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ABSTRACT

Background: Pulmonary tuberculosis is greatly influenced by low nutritional status, which degrades
the immune system and causes a slower recovery. Nurses play an important role in improving the
nutritional status of pulmonary tuberculosis patients through a high-protein diet. Objectives: This study
assessed the effectiveness of providing nutrition to pulmonary tuberculosis patients. Methods:
Quantitative quasi-experimental research by comparing pre and post-tests. The respondents are all
patients with pulmonary tuberculosis at Pandak I Public Health Center in Bantul Regency. The
respondents were randomly divided into two groups, as the intervention group has 14 respondents and
the control group has 7 respondents. Results : Based on the statistical test of the difference in BMI pre
and post-intervention, the p-value = 0.082 (> 0.05) and post intervention, the p-value = 0.396 (> 0.05).
Mid-Upper Arm Circumference (MUAC) pre- and post-intervention, the p-value = 0.000 (< 0.05) and
post-intervention, the p-value =0.002 (< 0.05). The edema status pre- and post-intervention, the p-value
= 0.165 (> 0.05), post-intervention p-value = 0.002 (< 0.05). This shows that there is a statistically
significant difference in MUAC between pre- and post-intervention, between MUAC in TB patients
who have received the intervention and those who have not, and between edema status in tuberculosis
patients who have received the intervention and those who have not. Conclusion: Increased MUAC was
the only variable that had the most influence in this study compared to BMI and edema. MUAC revealed
significant advancements in both populations, accentuating its responsiveness as a gauge of nutritional
recovery in patients diagnosed with pulmonary tuberculosis.
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INTRODUCTION

Pulmonary tuberculosis is a respiratory tract infection that attacks the lung parenchyma. According to the
WHO, tuberculosis has been declared a global epidemic with a fatality rate of 32.6% (MacNeil et al.,2019) and
is ranked in the top ten lethal diseases worldwide and is the leading cause of death from a single infection case.
Tuberculosis mortality is as high as 47%, with a prevalence of 42% (Garcia-Basteiro et al., 2019). In 2023,
there were an estimated 936,000 new tuberculosis cases and nearly 86,000 deaths (Balkhy, 2025). The three
countries with the highest prevalence of pulmonary tuberculosis are India, China and Indonesia. Indonesia had
a prevalence of 824,000 in 2020, which increased to 1,060,000 in 2024 (Arlinta, 2024). This statement is
supported by Fahdhienie et al. (2024), who stated that as of February 2024, Indonesia had an estimated
1,060,000 Tuberculosis (TB) cases, which is a 1.5 times higher rate than the rest of the world and Indonesia is
the second country with the highest number of TB cases in the world after India. In Jogjakarya, it was recorded
that until July 2024, there were 775 TB cases and 30% of them were drug-resistant TB (Adminwarta, 2024).

Tuberculosis is greatly influenced by low nutritional status. This is confirmed by Mohamed-Hussein ef al.
(2016) on malnutrition in tuberculosis involving 129 respondents at Assuit University Hospital. The results
indicated that there was a significant decrease in Ideal Body Weight (IBW) and Body Mass Index
(underweight) in patients with pulmonary tuberculosis compared to the control group (p<0.01). Decreased
nutritional status in patients with pulmonary tuberculosis occurs due to an imbalance between nutritional
intakes and needs. This statement is supported by Gurung et al. (2018), who state that in patients suffering from
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pulmonary tuberculosis, several factors reduce nutritional intakes, including decreased appetite, nausea, and
abdominal pain. Chandarasekaran (2017) also stated that tuberculosis sufferers tend to have poor nutritional
status due to complaints of anorexia and side effects of treatment. This statement is supported by the findings of
Ma'rufi ef al. (2020) that patients with pulmonary tuberculosis experienced a decrease in appetite, which
ultimately affected their nutritional status. This research found that 35% of respondents had severe thinness,
14% had moderate thinness and 23.5% had mild thinness.

Nutritional status becomes the main indicator in health management for identifying both acute and chronic
diseases. This is in line with Chandarasekaran (2017), who stated that nutritional deficiencies trigger domino
effects on physical health, especially in patients with pulmonary tuberculosis. Gurung et al. (2018) and Feleke
et al. (2019) explained that malnutrition will inhibit the pulmonary tuberculosis healing process, and
pulmonary tuberculosis will encourage a malnourished state. Low nutritional status, both macro-and
micronutrients, will degrade the immune system, which causes a slower recovery rate. Tuberculosis patients
who experience malnutrition have a mortality possibility of 2-4 times higher and a 5 times greater risk of liver
damage, increased recurrence, malabsorption of pulmonary TB drugs, and delayed sputum conversion.

Nurses have an important role in managing the improvement of nutritional status in patients with
pulmonary tuberculosis so that they can improve their prognosis. Giving a high-protein diet is expected to
improve patients' prognosis with pulmonary tuberculosis. Chandarasekaran et al. (2017) explained that the
provision of dietary supplements can provide excellent results for the recovery of pulmonary tuberculosis
patients. Micro- and macronutrients can improve T-cell functions, accelerate sputum conversion, prevent a
recurrence, increase activity ability, and even prevent death risk. Pandak I Public Health Center is one of the
healthcare centres in Bantul Regency, which has a high prevalence of pulmonary tuberculosis. Bantul has a low
TB treatment success rate of 82% compared to the national target of 90%. Of the 1144 TB cases in Bantul,
around 21.24% were recorded as having low incomes; they work as labourers or housewives or do not have
jobs, so that also impacts their nutritional status (Dinas Kesehatan Kabupaten Bantul, 2023). There are 21
Tuberculosis (TB) patients and most of them have MDR TB. Based on this background, the researcher will
investigate the effectiveness of providing nutrition to pulmonary tuberculosis patients at Pandak I Public
Health Center in Bantul. The novelty of this study is the high-protein diet given in the form of milk, not
supplements or high-protein foods. Previous research has mostly discussed the provision of a high-calorie diet
on the nutritional status of tuberculosis patients or a high-protein diet on treatment response, and there has not
been much discussion on the effects of a high-protein diet, especially in the form of easily absorbed liquid milk,
on improving the nutritional status of tuberculosis patients. Researchers chose this diet because tuberculosis
patients often experience nausea; therefore, a liquid diet was expected to be easier and more effective to
consume.

METHODOLOGY

This is quantitative quasi-experimental research that is conducted by comparing pre- and post-test data.
The research respondents were all patients with pulmonary tuberculosis in the Pandak I Public Health Center of
Bantul Regency, with a total of 21 people. The respondents are randomly divided into two groups, namely the
intervention group consisting of 14 respondents and the control group with 7 respondents. Randomisation of
respondents was done by drawing lots to determine the intervention and control groups. Exclusion criteria for
the research include the patients having TB co-infections (HIV/AIDS, DM) and lactose intolerance (Newdiet,
2025).

The intervention group received high-protein milk supplementation for one month. Respondents
consumed milk in the morning (2 hours post-FDC medication) and in the post meridiem. Milk was consumed
daily for four weeks. Each 63-gram serving had a calorie content of 250 cal, 14 grams of protein (22%), 3 grams
of fat (11%) and 43 grams of carbohydrates (67%) (Fatsecret, 2025).

Data Collection

The pre and post-test data collected include BMI (Basal Metabolic Index), MUAC (Mid Upper Arm
Circumference) and bilateral pitting edema. The researcher treats the intervention group by providing high-
protein milk for one month. The participants drink the milk in the morning, two hours after taking the FDC drug
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and again in the afternoon. The milk is consumed every day for four weeks or one month. Due to the pandemic,
monitoring was conducted by PMO and research assistants (health centre nurses). The selected dairy products
are high in protein, have a high zinc content as an energy source and support the recovery process. Zinc is useful
for improving the metabolism of nutrients, including protein. In the intervention group, education was given
about fulfilling nutritional needs for tuberculosis patients. Education was given after the research was completed
and it was done individually.

Data Analysis

The research uses univariate and bivariate data analysis with a different test. The difference test is carried out
with a #-test to examine the differences in pre-post nutritional status and an independent difference test to identify
differences in nutritional status post intervention between the intervention and control groups. Before
conducting the difference test, the data normality test is conducted using Shapiro-Wilk because n is less than 50.

Ethical Consideration

The researchers obtained ethical clearance from the Research Ethics Committee from the University of
Respati Yogyakarta, Indonesia, with reference number 125.3/FIKES/PL/V/2020 on 8" May 2020.

The research is conducted by submitting an ethical test at the Universitas Respati Yogyakarta and followed
with an application for permission to the Head of the Pandak I Health Center. To prevent conflict of interest, the
researcher would not provide milk cartons to the respondents but only unbranded aluminium packs.

RESULTS
The data are collected from the first week of July to the last week of October 2020. The results are:
Tablel: Distribution of Respondents Based on Age Group

Group Total
Characteristics Intervention Control

(vear) N % N % N %
12-16 0 0% 2 10% 2 10%
17 -25 7 33% 1 5% 8 38%
36 - 45 1 5% 0 0% 1 5%
46 - 55 5 24% 3 14% 8 38%
56 - 65 1 5% 0 0% 1 5%
> 65 0 0% 1 5% 1 5%
Total 14 7 21 100%

%= Percentage; N=Sample size

Table 1 shows that of the 21 respondents, 38% are between 17-25 and 45-55 years old. This shows that the
distribution of respondents is spread across all ages and most are of productive age. The higher prevalence of
tuberculosis in productive age is in accordance with the prevalence of cases in Indonesia. People who are in the
productive age group tend to have higher mobility, thereby increasing their risk against pulmonary tuberculosis
bacteria exposure.

Table 2: Distribution of Respondents Based on Gender

Group
Gender Intervention Control Total
N % N % N %
Male 6 29% 5 24% 11 52%
Female 8 38% 2 10% 10 48%
Total 14 7 21 100%

%= Percentage; N=Sample size

Table 2 shows that of the 21 respondents, 38% are between 17 —25 and 45 — 55 years old; 52% are male.
This shows that the distribution of respondents is almost even across all genders, with a slightly higher
percentage of male. Generally, men smoke more than women. Consequently, smoking is a larger contributor
to the TB disease burden for men.
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Table 3: Distribution of Respondents Based on BMI Pre Intervention

Group Group Total

BMI Interven-tion Control Total Interven-tion Control

N % N % N % N % N % N %
Underweight 5 24% 4 19% 9 43% 2 10% 4 19% 6 29%
Normal 8 38% 3 14% 11 52% 11 52% 3 14% 14 67%
Overweight 0 0% 0 0% 0 0% 0 0% 0 0% 0 0%
Obese 1 5% 0 0% 1 5% 1 5% 0 0% 1 5%
Total 14 7 21 100% 14 7 21 100%

%= Percentage; N=Sample size

Based on table 3, it can be seen that 43% of respondents have underweight status. This shows that
tuberculosis patients are closely associated with decreased nutritional status. Malnutrition predisposes
individuals to tuberculosis and is a risk factor for the progression of latent TB infection to active tuberculosis.
Poor nutritional status in tuberculosis is associated with a longer time to sputum conversion, worse treatment
outcomes and higher mortality. BMI Post being given a high-protein diet, there was a decrease in the number of
respondents to 29% compared to pre-intervention, which was 43%. The decrease in the number of respondents
with underweight status was evenly distributed in all groups.

Table 4: Distribution of Respondents Based on MUAC Pre and Post Intervention

Pre Intervention Post Intervention
Group Group Total
MUAC Intervention Control Total Intervention Control
N % N % N % N % N % N %
Under 5 24% 4 19% 9 43% 1 5% 4 | 19% | 5 24%
Normal 4 19% 3 14% 7 33% 8 38% 3| 14% | 11 52%
Over 5 24% 0 0% 5 24% 5 24% 0 0% 5 24%
Total 14 7 21 100% 14 7 21 | 100%

%= Percentage; N=Sample size
Based on table 4, it can be seen that 43% of respondents have MUAC under normal. This shows that
tuberculosis patients are closely associated with decreased nutritional status. MUAC post being given a high-
protein diet in the intervention group, there was a decrease in the number of respondents to 5% compared to
pre-intervention, which was 24%. This is different from the control group. which did not experience a
decrease in the number of respondents with MUAC below normal.

Table 5: Distribution of Respondents Based on Edema Status Pre and Post Intervention

Pre Intervention Post Intervention
Grou Grou
Edema Intervention : Control Total Intervention : Control Total
N % N % N % N % N % N %
Yes 2 10% 0 0% 2 10% 0 0% 1 5% 1 5%
No 12 57% 7 33% 19 90% 14 67% 6 | 29% | 20 | 95%
Total 14 7 21 100% 14 7 21 | 100%

%= Percentage; N=Sample size

Based on table 5, it was found that two (10%) respondents experienced edema and in the control group none
experienced edema. Regarding the edema status post-intervention, there were no respondents in the intervention
group who experienced edema. In the control group, one respondent (5%) previously had no edema development.

Table 6: p Value on BMI Pre and Post Intervention in Intervention Group

. Time of Measurement P Confidence ,
Characteristic Pre Post Value 4 SD Interval(CI) Cohen’s d
Underweight 5 24% 2 10% 0.082* 13 0.426 95% 0.238208
Normal 8 38% 11 52%

Overweight 0 0% 0 0%
Obese 1 5% 1 5%
Total 14 7

df=degrees of freedom,; SD=Standard Deviation; *p value is nonsignificant at 95%CI level
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Based on the statistical test that showed no significant changes in BMI (p > 0.05), the clinical trend is
noteworthy. The underweight category declined from 43% to 29%, while normal BMI rose from 52% to 67%.
These changes, though not statistically significant due to small sample size and short intervention, indicate
early positive nutritional effects of the high-protein diet. Cohen's d value of 0.238208 indicates that there is
only a small effect size on the change in BMI before and after the intervention (Table 6).

Table 7: Independent T-Test between Intervention Group and Control Group

.. Grou Confidence
Characteristic Intervention Control p Value 4 Interval(CI) Cohen’s d
Underweight 2 10% 4 | 19%%

Normal 11 52% 3 14%

Overweight 0 0% 0 0% 0.396* 19 95% 1.004393
Obese 1 5% 0 0%

Total 14 7

df=degrees of freedom,; *p value is nonsignificant at 95%ClI level

Based on the table 7, post intervention, the p-value = 0.396 (>0.05). Statistically, it can be concluded that
there is no significant difference between BMI in TB patients who have received the intervention and those
who have not. Cohen's d score of 1.004393 indicates that there is a large effect size on the change in BMI
between the intervention and control group.

Table 8 : p Value on MUAC Pre and Post Intervention in Intervention Group

Characteristic I”[:;ne of Measuren;::; p Value | df SD Ii:;iigf(llcc;) Cohen’s d
Under 5 24% 1 5%

Normal 4 19% 8 38% 0.000* |13 | 0.1008 95% 0.05102
Over 5 24% 5 24%

Total 14 7

df=degrees of freedom; *p value is nonsignificant at 95%CI level

Based on the statistical test of the difference in MUAC pre - and post-intervention in the intervention
group, the p-value = 0.000 (< 0.05). This shows that there is a statistically significant difference in MUAC
between pre-and post-intervention. Cohen's d value of 0.05102 indicates that there is a very small effect size on
the change in MUAC before and after the intervention in the intervention group (Table 8).

Table 9: p Value of MUAC between Intervention and Control Group Based on Independent Test

. L. Grou Confidence
Characteristic Intervention i Control p Value 4 Interval(CI) Cohen’s d
Under 1 5% 4 19%

Normal 8 38% | 3 | 14% | 0.002% | 19 95% 0.202587
Over 5 24% 0 0%
Total 14 7

df=degrees of freedom; *p value is nonsignificant at 95%CI level

Based on the table 9, post intervention is conducted, and the p-value =0.002 (<0.05). Statistically, it can be
concluded that there is a significant difference between MUAC in TB patients who have received the
intervention and those who have not. Cohen's d score of 0.202587 indicates that there is a small effect size on
the change in MUAC between the intervention and control group.

Table 10 : p Value of Respondents Based on Edema Status Pre and Post Intervention in Intervention Group

.. Time of Measurement Confidence .
Characteristic Pre Post p Value df SD Interval(CI) Cohen’s d
Edema 0 0% 0 0%
ioni 0.165* 13 10.363 95% 0.716844
No significant 14 67% 14 67% o
amount of edema
Total 14 7

df=degrees of freedom; *p value is nonsignificant at 95%CI level
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For edema status, results differ depending on the test applied. Within the intervention group (Table 10), the
change from pre- to post intervention was not significant (p = 0.165). However, the between-group comparison
(Table 10) after the intervention showed a significant difference (p = 0.16). This means that although
improvements within the intervention group alone were not statistically strong, the intervention group still
showed a clear protective advantage compared to the control group. Cohen's d value of 0.716844 represents a
medium effect size on the change in edema status before and after the intervention.

Table 11 : p Value of Edema Status Respondents Based on Independent Test between Intervention Group
and Control Group

Group Confidence
Characteristic Intervention Control p Value df Interval Cohen’s d
€n
Edema 0 0% 1 5%
No significant 14 67% 6 29% 0.052378* 19 95% 0.052378
amount of edema
Total 14 7

df=degrees of freedom; *p value is nonsignificant at 95%CI level

Based on the statistical test post-intervention is conducted, p-value < 0.05. Statistically, it can be
concluded that there is a significant difference between edema status in TB patients who have received the
intervention and those who have not. Cohen's d score of 0.052378 indicates that there is a very small effect size
on the change in edema status between the intervention and control groups.

DISCUSSION

Most respondents were young adults (17-25 years) and middle-aged (45-55 years), with only a minority
older (>65 years). This age distribution indicates that adults generally have better metabolic functions, but
older individuals tend to have reduced nutritional status as a result of metabolic changes related to age
(Mondoni et al., 2020). In addition, the study found a similar proportion of male and female patients, who may
benefit from a better immune response due to hormonal factors (Ortona et al., 2019), which may contribute to a
more optimal recovery if well maintained. Prolonged disease requires increased protein intake to support
recovery, as prolonged TB exacerbates the protein depletion that is critical for recovery (Bernstein ez al., 2015).

As regards nutrition, the intervention with a high-protein diet showed a trend in improvements in body
weight, although these were not statistically significant. The proportion of obese patients fell from 43 to 29%,
while the proportion of normal BMI patients rose from 52 to 67 percent (Bray et al., 2012). These changes
indicate an early positive effect of a high-protein diet, although the short duration and small size of the study
may limit the statistical power (Chandarasekaran et al., 2017).

MUAC

MUAC demonstrated statistically significant improvement within the intervention group and compared
with the control (p =0.000 within the intervention group, p = 0.002 between groups). This supports the idea that
MUAC is a more sensitive measure of dietary adjustment than BMI, particularly in the case of short-term
interventions in patients with tuberculosis. Protein supplementation is likely to have contributed to the increase
inmuscle and fat mass, as reflected by the significant changes in MUAC values (Kesari & Noel, 2023 ; Carbone
& Pasiakos, 2019).

Edema

The study also examined edema status, with results varying according to the statistical test applied. No
significant change in edema was observed within the intervention group (p = 0.165), but a significant
difference was observed when comparing the intervention group with the control group after treatment (p =
0.16). This suggests that a high-protein diet had a protective effect on oedema (Thompson et al., 2024),
probably because it had a role in increasing plasma protein levels and oncotic pressure (Kabthymer et al.,
2020). In patients with tuberculosis who are malnourished, protein deficiency leads to a decrease in plasma
protein, which exacerbates the edema. Increased albumin levels due to protein intake may reduce swelling by
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improving fluid retention in the blood vessels. This statement is also strengthened by Lent-Schochet and Jialal
(2023) about the physiology of edema that albumin is the most abundant plasma protein.

Health Education

Nutritional interventions are essential to managing the nutritional status of TB patients. The findings
highlight the need for health education on the need for protein in order to improve nutrition (Gumelar &
Tangpukdee, 2022). In addition, socioeconomic factors such as household income and access to nutritious food
are key factors in the management of TB-related malnutrition. Families with higher socioeconomic status are
more likely to be able to afford nutritious food, while those with lower income face greater difficulties in
maintaining adequate nutrition (Kumar & Paswan, 2021; Bemena et al., 2025).

This study aligns with Sagala e al., 2024 systematic review of the positive effect of nutrition on the
nutritional status of TB patients. Sustainable nutrition interventions may improve long-term recovery and
reduce recidivism. This analysis is consistent with Moon's statement that protein has an important role in
healing chronic diseases and ultimately has an impact on weight loss (Moon & Koh, 2020). Malnutrition not
only damages the quality of life but also affects the compliance and effectiveness of TB treatments, as poor
nutrition may impair the body's ability to metabolise medicines and heal properly.

Limitations

This study has a small sample. Nutritional status is also measured based on three components only, not
using a body composition analyser because the price of the device is expensive. Observation of adherence to
intervention is also based on patient statements only, not observed directly. This study was conducted in one
place only, so the results cannot be generalised in general.

CONCLUSION

This study concluded that a high-protein diet can improve nutritional status based on Mid-Upper Arm
Circumference (MUAC) but not Body Mass Index (BMI) and edema measurements. Liquid diets are more
easily digested by the intestines, help increase muscle mass, increase intravascular protein levels and improve
colloid osmotic pressure. Improvements in BMI were not observed due to the longer duration and higher
calorie content. Therefore, a high-protein liquid diet should be incorporated into the diet of pulmonary
tuberculosis patients to improve their nutritional status. Future research is expected to identify the most
effective duration of high-protein diet administration to improve the nutritional status of tuberculosis patients.
Similar experimental studies in larger community samples were also recommended to provide stronger
evidence of their effectiveness.

Recommendation

This research recommends cooperation with the government to provide a high-protein diet to pulmonary
TB patients, continuous monitoring of the nutritional status of pulmonary TB patients, and dietary supervision
by the health centre officers. The researchers acknowledge that the main limitation of the study is the small
sample size. Future studies should include a larger sample size to ensure more reliable results.

The intervention did not result in statistically significant changes in BMI (p > 0.05) so it is recommended
to extend the duration of the intervention or explore additional dietary modifications to address BMI changes.
This study also has limitations by not reviewing external variables, so it is recommended to include these
variables in future studies.
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