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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 

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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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 ∼130 000 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, Ta
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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 

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.
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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.
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