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Abstract 

Background Tuberculosis (TB) is one of the most widespread infectious diseases worldwide, typically persisting 
in the body as a latent TB infection (LTBI). Patients with type 2 diabetes have an increased risk of LTBI progressing 
to active TB. Therefore, this study determined the prevalence and predictors of LTBI and assessed the agreement 
between tuberculin skin test (TST) and interferon-gamma release assay (IGRA) in diagnosing LTBI among type 2 dia-
betics in Sana’a city, Yemen.

Methods A cross-sectional study was conducted among 150 type 2 diabetics in private health facilities in Sana’a 
in 2023. Data about demographics, diabetes-related characteristics, and potential risk factors for LTBI were col-
lected using a structured questionnaire. Patients were then screened for LTBI using TST and IGRA. Univariate analysis 
was used to identify LTBI-associated risk factors, and multivariable binary logistic regression was used to identify 
independent predictors of LTBI. The agreement between TST and IGRA for diagnosing LTBI was assessed using Cohen’s 
kappa coefficient (κ).

Results LTBI was prevalent among 29.3% of type 2 diabetics using both types of tests (25.3% with IGRA and 21.3% 
with TST). Male gender was an independent predictor of LTBI (AOR = 4.4, 95% confidence interval: 1.30–15.08; 
P = 0.018). However, being employed (AOR = 0.3, 95% CI: 0.09–0.75; P = 0.013) and longer duration since diabe-
tes diagnosis (AOR = 0.3, 95% CI: 0.12–0.98; P = 0.046) were identified as predictors of lower LTBI risk. The agree-
ment between TST and IGRA for the diagnosis of LTBI was 88%, with a good and statistically significant agreement 
between the two test types (κ = 0.670; P < 0.001).

Conclusions LTBI is common among type 2 diabetics seeking medical care in Sana’a city, with about one-third 
of them possibly being latently infected. A higher LTBI risk can be predicted among males, while a lower risk can be 
predicted among those employed or being diagnosed with diabetes for at least five years. The TST shows good agree-
ment with IGRA in diagnosing LTBI among type 2 diabetics, supporting its continued use as a cost-effective and easily 
accessible test for diagnosing LTBI in the country.
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Introduction
Tuberculosis (TB) is one of the most common commu-
nicable diseases, affecting approximately one-third of the 
world’s population [1]. In 2022, the World Health Organ-
ization (WHO) estimated that there were 7.5  million 
newly diagnosed TB cases worldwide, with an incidence 
rate of 133 cases per 100,000 people, and designated the 
disease as the second highest cause of death from a sin-
gle infectious agent worldwide after coronavirus disease 
2019 (COVID-19) [2]. In Yemen, TB is a major public 
health problem, with an estimated incidence of 48 cases 
per 100,000 people in 2022 [3]. The prevalence of LTBI 
among healthcare workers (HCWs) in tertiary care hos-
pitals in Sana’a city was found to be 20% using the inter-
feron-gamma (IFN-γ) release assay (IGRA) but varied 
from 12.2 to 50.5% using the tuberculin skin test (TST) 
[4–6], highlighting the high burden of LTBI among at-risk 
populations in the country. However, the true burden of 
TB in the country may be underestimated [7]. In Yemen, 
infants are routinely vaccinated with Bacillus Calmette-
Guérin (BCG) shortly after birth as part of the national 
immunization schedule. However, reported BCG cover-
age in the country has varied over the years and by geo-
graphical area [8]. However, the administrative coverage 
was only 70% in 2021 compared to 65% in 2010 [8], with 
the absence of independent third-party survey coverage. 
Armed conflicts, humanitarian crises and challenging 
circumstances in the country over the past decade have 
severely compromised the capacity of the National TB 
Control Programme and TB centres, resulting in inade-
quate support and resources. Therefore, extensive efforts 
are needed to prevent the spread of TB in the country, 
taking into account the fragile health system infrastruc-
ture and the limited resources available.

Latent tuberculosis infection (LTBI) occurs when the 
immune response to Mycobacterium tuberculosis anti-
gens persists without clinically manifesting as an active 
disease [9]. Therefore, the main goal of LTBI treatment is 
to prevent progression to active TB, particularly in high-
risk populations living in regions with TB burden [10]. 
While the exact mechanism of TB progression is not yet 
fully understood, patients with non-communicable dis-
eases (NCDs) that impair their immune systems are more 
susceptible to LTBI reactivation into active TB [11]. This 
issue is worrying as the global burden of TB and NCDs 
increases. The coexistence of LTBI and NCDs can have 
synergistic negative effects on the health of individu-
als and the entire population [12]. Although only about 
10% of people with LTBI ever experience reactivation, the 
risk of progression to active TB increases in patients with 
immunosuppression [13].

Diabetes mellitus (DM) is a chronic metabolic dis-
order that weakens the immune system and increases 

susceptibility to infections, including TB. It can increase 
TB incidence by threefold [14]. The upsurge in the global 
prevalence of DM, especially in countries with high TB 
burdens, raises concerns about its potential impact on 
TB control efforts worldwide [15]. The coexistence of 
these two diseases stems from the “pandemic” of type 2 
diabetes, which is projected to affect 366 million people 
by 2030 [16]. According to WHO, over 95% of all diabe-
tes cases worldwide are type 2 diabetes [17], and approxi-
mately 7.7% of the Yemeni population is estimated to 
have type 2 diabetes [18]. DM is recognized as a signifi-
cant but often overlooked risk factor for active TB [19], 
influencing the clinical presentation, progression and 
mortality risk associated with TB. Hyperreactive T cells 
represent one aspect of the defective immune response 
in diabetics, potentially altering the clinical course of TB 
in this population [20]. Although a previous study found 
that DM was significantly associated with IGRA positiv-
ity among HCWs in tertiary care hospitals in Sana’a city 
of Yemen [5], the prevalence and risk factors associated 
with LTBI among this at-risk population remain unclear.

Screening and treating high-risk populations for LTBI 
is a key strategy in TB prevention and control [21]. 
LTBI screening involves assessing the immune response 
using TST or IGRA [22]. While TST is commonly used 
for LTBI screening, its interpretation can be challeng-
ing. It may yield false-positive results in people who 
have received the BCG vaccine or are infected with non-
tuberculous mycobacteria (NTM) [23, 24]. False-negative 
results can also be caused by errors in antigen admin-
istration or result reading, as well as poor cold chain 
maintenance [23, 24]. Moreover, individuals from impov-
erished and remote communities incur indirect costs 
associated with revisiting health facilities for test result 
readings [23, 24]. On the other hand, IGRA is a more 
specific in vitro test that detects the release of IFN-γ by 
lymphocytes exposed to specific antigens of M. tubercu-
losis, making it unaffected by BCG vaccination or NTM 
infection. However, it is more expensive and requires a 
well-equipped laboratory [25]. The combination of TST 
with IGRA can increase the sensitivity of LTBI detection 
in immunocompromised patients [21]. In Yemen, TST is 
routinely used for LTBI screening in TB centres, as well 
as in public and private health facilities engaged in TB 
diagnosis and treatment. Therefore, it is crucial to assess 
its agreement with IGRA for the diagnosis of LTBI.

Given the rising incidence of type 2 diabetes and the 
lack of published studies on LTBI among type 2 diabetics 
in Yemen, this study aimed to determine the prevalence 
and risk factors associated with LTBI among type 2 dia-
betics in Sana’a city, Yemen. In addition, the agreement 
between TST and IGRA in diagnosing LTBI in this popu-
lation was assessed.
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Methods
Study design and population
A cross-sectional study was conducted among type 2 dia-
betics seeking medical care in private health facilities in 
Sana’a city from February to June 2023. Adult male and 
female patients were eligible for inclusion in the study if 
they provided written informed consent to participate 
voluntarily. Diabetics with other immunocompromising 
conditions were excluded from the study.

Sample size and sampling method
Using OpenEpi, version 3.01 (available at www. opene pi. 
com), a minimum sample size of 148 diabetics was deter-
mined based on an expected LTBI prevalence of 10.8% 
in the neighbouring country of Saudi Arabia [26], a con-
fidence level of 95%, an absolute precision of 5%, and a 
design effect of 1, assuming that the diabetic population 
is relatively homogeneous and not influenced by cluster-
ing. However, 150 patients were recruited for the study. 
A multi-stage cluster sampling approach was employed 
to ensure a representative sample, with the city districts 
serving as study clusters. First, four out of ten districts 
were randomly selected; namely, Al Wahdah, As Sabain, 
At Tahrir, and Ma’ain. Second, a list of private health 
facilities in each selected district was prepared, and four 
facilities were then randomly selected. Third, all type 2 
diabetics attending the selected facilities were invited to 
participate in the study using a convenience sampling 
approach until the required sample size was reached.

Data collection
Data on diabetics’ demographic and diabetes-related 
characteristics, along with potential risk factors for LTBI, 
were collected using a structured questionnaire (Sup-
plementary File 1) through face-to-face interviews. The 
questionnaire was pilot tested for content and face valid-
ity by three experts in the field, as well as for clarity and 
length among a group of 20 type 2 diabetics who were 
not included in the data analysis. Based on the feedback 
received, necessary modifications were made to the final 
version of the questionnaire used for data collection.

IGRA performance
For the diagnosis of LTBI with IGRA, the commercial kit 
QuantiFERON-TB Gold (QIAGEN, Hilden, Germany) 
was used to measure IFN-γ release by enzyme-linked 
immunosorbent assay (ELISA), as instructed by the man-
ufacturer. Briefly, a trained HCW collected 3 ml of whole 
blood from each patient into a heparin tube, which was 
dispensed as 1  ml aliquots into each of the three tubes 
provided with the kit: one for the assay and the other two 
for negative and positive controls. The tubes were imme-
diately incubated at 37  °C for 24 h, and the plasma was 

then separated by centrifugation. Then, IFN-γ was meas-
ured in plasma samples using the readwell TOUCH™ 
automatic ELISA reader (ROBONIK, Thane, India), 
and the results were interpreted as specified by the 
manufacturer.

Intradermal TST
The TST was performed and interpreted according to the 
US Centers for Disease Control and Prevention guide-
lines [27]. Briefly, 0.1 ml of tuberculin solution (ARKRAY 
Healthcare, Gujrat, India) was injected intradermally 
into the inner surface of a forearm. As a negative control, 
0.1 ml of sterile normal saline was injected into the other 
forearm to minimize the potential for misinterpreting 
non-specific reactions, such as hives or inflammation, as 
positive TST results. The test result was read 48 to 72 h 
after injection, and induration of ≥ 10  mm on the test 
forearm indicated a positive test [27].

Data analysis
Data were analysed using IBM SPSS Statistics, version 
21.0 (IBM Corp., Armonk, NY, USA) at a significance 
level of < 0.05. Continuous variables were summarized 
using the mean and standard deviation (SD) for normally 
distributed data, while the median and interquartile 
range (IQR) were used for non-normally distributed data. 
On the other hand, frequencies and proportions were 
used to describe categorical variables. The prevalence of 
LTBI among type 2 diabetics was calculated and disag-
gregated by the results of IGRA and TST, along with the 
corresponding 95% confidence intervals (CIs).

Univariate analysis using binary logistic regression was 
used to assess the association between the independent 
variables and LTBI, along with reporting the odds ratios 
(ORs) and 95% CIs of the associations. Independent pre-
dictors of LTBI were then identified using multivariable 
binary logistic regression, and their adjusted ORs (AORs) 
and 95% CIs were also reported. The IGRA results were 
used in the logistic regression analyses because of the 
higher specificity of IGRA, which helps reduce misclas-
sification of diabetics with false-positive LTBI. Cohen’s 
kappa coefficient (κ) was used to assess the level of agree-
ment between TST and IGRA for diagnosing LTBI. The 
level of agreement was classified as poor (κ < 0.20), fair 
(κ = 0.20–0.40), moderate (κ > 0.40–0.60), good (κ > 0.60–
0.80), or very good (κ > 0.80) [28].

Results
Study population characteristics
The mean age of type 2 diabetics in this study was 
51.4 ± 12.1 years, ranging from 19 to 85 years, and more 
than half of them were middle-aged adults (36 to 55 
years old). Most diabetics were males (57.3%), urban 

http://www.openepi.com
http://www.openepi.com
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residents (74.7%), married (89.3%), literate (72.7%), 
unemployed (58%), and living in large-sized households 
with at least five members (78%). The mean percent-
age of glycated haemoglobin (HbA1c) was 9 ± 2%, with 
84.7% of diabetics having an HbA1c percentage of 7% 
or higher. On the other hand, the median duration since 
diagnosis of type 2 diabetes was 7 (IQR of 9) years, with 
64% of patients having been diagnosed for at least five 
years and 94.7% reporting antidiabetic medication use 
(Table 1).

Prevalence of LTBI among type 2 diabetics
The overall prevalence of LTBI among type 2 diabetics 
was 29.3% (95% CI: 23–37). Specifically, 25.3% of cases 
(95% CI: 18–32) were diagnosed using IGRA, while 21.3% 
(95% CI: 16–29) were identified using TST (Table 2).

Risk factors for IGRA‑based LTBI
Gender was significantly associated with LTBI in uni-
variate analysis, with males being 2.6 times more likely 
to have an infection compared to females (OR = 2.6, 
95% CI: 1.16–5.87; P = 0.018). Furthermore, male gen-
der was identified as an independent predictor of LTBI 
in multivariable analysis (AOR = 4.3, 95% CI: 1.25–14.90; 
P = 0.021). Although employment status (OR = 0.8, 95% 
CI: 0.35–1.60; P = 0.456) and the duration since diabetes 
diagnosis (OR = 0.7, 95% CI: 0.33–1.50; P = 0.364) showed 
no significant association with LTBI infection in univari-
ate analysis, employment (AOR = 0.3, 95% CI: 0.09–0.75; 
P = 0.013) and longer duration since diabetes diagnosis 
(AOR = 0.3, 95% CI: 0.12–0.98; P = 0.046) were identi-
fied as predictors of low LTBI risk by multivariable logis-
tic regression. Nevertheless, LTBI showed no significant 
association with age, place of residence, literacy status, 
marital status, household size, glycaemic control, anti-
diabetic medication use, family history of TB, household 
contact with TB patient(s), or smoking status (Table 3).

Agreement between IGRA and TST for LTBI diagnosis
The agreement between TST and IGRA in diagnosing 
LTBI among type 2 diabetics was 88%, with a good and 
statistically significant level of agreement between the 
two types of tests (k = 0.67; P = 0.001) (Table 4).

Discussion
To the best of our knowledge, no previous studies on the 
prevalence and risk factors associated with LTBI among 
type 2 diabetics or the diagnostic agreement of TST with 
QuantiFERON IGRA have been published in Yemen. In 
this study, the combined use of TST and IGRA revealed 

Table 1 Characteristics of the study population*

* The total number of diabetics included in the study was 150. SD standard 
deviation; IQR interquartile range; HbA1c glycated haemoglobin.

Characteristics n (%)

Gender

 Male 86 (57.3)

 Female 64 (42.7)

Age (years)

 Mean ± SD (range): 51.4 ± 12.1 (19–85)

 19–35 18 (12.0)

 36–55 80 (53.3)

 ≥ 56 52 (34.7)

Residence
 Rural 38 (25.3)

 Urban 112 (74.7)

Literacy status
 Literate 109 (72.7)

 Illiterate 41 (27.3)

Employment status
 Employed 63 (42.0)

 Unemployed 87 (58.0)

Marital status
 Married 134 (89.3)

 Unmarried 16 (10.7)

Household size (members)

 Median (IQR): 6 (3)

 Small-to-medium (< 5) 33 (22.0)

 Large (≥ 5) 117 (78.0)

 HbA1c (%)

Mean ± SD: 9.0 ± 2.0

 < 7 23 (15.3)

 ≥ 7 127 (84.7)

Duration of diabetes (years)

 Median (IQR): 7 (9)

 < 5 54 (36.0)

 ≥ 5 96 (64.0)

Antidiabetic medication use
 Yes 142 (94.7)

 No 8 (5.3)

Table 2 Prevalence of LTBI among type 2 diabetics seeking 
medical care in private health facilities in Sana’a city, Yemen 
(2023)*

LTBI latent tuberculosis infection, CI confidence interval, IGRA  interferon‑gamma 
release assay, TST tuberculin skin test
* The total number of diabetics was 150. n, number of patients positive with the 
corresponding test

Prevalence of LTBI n (%) 95% CI

IGRA-based 38 (25.3) 18–32

TST-based 32 (21.3) 16–29

Overall (IGRA and TST) 44 (29.3) 23–37
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that LTBI was prevalent among 29.3% (25.3% using IGRA 
and 21.3% using TST) of type 2 diabetics seeking medical 
care in Sana’a city. Gender was an independent predictor 

of LTBI, being more than four times more likely among 
males than females, while employment and longer dura-
tion since diabetes diagnosis were predictors of reduced 

Table 3 Risk factors associated with IGRA-based LTBI among type 2 diabetics seeking medical care in private health facilities in Sana’a 
city, Yemen (2023)

N total number examined, n number positive by IGRA, LTBI latent tuberculosis infection, OR odds ratio, AOR adjusted odds ratio, CI confidence interval, HbA1c glycated 
haemoglobin

Variable N IGRA‑based LTBI Univariate analysis Multivariable analysis

n (%) OR (95% CI) P‑value AOR (95% CI) P‑value

Gender

 Female 64 10 (15.6) Reference 0.018 Reference 0.021

 Male 86 28 (32.6) 2.6 (1.16–5.87) 4.3 (1.25–14.90)

Age (years)

 19–35 18 3 (16.7) Reference Reference

 36–55 80 18 (22.5) 1.5 (0.38–5.58) 0.587 2.3 (0.47–11.16) 0.306

 ≥ 56 52 17 (32.7) 2.4 (0.62–9.54) 0.204 3.8 (0.65–22.74) 0.140

Residence
 Rural 38 8 (21.1) Reference 0.483 Reference 0.248

 Urban 112 30 (26.8) 1.4 (0.57–3.32) 1.9 (0.65–5.38)

Literacy status
 Literate 109 32 (29.4) Reference 0.065 Reference 0.164

 Illiterate 41 6 (14.6) 0.4 (0.16–1.08) 0.4 (0.12–1.43)

Employment status
 Unemployed 87 24 (27.6) Reference 0.456 Reference 0.013

 Employed 63 14 (22.2) 0.8 (0.35–1.60) 0.3 (0.09–0.75)

Marital status
 Unmarried 16 2 (12.5) Reference 0.174 Reference 0.767

 Married 134 36 (26.9) 2.6 (0.56–11.88) 1.3 (0.24–7.05)

Household size (members)

 Small-to-medium (< 5) 33 6 (18.2) Reference 0.285 Reference 0.371

 Large (≥ 5) 117 32 (27.4) 1.7 (0.64–4.49) 1.7 (0.54–5.17)

Duration since diabetes diagnosis (years)

 < 5 54 16 (29.6) Reference 0.364 Reference 0.046

 ≥ 5 96 22 (22.9) 0.7 (0.33–1.50) 0.3 (0.12–0.98)

Glycaemic control (HbA1c %)

 Good (< 7) 23 7 (30.4) Reference 0.541 Reference 0.846

 Poor (≥ 7) 127 31 (24.4) 0.7 (0.28–1.96) 0.9 (0.28–2.85)

Antidiabetic medication intake
 Yes 142 36 (25.4) Reference 0.672 Reference 0.745

 No 8 2 (25.0) 0.9 (0.19–5.08) 0.7 (0.09–5.43)

Family history of TB
 No 138 33 (23.9) Reference 0.156 Reference 0.379

 Yes 12 5 (41.7) 2.2 (0.68–7.64) 3.8 (0.20–73.35)

Household contact with TB patient(s)
 No 140 34 (24.3) Reference 0.226 Reference 0.600

 Yes 10 4 (40.0) 2.1 (0.55–7.80) 0.4 (0.02–10.63)

Smoking status
 Non-smoker 90 21 (23.3) Reference Reference

 Ex-smoker 37 10 (27.0) 1.2 (0.51–2.92) 0.660 0.7 (0.23–2.06) 0.501

 Smoker 23 7 (30.4) 1.4 (0.52–3.96) 0.483 1.0 (0.31–3.54) 0.946
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risk of LTBI. Moreover, 88% of results were concordant 
between TST and IGRA in screening for LTBI among 
diabetics in the present study, with good and statistically 
significant agreement between the two test types.

The IGRA-based prevalence among diabetics in the 
present study is higher than that (20%) reported for 
HCWs in tertiary care hospitals in Sana’a [5, 6], while the 
TST-based prevalence among HCWs in the city ranged 
from 12.2 to 50.5% [4, 6]. The high prevalence of LTBI 
among diabetics is concerning because diabetics are 
more susceptible to infection with M. tuberculosis and 
are at higher risk of developing active TB compared to 
non-diabetics [29–33]. Therefore, it is crucial to diagnose 
LTBI in diabetics and early diagnose DM among patients 
with TB to ensure optimal care for both conditions 
[34]. As the present study did not include a comparison 
between diabetics and non-diabetics, further compara-
tive studies are needed to assess the association between 
type 2 diabetes and LTBI.

The prevalence of LTBI in the present study is compa-
rable to that reported for diabetics in Singapore (28.2%), 
the United Kingdom (31.5%) and South India (32%), but 
slightly higher than that reported for diabetics in Taiwan 
(21.5%) and diabetic Syrian refugees (19.5%) [30, 35–38]. 
On the other hand, the prevalence is much higher than 
that among diabetics in Malaysia (4.8–11.4%) and the 
United States (7.6–11.6%) [11, 32, 39, 40], while it is con-
siderably lower than the reported prevalence among dia-
betics in Uganda (57.8%), Mexico (51.3%), India (48%), 
and Indonesia (38.9%) [41–44]. Nevertheless, the preva-
lence of LTBI among diabetics is likely underestimated 
in many countries, and differences can arise depending 
on the epidemiology of TB and the diagnostic method 
used across different countries. Furthermore, differences 
in health system infrastructure, access to healthcare ser-
vices, socioeconomic conditions and diabetes manage-
ment practices also play a role in the observed variations 
in the prevalence of LTBI among diabetics across differ-
ent countries.

The present study found that male gender is an inde-
pendent predictor of LTBI among type 2 diabetics, which 
is inconsistent with the significantly higher prevalence of 
LTBI among female than male HCWs in Sana’a city [5, 6]. 

This inconsistency indicates that the factors influencing 
the disproportional distribution of LTBI based on gender 
may differ between HCWs and other groups in the gen-
eral population, including diabetics. On the other hand, 
the finding of the present study agrees with that reported 
for diabetics in Taiwan [45] but contradicts that observed 
in Malaysia [11, 13, 40, 46]. The low risk of LTBI among 
diabetics who were employed or had been diagnosed 
with diabetes for at least five years may be attributed in 
part to the possible impact of higher income and better 
diabetes control in lowering LTBI risk. The lack of sig-
nificant associations between other demographic charac-
teristics and LTBI among diabetics in the present study 
is consistent with some previous reports but contradicts 
others [11, 36, 38, 40–43, 46, 47]. These discrepancies 
could be attributed, among other reasons, to differences 
in study designs, sample sizes, and LTBI diagnostic meth-
ods employed.

A diabetes duration of at least five years was a signifi-
cant predictor of reduced risk of LTBI. This finding is 
inconsistent with observations among diabetics in India, 
Malaysia, and Taiwan [11, 38, 43, 48]. The influence of 
other factors, including individual variations in immune 
response and the presence of comorbidities, may play 
a role in determining the risk of LTBI among diabetics. 
Therefore, further research is needed to better under-
stand the complex interplay between diabetes, immune 
function, and LTBI risk. On the other hand, this study 
did not find a significant association between poorly 
controlled type 2 diabetes and LTBI. This finding aligns 
with that observed among diabetics in Kelantan state of 
Malaysia, India, and Taiwan [ [11, 38, 43, 48]. In contrast, 
poor glycaemic control was identified as a significant risk 
factor for LTBI among diabetics from Mexico, and the 
Malaysian state of Terengganu [40, 41].

The absence of a significant association between LTBI 
among diabetics and household contact with TB patients 
in this study may be partially explained by the low 
response rate to this particular questionnaire item, which 
might have undermined the statistical power to find an 
association. This low response could be attributed to the 
possibility of stigmatization experienced by patients who 
have household cases of TB, leading to a reluctance to 

Table 4 Agreement between TST and IGRA in LTBI diagnosis among type 2 diabetics seeking medical care in private health facilities in 
Sana’a city, Yemen

a Calculated as the number of cases in agreement (positive and negative by both techniques)/total number of cases × 100

IGRA Agreement (%)a k-coefficient P-value

TST Positive n (%) Negative n (%) Total n (%)

Positive 26 (68.4) 6 (5.4) 32 (21.3) 88.0 0.67 0.001

Negative 12 (31.6) 106 (94.6) 118 (78.7)

Total 38 (100.0) 112 (100.0) 150 (100.0)
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disclose information about their contact history. In con-
trast, contact with active TB cases was found to be signif-
icantly associated with LTBI among HCWs in Sana’a [5]. 
In contrast to the present study, living with a relative with 
TB and contact with TB patients were found to be signifi-
cant risk factors for LTBI among diabetics in Mexico and 
Terengganu state of Malaysia, respectively [40, 41].

There is a consistent body of evidence to support the 
notion that smoking is a risk factor associated with poor 
TB outcomes, including LTBI reactivation, active TB 
progression, and an increased risk of TB-related mortal-
ity [49–51]. Nevertheless, smoking status was not sig-
nificantly associated with LTBI among patients in the 
present study. In line with this finding, cigarette smok-
ing was not identified as a risk factor for LTBI among 
diabetics in Mexico [52], and no significant association 
was found between smoking status or duration and LTBI 
among diabetics in Kelantan, Malaysia [11]. In contrast, 
smoking was identified as a risk factor for LTBI among 
HCWs in Yemen and diabetics in Malaysia and Taiwan 
[5, 40, 46, 48]. The conflicting findings on the associa-
tion between smoking and LTBI across different studies 
may be attributed to discrepancies in study designs, sam-
ple sizes, the type of test used to diagnose LTBI, and the 
prevalence of smoking in the general population.

There is no gold standard test for the diagnosis of LTBI 
[1], but both TST and IGRA are recommended by WHO 
to diagnose it indirectly through immune response detec-
tion [9]. In Yemen, TST is routinely used to diagnose 
LTBI due to its ease of use and affordability. However, 
this test has several limitations, including its low speci-
ficity in BCG-vaccinated individuals, cross-reactivity 
with NTM, and low sensitivity in immunocompromised 
patients [23, 24]. These limitations pose a challenge when 
interpreting TST results, leading to the risk of unneces-
sary treatments or missed diagnoses with delayed treat-
ment. Given the limitations of TST, this study was the 
first to assess its diagnostic agreement with the more 
specific and sensitive IGRA for diagnosing LTBI in type 
2 diabetics in Yemen. In this regard, there was a good 
and statistically significant level of agreement, which 
contrasts with a previous study that reported a poor 
agreement between TST and DRG IFN-γ ELISA kit in 
diagnosing LTBI among HCWs in Sana’a [6], suggesting 
that the choice of IGRA kits can have an impact on the 
level of agreement observed between the tests. In agree-
ment with the present study, a significant and substantial 
level of agreement was observed between IGRA and TST 
for diagnosing LTBI among Indonesian diabetics under-
going antidiabetic treatment [53]. In contrast, a fair level 
of agreement was found between IGRA and TST for 
diagnosing LTBI among diabetics in Singapore and China 
[30, 54]. The variable agreement between IGRA and TST 

in various studies can be attributed to several factors, 
including the specific types of IGRA and TST used, the 
prevalence of TB in the population under investigation, 
the presence of other comorbidities, and the immune sta-
tus of patients [55].

Given the good level of agreement between IGRA and 
TST in diagnosing LTBI in type 2 diabetics, the con-
tinued use of TST in Yemen can be encouraged due to 
its lower cost and the limited resources in the country. 
TST remains the widely used test for diagnosing LTBI in 
developing countries because of its lower cost and ease 
of use compared to other more specific alternatives, 
including IGRA [56]. On the other hand, IGRA can be 
used to confirm suspected false-positive TST results. It 
is intriguing to note that a previous study, using the same 
IGRA kit (QuantiFERON-TB Gold) as the present study, 
found that diabetes does not compromise the sensitiv-
ity of IGRA for TB diagnosis [57]. Instead, IGRA sensi-
tivity was found to be significantly higher in TB patients 
with diabetes compared to those without diabetes [56]. 
Nevertheless, further research is needed to validate and 
better understand the interplay between diabetes and 
the increased sensitivity of IGRA in the context of TB 
diagnosis.

It is important to consider certain limitations when 
interpreting the findings of this study. First, the study was 
conducted among type 2 diabetics who sought medical 
care in private health facilities, which may affect the gen-
eralizability of the findings to the broader diabetic popu-
lation in the community. In addition, caution should be 
exercised when extrapolating the study findings to other 
healthcare settings. Second, selection bias could arise 
from the convenience sampling of participants, as it was 
difficult to create a sampling frame for random selection 
from this type of population. Furthermore, many patients 
refused to undergo testing with TST and IGRA. How-
ever, to mitigate the potential impact of selection bias, 
the study districts and health facilities were randomly 
selected. Third, the relatively small size of the study sam-
ple might have impacted the statistical power to detect 
significant associations between certain risk factors and 
LTBI, even though clearly defined criteria were used for 
its calculation. Therefore, conducting large-scale studies 
with larger sample sizes is recommended to obtain more 
statistically robust results. Furthermore, it is impor-
tant to acknowledge that the study may not cover the 
full range of potential risk factors for LTBI. Thus, com-
parative cross-sectional or case-control studies involv-
ing diabetic and non-diabetic populations are warranted 
to analyse these factors in depth. Finally, due to patient 
refusals, data on BCG vaccination status could not be 
collected for the majority of LTBI-positive patients. As a 
result, this variable had to be excluded from the analysis, 
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and the potential impact of BCG vaccination on TST 
results and agreement with IGRA could not be assessed. 
On the other hand, it was not possible to perform a two-
step TST to help reduce the likelihood of false-negative 
results because diabetics declined to undergo test repeti-
tion. Accordingly, further studies incorporating informa-
tion on BCG vaccination and performing a two-step TST 
are needed to validate the agreement between the two 
types of tests in BCG-vaccinated individuals.

Despite the above limitations, this study still provides 
important insights into the high prevalence of LTBI 
in this particular population. It also serves as a criti-
cal foundation for conducting future studies in various 
community and healthcare settings, enabling more com-
prehensive investigations into the burden of LTBI and 
associated factors. Meanwhile, this study informs physi-
cians and policymakers in the country about the agree-
ment of TST with QuantiFERON IGRA for the diagnosis 
of LTBI among diabetics, highlighting the practicality of 
the continued use of TST.

Conclusions
LTBI is common among type 2 diabetics seeking medical 
care in Sana’a city, with about one-third of them poten-
tially latently infected based on the combined use of TST 
and IGRA. As a result, it is crucial to conduct longitudi-
nal studies to investigate the possible progression of LTBI 
to active disease among this at-risk population. Further-
more, gender serves as an independent predictor of LTBI 
among type 2 diabetics, consistently showing higher 
infection rates in males compared to females. However, 
employment and a longer time since diabetes diagnosis 
may predict a lower risk of infection. The TST shows 
good agreement with IGRA in diagnosing LTBI among 
type 2 diabetics, supporting its continued use as a cost-
effective and easily accessible test for diagnosing LTBI in 
the country. However, for patients who may have received 
false-positive results with the TST, the use of IGRA may 
provide a better alternative for LTBI diagnosis.
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