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Introduction: Depression affects 45.19% of pulmonary tuberculosis (TB) patients'
adherence to treatment, resulting in increased morbidity and death, medication
resistance, and continued disease transmission. This study aimed to examine the
relationship between omega-6/omega-3 (0-6/®-3) polyunsaturated fatty acids (PUFA)
intake ratio and depression score in patients with pulmonary TB at Persahabatan
National Respiratory Referral Hospital, Jakarta.

Methods: This was a cross-sectional study of 99 subjects with pulmonary TB. Data
were collected using the Semi-Quantitative Food Frequency Questionnaire (SQ-FFQ),
anthropometric measurements, and the Beck Depression Inventory-II (BDI-II).

Results: Correlation analysis used the Spearman test and revealed the ratio of ®-6/c-
3 PUFAs intake of 7.78 + 1.13, the median value of depression score was 9 (10-36).
There was no correlation between ®-6/w-3 PUFA intake and depression score (r =
0.063; p=0.534).

Conclusion: There was no correlation between ®-6/w-3 PUFAs intake ratio and
depression scores in pulmonary TB patients. This is the first study to examine the
correlation between ®-6/w-3 PUFA intake ratio and depression score in pulmonary TB
patients.

INTRODUCTION

were reported in eight nations, India (28%), Indonesia
(9.2%), China (7.4%), the Philippines (7.0%), Pakistan

Tuberculosis (TB) is an infectious disease that is a
major source of health problems and one of the leading
causes of death worldwide.! TB is transmitted through
the bacterium Mycobacterium tuberculosis (MTB),
which is spread through droplets in the air. TB is still a
major public health issue in Indonesia.> According to
data from the Indonesian Ministry of Health, there were
406,936 pulmonary TB patients in Indonesia in 2021,
with an 86% treatment success rate. In 2021, the
majority of global TB cases, comprising over two-thirds,

*Corresponding author: nabilafawzia@gmail.com

(5.8%), Nigeria (4.4%), Bangladesh (3.6%), and the
Democratic Republic of the Congo (2.9%).%3

Depression is a common mental health problem
among people with TB. Psychiatric illnesses, especially
depression, are common among TB patients. Depression
was found in 45.19% of TB patients in community-
based investigations and increased to 54% in
hospitalized patients. According to a 2020 systematic
review and meta-analysis, people with TB are at high
risk of developing depression, which negatively
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impacts patients' adherence to TB treatment, increasing
morbidity and mortality, drug resistance, and ongoing
disease transmission.*

Psychosocial,  behavioral, and biological
variables influence depression in TB patients.
Concurrently, ~MTB infection causes persistent
inflammation by inducing cytokines. Systemic

inflammation affects the immune system's central
response in the central nervous system, activating the
hypothalamic-pituitary-adrenal ~ (HPA) axis and
sympathetic nerves, contributing to mental health
problems.> Age, gender, education, income, nutritional
condition, phase of therapy, comorbidities, and human
immunodeficiency virus (HIV) status also can affect
depression in TB patients.®

The composition of fatty acids against
inflammation impacts cell function, with arachidonic
acid (AA), eicosapentaecnoic acid (EPA), and
docosahexaenoic acid (DHA) playing essential roles. The
presence of high EPA and DHA and low AA in the cell
membrane will alter the pattern of inflammation-related
eicosanoids, resolvin, and protectin synthesis.!® Omega-
6 (0-6) and omega-3 (w-3) fatty acids compete with
each other using the same desaturase and elongase
enzymes for bioconversion into their derivatives.
Therefore, the ratio of ®-6 to ®-3 fatty acid intake is
important to consider because it affects the
bioconversion of alpha-linolenic acid (ALA) and
linolenic acid (LA) into their derivatives in the human
body. A low ®-6 diet in relation to ®-3 will result in
higher levels of EPA and DHA in cell membranes and
lower levels of AA.'%!! In addition, the presence of ®-3
polyunsaturated fatty acids (PUFAs) increases cell
membrane fluidity compared to -6 PUFAs. This
membrane fluidity affects the occurrence of depression.
The ratio of ®-6 and ®-3 PUFAs impacts the
monoaminergic system. Given the role of the
monoaminergic system in the pathophysiology of
depression, an increased ratio of -6 and ®-3 PUFAs
appears to be an underlying factor in depression.'!
According to a meta-analysis, a positive association
exists between a high ®-6/w-3 PUFA ratio and the
incidence of depression.'? In a study by Jayaatmaja, et
al. (2020) regarding the -6/m-3 fatty acid intake ratio
in TB patients, the result obtained was 10:1."* This
figure indicates a high ratio compared to the
recommended -6 to ®-3 ratio of 1-4:1.13

No research has been conducted on the effect of
the w-6/w-3 PUFA intake ratio on depression scores in
pulmonary TB patients. This study aimed to examine
the relationship between ©-6/w-3 PUFA intake ratio and
depression score in patients with pulmonary TB at
Persahabatan National Respiratory Referral Hospital,
Jakarta.

METHODS

Study Participants

From January 2023 to February 2023, a cross-
sectional study with a consecutive sampling strategy was
conducted at Persahabatan National Respiratory Referral
Hospital, Jakarta. Inclusion criteria were TB patients
currently undergoing treatment, both male and female,
aged 18-60 years old. Exclusion criteria were patients
with drug-resistant TB, those with psychiatric disorders
or those taking psychiatric medications before being
diagnosed with pulmonary TB, body mass index (BMI)
<16 kg/m? (severely underweight), pregnant and
breastfeeding women, unable to speak Indonesian, and
illiterate. Before fulfilling the requirement, the
participants signed a written consent form. Subjects
completed a socio-demographic questionnaire. The
Ethics Committee of Health Research Persahabatan

National Respiratory Referral Hospital, Jakarta,
approved the study procedure (No. 01/KEPK-
RSUPP/01/2023).
Dietary Intake

A Semi-Quantitative =~ Food  Frequency

Questionnaire (SQ-FFQ) was used in this study to
collect dietary consumption of ®-6 and ®-3 PUFAs
throughout the previous month. Food composition data
from Asian and local countries were used to compute
dietary intake.'*

Anthropometric Measurement

A height measurement board (ShorrBoard,
Olney, USA) was used to determine the height. SECA
876 was used to measure weight to determine body
weight. The measurements were repeated twice, with
the average value calculated.

Depression Score

The Beck Depression Inventory-II (BDI-II)
questionnaire collected depression score data. It
consisted of 21 questions about mood, pessimism,
feelings of failure, lack of satisfaction, guilt, feelings of
being punished, self-loathing, self-blame, self-
punishment, crying episodes, irritability, social
withdrawal, inability to make decisions, body image, a
distraction from work, sleep disturbance, fatigue, loss of
appetite, weight loss, somatic preoccupation, and loss
of sexual desire. !’

Data Analysis

The Statistical Package for the Social Sciences
(SPSS) version 20 (SPSS Inc., Chicago, IL, USA) was
used to analyze the data. Dietary intake was assessed
using the NutriSurvey 2007 (Germany). The
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Kolmogorov-Smirnov test was performed to determine
the normality of data from subjects' demographics,
nutritional consumption, anthropometric measurements,
and depression scores. The Spearman correlation test
was utilized to determine the correlation between the w-
6/w-3 PUFA ratio and the depression score. The
correlation was deemed significant if p < 0.05.

RESULTS

Participant Characteristics

The total number of respondents was 104. After
data cleaning, 99 respondents were included in the final
data analysis. Five respondents could not be included as
they did not complete the BDI-II questionnaire and did
not proceed with the SQ-FFQ interview. Among the
study population, 61.6% were males with a median age
of 46 years old. Study participants
predominantly of higher education level (68.7%) but low
income (54.5%). According to the BMI classification,
42.4% of the study population were underweight. Most
of the participants were in the continuation treatment
phase (71.7%), did not have chronic disease
comorbidities (57.6%), and did not have co-infection
with HIV (89.9%) (Table 1).

were also

Characteristics of Participants Based on Dietary
Intake and Depression Score

Table 2 shows the distribution of dietary intake
and depression scores. Most participants had a low intake
of -6 PUFAs (55.6%) but an adequate intake of ®-3
PUFASs (55.6%). The median intake of @-6 PUFAs was
11.9 (2.2-51.8) g/day and ®-3 PUFAs was 1.6 (0.3-7.3)
g/day. According to this study, the mean of ®-6/®-3
PUFAs intake ratio was 7.78 + 1.13. The median
depression score was 9 (0-36), with a predominantly
normal score (79.8%).

Correlation of ®-6/®w-3 PUFAs Intake and Depression
Score in TB Patients

In the scatter plot results, the data points appear to
be randomly scattered and do not form a clear line or

curve. This indicates no strong linear relationship
between the two variables, as shown in Figure 1.

Table 1. Sociodemographic characteristics of the study
population

Parameter Frequency (n =99)

Gender

Male 61 (61.6)

Female 38 (38.4)
Age (years old) 46 (18-60)
Education level

Elementary/no education 13 (13.1)

Middle school 18 (18.2)

High school/university 68 (68.7)
Income level

Low 54 (54.5)

Enough 45 (45.5)
Body mass index

Underweight 42 (42.4)

Normal 39 (39.4)

Overweight 8 (8.1)

Obese type | 8 (8.1)

Obese type 11 2(2)
Therapy phase

Intensive phase 28 (28.3)

Continuation phase 71 (71.7)
Comorbidities

Yes 42 (42.4)

No 57 (57.6)
HIV status

Yes 5.1

No 89 (89.9)

Unknown 5(5.1)

Table 2. Distribution of dietary intake and depression score

Parameter Results (n =99)
Level of ®-6 119 (2.2-51.8)
Low 55 (55.6)
High 44 (44.4)
Level of ®-3 1.6 (0.3-7.3)
Low 44 (44.4)
High 55 (55.6)
®-6/w-3 ratio 7.78 +1.13
Depression score 9 (0-36)
Normal 79 (79.8)
Mild depression 10 (10.1)
Moderate depression 9(9.1)
Severe depression 1(1)
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Correlation of ©-6/w-3 PUFAs intake and depression score

8.00 10.00 12.00

®-6/w-3 PUFAS intake

Figure 1. Scatter plot for ®-6/®-3 PUFAs intake and depression score correlation

The correlation of ®-6/w-3 PUFAs intake and
depression score in TB patients was tested using the
Spearman rank test because the data did not meet the
normality assumption, as shown in Table 3. The
correlation between ®-6/w-3 PUFA intake and
depression score in TB patients had an r-value of -0.063.
The p-value was 0.534 (p > 0.05), indicating that the
correlation between ®-6/w-3 PUFA intake and
depression score in TB patients in this study was not
statistically significant.

Table 3. Correlation between variables

Variables R coefficient* P ooy
value
-6/w-3 PUFAs intake and 11.9 0.534

depression score
*R 0.01-0.19 = negligible relationship
**Statistically significant (p < 0.05)

(2.2-51.8)

DISCUSSION

Based on this study, there was no correlation
between the ratio of ®-6/®-3 fatty acid intake and
depression scores in pulmonary TB patients at
Persahabatan National Respiratory Referral Hospital,
Jakarta, although most subjects met their daily ®-3
requirements. However, the ®-6/®-3 ratio remained
high. In this study, the most common food presentation
was fried. The cooking method can affect the retention
of fatty acids in fish as a food source of ®-3. After
experimenting with various cooking methods in terms
of cooking time and temperature, lipid content
decreased dramatically. When cooking time and
temperature are increased, lipid oxidation increases.
Fatty acids, especially ®-6 and -3, are easily
oxidized. High temperatures and cooking duration
accelerate this reaction. Therefore, the cooking process
can change the contents. '

Although the ®-3 fatty acids content in most of
the subjects met the recommended dietary allowance
(RDA) value, it should be noted that ®w-6 and ®-3
fatty acids compete with each other to undergo
bioconversion into their derivatives using the same
desaturase and elongase enzymes. The ratio of ®-6 to
®-3 intake is important to note as this affects the
bioconversion of ALA and LA to their derivatives in
the human body. A low ®-6 to ®-3 ratio diet results in
lower levels of EPA and DHA in cell membranes and
lower levels of AA.!%!

From structured interviews of pulmonary TB
patients with depression and filling out the BDI-II
questionnaire, a median value of 9 (normal) was
obtained. As many as 20% of subjects experienced
depression. Compared to people without TB, adults
with TB had 1.98, 1.75, and 3.68 times the incidence of
subsyndromal depression and brief depressive episodes,
respectively, according to a meta-analysis of data from
low- and middle-income nations.”

The effects of treatment on TB patients should
also be taken into consideration. According to Doherty,
et al. (2013), isoniazid (INH) has mood-enhancing
effects because it acts as a monoamine oxidase
inhibitor (MAOI), which can increase the availability
of serotonin, a neurotransmitter known for its
antidepressant properties.'® As a result, some TB
patients may exhibit normal mood or mild depressive
symptoms. It is important to note that all subjects
included in this study were taking INH, which can be a
reason for the absence of a relationship between the
two variables.”®

This study found that the median ratio of ®-
6/w-3 fatty acid intake was 7.78 + 1.13. The ideal ratio
of w-6/w-3 fatty acids for health and for preventing non-
communicable diseases is 1:1 to 4:1. In this study, the
most common food preparation method was frying using
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coconut oil, which has a high ©-6 content, leading to an
increase in the ®-6/®-3 ratio. In a study conducted by
Jayaatmaja, et al. (2020) regarding the ratio of ®-3/w-6
fatty acid intake in multidrug-resistant (MDR) TB
patients, the results obtained were 0.11 or the equivalent
of 1:9."3 In the study conducted by Fabiani, et al. (2021),
the maximum ratio of ®w-6/®-3 fatty acids in adults in
Jakarta was 18:1.'4

A previous study suggested that a high ©-6 to ®-
3 PUFA ratio could increase the risk of depression.!”
Increased ®-6/w-3 was associated with significant
depression and increased production of pro-
inflammatory cytokines in students, according to a
randomized controlled experiment. This study
discovered that lowering the ®-6/®w-3 ratio decreased
anxiety and encouraged decreases in IL-6 and TNF-a
production, as well as minor variations in serum TNF-
a.'” A study conducted by Thesing, et al. (2020) found
no protective benefit for major depression disorder
(MDD) recurrence from high levels of -3 PUFA,
DHA, EPA, low ®-6 PUFA levels, or a high ®-3/0-6
PUFA ratio in MDD patients who recovered for a
maximum of eight years of follow-up.?® A study by
Matsuoka, et al. (2017) on fish diet, consumption of ®-3
PUFAs, and risk of depression in Japan discovered no
statistically significant correlation between the ratio of
®-6 and w-3 and depression risk.?!

The chronic nature of TB infection with
symptoms of decreased appetite leading to weight loss,
combined with socioeconomic factors, becomes a risk
factor for depression in TB patients.?? In the study by
Ambaw, et al. (2017), it was stated that TB patients
with malnutrition, specifically being underweight, are
at risk of developing depression.” However, after
conducting additional analysis in this study regarding
the correlation between nutritional status and
depression, no significant results were found. This may
be attributed to the fact that the subjects participating in
this study had a BMI >16, and the majority were in the
advanced treatment phase, which resulted in improved
dietary patterns. In a study by Rouf et al. (2021), a
significant association was found between depression
and TB treatment outcomes.?* Initially, the prevalence
of depression among TB patients was notably high at
50.5%. However, after 2 months of treatment, this
prevalence dropped to 9.4%, and by the end of the
treatment period, it further decreased to 2.5%.2

Although no significant association was found
between the ®-6 and ®-3 PUFAs intake ratio and
depression scores in pulmonary TB patients in this
study, this ratio should be considered because
Nienaber, et al. (2021) found that a balanced ratio of -6
and ®-3 with high EPA and DHA, can reduce bacterial
load and inflammation in the lungs and improve body

weight.?* Therefore, although there was no observed
correlation between the ®-6 to -3 intake ratio and
depression scores among TB patients, reducing this
ratio to 1-4:1 remains essential to support TB
treatment.

The limitations of this study encompass several
aspects. Firstly, the assessment of dietary intake in this
study utilized a semi-quantitative FFQ aided by
enumerators. During the data collection process, the
potential for interviewer and recall bias exists, although
efforts were made to minimize these biases through
training, ensuring consistency in perception between the
researchers and enumerators, and employing a food
photo book in conducting the SQ-FFQ. Furthermore,
limitations associated with the SQ-FFQ include the
difficulty in accurately recalling the quantity or portion
sizes of food consumed over the past month, which could
introduce bias into the SQ-FFQ results reported by the
subjects. Additionally, structured interviews regarding
prior treatment history were not conducted in this study,
and more suitable instruments were not used to
distinguish between depressive symptoms caused by
depression and those arising from other factors, such as
depressive mood disorders or adjustment disorders.
Another limitation of this study is the absence of
research on other variables that might contribute to
depression in pulmonary TB patients, such as the
consumption of anti-inflammatory drugs.

CONCLUSION

There was no correlation between ©-6/w-3 PUFA
intake ratio and depression score in pulmonary TB
patients. Further research can be conducted on more
homogeneous populations. In addition, future studies can
use measurements through erythrocytes to see a more
objective ratio of ®-6/®-3. It is suggested to research the
intake of other nutrients that might affect depression
scores in pulmonary TB patients.
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