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Background: Tuberculosis (TB) remains the leading cause of 
illness and death among people living with HIV (PLHIV), partic-
ularly in high-burden areas. This study examined associations 
between TB and routine clinical markers: serum cholesterol, platelet 
count, and CD4 cell count.

Setting: The analysis included data from the TREAT Asia HIV 
Observational Database, a multicenter cohort of adult PLHIV 
receiving care across the Asia-Pacific region.

Methods: The authors conducted a cross-sectional matched case– 
control study of prospective and retrospective patients with TB, 
comparing clinical and laboratory data within 63 months of TB 
diagnosis. Conditional logistic regression assessed associations 
between TB and covariates.

Results: The analysis included 4244 PLHIV from 20 sites: 1427 
patients with TB and 2817 matched controls. Patients with TB were 
predominantly male (75.3%) and 45.7% aged 31–40 years. 
Multivariable analysis showed greater odds of TB diagnosis among 
males, those with low BMI, prior AIDS diagnosis, high HIV viral 
load, low CD4 + counts, or low total cholesterol. CD4 + 

counts ,200 cells/mL had higher TB odds (adjusted OR [aOR] 
12.90, 95% CI: 8.84–18.82) than CD4 + .500 cells/mL. 
Cholesterol ,3.9 mmol/L had higher TB odds (aOR 3.11, 95% 
CI: 1.94 to 4.98) than cholesterol .5.5 mmol/L.

Conclusions: In this Asia-Pacific cohort of adults living with HIV, 
low CD4 + cell count and low total serum cholesterol were associated 
with increased TB odds. Cholesterol may represent a low-cost 
adjunct marker to support TB risk stratification in PLHIV in endemic
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settings, but requires validation and evaluation of feasibility and 
cost-effectiveness.

Key Words: tuberculosis, human immunodeficiency virus, choles-
terol, CD4 lymphocyte count, case–control studies, odds ratio

(J Acquir Immune Defic Syndr 2026;101:86–94)

INTRODUCTION
Tuberculosis (TB), caused by the bacteria Mycobacterium 

tuberculosis, is the most frequent opportunistic infection among 
people living with HIV (PLHIV) and is responsible for more 
than a quarter of all HIV-associated deaths. 1,2 Nearly half of the 
HIV-associated deaths are estimated to be associated with 
undiagnosed TB (45.8%). 3 This failure to detect TB contributes 
significantly to mortality in PLHIV. The World Health Organi-
zation (WHO) estimates that just 10 countries account for most 
of undiagnosed patients worldwide: 8 of these are located in the 
Southeast Asian region. 1 Although CD4 + cell depletion is 
a well-established risk factor for TB in HIV-positive individuals, 
the identification of additional routine clinical markers associ-
ated with TB diagnosis could support more effective clinical 
screening strategies in high-burden settings.

Previous analysis of clinical trial data from the SECOND-
LINE study, 4 which enrolled participants from sites across 
Africa, Asia, and South America, identified that the routine 
laboratory markers, cholesterol and platelets, together with 
CD4 + cell counts, were inversely associated with the risk of 
incident TB in PLHIV receiving second-line antiretroviral 
treatment (ART). 5 Researchers have established the link 
between low CD4 + cell counts and TB, leading to the routine 
inclusion of CD4 monitoring in clinical care for PLHIV in TB-
endemic settings. 6,7 There is also a growing body of research, 
principally in the general population, reporting low total 
cholesterol as a clinical finding at diagnosis of M. tuberculosis 
infection and associated with a greater risk of TB disease, 
independent of BMI. 8–12 The evidence for the role of platelets in 
TB disease is variable. Although elevated platelet counts are 
often a sign of inflammation associated with TB disease 
severity, 13 low platelet counts have been identified as a present-
ing sign of TB in endemic areas. 14 There are limited data on the 
relationship of these clinical markers with TB disease in PLHIV 
in the Asia-Pacific region. This study uses data from a large, 
multinational cohort in the Asia-Pacific region, to investigate 
associations between TB diagnoses and serum cholesterol, 
platelet counts, and CD4 + cell counts.

METHODS

Study Design and Population
The authors conducted a cross-sectional study among 

adults living with HIV enrolled in the TREAT Asia HIV 
Observational Database (TAHOD), a regional cohort of the 
International Epidemiology Databases to Evaluate AIDS 
(IeDEA) Asia-Pacific collaboration. TAHOD is a collabora-
tive observational cohort study of adults living with HIV in 
the Asia-Pacific region, 15 which collected routine clinical data 
from PLHIV enrolled at clinical sites between 2003 and 2021.

Observational data evaluated in this study come from 20 
TAHOD sites in 12 Asia-Pacific countries: Cambodia (n = 1 
site), Hong Kong SAR, China (1), India (3), Indonesia (2), 
Japan (1), Malaysia (2), Philippines (1), Singapore (1), South 
Korea (1), Taiwan (1), Thailand (4), and Vietnam (2).

The authors used a matched case–control design to 
compare people with and without TB diagnoses under similar 
clinical conditions. Matching on calendar time and site to 
control for variation in TB diagnostic and treatment practices 
across countries and over time. 15

Definition of TB
TB was any M. tuberculosis infection, either definitive 

or presumptive. A definitive diagnosis included a confirmed 
culture of M. tuberculosis complex from a clinical specimen. 
A presumptive diagnosis included a demonstration of acid-
fast bacilli in a clinical specimen, histopathology of a person 
with clinical signs or symptoms compatible with TB disease, 
or a successful response to therapy for TB with 2 or more 
anti-TB medications.

Case and Control Selection
Cases were participants diagnosed with TB at any time, 

classified as either prospective (diagnosed after TAHOD 
enrollment) or retrospective (diagnosed before cohort entry). 
Only the first TB episode was included, and individuals 
diagnosed before age 18 years were excluded. For each 
patient, the authors used clinical and laboratory data collected 
within 63 months of the first TB diagnosis date (Fig. 1). 
Patients were randomized before matching to minimize 
selection bias.

Each patient was matched to 2 controls by clinical site 
and calendar time, using a 63-month window around the case 
TB diagnosis date (Fig. 1). Eligible controls had no recorded 
TB diagnosis and had data available during the same time 
window at the same clinic. Prospective controls were required 
to have available data during the same calendar period as the 
matched prospective patient’s TB diagnosis. Retrospective 
controls were required to have data within the window period 
of the matched retrospective patient. When more than 2 
controls were available, the authors randomly sampled 2 
controls from eligible controls. If 2 or fewer potential controls 
were available, all were selected. Selected controls were then 
removed from the pool to prevent resampling.

Covariates
Primary covariates of interest were total serum choles-

terol, platelet count, and CD4 + cell count. Additional 
covariates included sex, age, body mass index (BMI), 
smoking status (never/ever), hepatitis B or C coinfection, 
HIV exposure category, ART regimen, prior AIDS diagnosis, 
and HIV viral load. Hepatitis B or C coinfection was 
established using reported serologic and virologic assay 
results. People with a positive HBsAg or anti-HBc result 
were identified as having HBV coinfection, and a positive 
HCV antibody or detectable RNA result identified HCV
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coinfection. BMI was calculated using weight measurements 
collected within the 63-month window (Fig. 1), assuming 
stable adult height. Continuous variables were categorized 
using established clinical thresholds: total serum cholesterol 
(,3.9, 3.9–5.5, .5.5 mmol/L), 16 platelet counts (,150 
and $150 · 10 9 /L), 17 CD4 + cell count (,200, 200– 
500, .500 cells/mL), 18 HIV viral load (#1000 copies/mL 
and .1000 copies/mL), 18 and BMI (,18.5, $18.5–, 
23, .23 kg/m 219 ). The clinical site and calendar time were 
accounted for through matching, and country income level 
was included for descriptive purposes only.

When multiple clinical or laboratory measurements were 
available within the defined 63-month time frame (Fig. 1), the 
authors selected the observation closest to the date of the case 
TB diagnosis for matched case–controls. Each participant 
contributed a single observation for each covariate.

Statistical Analysis
Associations between covariates and TB diagnosis were 

assessed using conditional logistic regression, accounting for the 
matched design. Unreported values were coded as a separate 
indicator category for each covariate. 20 Global P-values for 
covariates were generated using Wald tests, with the unreported 
category excluded, to assess heterogeneity and test for overall 
association. Multivariable models were analyzed using back-
ward stepwise selection, including covariates with P , 0.10 in 
univariate analysis and retaining those with a global P , 0.05 in 
the final model. Data management, matching, and analyses were 
conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC), 
R version 4.4.2 (R Foundation for Statistical Computing, 
Vienna, Austria), and STATA version 18 (Stata Corp., College 
Station, TX).

RESULTS

Demographic and Clinical Characteristics of
the Cohort

The authors included 4244 PLHIV from 20 sites: 1427 
patients with TB and 2817 controls. Where possible, the

authors matched patients with TB with 2 controls; however, 
the authors did include 37 patients with TB with only 1 
eligible control matched. TB diagnoses included in the 
analysis occurred between 1996 and 2022. Among the 1427 
patients with TB, 296 (20.74%) were prospective patients 
(diagnosed after cohort entry), and 1131 (79.26%) were 
retrospective patients (diagnosed before cohort enrollment). 

Table 1 summarizes the characteristics of patients and 
controls. At the time of TB diagnosis, the median age of 
patients was 35 years (interquartile range [IQR] 30–42), and 
75.26% were male. Of 1427 patients with TB, 678 (47.51%) 
were from lower-middle-income countries, 567 (39.73%) 
from upper-middle-income countries, and 182 (12.75%) from 
high-income countries. More than half of the cases (962 
[67.41%]) occurred in countries with a high TB burden. 1 Of 
the 1228 (88.57%) patients with TB with available CD4 + cell 
counts, 918 (64.33%) had CD4 + cell counts ,200 cells/mL. 
Among 515 (36.09%) patients with TB with reported 
cholesterol data, 260 (18.22%) had total cholesterol 
levels ,3.9 mmol/L. Platelet data were scarce; of the 105 
(8.46%) patients with TB with platelet measurements avail-
able, only 10 (0.70%) had platelet levels ,150 · 10 9 /L.

Factors Associated With TB Diagnosis
Table 2 presents the factors associated with a diagnosis 

of TB. Variables with P , 0.10 in univariate analysis 
included sex, age, smoking status, BMI, hepatitis C coinfec-
tion, HIV exposure mode, ART regimen, prior AIDS 
diagnosis, HIV viral load, CD4 + cell count, and total 
cholesterol.

In the multivariable model, female sex was associated 
with lower odds of TB diagnosis (adjusted OR [aOR] 0.52, 
95% CI: 0.44–0.63) compared with male sex. Compared with 
normal BMI ($18.5 and ,23), low BMI (,18.5) had higher 
odds of TB diagnosis (aOR 2.36, 95% CI: 1.88 to 2.96), while 
high BMI (.23) had lower odds of TB (aOR 0.44, 95% CI: 
0.33–0.58). Prior AIDS diagnosis (aOR 2.14, 95% CI: 1.74 to 
2.65) and HIV viral load .1000 copies/mL (aOR 3.15, 95% 
CI: 2.21 to 4.49) were associated with higher odds of TB

FIGURE 1. Illustration of the 63-month 
data inclusion window used to define co-
variate observations for patients with TB 
and matched controls. For each patient, the 
window was centered on the TB diagnosis 
date. Matched control data were selected 
from the same calendar period, aligned 
with the patient’s window, to ensure com-
parable timing of clinical and laboratory 
measurements.
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TABLE 1. Study Population Demographics

Total (%) Non-TB Controls (%) Patients with TB (%)

4244 (100%) 2817 (66.38) 1427 (33.62)

Sex

Male 2814 (66.31) 1740 (61.77) 1074 (75.26)

Female 1430 (33.69) 1077 (38.23) 353 (24.74)

Age (yr) median 36.00 [IQR: 30.00–42.00] median 36.00 [IQR: 30.00–43.00] median 35.00 [IQR: 30.00–42.00]

#30 1131 (26.67) 766 (27.23) 365 (25.58)

31–40 1821 (42.95) 1169 (41.56) 652 (45.69)

41–50 889 (20.97) 1169 (41.56) 290 (20.32)

51+ 399 (9.41) 279 (9.92) 120 (8.41)

World Bank income 
classification

Lower middle 2018 (47.55) 1340 (47.57) 678 (47.51)

Upper middle 1684 (39.68) 1117 (39.65) 567 (39.73)

High 542 (12.77) 360 (12.78) 182 (12.75)

Smoking

Never smoked 1649 (38.85) 1176 (41.75) 473 (33.15)

Ever smoker 1325 (31.22) 827 (29.36) 498 (34.90)

Not reported 1270 (29.92) 814 (28.90) 456 (31.96)

BMI (kg/m 2 ) Median = 20.72 [IQR: 18.61–23.15] Median = 21.48 [IQR: 19.39–23.90] Median = 19.23 [IQR: 17.30–21.36]

,18.5 772 (18.19) 344 (12.21) 428 (29.99)

$18.5 and , 23 1566 (36.90) 1069 (37.95) 497 (34.83)

$23 851 (20.05) 708 (25.13) 143 (10.02)

Not reported 1055 (24.86) 696 (24.71) 359 (25.16)

Hepatitis B coinfection 

Negative 2502 (58.95) 1660 (58.93) 842 (59.00)

Positive 724 (17.06) 484 (17.18) 240 (16.82)

Not tested 1018 (23.99) 673 (23.89) 345 (24.18)

Hepatitis C coinfection 

Negative 2760 (65.03) 1863 (66.13) 897 (62.86)

Positive 466 (10.98) 281 (9.98) 185 (12.96)

Not tested 1018 (23.99) 673 (23.89) 345 (24.18)

Mode of HIV exposure 

Heterosexual 3111 (73.30) 2096 (74.41) 1015 (71.13)

MSM 519 (12.23) 357 (12.67) 162 (11.35)

IDU 609 (14.35) 360 (12.78) 249 (17.45)

Other/Unknown 5 (0.12) 4 (0.14) 1 (0.07)

ART regimen 

NNRTI+NRTI based 2812 (66.26) 1841 (65.35) 971 (68.04)

PI based 457 (10.77) 330 (11.71) 127 (8.90)

INSTI based 52 (1.23) 28 (0.99) 24 (1.68)

Other 105 (2.47) 75 (2.66) 30 (2.10)

No ART 818 (19.27) 543 (19.28) 275 (19.27)

Previous AIDS diagnosis 
reported

Yes 1260 (29.69) 1004 (35.64) 256 (17.94)

No 2984 (70.31) 1813 (64.36) 1171 (82.06)

HIV viral load (copies/mL) Median = 422.00 [IQR: 49.00,
92200.75]

Median = 76.50 [IQR: 40.00,
14588.50]

Median = 98853.50 [IQR: 1201.00,
334220.50]

#1000 874 (20.59) 746 (26.48) 128 (8.97)

.1000 764 (18.00) 366 (12.99) 398 (27.89)

Not reported 2606 (61.40) 1705 (60.53) 901 (63.14)

CD4 cell count (cells/mm 3 ) Median = 225.00 [IQR: 80.00–408.00] Median = 304.50 [IQR: 161.00–
483.00] 

Median = 83.50 [IQR: 33.00–202.25]

,200 1703 (40.13) 785 (27.87) 918 (64.33)

(continued on next page)
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diagnosis. CD4 + cell counts showed an inverse association 
with the diagnosis of TB. Compared with high CD4 + cell 
counts (.500 cells/mL), ,200 cells/mL (aOR 12.90, 95% CI: 
8.84 to 18.82) and 200–500 cells/mL (aOR 3.08, 95% CI: 2.12 
to 4.48) were associated with higher odds of TB diagnosis. 
Total cholesterol was also inversely associated with TB. 
Compared with high cholesterol (.5.5 mmol/L), low choles-
terol (,3.9 mmol/L) was associated with higher odds of TB 
(aOR 3.11, 95% CI: 1.94 to 4.98), and cholesterol between 
3.9 and 5.5 mmol/L also showed increased odds of TB (aOR 
1.99, 95% CI: 1.28 to 3.11). No association was observed 
between platelet counts and the diagnosis of TB.

DISCUSSION
In this analysis of patients with TB in a cohort of adults 

living with HIV in the Asia-Pacific region, the authors found 
that low CD4 + cell counts (,200 cells/mL) and low total 
serum cholesterol (#3.9 mmol/L), adjusted for sex, BMI, 
prior AIDS, and HIV viral load, were associated with greater 
odds of TB diagnosis. The observed associations of sex and 
BMI with TB diagnosis in this analysis are consistent with 
established epidemiologic patterns, with adult males having 
a higher likelihood of TB, 1 and BMI associated with TB. 21 

By leveraging TAHOD’s nearly 2 decades of routine clinical 
data from PLHIV in TB-endemic countries, this analysis 
provides insight into a real-world population beyond con-
trolled trial settings. 22

The results in the population of PLHIV align with the 
growing evidence that low cholesterol is associated with TB. 
Similar observations in SECONDLINE participants found an 
association between low baseline cholesterol and subsequent 
TB in PLHIV receiving ART. 5 However, such findings in 
HIV-positive populations remain limited, because research on 
dyslipidemia and TB frequently excludes PLHIV, likely to 
avoid confounding by HIV coinfection, a well-known risk 
factor for TB. 1,23 Although the mechanisms underlying low 
cholesterol and TB are poorly understood, observational 
studies in the general population have consistently found an

association between low serum cholesterol and TB, indepen-
dent of BMI. 10,11 Many studies assess serum cholesterol after 
diagnosis, comparing patients with TB with healthy con-
trols. 5,8,9 More recently, longitudinal analyses have strength-
ened the link between cholesterol and TB by showing that 
cholesterol levels serve as predictors of future TB risk. A 
study of the South Korean National Health Database found 
that low total cholesterol (,4.5 mmol/L) significantly 
increased the risk of developing TB; notably, in this study, 
HIV status was not reported. 12 Existing research suggests that 
the cholesterol–TB association may be even stronger among 
PLHIV. For example, in an Ethiopian cohort, serum choles-
terol levels were significantly lower in patients with TB co-
infected with HIV than in HIV-negative counterparts. 8 

Although this study cannot establish causality, potential 
mechanisms linking cholesterol and TB warrant further 
exploration. Cholesterol seems to play a complex role in 
both host immunity and the pathogenesis of M. tuberculosis. 
Experimental evidence suggests that cholesterol levels have 
a direct influence on immune competence. In vitro studies 
have demonstrated that when cholesterol availability is 
restricted, T-cell function is impaired, including reduced 
T-cell proliferation and impaired antigen presentation in 
mouse models, 24 suggesting that low serum cholesterol may 
be either a proxy for or a driver of immunocompromise, 
increasing susceptibility to TB. This relationship is compli-
cated by evidence that M. tuberculosis itself requires host 
cholesterol to establish and maintain infection. Initially, 
bacteria use host-derived cholesterol to facilitate entry into 
macrophages. 25,26 Once established, M. tuberculosis manip-
ulates host lipid metabolism by enhancing cholesterol uptake 
and suppressing efflux, maintaining intracellular cholesterol 
availability for energy production, and facilitating chronic 
infection. 27,28 In this context, TB disease may lower choles-
terol levels by directing the host’s lipid resources to infected 
cells and disrupting normal cholesterol balance. Understand-
ing these competing roles of cholesterol, both as a host 
defense mechanism and as a resource for pathogens, is

TABLE 1. (Continued ) Study Population Demographics

Total (%) Non-TB Controls (%) Patients with TB (%)

200–500 1369 (32.26) 1109 (39.37) 260 (18.22)

.500 620 (14.61) 570 (20.23) 50 (3.50)

Not reported 552 (13.01) 353 (12.53) 199 (13.95)

Platelets x 10 9 /L Median = 248.00 [IQR: 207.75–
315.75]

Median = 244.00 [IQR: 207.00–
288.50]

Median = 280.00 [IQR: 210.00–361.00]

,150 22 (0.52) 12 (0.43) 10 (0.70)

$150 290 (6.83) 195 (6.92) 95 (6.66)

Not reported 3932 (92.65) 2610 (92.65) 1322 (92.64)

Total cholesterol (mmol/L) Median = 4.40 [IQR: 3.60–5.30] Median = 4.70 [IQR: 3.80–5.60] Median = 3.80 [IQR: 3.15–4.60]

,3.9 581 (13.69) 321 (11.40) 260 (18.22)

3.9–5.5 818 (19.27) 606 (21.51) 212 (14.86)

.5.5 362 (8.53) 319 (11.32) 43 (3.01)

Not reported 2483 (58.51) 1571 (55.77) 912 (63.91)

Primary covariates were total cholesterol, platelets, and CD4 count. Continuous variables were categorized using clinical thresholds. Missing values were included as an indicator 
category of the variable. Country income group was reported descriptively.
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TABLE 2. Conditional Logistic Regression of Covariates Associated With TB Diagnosis

Non-TB controls (n =) Patients With TB (n =)

Univariate Multivariate

OR 95% CI P OR 95% CI P

Total 2817 1427

Sex

Male 1740 1074 1 1

Female 1077 353 0.51 0.44 to 0.59 ,0.0001 0.52 0.44 to 0.63 ,0.0001

Age (yr) 0.0531

#30 766 365 1

31–40 1169 652 1.19 1.01 to 1.40 0.037

41–50 599 290 1.03 0.85 to 1.26 0.748

51+ 279 120 0.91 0.71 to 1.18 0.487

Smoking ,0.0001

Never smoked 1176 473 1

Ever/current smoker 827 498 1.54 1.31 to 1.81 ,0.0001

Not reported 814 456 1.47 1.23 to 1.75 ,0.0001

BMI ,0.0001 ,0.0001

,18.5 344 428 2.77 2.30 to 3.34 ,0.0001 2.36 1.88 to 2.96 ,0.0001

$18.5 and ,23 1069 497 1 1

$23 708 143 0.41 0.33 to 0.51 ,0.0001 0.44 0.33 to 0.58 ,0.0001

Not reported 696 359 1.05 0.83 to 1.33 0.679 1.03 0.77 to 1.37 0.846

Hepatitis B coinfection 0.8339

Negative 1660 842 1

Positive 484 240 0.98 0.81 to 1.19 0.834

Not tested 673 345 1.01 0.82 to 1.25 0.897

Hepatitis C coinfection 0.0010

Negative 1863 897 1

Positive 281 185 1.46 1.17 to 1.84 0.001

Not tested 673 345 1.08 0.87 to 1.33 0.501

Mode of HIV exposure 0.0002

Heterosexual 2096 1015 1

MSM 357 162 0.93 0.72 to 1.20 0.557

IDU 360 249 1.54 1.25 to 1.89 ,0.0001

Other/unknown 4 1 0.52 0.06 to 4.65 0.558

ARV treatment regimen 0.0009

NNRTI+NRTI based 1841 971 1

PI based 330 127 0.65 0.51 to 0.84 0.001

INSTI based 28 24 2.15 1.05 to 4.44 0.037

Other 75 30 0.63 0.39 to 1.02 0.060

No ART 543 275 0.89 0.74 to 1.07 0.221

Prior AIDS diagnosis

Yes 1004 256 2.83 2.39 to 3.36 ,0.0001 2.14 1.74 to 2.65 ,0.0001

No 1813 1171 1 1

HIV viral load (copies/mL) ,0.0001 ,0.0001

#1000 746 128 1 1

.1000 366 398 8.94 6.72 to 11.88 ,0.0001 3.15 2.21 to 4.49 ,0.0001

Not reported 1705 901 4.36 3.31 to 5.75 ,0.0001 2.19 1.55 to 3.10 ,0.0001

CD4 cell count (cells/mm 3 ) ,0.0001 ,0.0001

,200 785 918 20.11 14.21 to 28.47 ,0.0001 12.90 8.84 to 18.82 ,0.0001

200–500 1109 260 3.19 2.22 to 4.48 ,0.0001 3.08 2.12 to 4.48 ,0.0001

.500 570 50 1 1

Not reported 353 199 9.03 6.13 to 13.31 ,0.0001 7.95 5.19 to 12.18 ,0.0001

Platelets x 10 9 /L 0.2229

,150 12 10 1.74 0.71 to 4.27 0.223

$150 195 95 1

(continued on next page)
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important for interpreting cholesterol’s clinical significance in 
assessing TB risk. Future well-designed prospective cohort 
studies are warranted to establish the causal relationship 
between cholesterol levels and the risk of TB.

HIV coinfection is a known risk factor for TB disease. 29 

The association of low CD4 + cell counts, high viral load, and 
increased odds of TB diagnosis in this analysis is consistent 
with the established evidence of HIV-associated TB. 30 The 
authors examined whether cholesterol remained associated 
with TB in the group of individuals with well-controlled HIV. 
Among individuals with suppressed HIV viral loads 
(#1000 copies/mL), there were higher proportions of TB 
diagnosis among those with low cholesterol than those with 
high cholesterol (34.6% vs. 8.9%, P = 0.011). This finding 
suggests that the association between cholesterol and TB 
remains relevant even in patients with effective HIV treat-
ment. These findings are particularly relevant given the 
evolving lipid landscape in HIV care. Before ART availabil-
ity, HIV infection commonly caused low cholesterol levels. 31 

After ART initiation, total cholesterol levels are observed to 
return to preinfection serum levels in PLHIV over time. 32 

However, with the introduction of newer antiretroviral agents, 
cholesterol levels are increasing, and PLHIV are now at 
greater risk of metabolic syndrome. 33,34 Consequently, cur-
rent research on lipids in PLHIV has primarily focused on the 
link with noncommunicable diseases. 35,36 Given the 
increased cardiovascular risk in PLHIV, lipid management 
has become standard clinical practice, primarily through statin 
therapy. 37,38 This distinction between pathologic and thera-
peutic cholesterol reduction is supported by the previously 
mentioned Korean study. 12 Although low cholesterol levels 
were associated with increased TB risk, statin use seemed to 
modify this relationship, with the association losing statistical 
significance among statin users. Because the evidence 
indicates that therapeutic lowering of cholesterol does not 
increase TB susceptibility, standard lipid management prac-
tices for PLHIV with elevated cholesterol need not be altered 
because of TB concerns.

The observed association between low cholesterol and 
TB in PLHIV raises the possibility that cholesterol monitor-
ing may serve as a potential TB screening tool. In resource-
limited settings where CD4 + testing is no longer routine, 39 

cholesterol testing might offer an alternative approach to TB 
risk stratification, particularly if it proves more accessible

than immunologic monitoring. However, implementation 
needs to consider the specific resource constraints of each 
setting. Health economic evaluations would be essential to 
determine cost-effectiveness and clinical utility compared 
with existing screening approaches. The optimal target 
population and integration with existing clinical workflows 
would require careful evaluation before any implementation. 

These results have some important limitations. First, the 
observational design of the cohort data may limit the 
generalizability. TAHOD participants were selected based 
on their likelihood of remaining in care, which may bias 
toward those already engaged with health care. Owing to the 
relatively small number of prospective patients with TB, the 
authors included retrospective patients to increase statistical 
power. However, as preenrollment data were submitted 
voluntarily, historical patients with TB may be underreported. 
Although including retrospectively identified patients may 
introduce bias, the authors matched the retrospective patients 
with retrospective controls during the same calendar time, 
ensuring comparisons were made within the same snapshot 
period. Given the relatively low incidence of TB in the 
cohort, including retrospective patients allowed us to maxi-
mize the sample size. Data completeness represents another 
limitation. Cholesterol measurements were available for 1761 
participants (41.49% of the study population), while platelet 
counts were available for only 312 participants (7.35%). The 
authors used the missing indicator method to retain matched 
pairs with incomplete covariate data, preserve the matching 
structure, and maximize the sample size. Although this 
method reduces standard error, residual bias because of 
missingness cannot be ruled out. 20 Besides the limitations 
of quantitative data, inconsistencies in clinical classification 
also restricted this analysis. TAHOD sites inconsistently 
reported the anatomical site and severity of TB disease, 
particularly pulmonary versus extrapulmonary TB classifica-
tion. As a result, the authors were unable to assess risk factors 
according to anatomical site of TB. In addition, the absence of 
data on TB prophylaxis, treatment regimens, and clinical 
outcomes prevented evaluation of interventions or treatment 
outcomes. Despite these limitations, this analysis provides 
crucial preliminary evidence that should be examined through 
well-designed prospective studies.

Several future research directions emerge from these 
findings. To better understand the underlying mechanisms,

TABLE 2. (Continued ) Conditional Logistic Regression of Covariates Associated With TB Diagnosis

Non-TB controls (n =) Patients With TB (n =)

Univariate Multivariate

OR 95% CI P OR 95% CI P

Not reported 2610 1322 1.03 0.71 to 1.49 0.876

Total cholesterol (mmol/L) ,0.0001 ,0.0001

,3.9 321 260 7.74 5.23 to 11.44 ,0.0001 3.11 1.94 to 4.98 ,0.0001

3.9–5.5 606 212 2.95 2.04 to 4.28 ,0.0001 1.99 1.28 to 3.11 0.002

.5.5 319 43 1 1

Not reported 1571 912 1.94 1.59 to 2.37 ,0.0001 3.52 2.29 to 5.43 ,0.0001

Models were stratified by matched sets. Global P-values were derived from postestimation Wald tests. Multivariable models used backward stepwise selection (P , 0.10 entry; 
P , 0.05 retention).
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laboratory and longitudinal clinical studies are needed to 
clarify the biologic pathways linking cholesterol and TB. 
Future research should assess whether cholesterol monitoring 
can improve TB risk assessment in routine HIV care in TB-
endemic settings and evaluate the feasibility and clinical 
utility of such monitoring. In parallel, further investigation 
into the impact of statin therapy on TB risk among PLHIV is 
needed, given its potential dual role in lipid management and 
immune modulation. Finally, given the inconsistent findings 
in the literature, additional research is needed to clarify the 
role of platelet levels in TB development and whether platelet 
counts should be considered alongside cholesterol in risk 
assessment strategies.

CONCLUSIONS
Low CD4 + cell count and low total serum cholesterol 

were associated with increased odds of TB diagnosis in this 
Asia-Pacific cohort of PLHIV. This analysis provides real-world 
evidence supporting the growing body of literature linking low 
cholesterol to TB across diverse populations. Further prospective 
research is needed to clarify underlying mechanisms direction of 
this association, and the potential clinical utility of cholesterol 
measurement in high-burden settings.
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