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Abstract

Background: Diabetes is associated with increased prevalence of TB infection in the US. We
assessed associations between diabetes and interferon-gamma (IFN-y) TB antigen response
among adults with TB infection using US representative data.

Methods: National Health and Nutrition Examination (NHANES) participants >19 years from
2011-2012 with positive QuantiFERON®-TB Gold-In-Tube (QFT) results were eligible. Diabetes
was defined by combination of self-report and glycated hemoglobin (HbA1c). Quantitative IFN-y
TB antigen was classified as high (=10 1U/mL), intermediate (1.01-9.99 IU/mL), or low (0.35-
1.00 IU/mL). Analyses accounted for NHANES weighted design.

Results: Among NHANES participants >19 years, n=513 had positive QFT (5.9%). Among
those with positive QFT, diabetes prevalence was 22.2% and pre-diabetes was 25.9%. Overall,
16.7% of positive QFT participants had high IFN-y TB antigen levels including 21.7% among
those with diabetes, 20.8% among those with pre-diabetes, and 12.6% among euglycemic
participants. In adjusted analyses, high IFN-y TB antigen response was more common among
those with pre-diabetes (aOR 1.9, 95%ClI 1.0, 3.6) compared to euglycemic participants.
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Conclusion: Higher antigen responses may reflect immunopathy consistent with an exaggerated
inflammatory but ineffectual response to TB or a reflection of more Mtb replication in participants
with pre-diabetes or diabetes.
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1. INTRODUCTION

Patients with diabetes mellitus have two to three times the risk of developing active
tuberculosis (TB) disease.l 2 Further, patients with TB disease and diabetes comorbidity
have an increased risk of poor clinical outcomes including death and relapse.3: 4 Emerging
evidence suggests that patients with diabetes also have higher prevalence of latent TB
infection (LTBI).5 Data from the National Health and Nutrition Examination Survey
(NHANES) show that patients with diabetes had twice the prevalence of LTBI as compared
to euglycemic participants.8” However, there is currently limited epidemiologic evidence to
explain how diabetes may contribute to increased prevalence of LTBI.8

Immunopathy due to diabetes or pre-diabetes is characterized in part by chronic
inflammation driven by persistent hyperglycemia and results in several complications.
Murine and other animal models of diabetes demonstrate impaired innate responses in
resident alveolar macrophages after exposure to aerosolized Mycobacterium tuberculosis
(Mtb).2 The suboptimal initial immune responses also result in reduced early production of
pulmonary IFN-y, a key cytokine in human response to TB, that likely leads to higher
bacterial burden.10

Clinical data are largely concordant with animal models, wherein active TB patients with
diabetes comorbidity have higher bacterial burden and higher levels of proinflammatory
cytokines, compared to patients without diabetes.11- 12 Generally, data from clinical TB
studies indicate patients with diabetes demonstrate a robust TB antigen-specific immune
response,10: 13, 14 hyt diabetes is paradoxically associated with worse TB clinical outcomes
including delayed culture conversion, increased risk of mortality, and higher rates of TB
relapse.® 1 16 While immune mechanisms in TB disease and diabetes have been
characterized, the impact of diabetes and pre-diabetes on human immune responses in the
context of LTBI are not understood. Although diabetes is an established risk factor for TB
disease, additional information to identify individuals with diabetes and LTBI at greatest risk
of progression to TB disease is urgently needed.

Previous studies among children, adolescents, and adults who converted from a negative to
positive LTBI test reported that increased quantitative QFT IFN-y values were predictive of
progression TB disease.1’~19 However only two small cross-sectional studies from India
have examined QFT IFN-y values among patients with co-occurring LTBI and diabetes.

20, 21 They reported diminished plasma levels of circulating type 1 cytokines (including IFN-
) and flow cytometry measured CD4+ (Th1, Th2 and Th17) cells in patients with diabetes
or pre-diabetes and LTBI compared to patients with LTBI only.20: 21 Given the limited
understanding about the immune responses in people with both diabetes and LTBI, we
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aimed to determine whether diabetes or pre-diabetes were associated with increased TB
antigen responses among adults with LTBI using NHANES data representative of the US
adult population.

2. METHODS

We performed cross-sectional analyses of 2011-2012 NHANES data. We used data
collected from NHANES in-person interviews, health examination, and laboratory
measurements. All participants gave informed consent, details of NHANES methodology
has been published previously.?? Eligibility criteria included participants >19 years who
completed NHANES measures, were positive for LTBI by QuantiFERON®-TB Gold-In-
Tube (QFT), and had a valid measure of diabetes status recorded (n=513). According to
manufacturer guidelines, a QFT result was positive if the IFN-y TB antigen response was
>0.35 IFN-y 1U/ml above the Nil value.?

2.1 Measures and definitions

Participants’ diabetes status was defined based on a combination of self-reported diabetes
mellitus and plasma glycated hemoglobin (HbAlc) measurement. Participants who self-
reported previous diabetes diagnosis by a healthcare professional were defined as having
diabetes regardless of HbAlc results. In the absence of self-reported diabetes, participants
were classified by HbA1lc as euglycemic (<5.6%), pre-diabetes (5.7-6.4%), and diabetes
(=6.5%). Among participants with diabetes, additional analyses were conducted with
diabetes further classified as poorly controlled (HbAlc =7%) or controlled (HbAlc <7%),
and based on whether it was a previously known diagnosis (e.g., self-reported by the
participant) or a new diagnosis (no self-reported diabetes diagnosis and HbAlc >6.5%).

Among NHANES participants with a positive QFT result, we categorized the continuous
IFN-y TB antigen response level into three groups as low (0.35-1.0 IU/mL), medium (1.01-
9.9 IU/mL), and high (=10 1U/mL) response.24 25 In secondary analyses we categorized the
continuous IFN-y TB antigen, Nil control, and mitogen control results into three groups
based on interquartile ranges.

Covariates of interest were abstracted from NHANES interview, health examination, and
laboratory modules. Tuberculin skin test (TST) was performed with 0.1 ml of tuberculin
antigen (Tubersol), read by NHANES staff 46—74 hours after placement, and results were
categorized by induration size as positive (=10 mm), negative (<10 mm), and missing.
Current smokers were defined as those who self-reported currently smoking every day or
some days and having smoked =100 cigarettes in their lifetime. Former smokers were
defined as those who self-reported not currently smoking at all but having smoked >100
cigarettes in their lifetime and those who self-reported having smoked <100 cigarettes in
their lifetime were defined as never smokers. Plasma vitamin D levels were categorized as
sufficient (=40 nmol/L) and insufficient (<40 nmol/L). Participants were defined as foreign
born if they self-reported being born outside the United States. Anti-HCV test was
performed using VITROS Anti-HCV assay; those with repeated positive reactions to anti-
HCV assay were confirmed as positive using the Chiron RIBA HCV 3.0 strip.
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2.2 Statistical Analysis

We compared the unadjusted relationship between diabetes status and antigen response by
reporting the proportion (prevalence differences [PD] and 95% confidence intervals [CI]) of
participants with high (=10 1U/mL) IFN-y TB antigen across categories of diabetes and
assessed significance with Rao Chi-square tests. Logistic regression was used to estimate
adjusted odds ratios (aOR) of high (=10 IU/mL) IFN-y TB antigen comparing those with
diabetes and pre-diabetes to euglycemic participants. To estimate the causal effect of
diabetes on high TB antigen response, we used a purposeful selection of covariates for
regression models based on observed bivariate associations, previous literature, and directed
acyclic graph theory.28: 27 Secondary analyses 1) determined whether the relationship
between diabetes status and IFN-y TB antigen response varied by place of birth (US/foreign
born) or TST status; and 2) assessed the relationship between diabetes status with other
outcomes including low IFN-y TB antigen (0.35-1.00 1U/mL), Nil control (0.0-0.03 1U/
mL), and mitogen responses (0.0-6.0 IU/mL). Sensitivity analyses were performed to assess
the association between diabetes and IFN-y TB antigen response using 1) different
definitions of high IFN-y TB antigen and 2) with alternate covariate specifications in
regression models. Significance was defined based on 95% Cls that did not contain the null
value (1.0 for odds ratios and 0.0 for prevalence differences). All analyses accounted for
weighted designs of the NHANES study sample using SAS version 9.4 (Cary, NC) survey
procedures.

3. RESULTS

In the 2011-2012 NHANES cycle, n=4,980 adults had valid results available for both
diabetes status and QFT and of these, n=513 were QFT positive (Figure 1). A total of 0.4%
(22/4980) of adult participants who received a QFT test had indeterminate results including
0.2% among euglycemic, 0.6% among participants with pre-diabetes, and 0.9% among those
with diabetes (p=0.03). Among those with QFT positive results, most were male (55.7%),
aged 35-64 years (58.8%), foreign born (51.6%), and HIV negative (58.0%) (Supplemental
Table A). The estimated prevalence of diabetes among those with QFT positive results was
22.2% (95%CI 16.6, 27.8%) and pre-diabetes was 25.9% (95%CI 22.1, 29.7%). Among
those with QFT positive results and diabetes, the mean HbAlc was 7.3% (95%Cl 6.9
7.8%). Nearly half (42.5%, 95%CI 27.0, 58.0%) were poorly controlled (HbAlc =7.0%),
and 24.4% (95%CI 15.6, 33.2%) were newly diagnosed.

The prevalence of high IFN-y TB antigen response (=10 1U/mL) among QFT positive
participants with diabetes was 21.7%, compared with 12.6% among euglycemic participants
(prevalence difference [PD] 9.1% 95%CI -2.0, 20.2%) (Table 1). The prevalence of high
IFN-y TB antigen response was 20.8% among QFT positive participants with pre-diabetes
(PD 8.2% 95%CI —-2.1, 18.4% compared to euglycemic participants). Compared to
euglycemic participants, the prevalence of high IFN-y TB antigen was highest among
participants with poorly controlled diabetes (31.3%, PD 18.7% 95%CI 0.0, 37.5%) and
among patients with known diabetes (22.1%, PD 9.6% 95%CI -1.6, 20.7%).

After adjusting for age, sex, vitamin D level, and BMI, the adjusted odds of high IFN-y TB
antigen response among participants with diabetes was 1.8 (95%CI 0.8, 4.3) times the odds
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among euglycemic participants (Table 2). The aOR for high IFN-y TB antigen response
comparing those with pre-diabetes to euglycemic participants was 1.9 (95%CI 1.0, 3.6). In
adjusted analysis, patients with diabetes or pre-diabetes combined were more likely to have
high IFN-y TB antigen response compared to euglycemic participants (aOR 1.9, 95%ClI
1.0, 3.4).

The relationship between diabetes status and high IFN-y TB antigen response varied by
place of birth. Among participants born in the US, the relative association between diabetes
(aOR 7.5 95%CI 1.5, 37.9) and pre-diabetes (aOR 7.5 95%CI 3.1, 18.0) with high TB
antigen was strong. Among foreign born participants the odds of high TB antigen response
was similar by diabetes status (aOR diabetes 1.0, 95%CI 0.5,2.4; aOR prediabetes 1.0,
95%Cl 0.4, 2.3).

3.1 Diabetes status and IFN-y TB antigen response stratified by TST status

Among participants with positive QFT, n=410 (79.9%) also had valid TST results (Table 3).
Among participants with concordant positive QFT and TST results (n=208) the proportion
with high IFN-y TB antigen response among those with diabetes (34.1%) and pre-diabetes
(41.2%) was non-significantly greater than euglycemic (27.5%) participants. The adjusted
relative association between diabetes (aOR 1.4, 95%CI 0.5, 3.5) and pre-diabetes (aOR 1.7,
95%Cl 0.7, 4.1) with high IFN-y TB antigen response among TST-QFT concordant
participants was modest. Among those who were discordant (QFT positive and TST
negative, n=202), the proportion with high IFN-y TB antigen response was greater in those
with diabetes (14.0%) and pre-diabetes (6.9%) compared to euglycemic participants (4.3%).
The adjusted odds of having a high IFN-y TB antigen response in those with diabetes (aOR
4.8, 95%CI 1.0, 22.0) was significantly greater than euglycemic participants.

3.2 Relationship between diabetes and low IFN-y TB antigen, Nil control, and mitogen

responses

The prevalence of low IFN-y TB antigen, Nil control, and mitogen responses did not
meaningfully differ by diabetes status (Supplemental Table B). The prevalence of low IFN-y
TB antigen response (0.35, 1.0 IU/mL) was similar in those with diabetes (37.4%, 95%ClI
28.0, 46.7%), pre-diabetes (35.6%, 95%CI 20.7, 50.6%), and euglycemic participants
(36.5%, 95%CI 26.6, 46.5%). The mean Nil (IU/mL) results were similar across categories
of diabetes status (diabetes 0.07, prediabetes 0.06, euglycemic 0.06) as were the mean
mitogen (IU/mL) results (diabetes 5.08, pre-diabetes 5.68, euglycemic 5.97).

3.3 Sensitivity Analyses

To assess the potential misclassification of high IFN-y TB antigen, we performed additional
analyses using =75t percentile of antigen response (>6.57 1U/mL) as the cut-point for high
IFN-y TB antigen response. Using the alternate cut-point, the odds of high IFN-y TB
antigen was higher in those with diabetes (aOR 1.7, 95%ClI 0.8, 3.7) and pre-diabetes (aOR
1.9, 95%CI 1.1, 3.3) compared to euglycemic participants in a model adjusted for age, sex,
vitamin D level, and BMI (data not shown). To assess systematic error due to covariate
specification in adjusted models, we performed eight additional analyses to assess the
relationship between diabetes status and high IFN-y TB antigen using alternate sets of
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independent variables (Supplemental Table C). Compared to euglycemic participants, the
range of estimated aOR for high IFN-y TB antigen among those with diabetes was 1.5 to 2.2
and for pre-diabetes the aOR range was 1.4 to 2.0.

4. DISCUSSION

In this cross-sectional study of NHANES 2011-2012 adults with LTBI, we found that one in
five participants with diabetes or pre-diabetes had high IFN-y TB antigen response
measured by QFT, more than 1.5 times the proportion among euglycemic participants. After
adjusting for likely confounding factors, we reported that participants with pre-diabetes had
almost double the odds of high IFN-y TB antigen response compared to euglycemic
participants. Importantly, we observed the greatest proportion of high IFN-y TB antigen,
nearly one-third, among participants with poorly controlled diabetes. In preliminary
assessment of interaction, we also found evidence to suggest that the relationship between
diabetes status and high IFN-y TB antigen response may vary by place of birth (US vs.
foreign born) and TST status. Overall these findings suggest that in the context of diabetes
and pre-diabetes, TB antigen response to Mtb infection may be similar to IFN-y responses
among patients’ with TB disease and concurrent diabetes, wherein antigen-specific immune
responses are exaggerated compared to euglycemic patients,28-30

Previous in vitro studies have reported both increased and reduced IFN-y TB antigen
responses among patients with LTBI and diabetes.?1: 28. 31-33 Kymar et. al. reported lower
pro-inflammatory cytokine expression, including IFN-y TB antigen stimulated responses, in
Indian adults with LTBI (QFT and TST concordantly positive) and diabetes compared to
non-diabetic controls with LTBI (IFN-y 2.4 pg/mL vs 7.3 pg/mL).2! In contrast, we
observed higher IFN-y TB antigen responses in NHANES participants with diabetes and
pre-diabetes; our divergent findings are likely attributed to differences in the study sample
populations. Unlike the small samples sizes in the study from India (n=22 per group), we
included all 2011-2012 NHANES participants with QFT results (n=513), regardless of TST
results. Another difference compared to the study from India was that our model estimates
for the relationship between diabetes status and TB antigen response were adjusted for BMI.
Diabetes and pre-diabetes occur at relatively lower BMI levels in Southeast Asians
compared to in US, therefore varying environmental risk factors and pathogenesis of
diabetes may partially explain the different observed cytokine effects in patients from India
compared to the US.34 In addition, in the Indian study participants may have been exposed
to TB at an earlier age and at repeated times. Nonetheless, we did report that the association
between diabetes status and high TB antigen response among NHANES participants was
observed mainly among US born. If this finding is true, our results would be consistent with
the Kumar et al findings. The life-course timing and frequency of exposure to TB infection
is likely different in high-burden TB disease settings which could also contribute to different
observed IFN-y responses by place of birth in our study.3®

More studies have evaluated IFN-y TB antigen expression in patients with TB disease and
diabetes. A 2011 cross-sectional study conducted near the Texas-Mexico border that
included patients with microbiologically confirmed TB disease (n=169) reported that
diabetes and higher hbAlc were associated with double the odds of being QFT positive.32
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The same study among patients with TB disease also reported a significantly higher median
IFN-y TB antigen response to ESAT-6 and CFP-10 antigens in patients with diabetes and
among those with higher hbA1c levels.32 Another cross-sectional study from Singapore
evaluated QFT responses among n=275 patients with pulmonary TB.38 The Singapore study
reported a non-significant increased quantitative IFN-y TB antigen response in patients with
diabetes compared to those without diabetes (median 2.5 IU/mL vs. 2.0 IU/mL, p-value
0.47).38 A third study from Tanzania among patients with TB disease reported a higher
proportion of those with diabetes (~32%) to be QFT negative compared to no diabetes
(~8%).37 However, the study from Tanzania only included n=16 patients with TB and
diabetes (n~5 QFT negative). Our results are not directly comparable to the Texas-Mexico
and Singapore studies because we only included adults with LTBI and additionally evaluated
the relationship between both diabetes and pre-diabetes with IFN-y TB antigen response.
Nonetheless, our findings were more consistent with the studies from Texas-Mexico and
Singapore, which reported an overall trend toward increased IFN-y TB antigen response
associated with diabetes.

Clinical and diagnostic implications of a higher IFN-y TB antigen response among those
with LTBI and pre-diabetes requires additional consideration. Our data are consistent with
established findings that in the context of TB disease, diabetes and pre-diabetes are
associated with an increased pro-inflammatory cytokine response typically associated with
successful host defense against TB.12: 30 |n addition, if persons with diabetes or pre-diabetes
exposed to Mtb have impaired activation of innate immune responses, as observed in
humans with diabetes and TB disease3®: 39, higher initial Mtb bacterial burden may partially
explain the increased prevalence of LTBI and exaggerated IFN-y TB antigen observed in
adults with diabetes and pre-diabetes. It is also plausible that the relative increase in IFN-y
TB antigen responses among patients with diabetes and positive QFT but negative TST
reflects an underlying immunopathy related to diabetes that is currently unknown. A
previous cohort study of patients with confirmed active TB disease from the U.S. state of
Georgia reported high mortality rates among TST negative diabetes patients (15.4% vs.
5.6% overall mortality), thus negative TST in the context of TB may indicate clinically
relevant immunopathy.%? The same study reported 40% of those with concurrent diabetes
had a negative TST result compared to 29% (p <0.05) among patients without diabetes.*°
Whether there is a relationship between increased IFN-y TB antigen response and
immunopathy in patients with hyperglycemia will require prospective studies to assess
longitudinal clinical outcomes for both TB disease and TB infection.

Our study was subject to limitations. First, we used IFN-y TB antigen response values
available from the commercial QFT test and therefore were not able to differentiate between
antigen values >10 IU/mL. Consequently, we were unable to perform a linear regression to
estimate the correlation between diabetes status or hbAlc with the continuous IFN-y TB
antigen response. Second, our study did not measure any other cytokine or immune
responses. Third, NHANES was a cross-sectional design and therefore we were unable to
determine whether pre-diabetes was associated with increased IFN-y TB antigen response or
whether the increased antigen response could have increased the risk of pre-diabetes. Fourth,
residual bias from unmeasured confounders or misclassification of known confounders like
HIV status may have resulted in systematic error of our estimated aOR. Despite limitations,
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we analyzed data from NHANES, a large population-based study designed to be
representative of the US adult population. Also lending credibility to our findings, we used
validated study definitions of diabetes, pre-diabetes, and LTBI which were measured using
well-established laboratory procedures.

4.1 Conclusion

Global diabetes and pre-diabetes epidemics continue to expand rapidly. The link between
LTBI and hyperglycemia, including diabetes and pre-diabetes, remains poorly understood.
An improved understanding of why adults with diabetes and pre-diabetes have higher
prevalence of LTBI will contribute greatly to global efforts to improve TB disease control
and prevention. We demonstrated an association between pre-diabetes and increased IFN-y
TB antigen response among adults with LTBI who participated in 2011-2012 NHANES. In
US adults, the higher prevalence of LTBI in patients with diabetes and pre-diabetes is
therefore unlikely to be explained by inhibited IFN-y TB antigen responses in those with
hyperglycemia.
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HIGHLIGHTS
. Latent tuberculosis infection prevalence is higher in patients with pre-diabetes

. Adults with LTBI and diabetes had higher quantitative QFT TB antigen
responses

. LTBI-diabetes link unlikely due to hyperglycemia inhibited IFN-y TB antigen
responses
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Participants age <20 years

N=9756

NHANES participants 2011-2012

[

N=4196

Adult participants 2011-2012

Page 13

Missing self-report diabetes and HbA1c

N=10

N=5560
QFT not performed .
N=580
IGRA test performed Diabetes status defined
N=4980 N=5550
IGRA test performed and diabetes status
N=4980
Euglycemic N=2905 Pre-diabetes N=1275 Diabetes N=800
N=233 QFT+ N=153 QFT+ N=127 QF T+
N=2665 QFT- N=1114 QFT- N=666 QFT-
N=7 QFT indeterminate N=8 QFT indeterminate N=7 QFT indeterminate
N=4445 QFT-
N=22 QFT indeterminate
Eligible sample
Adults with known diabetes status and QFT+
N=513
Figure 1.

Flow diagram of eligible study participants from NHANES 2011-2012
Prevalence estimates cannot be obtained from the flow diagram because is does not account
for weighted survey design
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Weighted prevalence of IFN-y TB antigen levels among US adults classified as QFT positive (n=513),

NHANES 2011-2012

Categories of IFN-y TB Antigen Response (1U/mL)

0.35-1.00 % (95%CIl) | 1.01-9.9 % (95%CI) | =10 % (95%CI) p-value Prevalence difference of
* >10 1U/mL % (95% CI)

Diabetes status
Diabetes 37.4(28.0, 46.7) 41.0 (31.3,50.7) 21.7 (12.5, 30.9) 0.30 9.1 (-2.0, 20.2)
Pre-diabetes 35.6 (20.7, 50.6) 43.6 (31.0, 56.1) 20.8 (11.2, 30.4) 8.2 (-2.1,18.4)
Euglycemic 36.5 (26.6, 46.5) 50.9 (41.8, 60.0) 12.6 (7.6, 17.6) REF
Diabetes Status
Poor control 31.5 (18.5, 44.5) 37.2(20.8, 53.6) 31.3 (15.2, 47.5) 0.13 18.7 (0.0, 37.5)
Good control 41.8 (28.0, 55.6) 43.8 (32.7, 55.0) 14.4 (5.9, 22.8) 1.8 (-7.4,11.0)
Pre-diabetes 35.6 (20.7, 50.6) 43.6 (31.0, 56.1) 20.8 (11.2, 30.4) 8.2 (-2.1,18.4)
Euglycemic 36.5 (26.6, 46.5) 50.9 (41.8, 60.0) 12.6 (7.6, 17.6) REF
Diabetes Status
New diagnosis 22.0 (7.1, 36.8) 57.9 (38.5, 77.3) 20.2 (6.2, 34.1) 0.15 7.6 (-7.9, 23.0)
Known diabetes 42.3(31.0,53.7) 35.5 (23.9, 47.2) 22.1(12.8, 31.5) 9.6 (1.6, 20.7)
Pre-diabetes 35.6 (20.7, 50.6) 43.6 (31.0, 56.1) 20.8 (11.2, 30.4) 8.2 (-2.1,18.4)
Euglycemic 36.5 (26.6, 46.5) 50.9 (41.8, 60.0) 12.6 (7.6, 17.6) REF
Age (years)
20-34 29.3 (18.1, 40.5) 50.7 (35.9, 65.5) 20.0 (4.9, 35.2) 0.68 REF
35-64 39.4 (28.8, 50.1) 451 (35.7, 54.5) 15.5 (11.7, 19.3) -45(-18.8,9.7)
>65 34.1(23.1, 45.0) 48.3 (37.5,59.1) 17.6 (12.0, 23.3) -2.4(-18.6,13.8)
Sex
Female 38.1(25.6, 50.6) 48.0 (38.2,57.9) 13.9 (9.6, 18.2) 0.49 REF
Male 35.2 (26.6, 43.9) 45.8 (35.9, 55.7) 19.0 (14.4, 23.6) 5.1(0.3,9.9)
BMI
<185 53.7 (18.8, 88.6) 39.2 (9.5, 68.9) 7.1(0.0, 21.4) 0.02 -5.2 (-17.6, 7.1)
18.5-24.9 42.2 (29.2,55.2) 455 (35.8, 55.2) 12.3 (7.2, 17.4) REF
25.0-29.9 27.3(16.1, 38.6) 56.8 (45.6, 67.9) 15.9 (10.6, 21.2) 3.6 (-5.1,12.2)
230.0 39.3(28.9,49.7) 38.8(29.4,48.1) 21.9 (13.9, 30.0) 9.6 (0.9, 18.3)
TST/
Positive 18.7 (13.3,24.2) 47.0 (39.7,54.4) 34.2 (28.0, 40.4) <0.01 27.2(21.1,33.2)
Negative 50.1 (39.8, 60.4) 42.9(33.9,51.9) 7.0 (3.2, 10.9) REF
Missing 30.9 (11.7,50.2) 56.2 (38.2, 74.3) 12.8 (6.1, 19.5) -
Education
<9tn grade 24.9 (17.1, 32.7) 53.3 (43.1, 63.6) 21.8(12.7, 30.8) 0.04 12.7 (2.4, 23.0)

9tn-12tn grade

29.1(19.4, 38.8)

46.4 (34.1, 58.8)

24.4(16.0, 32.9)

15.4 (4.4, 26.4)

HS grad/GED

38.3(26.1, 50.5)

47.4 (35.0, 59.8)

143 (8.4,20.2)

5.3 (-0.6,11.1)
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Categories of IFN-y TB Antigen Response (1U/mL)
0.35-1.00 % (95%CIl) | 1.01-9.9 % (95%CI) | =10 % (95%CI) p-value Prevalence difference of
* >10 1U/mL % (95% CI)

Some college 445 (24.9, 64.0) 35.2 (21.4, 48.9) 20.4 (10.0, 30.8) 11.3 (0.1, 22.7)
>College grad 405 (24.9, 56.2) 50.4 (35.2, 65.6) 9.1(4.0,14.1) REF
Race/ethnicity
Hispanic 22.9 (18.1, 27.6) 51.1 (43.3, 59.0) 26.0(208,31.2) | <0.01 20.3 (12.9, 27.6)
NH White 54.9 (36.7, 73.1) 39.4 (22.1, 56.6) 5.7 (0.7, 10.8) REF
NH Black 32.0 (24.8, 39.2) 38.1 (30.5, 45.6) 29.9 (20.2, 39.7) 24.2 (14.4, 34.0)
NH Asian 27.5(20.0, 35.0) 60.4 (51.6, 69.1) 12.1 (8.5, 15.8) 6.4 (0.3, 13.1)
Other? 31.6 (2.7, 60.4) 61.8 (29.0, 94.6) 6.6 (0.0, 22.6) 0.9 (-5.3,7.0)
Smoking Status
Current 37.5(24.6, 50.5) 46.4 (35.6, 57.3) 16.0 (7.6, 24.5) 0.35 -0.9 (-10.5, 8.8)
Former 42.9 (30.8, 55.0) 40.2 (27.9, 52.4) 16.9 (10.1, 23.8) 0.1(-7.2,7.1)
Never 32.2(23.9, 40.6) 50.9 (42.4, 59.3) 16.9 (13.3, 20.5) REF
Vitamin D (nmol/L)
Insufficient (<40) 33.5(20.0, 47.0) 39.0 (26.9, 51.2) 27.5(19.2, 35.8) 0.01 12.7 (4.0, 21.5)
Sufficient (240) 35.9 (28.1, 43.8) 49.3 (41.8, 56.8) 14.8 (10.7, 18.8) REF
Missing 80.6 (49.5, 100.0) 15.4 (0.0, 42.6) 4.0(0.0,13.1) -
Previous active TBS
Yes 14.0 (0.0, 30.3) 62.9 (34.7, 91.1) 23.1(0.0, 48.4) 0.15 6.6 (—19.4, 32.6)
No 37.1(29.8, 44.5) 46.3 (40.0, 52.6) 16.5 (12.5, 20.6) REF
Foreign born”
No 48.3 (35.5, 61.1) 416 (29.9, 53.2) 10.2 (6.0, 14.3) <0.01 REF
Yes 25.4 (21.0, 29.8) 51.7 (45.3, 58.1) 22.9 (18,5, 27.3) 12.7 (6.7, 18.7)
Time in US among
foreign born

<5 years 37.8(7.9, 67.8) 44.0 (29.3, 58.8) 18.1 (0.0, 37.7) 0.44 REF

>5 years 23.7 (18.7, 28.8) 53.1 (46.4, 59.7) 23.2(18.2, 28.2) 5.1 (-16.4, 26.5)

Missing 32.4 (2.3, 62.6) 41.4(19.5, 63.4) 26.1(13.1, 39.1) -
HIV antibody test?
Positive 55.0 (0.0, 100.0) 45.0 (0.0, 100.0) - N/A N/A
Negative 30.6 (23.1, 38.0) 51.4 (43.0, 59.9) 18.0 (12.6, 23.4) -
Missing 44.6 (34.2, 55.0) 40.4 (31.9, 48.9) 15.0 (10.5, 19.5) -
Anti-HCV test
Positive 15.5 (0.0, 42.0) 41.4(0.1, 82.8) 43.1(14.5,71.7) 0.08 26.5 (-2.0, 55.0)
Negative 35.8 (28.3, 43.3) 47.5 (405, 54.5) 16.6 (12.9, 20.4) REF
Missing 77.0 (42.7, 100.0) 19.2 (0.0, 50.0) 3.8(0.0,12.4) -

*
All p-values obtained using Rao-Scott chi-square test. Missing values excluded from Rao-Scott chi- square test.

fPositive TST classified as an induration =10 mm.
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’tlncludes multi-racial.
§Classified based on participant’s response to “Were you ever told that you had active tuberculosis or TB?”.
Foreign born individuals include participants who reported being born in one of the five United States territories.

A N=2 participants were HIV positive therefore p-value and prevalence difference estimates were unavailable.

Bold indicates 95% confidence interval estimate did not include null value
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Table 2.

Odds of high IFN-gamma TB antigen response (=10 1U/mL) among NHANES 2011-2012 participants with
latent TB infection, N=513

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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Diabetes classification | Odds ratio (95%CI) | adjusted odds ratio (95%CI) * | Adjusted odds ratio (95%Cl1) T
Diabetes 1.9(0.9,4.1) 2.2(1.0,4.9) 1.8 (0.8, 4.3)
Pre-diabetes 1.8 (0.9, 3.6) 2.0(1.0,4.1) 1.9 (1.0, 3.6)
Euglycemic REF REF REF
Diabetes-poor control 3.2(1.1,8.8) 33(1.1,9.9) 2.7(0.9,8.3)
Diabetes- good control 1.2 (0.5, 2.5) 1.4 (0.7, 3.0) 1.1(05,2.7)
Pre-diabetes 1.8 (0.9, 3.6) 2.0(1.0,4.1) 1.9 (1.0, 3.6)
Euglycemic REF REF REF
Diabetes-new 1.7 (0.6, 4.9) 2.0(0.7,5.4) 1.5(0.5,4.1)
Diabetes-known 2.0(1.0,42) 2.3(1.0,5.2) 2.0(0.8,4.8)
Pre-diabetes 1.8 (0.9, 3.6) 2.0(1.0,41) 1.9 (1.0, 3.6)
Euglycemic REF REF REF
Pre-diabetes/diabetes 1.9(1.1,3.3) 2.1(1.1,3.9) 1.9(1.0,3.4)
Euglycemic REF REF REF

*
Adjusted for age and sex

fAdjusted for age, sex, vitamin D, and BMI

Bold indicates 95% confidence interval estimate did not include null value
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Effect modification between diabetes and pre-diabetes with high IFN-gamma TB antigen (=10 IU/mL) among
strata of tuberculin skin test results, N=513

Effect of diabetes status | Mean antigen, Mean TST TB antigen =10 Crude odds ratio | Adjusted odds
on TB antigen within IU/mL (95%Cl) induration, mm 1U/mL % (95%Cl) | 210 IU/mL ratio™ =10 1U/mL
levels of TST™™ (95%CI) (95%CI) (95%Cl)

TST positive, N=208

(induration 210 mm)

Diabetes 5.3(3.6,7.0) 15.2 (14.1,16.2) 34.1(17.1,51.1) 1.4(0.5,3.7) 1.4 (0.5, 3.5)
Pre-diabetes 5.9(46,7.1) 15.7 (15.1, 16.2) 41.2 (26.9, 55.4) 1.8 (0.8, 4.0) 1.7 (0.7, 4.1)
Euglycemic 5.1(4.1,6.1) 16.2 (15.5, 17.0) 27.5(18.1, 37.0) REF REF

TST negative, N=202

(induration <10mm)

Diabetes 3.3(2.0,4.6) 1.9(0.8,2.9) 14.0 (0.7, 27.2) 3.6 (0.8, 16.4) 4.8 (1.0, 22.0)
Pre-diabetes 2.2(1.3,3.1) 2.0(0.9,3.2) 6.9 (0.0, 14.0) 1.6 (0.4,7.2) 1.7 (0.4, 7.0)
Euglycemic 1.7(1.2,2.2) 1.5(0.6, 2.3) 4.3(0.2,8.5) REF REF

TST not done, N=103

(OFT positive)

Diabetes 3.9(1.9,5.8) NA 20.6 (2.2, 39.0) 2.9 (0.4, 20.0) 4.0 (0.6, 29.1)
Pre-diabetes 5.0 (3.6, 6.4) NA 18.7 (7.7, 29.8) 2.6 (0.6, 10.9) 2.2 (0.4,10.9)
Euglycemic 3.1(1.4,4.7) NA 8.2 (0.0, 18.0) REF REF

Table 3 Abbreviations TST: tuberculin skin test; QFT: QuantiFERON®-TB Gold-In-Tube

*
Adjusted for age, sex, history of active TB

Aok

Likelihood ratio p-value for interaction term between TST status and diabetes status =0.63

Bold indicates 95% confidence interval estimate did not include null value
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