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Abstract

adults with T2DM and family members without T2DM.

Objective: The purpose of this study is to compare the prevalence of latent TB infection (LTBI) among patients with
type-2 diabetes mellitus (T2DM) to healthy controls without T2DM. To achieve this objective, we conducted a case-
control study in a large hospital in Atlanta from 2016 to 2019.

Results: We enrolled 98 cases; 119 potential controls were screened, 84 of which had HbA1c > 5.7% and one did
not have QFT result, leaving 34 (28.6%) individuals enrolled as controls. LTBI prevalence was 9.2% among cases and
14.7% among controls (crude odds ratio 0.59, 95% Cl 0.19-2.04). After adjusting for age and sex, the adjusted odds of
LTBl among patients with T2DM was 0.45 (95% Cl 0.13, 1.71) times the controls. We did not observe a statistically sig-
nificant association between LTBI and T2DM. However, we reported a positive correlation between HbA1c level and
nil count among individuals with LTBI (R = 0.55, p < 0.01). In addition, we reported a high prevalence of LTBI among
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Introduction

Emerging cross-sectional evidence suggests type 2 diabe-
tes mellitus (T2DM) is associated with higher prevalence
of latent tuberculosis infection (LTBI) [1, 2]. Results from
US national survey data reported 12% LTBI prevalence
among adults with diabetes compared to 5% LTBI preva-
lence among adults without diabetes [3, 4]. However, less
is known regarding US regional differences in the rela-
tionship between LTBI and T2DM or the extent that the
association is different in racial/ethnic subgroups [5].
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Although T2DM is an established risk factor for tuber-
culosis (TB) disease, whether T2DM increases the risk of
LTBI, or vice versa, remains a critical gap in knowledge
[2, 6]. Results from murine models of diabetes and TB
suggest that phagocytosis and uptake of Mycobacterium
tuberculosis (Mtb) by monocytes and macrophages are
reduced in the context of diabetes [7]. Pro-inflammatory
cytokine expression profiles associated with Mtb con-
trol [i.e., interferon (IFN)-y] were also delayed in dia-
betic animal models [8]. These may support the premise
that diabetes increases the risk of TB infection or reac-
tivation from latency. Alternatively, LTBI may influence
T2DM risk as increasing evidence indicates TB modu-
lates human adipose tissue function and may impact host
metabolic homeostasis [9]. For example, an animal model
of nondiabetic Guinea pigs reported that an infection of
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Mtb alone could result in glucose intolerance and incre-
sead level of serum free fatty acid, two strong predictors
of T2DM development [10].

To definitively establish whether LTBI increases dia-
betes risk or impact host metabolic outcomes will
require large longitudinal studies and extensive follow-
up time. Thus to gain preliminary insight into the LTBI-
T2DM relationship, we conducted a case-control study
to (a) compare the prevalence of LTBI among patients
with T2DM to controls without T2DM, and (b) assess
whether glycated hemoglobin (HbA1c) level is correlated
with QuantiFERON Gold-in-tube test (QFT) quantita-
tive measures (i.e., antigen, mitogen, or nil count).

Main text

Methods

We conducted a case-control study in a large hospital in
metro Atlanta, Georgia, US, from 2016 to 2019. Eligible
cases were human immunodeficiency virus (HIV)-neg-
ative adults (>21 years) with newly diagnosed T2DM
(diagnosed within the past 3 years) and no history of TB
disease. Among cases, HbAlc (%) was obtained from
the electronic medical chart by abstracting the plasma
HbAlc value closest to the date of study enrollment.
Eligible controls included adult family members/friends
of cases with HbAlc < 5.7% (measured at the time of
screening by a point-of-care HbAlc [11], Siemens DCA
Vantage Analyzer) and no self-reported prior diagnosis
of pre-diabetes, T2DM, HIV, or TB disease. HbAlc val-
ues were categorized according to the American Diabetes
Association classification with HbAlc < 5.7% considered
as “normoglycemic’, HbAlc 5.7-6.4% as “pre-diabetes”
and, HbAlc > 6.5% as “diabetes” [12]. Enrolled par-
ticipants had LTBI status determined by QFT Gold-In-
Tube test at the time of study enrollement. QFT samples
were prepared and processed following the manufac-
turer’s (QIAGEN) guidelines. Results of the quantitative
QFT measures were interepreted using three ciriteria:
(a) mitogen-nil and tuberculin-nil values, (b) percent-
age of avian difference, and (c) percentage of tubercu-
lin response [13], and classified as “positive’, “negative’,
or “indeterminate” for TB infection. Cases and controls
were excluded if they were using steroids or tumor nec-
orosis factor (TNF)-a antagonist therapy at the time of
screening, resided outside DeKalb or Fulton counties, or
did not speak English. Participants clinical and demo-
graphic characteristics were obtained using study ques-
tionnaires and medical chart review.

Data analysis

We compared demographic and clinical characteris-
tics of cases to controls using Chi-square and Fisher’s
Exact tests. Logistic regression was used to estimate
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the association between LTBI and T2DM quantified by
odds ratios and 95% confidence intervals (CIs). Covari-
ates included in the final adjusted model were selected
purposively based on previously published literature and
directed acyclic graph theory [14]. Among those with
LTBI, linear regression was used to estimate the corre-
lation between HbAlc and quantitative QFT measures.
Linear regression models were used to measure the rela-
tionship between HbAlc and (a) nil count, (b) TB anti-
gen-nil, and (c) mitogen-nil values. In addition to beta
estimates and corresponding 95% CI, we also reported
R? values or the coefficient of determination as a meas-
ure of how well the linear regression model described the
observed data.

Results

We screened 199 potential eligible cases and 405 poten-
tial eligible controls during the study period. Among
individuals screened, a total of 98 cases and 34 controls
were enrolled. Of 199 eligible cases, 91 (45.7%) refused to
participate or were excluded (Additional file 1: Figure S1).
Out of 108 cases enrolled, 10 were later excluded, leav-
ing 98 (90.7%) included in the final analyses. Among 405
potential eligible controls, 35 (12.2%) self-reported prior
diagnosis of pre-diabetes/T2DM, 251 were either refused
to participate or excluded. We screened 119 (29.3%)
potential eligible controls with HbAlc test, and 29.4%
(35/119) had HbA1lc < 5.7%, 34 were included in the final
analyses. Among screened controls who were excluded
(n = 85), the median HbAlc was 6.0 [interquartile
range (IQR) 5.8-6.2]. The majority of our study partici-
pants were African American (92.9% among cases, 79.4%
among controls; Table 1). Cases were older (median
age = 54, IQR 49-60) than controls (median age = 51,
IQR 35-57) (p = 0.02). Daily smokers were more com-
mon among the controls (35.3%) vs. cases (24.7%) (p =
0.02). The proportions of individuals with previous diag-
nosis of high cholesterol (70.6% vs. 5.8%) and high blood
pressure (70.8% vs. 35.3%), or obesity (66.3% vs. 35.3%)
were greater among cases compared to controls (p <
0.05).

LTBI prevalence was higher among controls without
T2DM (14.7%, 5/34), compared to patients with newly
diagnosed T2DM (9.2%, 9/98; Table 2). After adjusting
for age and gender, the odds of LTBI among cases was
0.45 times the odds among controls (95% CI 0.13-1.71).
The median HbA1lc was 7.0% among cases with LTBI vs.
7.3% among cases without LTBI (p = 0.75). The median
HbAlc was 5.3% among controls with LTBI vs. 5.4%
among controls without LTBI (p = 0.37). Although non-
significant, cases receiving metformin were less likely to
have LTBI when compared to cases who were not receiv-
ing metformin [odds ratio (OR) 0.44, 95%CI 0.11-1.92].
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Table 1 Demographic and clinical characteristics of BATT study participants, Atlanta, Georgia 2016-2019 (N = 132)

Characteristics Controls N = 34 Cases N = 98 TotalN = 132 X2 p value
LTBI status
Negative 29(85.3) 89 (90.8) 118 (89.4) 0.35*
Positive 5014.7) 9(9.2) 14(10.6)
Age group
21-40 13(38.2) 7(7.1) 20(15.2) <0.01
41-60 15 (44.1) 70 (71.4) 85 (64.4)
>60 6(17.7) 21(21.4) 27 (20.5)
Gender
Male 17 (50.0) 42 (42.9) 59 (44.7) 047
Female 17 (50.0) 56 (57.1) 73 (55.3)
Race/ethnicity
Non-hispanic white 3(8.8) 3(3.1) 6 (4.6) 0.15%
Non-hispanic black 27 (79.4) 91 (92.9) 118 (89.4)
Hispanic 1.9 1(1.0) 2(1.5)
Asian or pacific islander 1(2.9) 1(1.0) 2 (1.5)
Other 2(5.9) 2(20) 4(3.0)
Highest education
Less than high school 8(23.5) 18 (18.4) 26 (19.7) 0.15*%
High school graduate 15 (44.1) 60 (61.2) 75(56.8)
College/university 8(23.5) 18(18.4) 26 (19.7)
Graduate school 3(8.38) 2(20) 5(3.8)
Ever lived with TB-sick person
No 33(97.1) 89(93.7) 122 (94.6) 0.67*
Yes 1(29) 6(6.3) 7(54)
Not sure 0 3 3
Ever told to have positive TST
No 32(94.7) 85 (88.5) 117 (90.0) 0.51*
Yes 2(59) 11(11.5) 13(10.0)
Not sure 0 2 2
Current smoking
Daily 12(35.3) 24 (24.7) 36 (27.5) 0.02
Less than daily 6(17.7) 5(5.2) 11(84)
Not at all 16 (47.1) 68 (70.1) 84 (64.1)
Don't know/refused 0 1 1

Past smoking

Daily 24 (70.6) 50(51.0) 74 (56.1) 0.12
Less than daily 3(8.8) 10(10.2) 13(9.9)
Not at all 7 (20.6) 38(38.8) 46 (34.1)

Alcohol consumption
Never 18 (52.9) 65 (66.3) 83(62.9) 0.27
Moderate 11(324) 26 (26.5) 37(28.0)
Frequent 5(14.7) 7(7.1) 12(9.1)

Ever diagnosed with high cholesterol level
No 30(88.2) 27 (29.4) 57 (45.2) <0.01
Yes 4(5.8) 65 (70.6) 69 (54.8)
Not sure 0 6 6

Among those with LTBI, increasing HbAlc level was p = 0.003; Fig. 1). Among those with LTBI, nil count
correlated with increasing QFT nil values (R*> = 0.547, increased on average by 0.064 (95% CI 0.027-0.101) for
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Table 1 (continued)
Characteristics Controls N = 34 Cases N = 98 Total N = 132 X2 p value
Ever diagnosed with high blood pressure
No 22 (64.7) 28(29.2) 50 (38.5) <0.01
Yes 12 (353) 68 (70.8) 80 (61.5)
Not sure 0 2 2
Ever diagnosed with heart disease
No 33(97.1) 80 (84.2) 113 (87.6) 0.07*
Yes 1(29) 15(15.8) 16 (12.4)
Not sure 0 3 3
Ever diagnosed with liver disease
No 32(94.1) 90 (96.8) 122 (96.1) 061*
Yes 2(5.9) 332 539
Not sure 0 5 5
Ever diagnosed with kidney disease
No 34 (100.0) 88 (92.6) 122 (94.6) 0.19*
Yes 0(0.0) 7(7.3) 7(54)
Not sure 0 3 3
Family members with T2DM
No 7 (20.6) 29 (29.6) 36 (27.3) 031
Yes 27 (794) 69 (70.4) 96 (72.7)
BMI
Normal (18.5-25) 12 (35.3) 11(11.2) 23(174) <0.01*
Underweight (< 18.5) 0(0.0) 3(3.1) 3(2.3)
Overweight (25-30) 10 (29.4) 19(194) 29 (22.0)
Obese (>30) 12(35.3) 65 (66.3) 77 (583)
Glycated hemoglobin level
Median (IQR) 54(5.2-5.5) 7.3 (6.4-9.5) 6.7 (5.6-8.7) <0.01

Bold indicates that the finding is significant at a = 0.05

BMI body mass index; T2DM type-2 diabetes mellitus; /QR interquartile range; LTBI latent tuberculosis infection; TB tuberculosis; TST tuberculin skin test

“ p value obtained from Fisher’s exact tests

every unit increase in the HbAlc level (i.e., every one
percentage point increase of HbAlc). We did not observe
a significant correlation between HbAlc and TB antigen-
nil (R? = 0.139, p = 0.190) or mitogen-nil (R? = 0.002,
p = 0.868) values. For instance, for every unit increase in
HbA1lc level, the mitogen-nil value decreased on average
by 0.005 (95% CI — 0.070—-0.060). Similarly, for every unit
increase in HbAlc level, the TB antigen-nil decreased on
average by 0.536 (95% CI — 1.377-0.304).

Discussion

We reported a high prevalence of LTBI among patients
with newly diagnosed T2DM and healthy controls
without T2DM in the metro Atlanta area. Our LTBI
prevalence estimates (9.2% among cases, 14.7% among
controls) were higher compared to the US national (5.0%)
and US race-specific estimates among African Ameri-
cans (5.3%) [15]. Inconsistent with our findings, previous
studies using nationally representative data from the US

reported that diabetes is associated with increased odds
of LTBI by one-three-fold [3, 4]. Another study from
Atlanta conducted among recently arrived refugees also
reported higher LTBI prevalence among participants
with diabetes and pre-diabetes compared to euglycemic
participants [1]. However, it is important to note that this
hospital-based study, conducted primarily among Afri-
can Americans, is consistent with recent US data that
suggests the relationship between LTBI and T2DM dif-
fers across racial/ethnic groups [5].

Our findings also suggest that there may be regional dif-
ferences in the relationship between LTBI and T2DM,
which could be affected by background prevalences of both
diseases or socioeconomic characteristics (i.e., an estab-
lished risk factor for LTBI and T2DM) [2]. Of note, we
reported more than 70% prevalence of undiagnosed pre-
diabetes among screened family members/friends of cases.
This finding is consistent with previously published studies
reporting high prevalence of prediabetes/diabetes among
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Table 2 Crude and adjusted odds ratio of latent TB infection among BATT study participants, Atlanta, Georgia 2016-2019 (N = 132)

Characteristics LTBI status Total N = 132 cOR (95% Cl) aOR (95% Cl)
Negative N (%) = Positive N (%) = 14
118 (89.4) (10.6)
Group
Controls 29(85.3) 5(14.7) 34 (25.8) Reference Reference
Cases (T2DM) 89 (90.8) 9(9.2) 98 (74.2) 0.59 (0.19-2.04) 045 (0.13-1.71)
Age group
21-40 19 (95.0) 1(5.0) 20(15.2) 0.59 (0.03-3.59) 040 (0.02-2.75)
41-60 78 (91.8) 8.2) 85 (64.4) Reference Reference
>60 21(77.8) 6(22.2) 27 (20.5) 3.18(0.94-10.61) 3.09 (0.89-10.44)
Gender
Male 52 (88.1) 7(11.9) 59 (44.7 Reference Reference
Female 66 (90.4) (9.6) 73 (55.3) 0.79 (0.26-2.44) 1.09 (0.34-3.48)
Race/ethnicity
Non-hispanic black 105 (89.0) 13(11.0) 8(89.4) 1.6 (0.28-304)
Other 13(92.9) 1(7.1) 14 (10.6) Reference
Highest education
Less than high school 22 (84.6) 4(154) 26(19.7) Reference
High school graduate 70(93.3) 5(6.7) 75 (56.8) 0.39(0.10-1.71)
College/university 1(80.8) 5(19.2) 26 (19.7) 1.31(0.31-5.93)
Graduate school (1 00.0) 0(0.0) 5(3.8) N/A
Ever lived with TB-sick person
No 110 (90.2) 12(9.8) 122 (94.6) Reference
Yes 5(71.4) 2(28.6) 7 (5.4) 3.67 (0.49-19.20)
Not sure 3 0 3
Currently on metformin, among cases (N = 98)
No 23 (85.2) 4(14.8) 27 (27.8 Reference
Yes 65 (92.9) 5(7.0) 70(72.2) 044 (0.11-1.92)
Missing 1 1
Current smoking
No 76 (90.5) 8(9.5) 84 (64.1) Reference
Yes 41(87.2) 6(12.8) 47 (35.9) 1.39(0.43-4.27)
Missing 1 1 2
Past smoking
No 44 (97.8) 122 45 (34.1) Reference
Yes 74 (85.1) 13(14.9) 87 (65.9) 7.73 (1.46-142.75)
Alcohol consumption
Never 75 (90.4) 8(9.6) 83 (62.9) Reference
Moderate 32 (86.5) 5(13.5) 37 (28.0) 147 (042-4.74)
Frequent 11(91.7) 1(83) 129.1) 0.85 (0.04-5.34)
Ever diagnosed with high cholesterol level
No 50 (87.7) (12.3) 57 (45.2) Reference
Yes 62 (89.9) (10.1) 69 (54.8) 0.81(0.26-2.50)
Not sure 6 6
Ever diagnosed with high blood pressure
No 47 (94.0) 3(6.0) 50 (38.5) Reference
Yes 69 (86.3) 11(13.8) 80 (61.5) 2.50(0.73-11.48)
Not sure 2 0 2
Ever diagnosed with heart disease
No 101 (89.4) 2(10.6) 113(87.6) Reference
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Characteristics LTBI status Total N = 132 cOR (95% Cl) aOR (95% Cl)
Negative N (%) = Positive N (%) = 14
118(89.4) (10.6)
Yes 14 (87.5) 2(12.5) 16 (12.4) 1.20 (0.18-5.05)
Not sure 3 3
Ever diagnosed with liver disease
No 109 (89.3) 13(10.7) 122 (96.1) Reference
Yes 4(80.0) 1(20.0) 5(3.9) 2.10(0.10-15.57)
Not sure 5 0 5
Ever diagnosed with kidney disease
No 108 (88.5) 14 (11.5) 122 (94.6) Reference
Yes 7(100.0) 0(0.0) 7(54) N/A
Not sure 3 0 3
Family members with T2DM
No 29 (80.6) 7(19.4) 36 (27.3) Reference
Yes 89 (92.7) 7(7.3) 96 (72.7) 0.33(0.10-1.03)
BMI
Normal (18.5-25) 9(82.6) 4(174) 23(174) Reference
Underweight (< 18.5) 3(100.0) 0(0.0) 3(23) N/A
Overweight (25-30) 28 (96.6) 1(3.5) 29 (22.0) 0.17 (0.01-1.26)
Obese (> 30) 68 (88.3) 9(11.7) 77 (58.3) 0.63 (0.18-2.52)
Glycated hemoglobin level
Median (IQR) 6.7 (5.6-8.6) 6.0 (5.3-9.2) 6.7 (5.6-8.7)
aOR adjusted odds ratio; BMI body mass index; C/ confidence interval; cOR crude odds ratio; T2DM type-2 diabetes mellitus; QR interquartile range
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Fig. 1

Results from linear regression of nil count, mitogen-nil, and TB antigen-nil by HbA1c level among patients with positive QFT, N = 14
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household/family members of individuals with T2DM
[16—18]. Our findings also support previous recommenda-
tions suggesting that friends or family members of patients
with T2DM would benefit from T2DM screening in an
effort to introduce early intervention to prevent T2DM
development.

Among individuals with LTBI, we reported a positive
correlation between HbA1c and the QFT negative control
without antigens or mitogens (nil count). The nil value
is used to determine if patient has a pre-existing non-
specific immune response which could lead to a false-
positive. A cross-sectional study among US adults with
LTBI reported a higher IFN-y antigen response among
those with pre-diabetes compared to euglycemic adults,
but found that the average nil value was similar among
patients with diabetes, prediabetes, and euglycemia [19].
To date, the relationship between the quantitative IFN-y
responses specific to Mtb and T2DM is inconclusive.
We did not observe a significant correlation between
glycemic control with TB antigen or mitogen responses,
although we only analyzed this relationship in 14 study
participants. Similar to our findings, a cross-sectional
study conducted in Indonesia from 2014 to 2015 reported
no significant difference of median TB antigen-nil value
across different HbA1lc levels (HbAlc < 7.0% vs. 7.0-9.9%
vs. > 10.0%; p = 0.73) [20]. However, a 2014 cross-sec-
tional study conducted in India reported that individuals
with LTBI and T2DM had decreased mean of Mtb anti-
gen-stimulated (net cytokines) levels including lower
IFN-y (10.5 pg/mL vs. 249.2 pg/mL), TNF-« (6.5 pg/mL
vs. 328.1 pg/mL), interleukin (IL)-17A (14.2 pg/mL vs.
24.4 pg/mL), and IL-10 (95.6 pg/mL vs. 220.6 pg/mL)
when compared to LTBI individuals without T2DM [21].
Further studies to better characterize the relationship
between T2DM, hyperglycemia, and immune responses
specific to LTBI are still warranted.

Conclusion

In conclusion, we reported a high prevalence of LTBI
among adults with T2DM and family members with-
out T2DM. Although we did not observe a significant
association between LTBI prevalence and T2DM we did
observe a positive correlation between HbAlc and nil
count among individuals with LTBI. Larger prospective
investigations across different regions and race/ethcity
subgroups are warranted to determine the role of LTBI
in pre-diabetes/T2DM risk. Further studies that meas-
ure LTBI prevalence among household members living
with patients with T2DM are also needed to determine
whether household/family members of individuals with
T2DM could be considered as a priority target group for
LTBI screening.
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Limitations

Our study was subject to several limitations. First, we had
a small sample size enrolled from a single hospital and new
diabetes cases were diagnosed within the past three years.
Thus, our results may not be widely generalizable to other
settings or other new diabetes patients. However, we used
3 years cut-off to define newly diagnosed T2DM due to the
long natural progression of T2DM [22, 23] and the poten-
tial delay in receiving T2DM diagnosis among our study
population, of which the majority came from lower socio-
economic levels [24, 25]. Second, our study was designed
to assess the association between LTBI and the risk of
T2DM. The non-significant findings we reported in this
manuscript may in part be due to a bi-directional relation-
ship between LTBI and T2DM where T2DM increases the
risk of LTBIL Third, because we were unable to compare
at what age cases or controls were exposed to MTB, the
higher prevalence of LTBI among controls may be a reflec-
tion of when during their lifecourse they were initially
infected with LTBI. Last, we enrolled a smaller number of
controls compared to cases, which may due to our con-
trol selection strategy (i.e., friends or family members vs.
community-based recruitment). It is plausible that friends/
family members shared lifestyle or other modifiable T2DM
risk factors including diet, physical activity, or smok-
ing [18, 26], which could lead to pre-diabetes (HbAlc >
5.7%) or previous T2DM diagnosis and exclusion from this
study. Previous studies highlighted that selecting friends/
family as controls may pose several epidemiologic chal-
lenges including potential case-control overmatch, similar-
ity in responding study’s questionnaires, and potential bias
among cases in nominating their controls [27]. However,
we believe that using friends or family members as con-
trols is still a viable and cost-efficient option for a small
pilot project like the present study.
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