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Background. Poor control of diabetes mellitus (DM) increases active tuberculosis (TB) risk. Understanding risk factors for la-
tent TB infection (LTBI) in this population and intervention completion rates is crucial for policy making.

Methods. Under a collaborative multidisciplinary team consisting of public health professionals, endocrinologists, and 
pulmonologists, patients aged >45 years with poorly controlled DM (pDM), defined as having a glycated hemoglobin level of ≥9% 
within the preceding year, were enrolled by endocrinologists from 2 hospitals; these patients underwent LTBI screening by using 
QuantiFERON (QFT). Once-weekly isoniazid and rifapentine for 12 weeks (3HP) or daily isoniazid for 9 months (9H) was admin-
istered by pulmonologists. QFT-positivity predictors were evaluated using logistic regression. Completion rates and safety were also 
investigated.

Results. Among 980 patients with pDM (age: 64.2 ± 9.7 years), 261 (26.6%) were QFT-positive. Age, DM duration, chronic 
kidney disease stage ≥3, and dipeptidyl peptidase-4 inhibitor use, not using metformin, were associated with QFT-positivity. 
Preventive therapy (3HP: 138; 9H: 62) was administered in 200 (76.6%) QFT-positive patients. The completion rates of 3HP and 
9H were 84.1% and 79.0%, respectively (P = .494). Nine (6.5%) and zero patients in the 3HP and 9H groups, respectively, developed 
systemic drug reactions (P = .059); 78.3% and 45.2% had ≥1 adverse drug reactions (P < .001); and post-treatment QFT conversion 
rates were 32% and 20%, respectively (P = .228).

Conclusions. LTBI prevalence exceeds 25% in elderly patients with pDM. Under care from a collaborative multidisciplinary 
team, the completion rate of preventive therapy, regardless of regimen could approach, or even exceed 80% in this population.

Keywords. diabetic mellitus; latent tuberculosis infection; preventive therapy; rifapentine; treatment outcome.

Diabetes mellitus (DM) is a crucial risk factor for tuberculosis 
(TB) in the elderly population [1, 2] and is associated with poor 
TB outcomes [3]. However, the actual effect of DM on the risk 
of latent TB infection (LTBI) remains controversial. The LTBI 
prevalence in patients with DM was observed to be more than 
twice of that in nondiabetic people in population-based studies 
conducted in the United States (11.6% vs 4.6% [4]) and Taiwan 
(21.1% vs 9.7 [5]). A systematic review revealed that the odds ratio 
(OR) for LTBI in DM patients was 1.18 (95% confidence interval 
[CI]: 1.06–1.30), with low statistical heterogeneity across studies 
[6]. Nevertheless, the situation is even worse among patients with 
poorly controlled DM (pDM) whom may be at higher risk for 
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TB infection and disease according to several studies [2, 5, 7–9]. 
A study reported that every 1% increase in glycated hemoglobin 
(HbA1c) level resulted in a 1.13-fold increase (95% CI: 1.04–1.22) 
in the prevalence of TB infection [8]. Given the increasing burden 
of DM in TB endemic areas, programmatic interventions targeting 
the coepidemic population for LTBI are essential to eradicate TB.

Because of the paucity of studies evaluating the safety and 
efficacy of LTBI treatment, TB preventive therapy (TPT) for 
patients with DM has not been strongly recommended by the 
World Health Organization (WHO) [10]. Instead, the WHO 
has emphasized to select target population based on local epi-
demiology and resources [10]. Despite having a protective effect 
of 85%–90%, the traditional 9-month daily isoniazid (9H) reg-
imen is difficult to implement because of the unacceptably long 
treatment duration [11]. Compared with the 9H regimen, the 
3-month weekly rifapentine plus isoniazid (3HP) regimen has 
a similar efficacy in TB prevention [12–16], a lower hepatotox-
icity risk [12, 13, 17], a 10% higher completion rate [12–15] and 
to be more cost-effective [18]. However, the 3HP regimen flaws 
into a significantly higher risk of adverse events other than hep-
atotoxicity, particularly flu-like syndrome and systemic drug 
reactions (SDRs) [17], as well as potential drug interactions 
with antidiabetic drugs [19]. Studies have not yet evaluated the 
completion rate and safety profile of 3HP in patients with DM, 
preventing the widespread use of the 3HP regimen in this high-
TB-risk population.

In this pilot project funded by the Taiwan Center for Disease 
Control (CDC), patients with pDM were enrolled by endocrin-
ologists and treated by pulmonologists from a collaborative 
multidisciplinary team in 2 hospitals. We reported the comple-
tion rates of screening and preventive therapy for LTBI with a 
special emphasis on the 3HP regimen.

METHODS

Study Design and Population

This prospective study was conducted at a medical center in 
Taichung and a regional hospital in Kaohsiung between April 
2018 and June 2020 in a collaborative setting involving public 
health professionals, endocrinologists, and pulmonologists. 
This study was approved by the institutional ethics committees 
of both hospitals (see Supplementary Material for details).

Because an HbA1c level of >9% was reported to increase 
infection risk in DM patients in the United States [20], and a 
study conducted in Taiwan [7] revealed that DM patients with 
an HbA1c level of >9% had a 3.55-fold higher risk of having 
smear-positive pulmonary TB compared with nondiabetic 
controls, 9% was used as the cutoff value for HbA1c within 
the recent 12  months to define pDM in this study. From en-
docrinology clinics, patients with pDM aged >45  years were 
enrolled. Patients were excluded if they were close contacts of 
patients with pulmonary TB, pregnant, seropositive for human 

immunodeficiency virus (HIV), had active TB at enrollment, or 
had a history of TB disease.

Programmatic Settings for LTBI Screening and Treatment

This is the first study to our knowledge to include endocrin-
ologists in an LTBI intervention program in Taiwan. Before 
the recruitment of patients, public health professionals and 
pulmonologists provided necessary information and know-
ledge regarding LTBI intervention in high-risk population to 
endocrinologists. Case selection criteria and study protocols 
were then established by this multidisciplinary team. Regular 
study meetings were held monthly and as needed to review and 
discuss the process and related issues of the study.

Potential study participants (see study proposal in 
Supplementary Material) were initially interviewed by endo-
crinologists. Those who fulfilled case selection criteria and pro-
vided informed consent were screened for LTBI by using the 
QuantiFERON-TB (QFT) Gold In-Tube (Qiagen, Valencia, 
California, USA). Those who were QFT-positive were referred 
to pulmonologists’ clinic for further evaluation of their indica-
tions and suitability for TPT.

Either 9H or 3HP was offered for LTBI treatment in current 
study (see study proposal in Supplementary Material). Because 
all expenses of LTBI screening and treatment in this study were 
covered by the official budget of Taiwan CDC, one preventive 
regimen versus the other was recommended after considering 
patients’ convenience and safety. First, potential severe drug-
drug interactions were screened. If no contraindication was 
noted, the 3HP regimen was preferred. For patients with con-
comitant liver diseases or those with abnormal baseline liver 
function test results, the 3HP regimen was preferred. After the 
pulmonologist in charge explained the advantages and dis-
advantages of both regimens in detail, the final choice of the 
regimen was made through shared decision making [21]. In 
addition to isoniazid and/or rifapentine, pulmonologists simul-
taneously prescribed acetaminophen for symptom relief if a pa-
tient developed adverse drug reactions (ADRs) such as fever or 
aches. Pulmonologists also informed endocrinologists to eval-
uate the blood sugar level of patients during preventive therapy.

Programmatic Settings for Monitoring ADRs

Regardless of the regimen, all participants joined the directly 
observed therapy (DOT) program [22]. ADRs were assessed 
through phone interview or on communication apps within 
2 days after each 3HP dose or every 2 weeks during 9H treat-
ment and when any ADR occurred by either the official case 
manager in the hospital or DOT supporters in the commu-
nity. All of these individuals were trained and qualified by 
the Taiwan CDC [23]. Hemogram, liver, and kidney func-
tion tests were performed every 2 weeks in the first month, 
monthly in the following 2  months, and every 2  months 
thereafter during treatment and when patients developed 
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SDRs (see study proposal in Supplementary Material). If 
participants agreed, the QFT test was repeated after TPT 
completion.

The severity of ADRs, hepatotoxicity [24], and SDRs [17] 
was defined in accordance with previous reports (see study pro-
posal in Supplementary Material). Pulmonologists in charge 
evaluated the causal relationship between drugs and ADRs by 
calculating Naranjo scores [25] and subsequently provided ap-
propriate management.

All participants were followed up until premature termi-
nation, active TB development, or 1 week after treatment 
completion.

Outcome Assessment

The aims of the current study were to evaluate the QFT-positive 
rate in patients with pDM and the TPT completion rate in each 
regimen. The QFT response was defined as the difference in the 
interferon-gamma level between TB antigen and nil tubes, with 
a level of ≥0.35 IU/mL indicating QFT-positivity in accord-
ance with manufacturer’s instructions. Completion of the 3HP 
and 9H regimens was defined as completing 12 doses within  
16 weeks and 270 doses within 12 months, respectively.

We investigated the predictors of QFT-positivity and ana-
lyzed the safety profile of each TPT regimen as well as the effect 
of each regimen on the completion rate. In addition, the QFT 
conversion rate after the completion of TPT was assessed.

Statistical Analysis

Patients’ demographic profiles, clinical characteristics, and 
laboratory data were obtained. Student t test and the Mann-
Whitney U test were performed to analyze intergroup differ-
ences in continuous variables depending on the normality. 
Categorical variables were compared using either the χ 2 test or 
Fisher exact test, as appropriate. Multivariate logistic regression 
was used to calculate the adjusted OR (aOR), 95% CI, and P 
values for potential risk factors for QFT-positivity and perma-
nent discontinuation of TPT. Participants were excluded from 
the treatment outcome analysis if TPT was not administered. 
Statistical significance was set at a 2-sided P value of < .05. All 
statistical analyses were performed using SPSS, version 20.0 
(SPSS Inc., Chicago, Illinois, USA).

RESULTS

Study Population

Between April 2018 and June 2020, a total of 1057 patients with 
pDM (age [mean ± standard deviation]: 64.3 ± 9.6 years) were 
eligible for recruitment (Figure 1). Among them, 980 (92.7%) 
received QFT testing (age: 64.2 ± 9.7 years), 261 (26.7%) were 
QFT-positive, and 2 (0.2%) had an indeterminate QFT result. 
Among 261 QFT-positive patients, 2 (0.8%) were diagnosed 
as having active TB, and 59 (22.6%) refused undergoing TPT 
(75% of them due to concern of ADRs). Of the remaining 200 

(76.6%) patients with pDM, 62 (31.0%) and 138 (69.0%) sub-
sequently underwent the 9H and 3HP regimens, respectively.

Characteristics of Patients With QFT-Positivity or Negativity

Among 978 patients with pDM (age: 64.2 ± 9.6), 55.3% were men, 
and 10.5% had a body mass index (BMI) of ≥27 kg/m2, defined 
as indicating obesity by the Health Promotion Administration, 
Ministry of Health and Welfare of Taiwan (Table 1). Compared with 
QFT-negative patients, patients with a positive QFT result were 
more likely to have a BMI of ≥27 kg/m2, systemic comorbidities, 
and a longer DM duration and less likely to receive metformin 
and sodium–glucose cotransporter 2 (SGLT2) inhibitors. No sig-
nificant difference was observed in the income status and educa-
tional level between both groups. Baseline laboratory results were 
similar between both groups, except that the QFT-positive group 
had a higher average platelet count (227 ± 66 vs 208 ± 107 K/µL, 
P = .001) and a lower aspartate transaminase level (24.3 ± 9.8 vs 
26.5 ± 12.9 U/L, P = .010) (Supplementary Table 1).

Predictors of QFT-Positivity in Patients With pDM

Multivariate logistic regression analysis results revealed that 
age (aOR [95% CI] for per year increment: 1.02 [1.00–1.04], 
P = .026), DM duration (1.04 [1.02–1.07], P < .001), chronic 
kidney disease, stage ≥3 (1.80 [1.23–2.65], P = .003), metformin 
use (0.56 [0.39–0.80], P = .001), and dipeptidyl peptidase-4 in-
hibitor use (1.51 [1.08–2.13], P = .018) were independent pre-
dictors of QFT-positivity (Table 2).

Figure 1. Case selection process. Abbreviations: 3HP, 3-month weekly isoniazid 
plus rifapentine; 9H, 9-month daily isoniazid; ADR, adverse drug reaction; DM, dia-
betes mellitus; DOTS, directly observed treatment short course; QFT, QuantiFERON 
test; TB, tuberculosis.
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Table 1. Baseline Characteristics of Patients With Poorly Controlled Diabetes Mellitus (DM)

Patients Receiving QFT testing Patients Receiving TPT

Total (n = 978) QFT-negative (n = 717) QFT-positive (n = 261) TPT (n = 200) 3HP (n = 138) 9H (n = 62)

Male sex 541 (55.3%) 396 (55.2%) 145 (55.6%) 112 (56.0%) 77 (55.8%) 35 (56.5%)

Age 64.2 ± 9.6 63.3 ± 9.8 66.1 ± 8.6* 65.6 ± 8.5 63.5 ± 7.8 70.3 ± 8.2#

BMI (kg/m2) 26.2 ± 4.5 26.2 ± 4.7 26.3 ± 4.0 26.4 ± 3.7 26.5 ± 3.7 26.1 ± 3.7

 <18.5 18 (1.8%) 15 (2.1%) 3 (1.1%) 1 (0.5%) 1 (0.7%) 0

 18.5 ≤ BMI < 24 291 (29.8%) 221 (30.8%) 70 (26.8%) 52 (26.0%) 34 (24.6%) 18 (29.0%)

 24 ≤ BMI < 27 566 (57.9%) 418 (58.3%) 147 (56.3%) 113 (56.5%) 80 (58.0%) 33 (53.2%)

 ≥27a 103 (10.5%) 63 (8.8%) 40 (15.3%)* 34 (17.0%) 23 (16.7%) 11 (17.7%)

Smoking status       

 Never smoker 708 (72.4%) 525 (73.2%) 183 (70.1%) 142 (71.0%) 98 (71.0%) 44 (71.0%)

 Ex-smoker 132 (13.5%) 91 (12.7%) 41 (15.7%) 30 (15.0 %) 18 (13.0%) 12 (19.4%)

 Current smoker 138 (14.1%) 101 (14.1%) 37 (14.2%) 28 (14.0%) 22 (15.9%) 6 (9.7%)

Low incomeb 10 (1.0%) 7 (1.0%) 3 (1.1%) 3 (1.5%) 2 (1.4%) 1 (1.6%)

Highest education level       

 Primary school or lower 268 (27.4%) 188 (26.2%) 80 (30.7%) 58 (29.0%) 35 (25.4%) 23 (37.1%)

 Middle school 217 (22.2%) 152 (21.2%) 65 (24.9%) 54 (27.0%) 34 (24.6%) 20 (32.3%)

 High school 262 (26.8%) 198 (27.6%) 64 (24.5%) 46 (23.0%) 37 (26.8%) 9 (14.5%)

 College or higher 231 (23.6%) 179 (25.0%) 52 (19.9%) 42 (21.0%) 32 (23.2%) 10 (16.1%)

Comorbidities       

 Hyperlipidemia 673 (68.8%) 496 (69.2%) 177 (67.8%) 137 (68.5%) 96 (69.6%) 41 (66.1%)

 Hypertension 606 (62.0%) 426 (59.4%) 180 (69.0%)* 144 (72.0%) 99 (71.1%) 45 (72.6%)

 CKD stage ≥3 278 (28.4%) 202 (28.2%) 76 (29.1%) 59 (29.5%) 34 (24.6%) 25 (40.3%)#

 Coronary artery disease 191 (19.5%) 133 (18.5%) 58 (22.2%) 41 (20.5%) 25 (18.1%) 16 (25.8%)

 Old CVA 124 (12.7%) 81 (11.3%) 43 (16.5%)* 32 (16.0%) 19 (13.8%) 13 (21.0%)

 Cancer 119 (12.2%)c 92 (12.8%) 27 (10.3%) 22 (11.0%)d 13 (9.4%) 9 (14.5%)

 Congestive heart failure 59 (6.0%) 35 (4.9%) 24 (9.2%)* 16 (8.0%) 12 (8.7%) 4 (6.5%)

 COPD 53 (5.4%) 37 (5.2%) 16 (6.1%) 11 (5.5%) 9 (6.5%) 2 (3.2%)

 Autoimmune disease 51 (5.2%)c 39 (5.4%) 12 (4.6%) 9 (4.5%)d 7 (5.1%) 2 (3.2%)

 Asthma 41 (4.2%) 27 (3.8%) 14 (5.4%) 11 (5.5%) 7 (5.1%) 4 (6.5%)

 Bronchiectasis 18 (1.8%) 15 (2.1%) 3 (1.1%) 2 (1.0%) 2 (1.4%) 0

 Hepatitis B 29 (3.0%) 20 (2.8%) 9 (3.4%) 8 (4.0%) 4 (2.9%) 4 (6.5%)

 Hepatitis C 15 (1.5%) 11 (1.5%) 4 (1.5%) 3 (1.5%) 2 (1.4%) 1 (1.6%)

DM status       

 Duration (years) 9.5 ± 6.8 9.0 ± 6.5 11.0 ± 7.5* 11.4 ± 7.2 11.4 ± 7.6 11.2 ± 6.4

 Maximum HbA1c (%) 10.9 ± 1.7 11.0 ± 1.7 10.9 ± 1.5 10.9 ± 1.4 10.9 ± 1.4 10.9 ± 1.5

 HbA1c (%) at enrollment 9.5 ± 1.5 9.5 ± 1.5 9.4 ± 1.5 9.4 ± 1.4 9.2 ± 1.3 9.7 ± 1.4#

 Anti-diabetic medication       

  Insulin 530 (54.2%) 383 (53.4%) 147 (56.3%) 115 (57.5%) 79 (57.2%) 36 (58.1%)

  Metformin 686 (70.1%) 526 (73.4%) 160 (61.3%)* 122 (61.0%) 89 (64.5%) 33 (53.2%)

  DDP-4 inhibitor 484 (49.5%) 349 (48.7%) 145 (55.6%) 112 (56.0%) 74 (53.6%) 38 (61.3%)

  Sulfonylurea 428 (43.8%) 324 (45.2%) 104 (39.8%) 81 (40.5%) 56 (40.6%) 25 (40.3%)

  Thiazolidinedione 260 (26.6%) 200 (27.9%) 60 (23.0%) 47 (23.5%) 33 (23.9%) 14 (22.6%)

  SGLT2 inhibitor 225 (23.0%) 177 (24.7%) 48 (18.4%)* 37 (18.5%) 36 (26.1%) 1 (1.6%)#

  Glinide 76 (7.8%) 49 (6.8%) 27 (10.3%) 19 (9.5%) 11 (8.0%) 8 (12.9%)

  GLP-1 agonist 56 (5.7%) 42 (5.9%) 14 (5.4%) 13 (6.5%) 12 (8.7%) 1 (1.6%)

  α-glucosidase inhibitor 53 (5.4%) 35 (4.9%) 18 (6.9%) 11 (5.5%) 7 (5.1%) 4 (6.5%)

Lipid lowering agent       

 Statin 616 (63.0%) 460 (64.2%) 156 (59.8%) 120 (60.0%) 84 (60.9%) 36 (58.1%)

 Fibrate 77 (7.9%) 52 (7.3%) 25 (9.6%) 19 (9.5%) 15 (10.9%) 4 (6.5%)

QFT (IU/mL)       

 Nil 0.1 ± 0.4 0.1 ± 0.4 0.2 ± 0.5* 0.3 ± 0.4 0.3 ± 0.5 0.3 ± 0.3

 Mitogen 8.9 ± 1.9 8.9 ± 2.0 9.1 ± 1.7* 9.1 ± 2.5 9.0 ± 2.8 9.5 ± 1.4

 TB antigen—Nil 0.8 ± 1.7 0.18 ± 0.3 2.7 ± 2.6* 2.7 ± 2.6 2.7 ± 2.6 2.6 ± 2.5

Data are either presented as the mean ± standard deviation or a number (%).

Abbreviations: 3HP, 3-month weekly isoniazid plus rifapentine; 9H, 9-month daily isoniazid; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary 
disease; CVA, cerebrovascular accident; DPP4, dipeptidyl peptidase 4; GLP-1, Glucagon-like peptide-1; HbA1c, glycated haemoglobin; SGLT2, sodium–glucose cotransporter 2; TB, tuber-
culosis; TPT, tuberculosis preventive therapy.

*P < .05 between QFT-positive and QFT-negative groups.
#P < .05 between 3HP and 9H groups.
aBMI ≥27 kg/m2 was recommended as the definition of obesity by the Health Promotion Administration, Ministry of Health and Welfare of Taiwan.
bThe definition of low income was personal income <471.6 USD/month.
c, dPlease see supplementary material for details.
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Characteristics and Outcomes of Patients With pDM Who Received TPT

The mean age of 200 patients with pDM who received TPT 
was 65.6  years, and the male to female ratio was 1.27 (Table 
1). Baseline characteristics were similar between the 3HP 
(n = 138) and 9H (n = 62) groups, except that patients in the 
9H group were older on average (70.3 ± 8.2 vs 63.5 ± 7.8 years, 
P < .001), had a higher prevalence of CKD stage ≥3 (40.3% 
vs 24.6%, P = .024), had a higher average HbA1c level (%) 
at enrolment (9.7 ± 1.4 vs 9.2 ± 1.3, P = .050), and were less 
likely to receive SGLT2 inhibitors (1.6% vs 26.1%, P < .001). 
Baseline laboratory results were similar between the 2 groups, 
except that the 9H group had a lower average hemoglobin 
level (12.9 ± 1.6 vs 13.9 ± 1.9 g/dL, P < .001) and a higher av-
erage creatinine level (1.3 ± 0.9 vs 1.0 ± 0.4 mg/dL, P = .018) 
(Supplementary Table 2).

Among those receiving TPT, the completion rates of the 3HP 
and 9H groups were 84.1% and 79.0% (P = .494), respectively 
(Table 3). ADRs were the cause of permanent TPT discontin-
uation in 20 (14.5%) patients receiving the 3HP regimen and 8 
(12.9%) patients receiving the 9H regimen (P = .764).

The results of multivariate logistic regression analysis including 
all variables, except for the QFT value listed in Table 1 revealed 

that the regimen (3HP vs 9H) was not a significant predictor of 
permanent TPT discontinuation among 200 patients with pDM 
who received TPT (0.76 [0.27–2.16], P = .609) and all subgroups 
(Figure 2 and Supplementary Table 3). Both low-income status 
and educational level were also not significant predictors.

Safety Profile of 3HP and 9H

Among patients with pDM who received TPT, 78.3% and 53.2% 
of those in the 3HP and 9H groups experienced ≥1 ADR, re-
spectively (P < .001). Detailed ADRs are presented in Table 4 
and Supplementary Figure 1. SDRs occurred in 9 (6.5%) pa-
tients receiving 3HP, with flu-like syndrome occurring in 89% 
of them, resulting in permanent discontinuation of 3HPin 6 
(67%). One patient experienced hypotension (blood pressure: 
82/55  mmHg) during 3HP treatment. Grade-3 hepatotox-
icity (definition in the study proposal) occurred only in 3HP 
group (0.7% vs 0%, P = .689). Two other patients in the 3HP 
group developed grade-3 toxicity (one had hypertension up 
to 201/179 mmHg, and the other one had severe dizziness re-
quiring an emergency department visit).

The most common ADRs were gastrointestinal symptoms 
(56.5%) and flu-like symptoms (53.6%) in the 3HP group and 

Table 2. Independent Factors Associated With QuantiFERON Positivity in Patients With Poorly Controlled Diabetes Mellitus (DM)

Variables Adjusted OR 95% CI P value

Age (per year increment) 1.02 1.00–1.04 .026

Duration of DM (per year increment) 1.04 1.02–1.07 <.001

Chronic kidney disease, stage ≥3 1.80 1.23–2.65 .003

Metformin use 0.56 .39–.80 .001

Use of dipeptidyl peptidase 4 inhibitor 1.51 1.08–2.13 .018

Abbreviations: CI, confidence interval; DM, diabetic mellitus; OR, odds ratio.
Variables in Table 1 except for laboratory data were entered into the multivariate regression model.

Table 3. Treatment Course and Outcome of Patients Undergoing Either the 3-Month Weekly Isoniazid Plus Rifapentine (3HP) or 9-Month Daily Isoniazid 
(9H) Regimen

Total (n = 200) 3HP (n = 138) 9H (n = 62) P-value

Complete treatment 165 (82.5%) 116 (84.1%) 49 (79.0%) .494

 No adverse drug reactions 59 (29.5%) 30 (21.7%) 29 (46.8%) <.001

Permanent discontinuation 35 (17.5%) 22 (15.9%) 13 (21.0%) .494

 Dose received  5.0 ± 2.7 56.7 ± 40.8  

 Cause of discontinuation     

  Adverse drug reaction 28 (14.0%) 20 (14.5%) 8 (12.9%) .764

   Systemic drug reaction 6 (3.0%) 6 (4.3%) 0 .223

    Hypotension 1 (0.5%) 1 (0.7%) 0 .680

    Flu-like syndrome 5 (2.5%) 5 (3.6%)a 0 .301

    Urticaria 1 (0.5%) 1 (0.7%) 0 .680

   Hepatotoxicity 4 (2.0%) 2 (1.4%) 2 (3.2%) .776

   Other adverse drug reactions 18 (9.0%) 12 (8.7%) 6 (9.7%) .822

   Patient refusal 5 (2.5%) 2 (1.4%) 3 (4.8%) .352

   Other reasons 2 (1.0%) 0 2 (3.2%)b .176

Data are presented as either the mean ± standard deviation or a number (%). The denominator of each calculation of percentage is the case number of each corresponding age group.
aOne had both flu-like syndrome and urticaria.
bOne died of myocardial infarction, and the other died of septic shock.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab209#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab209#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab209#supplementary-data
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gastrointestinal symptoms (24.2%) and cutaneous reactions 
(24.2%) in the 9H group (Table 4). Fluctuating glucose control was 
noted in 4 (2.9%) patients in the 3HP group and 3 (4.8%) patients 
in the 9H group (P = .784); all instances except one were grade 1 
in severity.

QFT Conversion Rate After TPT

After completing their treatment, 47 patients (34.1%) in the 
3HP group and 35 (56.5%) in the 9H group received a fol-
low-up QFT test. Both groups exhibited a significant reduction 
in the QFT response after TPT (both P < .001; paired t-test; 
Supplementary Figure 2). The QFT response (P = .720) and 
QFT conversion rate (32% vs 20%, P = .228) after TPT were in-
significantly different between the 2 groups.

DISCUSSION

The results of the current pilot study demonstrated that through 
the collaboration of public health professionals, endocrinolo-
gists, and pulmonologists, programmatic LTBI intervention 
could lead to an LTBI screening rate of 92.7% and a comple-
tion rate of 82.5% among patients receiving TPT. Three major 
findings of this study were as follows: First, approximately 

one-quarter of patients with pDM had LTBI. The prevalence of 
LTBI was higher than that in TB close contacts (15%) [26] and 
patients receiving hemodialysis (19.3%) [27] in Taiwan; both 
populations are recommended by the WHO as targets for LTBI 
treatment [10]. The finding suggested that patients with pDM 
should be considered as the priority group for LTBI interven-
tions from a public health perspective, particularly elderly 
people with a long DM duration and impaired renal function. 
Second, despite the higher rate of ADRs (mostly grade 1 and 2 
in severity) under the 3HP regimen and the long duration of the 
9H regimen, the completion rate was 80% for both regimens, 
implying that creating a collaborative multidisciplinary team 
and efficient public health program may be essential. In the 
3HP cohort described in our recently published study [16], the 
3HP completion rate in pDM patients without the inclusion of 
a collaborative multidisciplinary team was 77.3% (n = 44), ap-
proximately 7% lower than that in the current study (P = .303). 
Finally, metformin may be protective against TB infection.

Because of the limited resources of public health and med-
ical systems, cost-effectiveness is always a major concern in 
national TB programs. The results of a simulation model dem-
onstrated that LTBI screening using interferon-gamma release 
assay in the United States was cost-effective only when the 

Figure 2. Forest plots showing the adjusted odds ratio (aOR) and 95% confidence interval (CI) of the impact of regimen on permanent discontinuation of tuberculosis pre-
ventive therapy in the overall study population and different subgroups. All variables listed in Table 1, except for QFT data, were considered in the statistical models. Abbreviations: 3HP, 
3-month weekly isoniazid plus rifapentine; 9H, 9-month daily isoniazid; ADR, adverse drug reaction; DM, diabetes mellitus; DPP4, dipeptidyl peptidase 4.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab209#supplementary-data
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prevalence of LTBI approached 25% [28]. A study conducted 
in South Korea revealed that the prevalence of LTBI exerted a 
strong effect on the incremental cost-effectiveness ratio [29]. 

Therefore, although the whole diabetic population should not 
be prioritized, programmatic screening and treatment for LTBI 
should be considered for elderly patients with pDM.

Table 4. Details of Adverse Drug Reactions (ADRs) in Patients Receiving 3-Month Weekly Isoniazid and Rifapentine (3HP) or 9-Month Daily Isoniazid (9H)

Total (n = 200) 3HP (n = 138) 9H (n = 62) P-value

Any ADR 141 (70.5%) 108 (78.3%) 33 (53.2%) <.001

Systemic drug reaction 9 (4.5%) 9 (6.5%) 0 .091

 Flu-like syndrome 8 (4.0%) 8 (5.8%) 0 .122

 Hypotension 1 (0.5%) 1 (0.7%) 0 .680

 Urticaria 2 (1.0%) 2 (1.4%) 0 .854

Hepatotoxicity 8 (4.0%) 4 (2.9%) 4 (6.5%) .426

 Grade 3 1 (0.5%) 1 (0.7%) 0 .680

 Grade 2 3 (1.5%) 1 (0.7%) 2 (3.2%) .473

Gastrointestinal ADRs 93 (46.5%) 78 (56.5%) 15 (24.2%) <.001

 Nausea 53 (26.5%) 42 (30.4%) 11 (17.7%) .060

  Gr. 2 26 (13.0%) 23 (16.7%) 3 (4.8%) .021

 Epigastralgia 29 (14.5%) 25 (18.1%) 4 (6.5%) .030

  Gr. 2 18 (9.0%) 16 (11.6%) 2 (3.2%) .056

 Anorexia 29 (14.5%) 20 (14.5%) 9 (14.5%) .997

  Gr. 2 5 (2.5%) 3 (2.2%) 2 (3.2%) .961

 Diarrhea 9 (4.5%) 9 (6.5%) 0 .091

Flu-like symptoms 88 (44.0%) 74 (53.6%) 14 (22.6%) <.001

 Dizziness 59 (29.5%) 51 (37.0%) 8 (12.9%) .001

  Gr. 3 1 (0.5%) 1 (0.7%) 0 .680

  Gr. 2 13 (6.5%) 11 (8.0%) 2 (3.2%) .343

 Malaise 44 (22.0%) 40 (29.0%) 4 (6.5%) <.001

  Gr. 2 6 (3.0%) 5 (3.6%) 1 (1.6%) .747

 Lethargy 27 (13.5%) 21 (15.2%) 6 (9.7%) .289

 Myalgia and arthralgia 24 (12.0%) 24 (17.4%) 0 <.001

  Gr. 2 13 (6.5%) 13 (9.4%) 0 .029

 Headache 22 (11.0%) 21 (15.2%) 1 (1.6%) .004

  Gr. 2 9 (4.5%) 9 (6.5%) 0 .091

 Fever 20 (10.0%) 20 (14.5%) 0 .002

  Gr. 2 14 (7.0%) 14 (10.1%) 0 .021

 Febrile sensation and flush 20 (10.0%) 19 (13.8%) 1 (1.6%) .008

  Gr. 2 2 (1.0%) 2 (1.4%) 0 .854

 Chills 11 (5.5%) 11 (8.0%) 0 .051

  Gr. 2 3 (1.5%) 3 (2.2%) 0 .589

 URT symptoms 10 (5.0%) 9 (6.5%) 1 (1.6%) .262

  Gr. 2 1 (0.5%) 1 (0.7%) 0 .680

Cutaneous ADRs 33 (16.5%) 18 (13.0%) 15 (24.2%) .049

 Rash 15 (7.5%) 9 (6.5%) 6 (9.7%) .622

  Gr. 2 10 (5.0%) 4 (2.9%) 6 (9.7%) .092

 Itching 25 (12.5%) 13 (9.4%) 12 (19.4%) .049

  Gr. 2 8 (4.0%) 3 (2.2%) 5 (8.1%) .115

 Vasculitis 1 (0.5%) 0 1 (1.6%) .680

Cardiovascular 19 (9.5%) 17 (12.3%) 2 (3.2%) .043

 Palpitation 9 (4.5%) 9 (6.5%) 0 .091

  Gr. 2 3 (1.5%) 3 (2.2%) 0 .589

 Hypertension 9 (4.5%) 7 (5.1%) 2 (3.2%) .831

  Gr. 3 1 (0.5%) 1 (0.7%) 0 .680

  Gr. 2 2 (1.0%) 2 (1.4%) 0 .854

Numbness 5 (2.5%) 4 (2.9%) 1 (1.6%) .961

  Gr. 2 1 (0.5%) 1 (0.7%) 0 .680

Fluctuated glucose control 7 (3.5%) 4 (2.9%) 3 (4.8%) .784

  Gr. 2 1 (0.5%) 1 (0.7%) 0 .680

Data are presented as number (%). The denominator of each calculation of percentage is the number of cases in each corresponding group.
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; Gr., grade; T-Bil, total bilirubin; ULN, upper limit of normal; URT, upper respiratory tract.
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The results of this study suggested that the use of metformin 
seems protective against LTBI. Metformin is recommended as 
a first-line therapy for DM and might be beneficial in TB treat-
ment. A  systematic review including 12 observational studies 
reported that metformin significantly reduced the risk of 
TB-related mortality and shortened the time to sputum conver-
sion [30]. In addition, metformin may reduce LTBI risk in DM 
patients [31, 32]. The protective effect of metformin might be 
due to its ability to enhance the function of phagolysosomes, 
modulate the innate host response to Mycobacterium tubercu-
losis, and reduce the chronic inflammation of the infected lung 
[33].

The optimal TPT regimen for patients with DM remains 
unclear. Among WHO-recommended regimens, 3HP is rec-
ognized for its shorter course duration and simplicity, leading 
to a higher completion rate than the 9H regimen, regardless 
of its high rate of ADRs [34]. In patients with DM, 3HP poses 
more safety concerns because rifapentine is a potent inducer 
of cytochrome P450, interfering with the metabolism of oral 
antidiabetic drugs [19]. In the current study, only 3.5% of pa-
tients with pDM (2.9% in 3HP group and 4.8% in 9H group) 
experienced mild fluctuation in glucose level. Although no sig-
nificant difference in the discontinuation rate was observed be-
tween 3HP and 9H regimens in the whole study population and 
subgroups, the point estimate favors 9H in those who were aged 
<65 years and received education up to primary school or lower. 
Additional studies are necessary to confirm the findings.

More than three-quarters of the 3HP group developed ADRs, 
mainly grade 1 or 2 in severity. Nonetheless, the completion 
rates of the 3HP and 9H regimens were both high (84.1% and 
79.0%, respectively) under care from the present collaborative 
multidisciplinary team. Several crucial and unique features 
may explain the success. The first is forming a multidisciplinary 
task force and conducting regular meetings to discuss the study 
progress. Second, the benefits of LTBI screening were empha-
sized by patients’ regular endocrinologists, with whom they can 
be expected to have had rapport, and participants were referred 
to pulmonologists qualified by the Taiwan CDC for LTBI treat-
ment once an QFT-positive result obtained. Third, decisions 
regarding whether patients should receive TPT and the choice 
of the preventive regimen were determined through shared de-
cision making, during which the advantages and disadvantages 
are well explained. Fourth, TPT medications were administered 
along with a symptom reliever in case of ADRs. Fifth, during 
TPT, endocrinologists monitored changes in the blood sugar 
level to consolidate patients’ safety and adherence. Finally, the 
entire treatment course was supervised by DOT supporters and 
case managers who were trained and qualified in promoting ad-
herence and reporting and managing ADRs.

The current study has some limitations. First, the decreased 
M. tuberculosis-specific interferon-gamma response in patients 
[35] may have compromised the validity of LTBI diagnosis. 

Second, because therapeutic drug monitoring was not per-
formed, we cannot speculate about the responsible drug or 
drug interactions causing ADRs. Third, because of the limited 
number of cases, we could not compare the risk of incident TB, 
which is the most critical outcome of TPT, between different 
regimens.

CONCLUSIONS

Because the prevalence of LTBI exceeds 25% in elderly pa-
tients with pDM, programmatic LTBI interventions in-
tegrating health professionals, endocrinologists, and 
pulmonologists can facilitate the successful implementation 
of LTBI policy to achieve high screening and completion 
rates, regardless of the regimen.
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