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ABSTRACT

Objectives Tuberculosis infection (TBI) is marked by
dynamic host—pathogen interactions with persistent
low-grade inflammation and is associated with increased
risk of cardiovascular diseases (CVD) including acute
coronary syndrome, myocardial infarction and stroke.
However, few studies assess the relationship between TBI
and hypertension, an intermediate of CVD. We sought to
determine the association between TBI and hypertension
using data representative of the adult US population.
Methods We performed cross-sectional analyses

using data from the 2011-2012 US National Health

and Nutrition Examination Survey (NHANES). Eligible
participants included adults with valid QuantiFERON-TB
Gold In-Tube (QFT-GIT) test results who also had blood
pressure measures and no history of TB disease. TBI was
defined by a positive QFT-GIT. We defined hypertension
by either elevated measured blood pressure levels (ie,
systolic >130 mm Hg or diastolic >80 mm Hg) or known
hypertension indications (ie, self-reported previous
diagnosis or use of antihypertensive medications).
Analyses were performed using robust quasi-Poisson
regressions and accounted for the stratified probability
sampling design of NHANES.

Results The overall prevalence of TBI was 5.7% (95%

Cl 4.7% to 6.7%) and hypertension was present among
48.9% (95% Cl 45.2% to 52.7%) of participants. The
prevalence of hypertension was higher among those with
TBI (58.5%, 95% Cl 52.4% to 64.5%) than those without
TBI (48.3%, 95% Cl 44.5% to 52.1%) (prevalence ratio
(PR) 1.2, 95% Cl 1.1 to 1.3). However, after adjusting for
confounders, the prevalence of hypertension was similar
for those with and without TBI (adjusted PR 1.0, 95% Cl
1.0 to 1.1). The unadjusted prevalence of hypertension
was higher among those with TBI versus no TBI, especially
among individuals without CVD risk factors including those
with normal body mass index (PR 1.6, 95% CI 1.2 t0 2.0),
euglycaemia (PR 1.3, 95% Cl 1.1 to 1.5) or non-smokers
(PR1.2,95% Cl 1.1 to 1.4).

Conclusions More than half of adults with TBI in the USA
had hypertension. Importantly, we observed a relationship
between TBI and hypertension among those without
established CVD risk factors.

Summary The prevalence of hypertension was high
(59%) among adults with TBI in the USA. In addition, we
found that the prevalence of hypertension was significantly
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= These analyses were conducted using data repre-
sentative of civilian, non-institutionalised US adults,
and thus, provide a robust population estimate of
the prevalence of latent tuberculosis infection and
hypertension in the USA.

= Comprehensive definitions and different cut-offs
of hypertension were used (ie, measured blood
pressure level, previous diagnosis hypertension by
healthcare providers) to model the association be-
tween latent tuberculosis infection and hypertension.

= Our findings may not be representative to other re-
gions with higher burdens of tuberculosis.

= The cross-sectional study design of National Health
and Nutrition Examination Survey prevented us from
assessing the temporal relationship between latent
tuberculosis infection and hypertension.

higher among adults with positive QFT without established
hypertension risk factors.

INTRODUCTION

About one-quarter of the world’s population
(~2billion) has been infected to Mycobacte-
rium tuberculosis (Mtb)." Among individuals
infected with the bacteria, 5%—-10% are at
risk of developing TB disease at some point
in their life.? ? Tuberculosis infection (TBI),
or most commonly known as latent TBI
(LTBI), is increasingly recognised as a
heterogeneous clinical state in which some
individuals have dynamic host-pathogen
interactions with persistent low-grade inflam-
mation. This immune dysregulation has been
associated with an increased risk of cardiovas-
cular diseases (CVD) including acute coro-
nary syndromes, myocardial infarction and
stroke.! *'* This convergence of TBI and
CVD risk poses a particular challenge for low-
income and middle-income countries where
TBIis most prevalentand incidence of chronic
non-communicable diseases, including CVD,
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is increasing rapidly."” '* Improved understanding of the
impact of TBI on CVD risk is vital in settings where TBI
and CVD are highly coprevalent in order to design public
health intervention programmes aiming to reduce the
burden of two diseases.

Epidemiological data from observational cohort studies
support an increased risk of CVD among people with TB
disease.*'* Several studies also indicated that hyperten-
sion, an established intermediate of CVD, may be more
common among patients with TB disease compared
with non-TB controls.® ! 116 Furthermore, CVD was
the leading contributor to post-TB mortality, accounting
for 15%-26% of deaths among TB survivors in a recent
systematic review and meta-analysis."” In addition to these
associations between TB disease and CVD, recent obser-
vational studies have found an association between TBI
and various CVDs including acute myocardial infarc-
tion and coronary artery disease.” ¥ 19 However, studies
assessing the association between TBI and hypertension
remain limited.

To date, few studies have evaluated the relationship
between TBI and hypertension. One cohort study from a
large metropolitan healthcare system in the USA reported
that individuals with TBI had greater incidence of hyper-
tension compared with those without TBI and that rates
were highest among those untreated for TBL” Further-
more, it is unknown whether the quantitative measures of
IGRA, which may indicate the underlying mycobacterial
burden and has been associated with increased risks of
progression to TB disease,%_23 is associated with hyperten-
sion. Improved understanding of the association between
TBI, quantitative measures of IGRA and hypertension
may clarify the role that TB prevention efforts in reducing
the burden of CVD, both in the USA and globally.

Given existing knowledge gaps, we aimed to estimate
the association between TBI and hypertension preva-
lence. We also investigated whether the magnitude of
host immune responses to Mtb was associated with hyper-
tension among those with positive IGRA test results.

METHODS

Study design and eligible participants

We performed an analysis of cross-sectional data from
the 2011-2012 US National Health and Nutrition Exam-
ination Survey (NHANES),** the most recent NHANES
cycle released that includes measures of TBI. NHANES
is a study led by the US Centers for Disease Control and
Prevention, which aims to assess the health and nutri-
tional status of non-institutionalised civilians represen-
tative of the US population using a complex, stratified,
multistage probability cluster sampling design. NHANES
collects demographic and health information using ques-
tionnaires administered by trained interviewers and stan-
dardised physical examinations performed in mobile
examination centres. Eligible NHANES participants for
our analyses were adults (=18 years) with valid TBI test

results and blood pressure measurements, and no history
of TB disease (figure 1).

Study measures and definitions

Our primary study outcome, any hypertension, was
defined as having either (1) ‘measured hypertension’,
defined as an average systolic blood pressure level of
>130mm Hg or diastolic blood pressure level of >80 mm
Hg across three consecutive measurements or (2) a self-
reported previous hypertension diagnosis by a healthcare
provider or current use of antihypertensive medications
(ie, known hypertension). We categorised measured
blood pressure levels into ‘normal’ (ie, systolic <120 mm
Hg and diastolic <80 mm Hg), ‘borderline hypertension’
(ie, systolic 120-129mm Hg and diastolic <80mm Hg),
‘stage 1 hypertension’ (ie, systolic 130-139mm Hg or
diastolic 80-89 mm Hg) and ‘stage 2 hypertension’ (ie,
systolic 2140mm Hg or diastolic 290 mm Hg) according
to American College of Cardiology/American Heart
Association guidelines.”” Among participants with a prior
diagnosis of hypertension, we classified blood pressure as
‘controlled’ (systolic <130mm Hg and diastolic <80 mm
Hg) or ‘uncontrolled’ (systolic 2130 mm Hg or diastolic
>80mm Hg) with or without a self-reported use of antihy-
pertensive medications.

Our primary study exposure, TBI, was defined by a posi-
tive QuantiFERON-TB Gold In Tube or QFT test, an in
vitro laboratory test to detect TB infection by measuring
cell-mediated immune responses to TB-specific anti-
gens.”?” Individuals with indeterminate test results were
excluded from our analyses. For those with a positive QFT,
we also extracted the quantitative results and defined the
IFN-y TB antigen response by subtracting TB NIL control
values from TB antigen values (ie, Ag-NIL values). To
express IFN-y TB antigen responses, instead of using the
traditional manufacturer cut-off of 0.35, we used the 4.00
cut-off as previous studies showed that individuals with
Ag-NIL values >4.00 are at greater risk from developing
TB disease.”” ** * Thus, in our analyses, Ag-NIL values
were categorised as ‘low’ (<4IU/mL) or ‘high’ (=4IU/
mL). For a sensitivity analysis, we performed a subgroup
analysis of participants with both QFT and tuberculin skin
test (TST) results. We defined ‘confirmed TB infection’
when both TST and QFT results were positive and ‘no
TB infection’ if both TST and QFT results were negative.
Participants with discordant TST and QFT results (ie,
TST negative and QFT positive, TST positive and QFT
negative) were classified as ‘any discordance’.

Other important covariates, including age, sex, race,
educational attainment, income to poverty ratio, country
of birth, body mass index (BMI), diabetes mellitus
status, HIV status, lipid profile, self-reported smoking
behaviour, alcohol consumption, statin prescription and
previous diagnosis of coronary heart disease, myocar-
dial infarction or stroke were also abstracted. We classi-
fied BMI as ‘underweight’ (BMI<18.5kg/m?), ‘normal’
(BMI 18.5—24.9kg/m2), ‘overweight” (BMI 25-29.9kg/
m?) and obese (BMI>30kg/m?).*® As NHANES grouped
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NHANES 2011 - 2012
Total Surveyed
N =13,431

I

Completed Interview
N (%) = 9,756 (72.6)

I

Interviewed & Examined
N (%) = 9,338 (95.7)

l—»

Aged < 18 years
N (%) = 3,723 (39.9)

Age = 18years
N (%) = 5,615 (60.1)

]

Missing Blood Pressure
Measurements

Valid Blood Pressure
Measures

N (%) = 259 (4.8)

Missing/Indeterrminate

N (%) = 5,356 (95.4) QFT
\ N (%) = 335 (6.3)

3 Previous TB
Valid QFT N (%) = 32 (0.6)

N (%) = 4,989 (93.1)

Y

QFT Negative

N (%) = 4,510 (90.4)

: X

¥

QFT Positive

N (%) = 479 (9.6)

' 3

No Hypertension Indication
N (%) = 2,216 (49.1)

Any Hypertension Indication”
N (%) = 2,294 (50.9)

No Hypertension Indication

Any Hypertension Indication”
N (%) = 286 (59.7)

N (%) = 193 (40.3)

« Hypertension (Systolic >130mmHg or

Diastolic *80mmHg) = 1,678/4,510 (37.2%)

+ Self-reported hypertension diagnosis from
healthcare provider=1,512/4,504 (33.6%)
« Doctor told to take anti-hypertension
medication = 1,297/1,510 (85.9%)

« On anti-hypertension medication (self-

reported) = 1,108/1,296 (85.5%)

« Hypertension (Systolic 2130mmHg or
Diastolic 280mmHg) = 272/479 (43.2%)
« Self-reported hypertension diagnosis from
healthcare provider=199/478 (41.6%)
« Doctor told to take anti-hypertension
medication = 179/198 (90.4%)
* On anti-hypertension medication (self-
reported) = 168/179 (93.9%)

Figure 1

Flow chart depicting unweighted frequencies and percentages of participants included in the final analyses based

on the eligibility criteria, NHANES 2011-2012. *Any hypertension was defined as having an average systolic level of 2130 mm
Hg and/or diastolic level of >80 mm Hg, or a previous diagnosis of high blood pressure by health providers. This study flow
chart provides description of the stepwise exclusion of ineligible participants. From 9338 individuals who completed NHANES
interview and medical examination, we included 4989 (53.4%) individuals in our primary analyses after excluding those who
are <18 years old or those with a record of previous TB disease, or missing blood pressure data and QuantiFERON results.
NHANES, National Health and Nutrition Examination Survey; QFT, QuantiFERON-TB; TB, tuberculosis.

individuals aged >80 years in one category, we divided age
into quartile ranges and grouped as ‘quartile 1 (18-31
years)’, ‘quartile 2 (32-47 years)’, ‘quartile 3 (48-62
years)’ and ‘quartile 4 (=63 years)’ to account for the
non-linearity of age in sensitivity analyses.

Patient and public involvement
None.

Statistical analysis

We estimated weighted prevalence and 95% CIs to deter-
mine the burden of TBI and hypertension in the US
adult population. Rao-Scott * tests were used to assess
the bivariate association between participants’ demo-
graphic and clinical characteristics, TBI, Ag-NIL values
and hypertension. Multivariable robust Poisson regres-
sion with quasi-likelihood was used to estimate the asso-
ciation between TBI and hypertension, expressed in
prevalence ratios (PRs) and 95% CI. The same regression

approach was used to estimate the association between
Ag-NIL responses and hypertension. In addition to PRs,
we also estimated prevalence differences (PDs) and
their 95%CI. Covariates included in the multivariable
models were based on bivariate associations (online
supplemental tables SI and S2), established risk factors
reported in previously published studies and directed
acyclic graphs (DAGs).* Briefly, we identified potential
confounders using bivariate associations and previously
published literature, which then mapped into a DAG to
determine inclusion in the final model. To account for
the missingness of key covariates in the final adjusted
model, we assigned aberrant values to any missing infor-
mation to avoid deletion. We also assessed interaction
between TBI and hypertension by participant charac-
teristics (ie, age, BMI, glycaemic status, smoking status)
on the additive (PD) and multiplicative (PR) scales by
including the cross-product terms within multivariable
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models. All analyses were performed by using SAS Survey
Analysis PROCs (SAS V.9.4) and survey package in R and
accounted for the weighted stratified probability sample
design of NHANES by applying weight (WTMEC2YR),
cluster (SDMVPSU) and strata (SDMVSTRA) variables
(samples of analytic codes are provided in online supple-
mental table S3). Taylor series linearisation was used to
produce design-adjusted standard errors and a two-sided
p<0.05 considered statistically significant in all analyses.

Subgroup and sensitivity analyses

Subgroup analyses were conducted using an analytic
approach with ‘domain’ variables created to indicate
subpopulations of interest.”” *' Subgroup analyses were
performed among those with previously diagnosed
hypertension to determine the association between TBI
(including Ag-NIL values) and controlled hypertension.
Sensitivity analyses were performed to quantify system-
atic errors due to (a) TBI misclassification, (b) hyper-
tension misclassification, (c) covariate misspecification
in multivariable models and (d) the classification of age
as a confounder. To account for errors resulting from
TBI misclassification, we ran additional models with
confirmed TB infection as the exposure. To address
potential biases due to hypertension misclassification, we
ran an additional analysis using the prior hypertension
clinical cut-off.” In this additional model, we defined any
hypertension as having (1) an average systolic blood pres-
sure level of 2140 mm Hg or diastolic blood pressure level
of 290 mm Hg across three consecutive measurements or
(2) a self-reported previous hypertension diagnosis by a
healthcare provider or current use of antihypertensive
medications. To quantify errors due to covariate misspec-
ification, we ran multiple robust Poisson models with
different sets of covariates and observed changes in PRs
estimates across models. To account for the confounding
effect of age, we ran multiple iterations of robust Poisson
models with different forms of age measures (ie, contin-
uous and age quartiles).

RESULTS

Study population

In NHANES 2011-2012, 9338 participants were
surveyed and examined (response rate of 69.5%), 60.1%
(5615/9338) of whom were =18 years old (figure 1).
Among included adults, 259 did not have valid blood
pressure measurements. Of those with valid blood pres-
sure measurements, 32 had a previous diagnosis of TB
disease and 335 had a missing QFT, with 4989 participants
meeting eligiblity for this analytical cohort. The weighted
prevalence of TBI in the cohort was 5.7% (95% CI 4.7%
to 6.7%) and any hypertension was present for 48.9%
(95% CI 45.2% to 52.7%) of participants (table 1).

Associations between TBI and hypertension
The prevalence of any hypertension was higher among
those with TBI (58.5%, 95% CI 52.4% to 64.5%) than

those without TBI (48.3%, 95% CI 44.5% to 52.1%) (PD
10.2%, 95% CI 5.0% to 15.4%) (table 1). After adjusting
for potential confounders including age (continuous),
sex, race, educational attainment level (as a proxy of
socioeconomic status), country of birth, diabetes mellitus
status, BMI and smoking status, the prevalence of any
hypertension was similar among those with and without
TBI (adjusted PR (aPR) 1.0, 95% CI 1.0 to 1.1). The
association between TBI and hypertension was similar
when examining the two components used to define our
primary outcome (ie, measured hypertension and self-
reported hypertension/use of antihypertensive medica-
tions) both in the crude and adjusted models (table 1).

Association between Ag-NIL values and hypertension

The prevalence of any hypertension was highest among
those with TBI and high Ag-NIL values (60.4%, 95%CI
53.0% to 67.7%) compared with those with TBI and low
Ag-NIL values (57.6%, 95% CI 48.7% to 66.6%) or those
without TBI (48.3%, 95% CI 44.5% to 52.1%) (online
supplemental table S4). After adjusting for age and
gender, however, the prevalence of any hypertension was
similar among the three QFT groups being compared
(online supplemental table S5). Similar trends were also
observed for the associations between Ag-NIL values and
both measured hypertension and self-reported previous
diagnosis of hypertension (figure 2).

Interaction analyses: established hypertension risk factors
and HIV

We observed relationships between TBI and hyperten-
sion among participants without established hyperten-
sion risk factors who would be considered at lower risk
for CVD. For example, comparing individuals with and
without TBI, the crude PRs (cPRs) of any hypertension
was substantially higher among those with normal BMI
(cPR 1.6, 95% CI 1.2 to 2.0), euglycaemia (cPR 1.3,
95% CI 1.1 to 1.5) and non-smoking (cPR 1.2, 95% CI
1.1 to 1.5) groups (figure 3) compared with those with
or BMI>25kg/ mQ, pre-diabetes/diabetes or smokers.
However, after adjusting for age and gender, the associa-
tion between TBI and hypertension among these groups
was attenuated. Additionally, product terms for BMI,
glycaemic level and smoking status were non-significant
on the aPR scale (p>0.05) (online supplemental table
S6).

We also found that the association between TBI and
hypertension may be different across HIV status. For
instance, the crude PD of any hypertension comparing
those with TBI to those without TBI was 4.1 percentage
points (95% CI -4.3 to 12.5) among those without HIV
infection and 81.6percentage points (95%CI 61.0 to
100.0) among those with HIV infection.

Subgroup and sensitivity analyses

From subgroup analyses conducted among those with
known hypertension, the prevalence of controlled hyper-
tension without medications was significantly lower
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Table 1 Weighted prevalence and adjusted prevalence ratios (aPRs) of hypertension measures by QuantiFERON-TB Gold In-

Tube status among US adults, NHANES 2011-2012

Hypertension measures

Weighted prevalence of hypertension, % (95%Cl)

Total
N=4989

Among QFT (-)
94.3 (93.3, 95.3)

Among QFT (+)
5.7 (4.7, 6.7)

Prevalence
difference*

percentage point

(95%Cl)

aPRt (95% Cl)

Primary study outcome
Any hypertension indicationt (n=2580/4989)
Measured blood pressure
Hypertension§ (n=1885/4989)

Stage one hypertension{] (n=1273)

Stage two hypertension* (n=612)
Hypertension diagnosis

Previously diagnosed hypertensiontt
(n=1711)

Current use of antihypertension
medicationt} (n=1276)

Undiagnosed hypertension§§ (n=869)

48.9 (45.2, 52.7)

35.0 (32.3, 37.6)
24.5 (22.4, 26.7)
10.4 (9.1, 11.8)

30.8 (27.7, 33.9)

86.9 (83.7, 90.1)

18.1 (16.1, 20.2)

48.3 (44.5,52.1)

34.5(31.8,37.2)
24.2 (21.9, 26.5)
10.3 (8.9, 11.7)

30.3 (27.1, 33.6)

86.3 (82.7, 89.9)

18.0 (15.8, 20.2)

58.5 (52.4, 64.5)

43.2 (36.4, 49.9)
30.1 (22.4, 37.9)
13.0 9.1, 17.0)

38.3 (33.6, 43.1)

94.7 (90.9, 98.4)

20.2 (14.0, 26.4)

10.2 (5.0 to 15.4)

8.7 (1.9 to 15.5)

5.9 (-2.3 t0 14.2)

2.8(-1.3106.8)

8.0 (2.4 to 13.6)

8.4 (2.3 to 14.4)

2.2 (-4.510 8.9)

1.01 (0.97 to 1.06)

1.04 (0.97 to 1.12)
1.13 (0.99 to 1.29)
0.88 (0.75 to 1.02)

0.97 (0.90 to 1.04)

1.13 (1.02 to 1.09)

1.08 (0.91 to 1.28)

Bold indicates that the finding is significant at a=0.05.

This table shows the prevalence of select hypertension measures in the overall adult cohort of NHANES 2011-2012 as well as stratified by their
tuberculosis infection status. The crude measure of association was expressed as prevalence difference, while the adjusted measure of association

was expressed as prevalence ratio.

*Mean/prevalence difference was calculated by setting those without TBI (ie, QFT negative) as the referent group.
TModel was adjusted for age, sex, race, education attainment level, country of birth, type 2 diabetes mellitus, body mass index and smoking.
FSystolic >130mm Hg and/or diastolic >80 mm Hg or self-reported previous diagnosis of high blood pressure by health providers or use of

antihypertensive medications.

§Including stage 1 and 2 hypertensions (ie, systolic 2130 mm Hg or diastolic >80 mm Hg).

{ISystolic 130-139 mm Hg or diastolic 80-89 mm Hg.
**Systolic 2140mm Hg or diastolic 290 mm Hg.

T1Survey participants answered ‘yes’ to the question ‘(have you/has SP) ever been told by a doctor or other health professional that (you/s/he) had

hypertension, also called high blood pressure?’.

FtAmong those who answered ‘yes’ to ‘because of (your/SP’s) (high blood pressure/hypertension), (have you, has s/he) ever been told to take
prescribed medicine?’, survey participants also answered ‘yes’ to the question ‘(are you/is SP) now taking prescribed medicine (for high blood

pressure/hypertension)?’.

§§Elevated blood pressure levels (systolic >130mm Hg or diastolic >80 mm Hg) with no prior diagnosis of hypertension by healthcare providers.
aPRs, adjusted prevalence ratios; NHANES, National Health and Nutrition Examination Survey; QFT, QuantiFERON-TB.

among those with positive QFT (5.2%, 95% CI 2.0% to
8.3%) compared with those with negative QFT (11.8%,
95% CI9.5% to 14.0%), although the association was no
longer significant after adjusting for key confounders
(aPR 0.6, 95% CI 0.4 to 1.1) (table 2). Conversely, the
prevalence of uncontrolled hypertension with medica-
tions, the more severe form of hypertension, although
non-significant, were slightly higher among those with
positive QFT compared with those with negative QFT
(figure 2).

In models with confirmed TB infection (ie, positive
QFT and positive TST) as the study exposure, the preva-
lence of any hypertension was highest among those with
confirmed TB infection (60.8%, 95% CI 51.4% to 70.3%)
compared with those with no TB infection (49.6%, 95%
CI 45.7% to 53.5%) or those with discordant TST and
QFT results (52.7%, 95% CI 43.9% to 61.6%) (p=0.12)
(online supplemental table S7). We observed similar
trends in the crude and adjusted associations between
TBI and hypertension when we used both QFT and TST
(online supplemental table S8) versus QFT alone to
define TBI. Results from models that used prior clinical

cut-offs to define hypertension (systolic blood pressure
level of >140mm Hg or diastolic blood pressure level
of 290mm Hg) were similar to results from models with
current hypertension definitions (aPR_, 1.01, 95% CI
0.97 to 1.06 vs aPR_ _ 0.94, 95% CI 0.89 to 1.00) (data
not shown). Results from sensitivity analyses to quantify
bias due to covariate misspecification in the multivariable
models indicated that PRs of any hypertension comparing
those with positive QFT to those with negative QFT were
similar when age was treated continuously or grouped in
quartiles (ranged from 1.0 to 1.1) (online supplemental
table S9).

DISCUSSION

Using data representative of US adult population, we
found a high prevalence of hypertension (ie, nearly one
out of two) in the 2011-2012 NHANES cycle. We reported
similar adjusted prevalence of hypertension among indi-
viduals with or without TBI. In our study, individuals
with positive QFT and high Ag-NIL values were more
likely to have any hypertension, but less likely to have
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Any Hypertension Indication

QFT + vs. QFT -
Low Ag-NIL vs. QFT -
O [0
High Ag-NIL vs. QFT - S 15

\
High vs. Low Ag-NIL £

Measured Hypertension

Previously Diagnosed

Hypertension Undiagnosed Hypertension

'
"e

'
'
e DR

1 2 3 1 2

Controlled Hypertension
without Medications

Comparisons

Medications
'
QFT +vs. QFT -
Low Ag-NIL vs. QFT -
|
} ®
High Ag-NIL vs. QFT - 2 5

:
' O
High vs. Low Ag-NIL g o
. .

Controlled Hypertension with

3 1 2 3 1 2 3

Uncontrolled Hypertension
without Medications

Uncontrolled Hypertension
with Medications

1 2 3 10 1 2

® Unadjusted e Adjusted*

Prevalence Ratio (95% Confidence Interval)

3 1 2 3 10 1 2 3

Figure 2 Crude and adjusted associations between QuantiFERON-TB Gold In-Tube results (QFT) and select hypertension
measures among US adults, NHANES 2011-2012. *Models were adjusted for age and gender. Circles in this panel of figures
indicate point estimates from the robust Poisson models, expressed as prevalence ratios with the coloured bands indicating
the accompanying 95% Cls. The vertical dashed line on the x-axis value of 1 marks the study null value (ie, B estimates=0or
prevalence ratio=1.00), suggesting no association. The top panel figures were produced from analyses performed among
eligible participants (n=4989). The lower panel figures were produced from analyses performed among a subset of participants
with known hypertension indication (n=1711). Ag-Nil, antigen tube minus the Nil tube; NHANES, National Health and Nutrition

Examination Survey; TB, tuberculosis.

the more severe form of hypertension (ie, uncontrolled
hypertension without medications). We also observed
that the association between TBI and hypertension was
more common among individuals without established
hypertension risk factors. Collectively, our results provide
preliminary epidemiological evidence suggesting that
hypertension, a well-established intermediate for CVD,
was more common among individuals with TBI than
those without TBI in the US populations.

Our finding suggesting that hypertension is more
common among individuals with TBI than those without
TBI is consistent with previous studies, although the prev-
alence was similar after adjusting for key confounders.
Our null adjusted findings may indicate that the associ-
ation between TBI and hypertension among NHANES
cohort were confounded by demographic characteristics
(eg, age, sex). In contrast, a retrospective cohort study
conducted among 5185 individuals with TBI and healthy
controls using data from a large metropolitan health-
care system in the US reported a higher hazard rates of
hypertension incidence (defined by International Classi-
fication of Diseases [ICD]-9 codes) among those with TBI
(defined by ICD-9 codes and tuberculin skin test/IFN-y
release assay) compared with healthy controls without TBI
(HR2.0,95% CI 1.6 to 2.5) S1n addition, a cross-sectional
study conducted among 2,351 TST-positive individuals
in South India reported a slightly higher prevalence of
hypertension (defined as systolic >130mm Hg) among
those with confirmed TBI (defined as TST and QFT
positive) (15%) compared with those latent TB negative

(12%) (aOR 1.18, 95% CI 1.0 to 1.56).” Unlike the two
studies mentioned above, we used a more comprehen-
sive definition of hypertension by combining objectively
measured blood pressure levels (systolic and diastolic)
and known hypertension indications (ie, previous hyper-
tension diagnosis or self-reported use of antihypertensive
medications) to avoid potential misclassification.

Despite our null findings, we identified several plau-
sible mechanisms that may explain how TBI may be
associated with hypertension. First, underlying patho-
physiology related to chronic inflammation, even at rela-
tively low levels, is linked to hypertension, and therefore,
the proinflammatory state that accompanies TBI may
increase blood pressure.”** Second, TBI may be a proxy
of other key factors related to social position which in turn
impact hypertension risk. Hypertension is known to be
multifactorial spanning from the group or community to
the individual. Several physical, social, political and envi-
ronments risk factors that may influence hypertension
were not fully accounted for in our analyses (eg, stress,
family history, diet, lifestyle, physical activity, geographical
delineation, illicit drug use, access to healthcare or insur-
ance coverage). If some of these variables are associated
with TBI, it is plausible that our reported estimates are
distorted due to residual confounding effects. Further
studies using social ecological models and longitudinal
designs are warranted to better understand the true effect
of TBI on hypertension.

Furthermore, we also reported that the prevalence of
hypertension was highest among individuals with positive
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Figure 3 Relationship between positive QuantiFERON-TB result and hypertension: Stratified by demographic and clinical
characteristics among US adults, NHANES 2011-2012. This figure shows results from the analyses with statistical interaction
term included in the robust Poisson models to evaluate the joint effect between tuberculosis infection and other key risk factors
on hypertension. We selected these ‘moderator’ variables by identifying common risk factors for cardiovascular diseases from
published studies (eg, age, race, body mass index, country of birth, smoking status and diabetes status). NHANES, National
Health and Nutrition Examination Survey; PR, prevalence ratio; TB, tuberculosis.

QFT and high Ag-NIL values, but we observed no dose—
response relationship nor statistical significance after
adjusting for key risk factors. TB infection has been asso-
ciated with enhanced levels of systemic inflammation
and immune activation, including increased expression
of tumour necrosis factor-o, interferons and interlukin-6
(IL—6).4_7 These chemokines and dysfunctional immune
responses play an important role in the pathogenesis of
hypertension and CVD.” * Individuals with positive QFT
and higher Ag-NIL values are more likely to develop
to active TB** 7 as they may have higher mycobacterial
burden,” and thus, could potentially have higher degree
of inflammation or immune responses to the bacterial
infection. Interestingly, among those with previously
diagnosed hypertension, we found that individuals with
TBI may have more severe hypertension manifestation
compared with those without TBI. This was indicated
by the higher prevalence of uncontrolled hypertension
without medications among those with TBI. However, the

available data do not allow us to discern if these differ-
ences are due to clinical differences or access to care.
Our cross-sectional study design may not be the appro-
priate design to observe the expected associations or
dose-response relationship between TBI, IFN-y TB
antigen responses and hypertension. Furthermore, the
time of TBI in the life course may have different impli-
cations on TBI and hypertension association. In this
NHANES cohort, the majority (>90%) of foreign born
with positive QFT have stayed in the US for =5 years, and
thus, we postulated that TBI happened before arriving in
the USA. It is plausible that these individuals are either in
the latent or incipient stage where there is no to minimum
bacteria replication, and thus, minimum proinflam-
matory responses.”® Newly arrived immigrants may face
higher level of stress with acculturation and other social-
environmental pressures which could impact systemic
inflammation, immune responses and/or increased risks
of hypertension. Prospective studies to follow individuals
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Table 2 Weighted prevalence and adjusted prevalence (aPR) ratios of controlled and uncontrolled hypertension by
QuantiFERON-TB Gold In-Tube status among US adults with known hypertension, NHANES 2011-2012

Weighted prevalence of hypertension, % (95%Cl)

Mean/prevalence

difference*
Total Among QFT (-) Among QFT (+) percentage point
Hypertension controls N=1711 94.3 (93.3,95.3) 5.7 (4.7,6.7) (95%Cl) aPRt (95% Cl)
Controlled without 11.3(9.2,13.3) 11.8 (9.5, 14.0) 5.2 (2.0, 8.3) —-6.6 (-10.5to t0 2.7) 0.62 (0.36 to 1.09)

medicationst (n=308)
Controlled with

medications§ (n=838)
Uncontrolled without
medications (n=127)

Uncontrolled with
medications** (n=438)

33.9 (29.1, 38.8) 33.9 (28.8, 40.0)

15.0 (12.0, 18.1) 15.2 (12.0, 18.5)

39.8 (36.7, 42.8) 39.1 (35.7, 42.6)

Bold indicates that the finding is significant at a=0.05.

34.8 (25.5, 44.1) 0.9 (-9.0to 10.9) 1.10 (0.84 to 1.45)

12.2 (5.5,18.9) -3.1 (-10.5 to 4.4) 0.80 (0.41 to 1.59)

47.8 (40.1,55.6) 8.7 (1.0, 18.4) 1.16 (0.94 to 1.43)

This table summarises findings on whether latent tuberculosis infection is associated with severe clinical manifestation of hypertension,
indicated by elevated measured blood pressure levels with the use of antihypertensive medications among individuals with known

hypertension indications (n=1711).

*Mean/prevalence difference was calculated by setting those without TBI (ie, QFT negative) as the referent group.
TModel was adjusted for age, sex, race, education attainment level, country of birth, type-2 diabetes mellitus, body mass index and smoking.
FHaving systolic blood pressure <130mm Hg and a diastolic blood pressure <80 mm Hg without a record of taking medications to lower

blood pressure levels.

§Having systolic blood pressure <130 mm Hg and a diastolic blood pressure <80 mm Hg with a record of taking medications to lower blood

pressure levels.

fIHaving systolic blood pressure >130 mm Hg or diastolic blood pressure >80mm Hg without a record of taking medications to lower blood

pressure levels.

**Having systolic blood pressure >130mm Hg or diastolic blood pressure >80 mm Hg with a record of taking medications to lower blood

pressure levels.

NHANES, National Health and Nutrition Examination Survey; QFT, QuantiFERON-TB; TBI, tuberculosis infection.

with recent TBI diagnosis are still warranted to determine
the hypertension and CVD risk trajectories.

Interestingly, we observed associations between TBI
and hypertension among those with normal BMI, eugly-
caemic and non-smokers without adjusting for potential
confounders. These groups may be considered at lower
risk of CVD. Although the associations were attenu-
ated and non-significant after controlling for potential
confounders, the prevalence of hypertension remained
higher when comparing those with TBI than those
without TBI among these groups. This further reinforces
the premise that there are likely to be differing effects
of TBI on hypertension risk within subgroups. While
the significant TBI-hypertension associations observed
among those with lower risk of CVD may be due to the
larger sample sizes in NHANES, these preliminary results
suggest the need for mechanistic studies. Further clinical
investigations and modelling studies are needed to deter-
mine whether targeted TB preventive treatment is effec-
tive to reduce the global burden of CVD among these
groups.

Our study is subject to limitations. First, our TBI defini-
tion (ie, according to QFT positivity) may include a broad
spectrum of individuals who may have cleared the infec-
tion, have latent TB, incipient TB or subclinical TB since
no further clinical assessment was made (eg, symptom
screening, chest X-ray, culture test). ** Second, we could

not determine the temporal relationship between TBI
and hypertension with the cross-sectional study design
used in the present paper. Third, we did not account
for any record of hypertension prescription, or other
commonly prescribed medications that could poten-
tially affect blood pressure levels. Fourth, we defined
some of our key variables (including hypertension status
and hypertension medication intake) with self-reported
information that may be prone to recall bias and likely
included some misclassification. However, if misclassifica-
tion of hypertension was non-differential with respect to
TBI, we expect any misclassification in our results would
likely biased towards the null."" Fourth, we did not esti-
mate (a) stratum specific PRs for HIV and (b) effects of
HIV clinical information (eg, CD4 counts) in our strat-
ified models due to the small, unweighted frequency of
individuals with HIV infection. The wide Cls reported
around our PDs among HIV and non-HIV group also
needs to be interpreted with caution considering the low
prevalence of HIV infection in the 2011-2012 NHANES
cycle. Further clinical studies with larger sample size are
still warranted to fully assess the joint effect between
HIV (including HIV clinical characteristics) and TBI,
and its association with hypertension. Last, this study was
conducted using survey data representative of US adult
population but may not be generalisable to other regions
with higher TB burdens. Furthermore, we used datafrom
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NHANES 2011-2012 and were not able to determine
whether the prevalence of TB infection and hypertension
reported in this study cycle is reflective of the current US
population. An updated analysis to assess trends in the
association across multiple NHANES cycles is warranted.**
In conclusion, we reported a higher prevalence of hyper-
tension among individuals with positive QFT, although
the association was non-significant after adjusting for key
confounders, particularly age. To determine the direc-
tion of the association between TBI and hypertension, a
prospective study following hypertension-free individuals
at TBI diagnosis is warranted and would help establish the
biological pathways regarding how TBI might increase the
risk of CVD. Future prospective work should address the
question whether individuals treated for LTBI have lower
risk of hypertension. Importantly, our results underscore
the need to screen for hypertension and other metabolic
disorders among those with TBI, especially among those
without traditional CVD risk factors; doing so may help
prevent premature deaths attributed to TB and CVD.
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