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ABSTRACT 
Introduction: Tuberculosis (TB) is an infectious disease that can affect various organs, especially the lungs 
and is caused by Mycobacterium tuberculosis. TB patients experience changes in carbohydrate and lipid 
metabolism as a result of metabolic modulation by Mtb in order to survive in the host body. Objective: To 
analyze the differences in carbohydrate and lipid metabolic profiles between pulmonary TB patients in the 
inpatient ward compared to healthy controls. Methods: This study is a retrospective observational analytical 
study with a case-control design using secondary data in the form of electronic medical records of patients at 
Dr. Soetomo General Academic Hospital in 2024, with variables including fasting plasma glucose, total 
cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride. Result: Most hospitalized pulmonary TB 
patients were male (60.5%) with the largest age range being 45-59 years (39.5%). Most pulmonary TB patients 
had a normal BMI (63.2%) and rifampicin-sensitive results in GeneXpert MTB/RIF (78.9%). Comparison test 
results showed no significant differences in glucose (p = 0.108) and triglyceride (p = 0.496) levels between the 
case and control groups. However, significant differences were found in total cholesterol levels (p < 0.001), 
HDL (p < 0.001), and LDL (p = 0.014). Conclusion: There were significant differences in lipid metabolism 
profiles, especially in total cholesterol, HDL, and LDL levels, between pulmonary TB patients hospitalized and 
the healthy control group. However, no significant differences were found in fasting plasma glucose and 
triglyceride levels.  
 
Keywords: tuberculosis; metabolism; fasting plasma glucose; lipid profile  
 
INTRODUCTION 
Tuberculosis (TB) remains one of the most common 
infectious diseases that requires global attention 
due to high morbidity and mortality rate. TB is an 
infectious disease that can affect various organs, 
especially the lungs and caused by Acid Fast-Bacilli 
(AFB) Mycobacterium tuberculosis [1]. Indonesia 
ranks second in the world for the highest burden of 
TB cases, after India. The incidence of TB in 
Indonesia reached 821.200 cases in 2023.  

 
This figure represents an increase from 2022, when 
there were 724.309 cases. East Java Province was 
the second-highest contributor to TB cases in 
Indonesia, with 78.334 cases in 2022, and saw an 
increase to 86.969 cases in 2023.  The proportion 
of pulmonary TB patients in Indonesia is higher 
among males, at 57,8%, compared to females at 
42,2% [2, 3].  
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In TB patients, one of the classic signs frequently 
found is massive weight loss accompanied by loss of 
muscle and fat mass as a result of metabolic wasting 
syndrome [4]. A body infected by M. tuberculosis 
experiences an increase in cellular metabolic demand 
to maintain its physiological functions by increasing 
energy use even at rest. This process is known as 
resting energy expenditure [5]. Malnutrition or a 
decline in nutritional status is one of the factors that 
can increase the risk of developing TB, particularly in 
settings with a high TB burden [6]. 
 
Pulmonary TB patients are known to experience 
changes in their body’s metabolic processes, such as 
the metabolism of carbohydrate, lipid, and protein 
[7]. M. tuberculosis is capable of doing metabolic 
flexibility, enabling it to survive long-term within 
the host’s body [8]. It is estimated that M. 
tuberculosis uses glucose as its primary carbon 
source at the beginning of replication and under 
aerobic conditions. Over time, M. tuberculosis 
becomes increasingly dependent on lipids as a 
carbon source [9].  
 
TB and hyperglycemia are bidirectionally 
associated. M. tuberculosis is capable of inducing a 
metabolic shift in Alveolar Macrophages (AM) and 
Monocyte-derived Macrophages (MDM) toward 
glycolysis process, thereby facilitating the 
production of IL-1β to activate the immune response 
and suppress the production of the anti-
inflammatory cytokine IL-10 [10]. The inflammatory 
process caused by M. tuberculosis infection triggers 
the release of cytokines and increases the release of 
stress hormones such as cortisol, catecholamines, 
epinephrine, norepinephrine, and growth hormone, 
resulting in elevated blood glucose levels through 
increased gluconeogenesis process [11].  
 
A previous study has shown that TB patients tend to 
have lower plasma cholesterol levels than the 
healthy (general) population. This condition is 
primarily observed in patients who have not yet 
undergone treatment [12]. TB is associated with an 
increase in the number of free radicals in the body 
due to oxidative stress triggered by increased 
phagocytosis of M. tuberculosis by monocytes and 
macrophages, which ultimately affects the 
catabolism of cell membrane lipids, particularly 
triglycerides and LDL. Lipids in blood plasma are 
then used to replace the degraded cell membrane 
triglycerides and LDL, thereby causing a decrease in 
plasma lipid levels. HDL cholesterol levels also 
decrease as a result of increased catabolism during 
the inflammatory process. The inflammatory 
response is characterized by increased levels of 
phospholipase A2 and serum Amyloid A, both of 
which are responsible for stimulating HDL 
catabolism [13].  
 
Hypocholesterolemia is also known to be a risk 
factor for the development of TB. Cholesterol is a 
lipid molecule that makes up cell membranes. In the 
host body, lipids (particularly cholesterol) play a 
role in supporting the immune system. Cholesterol 
is essential for supporting the cytotoxic function of 

lymphocytes and helps activate lymphocytes, 
including CD4+ and CD8+ cells. These cells can 
trigger the recruitment of macrophages and the 
release of pro-inflammatory cytokines such as IFN 
and TNF. Meanwhile, cholesterol is also responsible 
for phagocytic functions such as cell motility, 
exocytosis, and endocytosis. All these functions can 
be disrupted if cholesterol levels are insufficient [12, 
14]. 
 
Based on these data and phenomena, the authors 
were interested in conducting a study titled 
“Carbohydrate and Lipid Metabolic Profiles in 
Hospitalized Pulmonary Tuberculosis Patients at Dr. 
Soetomo General Academic Hospital, Indonesia: A 
Comparative Study with Healthy Controls”. 
 
METHODS 
This study is an observational analytical study using 
a case-control design, with the aim of examining or 
comparing data or variables between the case and 
control groups. The data were obtained from 
secondary sources in the form of electronic medical 
records of patients at Dr. Soetomo General Hospital 
in Surabaya. The study population was divided into 
case and control groups. The case population 
consisted of all adult patients with pulmonary 
tuberculosis who were hospitalized at Dr. Soetomo 
General Academic Hospital in Surabaya during 2024, 
while the control population consisted of healthy 
individuals who underwent examinations at the 
Medical Check-Up (MCU) clinic at Dr. Soetomo 
General Academic Hospital in Surabaya during 2024. 
 
The inclusion criteria for the case group were patients 
with bacteriologically diagnosed pulmonary TB 
(GeneXpert MTB/RIF) who were at least 18 years 
old and hospitalized. Meanwhile, the inclusion 
criteria for the control group were healthy 
individuals who were at least 18 years old and had 
no history of previous TB infection. TB patients 
whose diagnosis was not confirmed by GeneXpert, 
those with comorbidities such as HIV/AIDS, diabetes 
mellitus, cancer, and autoimmune diseases, as well 
as patients with incomplete medical records, were 
excluded from the study. Sampling was conducted 
using consecutive sampling with a 1:1 ratio for each 
group, resulting in a sample size of 38 patients in the 
case group and 38 patients in the control group who 
met the inclusion criteria.   
 
The data collected included patient characteristics, 
such as gender, age, BMI, and anti-tuberculosis drug 
sensitivity status in the case group. Carbohydrate 
metabolism was assessed using Fasting Plasma 
Glucose (FPG) which was categorized into 
normoglycemia and hyperglycemias based on 
PERKENI criteria. While lipid metabolism was 
assessed using plasma total cholesterol, HDL 
cholesterol, LDL cholesterol, and triglyceride levels. 
The data obtained were analyzed using two types of 
analysis: univariate and bivariate analysis. 
Univariate analysis was conducted to describe the 
distributions of patient’s characteristics. Bivariate 
or inferential analysis is also conducted to compare 
glucose and lipid profile between two groups.
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This study was conducted in accordance with the 
principles of research ethics, including 
confidentiality, anonymity, and beneficence. This 
study has received approval and a certificate of 
ethical compliance from the Ethics Committee of Dr. 
Soetomo General Academic Hospital, Surabaya. All 
patient data collected were used exclusively for 
research and academic purposes. 
 
RESULTS AND DISCUSSION 
Sample Characteristics 
Table 1 presents the characteristics of the sample 
from two groups. Among the case group, the 
majority of patients were male (60.5%), whereas the 
control group was dominated by female (71.1%). 
These findings are consistent with previous studies 
that identified risk factors for TB infection, including 
a higher prevalence of pulmonary TB among males 
[15, 16]. This can be explained by differences in 
behavioral and physiological hypotheses between 
the males and females. The. The behavioral 
hypotheses include social role and activities such as 
traveling, smoking, and alcohol consumption. The 
physiological hypothesis suggests that male’s 
susceptibility to TB infection is likely due to the 
modulation of the immune system by sex hormones 
[16, 17].   
 
The average age in both groups also had its own 
characteristics: 51.89 ± 15.39 years in the case 
group, while the average age in the control group 
was slightly lower than that of the case group, at 
43.16 ± 14.97 years. The age distribution in both 
groups was dominated by individuals of working 
age. Previous studies have shown similar results, 
with the highest percentage of TB patients found in 
the ≥46-year-old age group, at 42.9% [15]. In 
previous cohort studies, it has been reported that 
younger individuals particularly those under 15 
years of age tend to have a lower risk of TB infection. 
This is likely due to the positive protective effect of 
the BCG vaccination program and the limited 
diagnostic testing conducted in this age group.  

An increased risk of infection may be directly 
proportional to age, likely due to accumulated 
exposure over time, including exposure to M. 
tuberculosis, air pollution, tobacco smoke, 
weakened immunity, and other determinants [18]. 
 
Regarding BMI, it can be observed that the mean BMI 
in the case group (20.68 ± 3.22 kg/m²) was indeed 
slightly lower than that in the control group (24.01 
± 5.35 kg/m²). And if observed further, the two 
groups show different characteristics in terms of 
BMI classification percentages. In the case group, the 
majority of patients (63.2%) were classified as 
having a normal BMI. Meanwhile, in the control 
group, 47.4% fell into the categories of overweight, 
class I obesity, or class II obesity. While 42.1% had a 
normal BMI.  These findings differ from the previous 
studies, which reported a bidirectional association 
between tuberculosis and malnutrition [6].  These 
differences are likely to be due to variations in 
population demographics, socioeconomic status, 
educational levels, and environmental factors that 
may influence the distribution of BMI in each region.  
A study explains that an infection can cause changes 
in a person’s nutritional status, and this depends on 
their prior nutritional status (before the infection 
occurred), the duration of the infection, and their 
food intake during treatment [19]. Malnutrition or 
undernutrition also can impair the immune system’s 
ability to fight pathogens that cause infections, 
including M. tuberculosis, and therefore may affect 
the severity of the infection [20].  
 
A study in China found that BMI values exceeding the 
normal range may be a risk factor for MDR-TB and 
resistance to certain combinations of anti-TB drugs, 
such as isoniazid (INH), rifampicin (RFP), and 
streptomycin (SM). This is likely due to reduced M. 
tuberculosis virulence and slower replication rates 
resulting from high-fat exposure, as well as the 
influence of leptin-mediated immunoregulation 
[21]. 

 
TABLE 1: Sample Characteristics. 

 

Characteristic Case group (n=38) Control group (n=38) 

Gender/Sex   
Male 23 (60.5) 11 (28.9) 
Female 15 (39.5) 27 (71.1) 

Age (years), mean±SD  51.89 ± 15.39 43.16 ± 14.97 
18-44 years 12 (31.6) 19 (50.0) 
45-59 years 15 (39.5) 15 (39.5) 
60-74 years 8 (21.1) 3 (7.9) 
≥ 75 years 3 (7.9) 1 (2.6) 

BMI (kg/m2), mean±SD 20.68 ± 3.22 24.01 ± 5.35 
Underweight 8 (21.1) 4 (10.5) 
Normal 24 (63.2) 16 (42.1) 
Overweight 1 (2.6) 2 (5.3) 
Class I obesity 5 (13.2) 12 (31.6) 
Class II obesity - 4 (10.5) 

Values are presented as number (%) or mean; BMI was classified based on Asia-Pacific criteria; SD: 
Standard Deviation; BMI: Body Mass Index; Underweight: <18.5 kg/m2; Normal: 18.5-22.9 kg/m2; 
Overweight: 23.0-24.9 kg/m2; Class I obesity: 25.0-29.9 kg/m2; Class II obesity: ≥30.0 kg/m2  
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Drug Sensitivity Status among the Case Group 
Table 2 shows the distribution of drug susceptibility 
to antituberculosis drugs in the case group, as 
determined by GeneXpert MTB/RIF test. Most of the 
participants in the case group were found to be 
susceptible to rifampicin, which was 30 individuals 
(78.9%), while the remaining 8 individuals (21.1%) 
were rifampicin resistant. The risk of developing 
drug-resistant TB is higher among individuals with 
a previous history of TB treatment. In addition, TB 
patients with a history of treatment failure, TB 
recurrence, and treatment dropout are also at higher 
risk of developing drug-resistant TB [22].   
 

TABLE 2: Distribution of Drug Sensitivity Status. 
 

Status N (%) 
MTB detected, Rif sensitive 30 78.9 
MTB detected, Rif resistant 8 21.1 
Total 38 100 

 
Glucose Profile 
Glucose levels are classified into two groups: 
normoglycemia and hyperglycemia, based on the 
criteria from the Indonesian Endocrinology 
Association (Perkumpulan Endokrinologi Indonesia 
[PERKENI]) [23]. In this study, FPG was the variable 
(data) that was fully available in the medical records 
of all study subjects. FBG levels were classified as 
hyperglycemia if the amount was  ≥ 126 mg/dL [23].  
 
Descriptively, both groups have almost the same 
characteristics, with the majority of subjects 
classified as normoglycemic, although the 
percentage of normoglycemic subjects in the case 
group (84.2%) was lower than in the control group 
(97.4%). The proportion of hyperglycemia in the 
case group was higher (15.8%) than in the control 
group (2.6%). However, this difference was not 
statistically significant, as indicated by a p = 0.108. 

Previous studies have shown that glucose 
metabolism in TB patients can change significantly 
as a result of systemic inflammation that disrupts 
the body’s ability to regulate blood glucose, leading 
to hyperglycemia or permanent insulin resistance in 
some cases [24].  
 
However, the non-significant difference in 
proportions observed in this study is likely due to 
the hyperglycemia mechanism caused by stress. In 
TB patients without diabetes mellitus, the 
hyperglycemia that occurs is stress-induced 
hyperglycemia and is reversible in most cases, so 
glucose levels will return to normal once the trigger 
or source of the infection is eliminated. In active TB 
infection, pro-inflammatory cytokines such as IL-1, 
IL-6, IL-10, and TNF-α are produced, which 
stimulate the hypothalamic-pituitary axis to 
increase the production of counter-insulin 
hormones such as cortisol, ACTH, prolactin, and 
growth hormone. This leads to increased 
gluconeogenesis and glycolysis, increased insulin 
resistance, and decreased glucose uptake by tissues. 
Meanwhile, macrophages release nitric oxide (NO) 
and reactive oxygen species (ROS), which also 
contribute to increased insulin resistance in adipose 
tissue, muscle, and the liver [25]. 
 
The non-significant results of this study may also be 
due to differences in the duration of treatment 
among patients. One study reported that 
hyperglycemia was more common among TB 
patients in the early stages of diagnosis. However, 
after undergoing TB treatment, 68% of patients 
experienced an improvement in their glucose levels, 
which returned to normal [26]. However, there 
haven’t been any studies confirming the duration of 
hyperglycemia in TB patients who do not have 
diabetes or how far this can be a predisposing factor 
for diabetes or persistent hyperglycemia.

 
 

TABLE 3: FBG Distribution and Comparison between Two Groups. 
 

 Case group (n=38) Control group (n=38) p-value 
FPG    
Normoglycemia 32 (84.2) 37 (97.4) 0.108 
Hyperglycemia 6 (15.8) 1 (2.6)  
Total 38 (100) 38 (100)  
Values are presented as number (%); p-value was calculated using the Fisher’s Exact test; FPG: Fasting 
Plasma Glucose; Normoglycemia: FPG <126 mg/dL; Hyperglycemia: FPG ≥ 126 mg/dL 

Lipid Profile 
In general, plasma lipid levels in the case group 
tended to be lower than those in the control group, 
based on both average and median (Q1–Q3) values. 
However, statistically, only 3 of the 4 plasma lipid 
parameters showed a significant difference between 
the two groups. These 3 variables were total 
cholesterol, HDL cholesterol, and LDL cholesterol.  
 
The case group had a median total cholesterol level 
of 148.50 (125.75–179.25) mg/dL, while the control 
group had a median level of 185.00 (170.00–214.25) 
mg/dL; this difference was statistically significant (p 

< 0.001). Furthermore, the median HDL cholesterol 
level in the case group (35.50 (26.00-44.75) mg/dL) 
was also found to be lower than in the control group 
(53.00 (49.00-65.50) mg/dL). This difference was 
statistically significant (p < 0.001). A significant 
difference was also found in LDL cholesterol levels 
(p = 0.014).  
 
A previous study has reported low plasma lipid 
concentrations in TB patients at the time of initial 
diagnosis [12]. Activated macrophages after M. 
tuberculosis invasion trigger the release of free 
radicals, which can reduce the body’s antioxidant 
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capabilities. Malondialdehyde and nitric oxide as 
markers of oxidative stress, are elevated in TB 
patients, accompanied by decreased lipid levels [27, 
28]. 
 
In contrast to total cholesterol, HDL, and LDL levels, 
this study found no statistically significant 
difference in triglyceride levels between the case 
group and the healthy control group (p = 0.496). 
This finding differs from a previous study, which 
reported significant differences in triglyceride levels 
between the two groups [14]. One factor that may 
explain the different results of our study is fasting 
status prior to lipid testing. Triglyceride levels are 
affected by a patient’s nutritional intake or prandial 
status. In hospitalized pulmonary TB patients, the 
patients’ prandial status at the time of blood sample 
collection for lipid profile testing cannot be 
determined. 
 
A study has shown that there are changes in the 
average peak lipid levels 1–6 hours after a meal, 
specifically a 26 mg/dL increase in triglycerides, an 
8 mg/dL decrease in total cholesterol and LDL, while 
HDL is not affected by prandial status [29]. Dietary 
cholesterol and triglycerides are absorbed in the 

intestinal lumen by the enterocytes, then assembled 
into chylomicrons and transported via the lymphatic 
system into the bloodstream, where they are 
hydrolyzed by lipoprotein lipase [30]. Triglycerides 
are lipid components that tend to be more easily 
affected by various short-term factors. Therefore, 
another possible factor contributing to the non-
significant triglyceride test results is the distribution 
of nutritional status or BMI, which could not be 
controlled in this study. Each subject group had a 
different BMI distribution, and the majority of 
patients in the case group had a normal BMI. This 
allowed triglyceride levels in the case subjects to be 
relatively similar to those in the control group. 
 
Hypocolesterolemia may be a risk factor for 
tuberculosis infection [14, 31]. Low cholesterol 
levels in macrophage cell membranes can cause 
macrophages to be unable to internalize M. 
tuberculosis, thereby weakening the body’s defence 
mechanisms against M. tuberculosis and allowing 
latent TB to develop into active disease [32]. 
Cholesterol levels and the risk of TB infection are 
inversely related. However, this does not mean that 
a high-cholesterol diet can help reduce an 
individual’s risk of TB infection [33]. 

 
TABLE 4: Lipid Profile Comparison between Two Groups. 

 

Variable Groups 
Mean ± SD 
(mg/dL) 

Median (Q1-Q3) 
(mg/dL) 

p-value 

Total cholesterol 
Case group 148.37 ± 54.11 148.50 (125.75-179.25) 

< 0.001 
Control group 187.03 ± 35.58 185.00 (170.00-214.25) 

HDL cholesterol 
Case group 38.32 ± 20.77 35.50 (26.00-44.75) 

< 0.001 
Control group 56.24 ± 13.45 53,00 (49.00-65.50) 

LDL cholesterol 
Case group 96.61 ± 34.19 95.50 (76.25-116.50) 

0.014 
Control group 116.61 ± 34.724 115.00 (93.00-139.75) 

Triglyceride 
Case group 106.29 ± 58.13 97.50 (72.00-131.50) 

0.496 
Control group 118.82 ± 81.98 104.50 (87.25-130.25) 

Values are presented as mean ± SD and median (Q1-Q3); p-values were calculated using the Independent T-
Test for LDL (normally distributed variable) and also the Mann-Whitney U Test for total cholesterol, HDL 
cholesterol, and triglyceride (non-normally distributed variables); SD: Standard Deviation; HDL: High-Density 
Lipoprotein; LDL: Low-Density Lipoprotein.  

CONCLUSION 
From an epidemiological aspect, hospitalized 
pulmonary TB patients (case group) are 
predominantly male and of working age, with the 
majority having a normal BMI. There were 
significant differences in lipid metabolism profiles, 
particularly in total cholesterol, HDL, and LDL levels, 
between hospitalized pulmonary TB patients (case 
group) and the healthy control group. However, no 
significant differences were found in fasting plasma 
glucose and triglyceride levels, which were likely 
due to differences in treatment duration, nutritional 
intake, and prandial status that could not be 
controlled in this study. 
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