndings suggested that the public health
actions are needed to promote education on TB patients about signi�cance of nutritional support, and,
further interventions in TB patients’ nutritional intakes are also required.
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