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Background. Limited evidence suggests elevated risks of cardiovascular disease (CVD) among people diagnosed with
tuberculosis (TB) disease, though studies have not adjusted for preexisting CVD risk. We carried out a cohort study using 2
separate datasets, estimating CVD incidence in people with TB versus those without.

Methods. Using data from the United States (Veterans Health Administration) and the United Kingdom (Clinical Practice
Research Datalink) for 2000-2020, we matched adults with incident TB disease and no CVD history 2 years before TB diagnosis
(US, n=2121; UK, n = 15 820) with up to 10 people without TB on the basis of age, sex, race/ethnicity and healthcare practice.
Participants were followed beginning 2 years before TB diagnosis and for 2 years subsequently. The acute period was defined as
3 months before/after TB diagnosis. TB, CVD, and covariates were identified from electronic routinely collected data (primary
and secondary care; mortality). Poisson models estimated incident rate ratios for CVD events in people with TB compared to

those without.
Results.

CVD incidence was consistently higher in people with TB, including during the baseline period (pre-TB) and

particularly in the acute period: incident rate ratios were US, 3.5 (95% confidence interval, 2.7-4.4), and UK, 2.7 (2.2-3.3). Rate
ratios remained high after adjusting for differences in preexisting CVD risk: US, 3.2 (2.2-4.4); UK, 1.6 (1.2-2.1).

Conclusions.

Increased CVD incidence was observed in people with TB versus those without, especially within months of TB

diagnosis, persistent after adjustment for differences in preexisting risk. Enhancing CVD screening and risk management may

improve long-term outcomes in people with TB.
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Globally, tuberculosis (TB) remains a major cause of morbidity,
disability and the leading infectious cause of death [1]. In 2021,
TB incidence rose to 10.6 million, reversing years of gradual
decline before coronavirus disease 2019 (COVID-19) [2, 3].
With an aging global population, TB disease is becoming
more common in older people, who have increased risk of mul-
timorbidity, particularly noncommunicable diseases such as
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cardiovascular disease (CVD) [4]. Antimicrobial treatment
for TB disease is highly effective, but TB survivors have a re-
duced quality of life and higher all-cause mortality [5-9]. TB
may itself increase CVD risk because diagnosis can take years
[10], resulting in chronic inflammation [11-13], insulin resis-
tance [14, 15], lipid dysregulation [16, 17], endothelial activa-
tion, and hypertension [11, 18-22].

Prior studies identified strong associations between TB and
CVD. A recent systematic review reported 1.5 times higher
risk of major adverse cardiac events among people with a TB
history [23], but studies had multiple serious biases including
lack of control for confounders, limited sample size, follow-up
time, and an inability to observe CVD incidence before TB
diagnosis [23].

To our knowledge, no previous studies have assessed the
temporal relationship between TB diagnosis and CVD events
[23, 24]. However, people diagnosed with TB disease may
have an increased risk of CVD even before development of
TB symptoms, potentially because of a subacute inflammatory
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state among those with latent TB infection (LTBI; infection
with Mycobacterium tuberculosis but no active TB disease), de-
lays in patient healthcare-seeking and health system TB diagno-
sis, or differences from poor underlying health or access to care.
A longitudinal design that allows for observation of CVD inci-
dence before TB diagnosis also provides an opportunity to ac-
count for differences in preexisting CVD. Hence, following a
cohort before TB diagnosis eliminates most sources of con-
founding, a potentially serious bias [24]. Our study aimed to
determine the extent to which TB increases the risk of incident
CVD, even after adjusting for prior differences in CVD inci-
dence during an extended period before the TB diagnosis.
We used large retrospective cohorts based on electronic medi-
cal records in the United States and United Kingdom; these in-
dependent cohorts permitted study design replication and
increased statistical power to describe and evaluate the timing
of incident CVD events for 2 years before and 2 years after
TB diagnosis.

METHODS

Study Design
A retrospective matched cohort study in each database (US and
UK) separately.

Data Sources

US Data

National veteran population and their healthcare utilization
(VHA) datasets were used to construct cohort information in-
cluding demographics, diagnosis, laboratory measurements,
pharmacy prescriptions, and outcomes. US Veterans Eligibility
Trends and Statistics dataset (https:/rb.gy/ujef83) provided as-
sessment of social determinants related to health.

UK Data

The Clinical Practice Research Datalink (CPRD), a large prima-
ry care database collects anonymized patient data from a net-
work of General Practices (Primary Care Centers—currently
>18 million patients [25]), linked to data sources including
Hospital Episode Statistics (data on hospital admissions) [26],
Office of National Statistics death registration records, and
the Index of Multiple Deprivation (a geospatial measure for so-
cioeconomic status [SES]) [27].

Study Participants

US Data

The sampling frame was all people enrolled in the VHA system
aged >18 years and having at least 1 primary care visit between 1
January 2000 and 31 December 2019. Those having >2 outpa-
tient International Classification of Disease (ICD) codes or >1
inpatient ICD code for TB, and a first prescription of pyrazina-
mide or ethambutol during the same period were considered to

have TB disease (see published code lists [28]). The earliest of
these dates was defined as TB diagnosis date (index date) [28].

UK Data

The sampling frame was all people registered with their
CPRD practice at some point between 1 January 2000 and 31
December 2019. People with TB were identified as those aged
18-90 years, with a first record of TB while actively registered
in CPRD between these dates using UK primary care diagnostic
codes indicative of incident TB [28].

In both datasets, people were required to have no prior record
of TB, to be active with their healthcare provider for >2 years
before the date of TB diagnosis and have no evidence of CVD
in primary or secondary records for at least 2 years before the
TB diagnosis. Each person with TB was matched with up to 10
people without a TB diagnosis anywhere in their record, creating
a match set for each person with TB. For UK people, matching
was with replacement, meaning someone without TB could be
matched to more than 1 person with TB (Supplementary Text 1).
Matching was performed by year of birth, sex, race/ethnicity
and either VHA facility (US) or primary care practice (UK).
Race (US)/ethnicity (UK) for each person was taken from self-
reported information recorded in datasets and classified into
broad race/ethnic groups: 3 racial groups for US (White,
Black, Mixed/Other) and 4 ethnic groups for UK (White,
South Asian, Black, Other). Those with missing race/ethnicity
were coded separately (Supplementary Text 1) [29]. People
without TB were similarly required to be actively using the
healthcare system for at least 2 years before the index date of
their matched person with TB and have no prior indication
of CVD 2 years before this index date. All people were followed
up to the earliest date of: CVD event in primary care or hospital
records, death, in the United Kingdom, patient leaving the
practice or their practice leaving CPRD, or 1 March 2020.
The latter date was chosen because both CVD and TB diagnos-
es were substantially affected by COVID-19 and lockdowns in
2020 onwards [29].

Outcomes and Covariates

Date of first CVD diagnosis in primary care or hospital records
was identified using ICD-9/ICD-10 codes for US data, primary
care diagnostic codes and ICD-10 codes for UK primary care
and hospital data respectively [28]. Covariates: information
on smoking (ie, never, former, current), body mass index, co-
morbidities, and prescribing of statins or antihypertensives
were extracted at 2 years before TB diagnosis date. SES was
measured using quintiles of household income from US
Veterans Eligibility Trends and Statistics dataset (https:/rb.
gy/ujef83) (US) and Index of Multiple Deprivation (UK).
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Statistical Analysis

To estimate CVD incidence over time, we defined a 4-year pe-
riod comprising +2 years either side of the TB diagnosis date
(index date) divided into 48 separate 30-day periods. For
each 30-day period, we searched for an incident CVD event,
calculated person-time at risk, and summed these across all
match-sets, yielding the rate over each 30-day period for people
with and without TB. People who experienced an event were
dropped from subsequent 30-day periods. Match sets had to
have at least 1 person with and 1 without TB.

Second, we used Poisson models, conditioned on the match
sets with an offset for time at risk, and a difference-in-
difference analysis to examine risk of an incident CVD event
+2 years of the TB index date. Analyses aggregated time into
5 periods: pre-TB “baseline” (1-2 years before TB index
date), pre-acute (3 months to 1 year before TB index date),
acute (3 months before and after TB index date), post-acute
(3 months to 1 year after TB index date), and post-TB (1-2
years after TB index date). The effect of group (TB vs not
TB), time (acute period vs baseline period 1-2 years before
TB index date) and the group-time interaction were estimated.
Incident rate ratios (IRR) were obtained for people with TB
compared to those without for each period. The group-time in-
teraction provided the rate ratio (RR) for the risk of an incident
CVD event in people with TB in each period controlling for any
differences present in risk during the pre-TB baseline period.
This also inherently adjusts for confounding because of person-
al characteristics as people were their own controls over time
[30] (Supplementary Text 1). To add robustness, models
were additionally adjusted for HIV status, smoking, body
mass index, SES, hypertension, and prescribing of CVD pre-
ventive medicines (antihypertensives/statins). Stratified analy-
ses considered effects by age group, sex, and race/ethnicity.
Sensitivity analyses included further adjustment for diabetes,
limiting to CVD events resulting in hospitalization only (ex-
cluding those only diagnosed in primary care), limiting to peo-
ple with TB who were matched to >4 matched people without
TB, including immediately fatal CVD events only appearing in
linked mortality data and extending post-TB follow-up to 3
years.

All analyses were conducted separately in each dataset using
harmonized coding in STATA (example code in Supplementary
Text 2).

Ethical approval was granted by the institutional review
board at Emory University/Atlanta VHA Medical Center and
CPRD’s Research Data Governance (protocol 20_000201).

RESULTS

The final datasets included 17 941 people with TB (US, 2121; UK,
15 820) and 130 494 total matched people without TB (US, 16
702; UK, 113 792 individual people, 118 218 total people without

TB) (Supplementary Figure 1A and 1B). The majority of people
with TB had at least 4 matched people without (US, 2034 [96%];
UK, 14 869 [94%]).

People with TB were almost all male in the United States (97%
US, 51% UK) and older; median age at diagnosis was 59 years in
the United States and 44 years in the United Kingdom (Table 1).
Of those with known race/ethnicity, TB diagnoses were predom-
inately in White (54%) and Black (39%) populations in the
United States, compared with 32% and 16% respectively for
the United Kingdom, with a further 31% of UK diagnoses occur-
ring in South Asian populations. There was a higher proportion
of mixed/other ethnicity and missing ethnicity in UK data. A
total of 64% of UK people with TB were in the 40% of most de-
prived areas with similar patterns for those without TB. US data
on household income were limited but comparable.

Over the 4-year analysis period, among those with TB there
were 462 CVD events in the US sample and 622 in the UK
equating to estimated CVD incidence rates of 65 (US) and 11
(UK) per 1000 person-years (PYs). Among those without TB,
4-year CVD incidence rates were 31 (US) and 6 (UK) per
1000 PYs (Table 2).

Overall, we observed increased CVD incidence in people
with TB compared to those without. People with TB had higher
CVD rates during the baseline period with a marked increase in
the acute period (Figure 1A and 1B). Acute period incidence
among people with and without TB was 127 and 30 per 1000
PYs, respectively, in the United States; and 16 and 6 per 1000
PYs in the United Kingdom (Table 2), (Supplementary Table
1). After adjusting for covariates, the IRRs for a CVD event
in people with TB in the acute period was 3.5 (95% confidence
interval [CI], 2.7-4.4) in the United States and 2.7 (2.2-3.3) in
the United Kingdom (compared to those without TB). After
further adjusting for differences in CVD incidence in the
pre-TB period, the RRs for CVD incidence during the acute
period were US, 3.2 (2.2-4.4) and UK, 1.6 (1.2-2.1).

We performed stratified analyses to determine if the RRs for
CVD in those with TB compared to those without differed by
age, sex, or race/ethnicity (Supplementary Table 2). RRs for
the acute period relative to the baseline period were similar
for UK males and females. No clear patterns emerged by age
or race/ethnicity. Other sensitivity analyses (Supplementary
Table 3) aligned with main results.

DISCUSSION

In this large US and UK cohort study, TB disease was associated
with a significantly increased incidence of CVD before, partic-
ularly during, and after a TB diagnosis. We observed approx-
imately 3 times increased relative incidence of CVD events
during the acute period (+3 months of TB diagnosis).
Importantly, we established that the higher risk of CVD inci-
dence in the acute period persisted (RR 2-3) even after
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Continued

Table 1.

UK

us

People Without TB

People With TB

People Without TB

People With TB

%
14%

8%

%
15%

%
8%

36%

%
39%

Characteristic

16 600

6038 2450

3955

821

Prescribed antihypertensives®

8942

1255

24%

18%

390

Prescribed statins®

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; IQR, interquartile range; N/A, not available; TB, tuberculosis.

“aUK data: 113 792 individual people without TB but due to the matching with replacement there were 118 218 total matched people without TB.

=39%).

PPercentage of each race/ethnic group uses denominator of all “known” race/ethnic group (eg, Black US patients with TB: 745/1891

¢“South Asian” included with “Other race” in US data.

6%).

9percentages of quintile for socioeconomic measure use denominator of all “known” socioeconomic measure (eg, most income in US patients: 44/738

®Baseline is 720 days (~2 years) before TB diagnosis.

fMention in the medical record is taken as positive. No mention is assumed as not present.

9Prescribed in the 12 months before baseline (ie, prescribed 2-3 years before TB diagnosis).

accounting for preexisting differences 1-2 years before TB di-
agnosis. Increased acute period CVD incidence was consis-
tently observed in both the US and UK cohorts; this lends
additional rigor and validity. Our findings have substantial
implications for management of TB globally, highlighting
the importance of addressing cardiovascular risk factors and
care.

A key attribute of our design is that we followed people 2
years before and 2 years after (3 years in a sensitivity analysis)
the date of TB diagnosis. We used 2 national healthcare data-
bases, assembled cohorts of nearly 18 000 people with TB dis-
ease, and matched on key confounders to ~130000 people
without TB. CVD risk was significantly higher among people
with TB, even 1-2 years before their diagnosis date. Findings
were similar in subanalyses limited to CVD events diagnosed
in hospital, suggesting our results are not due to diagnostic
bias. Our estimated RRs accounted for the preexisting differ-
ences, alleviating important concerns about potential bias be-
cause of confounding.

Observations from our study are consistent with previously
published results from healthcare databases [23] but expand
on existing studies and suggest a stronger relationship between
TB and CVD than previously reported, particularly near the
time of TB diagnosis. For example, a propensity-matched study
that used US commercial insurance data reported an increased
incidence of myocardial infarction within 1 year after TB diag-
nosis (adjusted hazard ratio, 2.0; 95% CI, 1.3-3.0) [31].
Similarly, a Taiwan insurance database study reported higher
incidence of acute coronary syndrome in people with a TB his-
tory compared to non-TB control groups (2.1 vs 1.5/1000 PYs)
[32].

Several mechanisms may contribute to CVD in people with
TB. First, the increased CVD incidence before TB diagnosis
may be attributed to LTBI-related systemic inflammation and
immune activation [33, 34], incipient, or subclinical TB disease
[20, 35, 36]. Pulmonary inflammation may result in vascular in-
jury and endothelial damage [7, 37]. TB-induced adipose in-
flammation may also exacerbate underlying metabolic
disease, influencing CVD risk [11, 38-40]. Our epidemiologic
findings alongside biologically plausible mechanisms provide
compelling evidence for a robust relationship between TB
and CVD.

Strengths and Limitations

Key strengths of our analyses include the large and generaliz-
able linked cohorts with TB and CVD diagnoses. We used
national VHA data from the United States and nationally
representative primary care data from the United Kingdom
to establish well-described cohorts of people with TB disease.
Despite differences in populations and absolute CVD risk, pat-
terns of results were comparable. Our comparison groups with-
out TB disease were matched on age, sex, race/ethnic group,
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Figure 1. A, B, 30-day incidence rates for cardiovascular events, 2 years either
side of tuberculosis diagnosis. The overall incidence rate ratio (IRR) for each period
is statistically significant for US people in the preacute, acute and postacute
periods and for UK people, for all periods (Table 2). Abbreviation: TB, tuberculosis.

and healthcare setting, providing a robust design to adjust for
potential confounding. We matched virtually all (100% US,
>99% UK) to at least 1 and up to 10 people without TB disease.
We used a difference-in-difference analysis, building on de-
signs assessing CVD risk associated with acute COVID-19
[30]. This inherent adjustment for confounding resulting
from fixed personal characteristics is a significant methodolog-
ical advance on previous research.

Another strength was our focus on incident CVD events,
reducing risk of reverse causality. We assessed the risks of
CVD events at monthly intervals over an extended period,
thus evaluating the timing of CVD events in relation to TB di-
agnosis in more detail than previous studies.

Regarding limitations, first, electronic health record diagnoses
of both TB disease and CVD outcomes are imperfect. However,
TB is a notifiable disease in both countries, and previous work
has validated the prevalence of TB in UK primary care [41,
42]. Second, misclassification of LTBI as TB disease was possible.
However, our US case definition included medications used to
treat TB disease and not LTBI (ie, ethambutol and pyrazina-
mide). In the United Kingdom, TB medication is not prescribed
through primary care; though for the low proportion (~14%)
that had prescribing data available, ethambutol and pyrazina-
mide were recorded, consistent with TB disease. Additionally,
rates of LTBI screening are relatively low in both cohorts, partic-
ularly in the United Kingdom [43]. Third, TB diagnosis can often
be delayed, and symptomatic disease may have been present for
some time before our “index date,” which may thus be approx-
imate. Diagnosis dates can also be inaccurate, but we removed
people reporting a first CVD and TB diagnosis on the same
day (a potential sign of data entry error) and UK participants re-
porting a first CVD event on 1 January 2000 (implausibly large
excess on this date).

Fourth, our analysis may not have included all CVD out-
comes. Although we assessed our study outcomes in both hos-
pital and primary care data, which have been validated for both
the VA and CPRD [44, 45], some CVD events may have been
missed. In sensitivity analyses for the UK data, we included
only CVD events that resulted in hospitalization because acute
and more severe events are more accurately captured and
less affected by diagnostic biases or missed documentation.
Results from these analyses were consistent with our main re-
sults. A potential immortal time bias is inherent in our analysis
whereby any patient who hypothetically may have been later di-
agnosed with TB but had an immediately fatal CVD event is not
included in the pre-TB period and for this reason we did not
include immediately fatal CVD events (CVD mortality events
reported in mortality datasets with no prior visits to primary
care or hospital with a CVD code) subsequent to the TB index
date; our primary outcome thus differs slightly from the com-
mon composite outcome of major adverse cardiovascular
events [46]. However, a sensitivity analysis in the UK data in-
cluding these few immediately fatal events (28 in people with
TB) made no difference to the RRs. Although race/ethnicity
was recorded, country of birth or migration status was not
available and a high proportion of TB cases occur in people
not born in the United States/United Kingdom [29]; however
we required a minimum of 2 years of records before TB index
data so recent migrants were excluded. Finally, missing data
can be a concern with electronic records, but key covariate
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information was highly recorded in most cases (Table 1) except
SES in the United States.

Fifth, our databases were only from the United States and
United Kingdom. Longitudinal studies from Low- and
Middle- Income Countries (LMICs) with high TB burdens
would be optimal to assess our hypotheses, but sufficiently large
datasets are not available. However, the UK data included many
younger individuals of South Asian or Black African Caribbean
origin increasing generalizability.

Finally, we set out only to examine risk of CVD events after
TB disease; other research has demonstrated higher CVD
risks associated with some acute infections (eg, COVID-19,
pneumonia) [30] and further work could examine whether
these differ for more chronic infections such as TB.

CONCLUSION

We found elevated risks of CVD before, especially during, and
after TB diagnosis. Our findings have important clinical and re-
search implications and indicate that CVD risk assessment dur-
ing TB treatment may be warranted. A substantial proportion
of TB-associated mortality may be due to CVD events, partic-
ularly among older people and those with comorbidities such as
diabetes for whom deaths during TB treatment are common
[47, 48]. Currently CVD risk management is seldom included
in TB treatment guidelines; no specific guidance exists nation-
ally or globally [48]. Randomized controlled trials of CVD
medications have been planned but rarely carried out in people
with TB; such trials seem justifiable [49].

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.

Notes

Author Contributions. Conceptualization: M. J. M., J. A. C. Funding ac-
quisition: M. J. M,, J. A. C, T. H, L. P, S. C. A C, L C,
M. R. Methodology: All. Data analysis: A. K, E. L., J.
M. J. M, S. d. W, D. C. Initial draft: E. L., J. A. C., M.
Critical revisions to draft: all authors.

Financial support. This work was supported by National Institute of
Allergy and Infectious Diseases (NIAID) at the National Institutes of
Health [grant number R21AI156161]. J. C. and E. L. are also supported
by EDCTP funded PROTID study Preventive Treatment of Latent
Tuberculosis Infection in People with Diabetes Mellitus (PROTID) study,
which is part of the EDCTP2 program supported by the European Union
[grant number RIA2018CO-2514-PROTID]. L. S. P. is supported in part
by VHA awards CSP #2008, CSP #2002, CSP Network of Dedicated
Enrollment Sites, I01 CX001899, and 101 BX005831; NIH awards RO1
DK127083, R21 AI156161, and U18DP006711; and a Cystic Fibrosis
Foundation award PHILLI12A0. L. S. P. is also supported in part by the
Veterans Health Administration (VHA). This work is not intended to re-
flect the official opinion of the VHA or the US government.

Potential conflicts of interest. L. S. P. declares that there is no duality of
interest associated with this manuscript. With regard to potential conflicts

of interest, L. S. P. has served on Scientific Advisory Boards for Janssen, and
has or had research support from Merck, Pfizer, Eli Lilly, Novo Nordisk,
Sanofi, PeriodBio, Roche, Abbvie, Vascular Pharmaceuticals, Janssen,
Glaxo SmithKline, and the Cystic Fibrosis Foundation. L. S. P. is also a co-
founder and Officer and Board member and stockholder for a company,
Diasyst, Inc., which markets software aimed to help improve diabetes man-
agement. All other authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Fukunaga R, Glaziou P, Harris JB, Date A, Floyd K, Kasaeva T. Epidemiology of
tuberculosis and progress toward meeting global targets—Worldwide, 2019.
MMWR Morb Mortal Wkly Rep 2021; 70:427-30.

2. World Health Organization 2022. Global Tuberculosis Report 2022. Available at:
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-
tuberculosis-report-2022. Accessed 28 July 2024.

3. Reid M, Agbassi YJP, Arinaminpathy N, et al. Scientific advances and the end of
tuberculosis: a report from the Lancet Commission on tuberculosis. Lancet 2023;
402:1473-98.

4. Jarde A, Romano E, Afaq S, et al. Prevalence and risks of tuberculosis multimor-
bidity in low-income and middle-income countries: a meta-review. BMJ Open
2022; 12:e060906.

5. Dodd PJ, Yuen CM, Jayasooriya SM, van der Zalm MM, Seddon JA. Quantifying
the global number of tuberculosis survivors: a modelling study. Lancet Infect Dis
2021; 21:984-92.

6. Harries AD, Ade S, Burney P, Hoa NB, Schluger NW, Castro JL. Successfully
treated but not fit for purpose: paying attention to chronic lung impairment after
TB treatment. Int ] Tuberc Lung Dis 2016; 20:1010-4.

7. Magee MJ, Salindri AD, Gujral UP, et al. Convergence of non-communicable dis-
eases and tuberculosis: a two-way street? Int ] Tuberc Lung Dis 2018; 22:1258-68.

8. Menzies NA, Quaife M, Allwood BW, et al. Lifetime burden of disease due to in-
cident tuberculosis: a global reappraisal including post-tuberculosis sequelae.
Lancet Glob Health 2021; 9:¢1679-87.

9. Stubbs B, Siddiqi K, Elsey H, et al. Tuberculosis and non-communicable disease
multimorbidity: an analysis of the World Health Survey in 48 low- and
middle-income countries. Int ] Environ Res Public Health 2021; 18:2439.

10. Salvatore PP, Proafo A, Kendall EA, Gilman RH, Dowdy DW. Linking individual
natural history to population outcomes in tuberculosis. J Infect Dis 2017; 217:
112-21.

11. Martinez N, Cheng CY, Ketheesan N, et al. nTORC2/Akt activation in adipocytes
is required for adipose tissue inflammation in tuberculosis. EBioMedicine 2019;
45:314-27.

12. Pavan Kumar N, Nair D, Banurekha V'V, et al. Type 2 diabetes mellitus coincident
with pulmonary or latent tuberculosis results in modulation of adipocytokines.
Cytokine 2016; 79:74-81.

13. Ayyappan JP, Ganapathi U, Lizardo K, et al. Adipose tissue regulates pulmonary
pathology during TB infection. mBio 2019; 10:e02771-18.

14. Moreno-Indias I, Oliva-Olivera W, Omiste A, et al. Adipose tissue infiltration in
normal-weight subjects and its impact on metabolic function. Transl Res 2016;
172:6-17.e3.

15. Kelley DE, Thaete FL, Troost F, Huwe T, Goodpaster BH. Subdivisions of subcu-
taneous abdominal adipose tissue and insulin resistance. Am J Physiol Endocrinol
Metab 2000; 278:E941-8.

16. Beigier-Bompadre M, Montagna GN, Kuhl AA, et al. Mycobacterium tuberculosis
infection modulates adipose tissue biology. PLoS Pathog 2017; 13:e1006676.

17. Prada-Medina CA, Fukutani KF, Pavan Kumar N, et al. Systems immunology of
diabetes-tuberculosis comorbidity reveals signatures of disease complications. Sci
Rep 2017; 7:1999.

18. Mandieka E, Saleh D, Chokshi AK, Rivera AS, Feinstein MJ. Latent tuberculosis
infection and elevated incidence of hypertension. ] Am Heart Assoc 2020; 9:
e019144.

19. Salindri AD, Auld SC, Gujral UP, et al. Tuberculosis infection and hypertension:
prevalence estimates from the US National Health and Nutrition Examination
Survey. BMJ Open 2024; 14:e075176.

20. Drain PK, Bajema KL, Dowdy D, et al. Incipient and subclinical tuberculosis: a
clinical review of early stages and progression of infection. Clin Microbiol Rev
2018; 31:00021-18.

21. Nikolajczyk BS, Jagannathan-Bogdan M, Shin H, Gyurko R. State of the union be-
tween metabolism and the immune system in type 2 diabetes. Genes Immun 2011;
12:239-50.

278 o CID 2025:80 (15 February) « Critchley et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae538#supplementary-data
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Al-Rifai RH, Pearson F, Critchley JA, Abu-Raddad LJ. Association between dia-
betes mellitus and active tuberculosis: a systematic review and meta-analysis.
PLoS One 2017; 12:e0187967.

Basham CA, Smith SJ, Romanowski K, Johnston JC. Cardiovascular morbidity
and mortality among persons diagnosed with tuberculosis: a systematic review
and meta-analysis. PLoS One 2020; 15:¢0235821.

Lee HR, Yoo JE, Choi H, et al. Tuberculosis and the risk of ischemic heart disease:
a nationwide cohort study. Clin Infect Dis 2023; 76:1576-84.

Wolf A, Dedman D, Campbell J, et al. Data resource profile: clinical practice re-
search datalink (CPRD) Aurum. Int ] Epidemiol 2019; 48:1740.

Herbert A, Wijlaars L, Zylbersztejn A, Cromwell D, Hardelid P. Data resource
profile: hospital episode statistics admitted patient care (HES APC). Int ]
Epidemiol 2017; 46:1093-i.

Mahadevan P, Harley M, Fordyce S, et al. Completeness and representativeness of
small area socioeconomic data linked with the UK Clinical Practice Research
Datalink (CPRD). ] Epidemiol Community Health 2022; 76:880-6.

Limb E, Critchley J, Carey I. Code lists for TB and CVD study. London: St George’s,
University of London, 2024. https:/doi.org/10.24376/rd.sgul.25488451.v1

UK Health Security Agency. Tuberculosis in England: 2020. London: UK Health
Security Agency, London, 2021.

Rezel-Potts E, Douiri A, Sun X, Chowienczyk PJ, Shah AM, Gulliford MC.
Cardiometabolic outcomes up to 12 months after COVID-19 infection. A
matched cohort study in the UK. PLoS Med 2022; 19:e1004052.

Huaman MA, Vilchez V, Mei X, et al. Decreased graft survival in liver transplant
recipients of donors with positive blood cultures: a review of the United Network
for Organ Sharing dataset. Transpl Int 2017; 30:558-65.

Chung WS, Lin CL, Hung CT, et al. Tuberculosis increases the subsequent risk of
acute coronary syndrome: a nationwide population-based cohort study. Int J
Tuberc Lung Dis 2014; 18:79-83.

Huaman MA, Ticona E, Miranda G, et al. The relationship between latent tuber-
culosis infection and acute myocardial infarction. Clin Infect Dis 2018; 66:
886-92.

Hossain MB, Johnston JC, Cook V], et al. Role of latent tuberculosis infection
on elevated risk of cardiovascular disease: a population-based cohort study of
immigrants in British Columbia, Canada, 1985-2019. Epidemiol Infect 2023;
151:e68.

Huaman MA, De Cecco CN, Bittencourt MS, et al. Latent tuberculosis infection
and subclinical coronary atherosclerosis in Peru and Uganda. Clin Infect Dis
2021; 73:e3384-90.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Huaman MA, Henson D, Rondan PL, et al. Latent tuberculosis infection is asso-
ciated with increased unstimulated levels of interferon-gamma in Lima, Peru.
PLoS One 2018; 13:e0202191.

Kleynhans L, Ruzive S, Ehlers L, et al. Changes in host immune-endocrine rela-
tionships during tuberculosis treatment in patients with cured and failed treat-
ment outcomes. Front Immunol 2017; 8:690.

Liu A, Hu Y, Coates A. Sudden cardiac death and tuberculosis—how much do we
know? Tuberculosis 2012; 92:307-13.

DiNardo AR, Rajapakshe K, Nishiguchi T, et al. DNA hypermethylation during tu-
berculosis dampens host immune responsiveness. J Clin Investig 2020; 130:3113-23.
Theodorakopoulou MP, Bakaloudi DR, Alexandrou ME, et al. Endothelial dys-
function during acute exacerbations of chronic obstructive pulmonary disease:
a systematic review and meta—analysis. COPD 2021; 18:246-53.

Pealing L, Wing K, Mathur R, Prieto-Merino D, Smeeth L, Moore DA. Risk of tu-
berculosis in patients with diabetes: population based cohort study using the UK
clinical practice research datalink. BMC Med 2015; 13:135.

Pearson F, Huangfu P, McNally R, Pearce M, Unwin N, Critchley JA.
Tuberculosis and diabetes: bidirectional association in a UK primary care data
set. ] Epidemiol Community Health 2019; 73:142-7.

Pareek M, Greenaway C. Programmatic screening for latent tuberculosis in mi-
grants. Lancet Public Health 2022; 7:€292-3.

Arana A, Margulis AV, Varas-Lorenzo C, et al. Validation of cardiovascular out-
comes and risk factors in the Clinical Practice Research Datalink in the United
Kingdom. Pharmacoepidemiol Drug Saf 2021; 30:237-47.

Floyd JS, Blondon M, Moore KP, Boyko EJ, Smith NL. Validation of methods for
assessing cardiovascular disease using electronic health data in a cohort of veter-
ans with diabetes. Pharmacoepidemiol Drug Saf 2016; 25:467-71.

Bosco E, Hsueh L, McConeghy KW, Gravenstein S, Saade E. Major adverse car-
diovascular event definitions used in observational analysis of administrative da-
tabases: a systematic review. BMC Med Res Methodol 2021; 21:241.

Houck K, Chakhaia T, Gorvetzian S, Critchley JA, Schechter MC, Magee MJ.
Diabetes mellitus and tuberculosis treatment outcomes: interaction assessment
between hyperglycemia and human immunodeficiency virus in the State of
Georgia, 2015-2020. Open Forum Infect Dis 2023; 10:0fad255.

van Crevel R, Critchley JA. The interaction of diabetes and tuberculosis: translat-
ing research to policy and practice. Trop Med Infect Dis 2021; 6:8.
Cubillos-Angulo JM, Nogueira BMF, Arriaga MB, et al. Host-directed therapies in
pulmonary tuberculosis: updates on anti-inflammatory drugs. Front Med
(Lausanne) 2022; 9:970408.

Tuberculosis and Cardiovascular Disease in US/UK « CID 2025:80 (15 February) « 279


https://doi.org/10.24376/rd.sgul.25488451.v1

	Tuberculosis and Increased Incidence of Cardiovascular Disease: Cohort Study Using United States and United Kingdom Health Records
	METHODS
	Study Design
	Data Sources
	US Data
	UK Data

	Study Participants
	US Data
	UK Data

	Outcomes and Covariates
	Statistical Analysis

	RESULTS
	DISCUSSION
	Strengths and Limitations

	CONCLUSION
	Supplementary Data
	Notes
	References




