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Madenci et al.1 used the target trial emulation framework to estimate the causal effect 
of bariatric surgery on the 7-year risk of cardiovascular disease (CVD). They high-

lighted the pitfalls in the design and analysis of previous observational studies conducted 
on this topic, which found overall that bariatric surgery lowers the risk of CVD.2,3 In par-
ticular, a central limitation of those studies was the consideration of bariatric surgery as 
a “point intervention,” overlooking the potential role of preoperative components, which 
could directly affect the risk of CVD. By explicitly specifying and emulating two target 
trials, Madenci et al. clearly articulated how current recommendations related to bariatric 
surgery and CVD may be misguided due to being based on potentially flawed observational 
studies. The use of target trial emulation also enabled the authors to uncover potential lim-
itations of healthcare databases to emulate trials of bariatric surgery.

A FEW WORDS ON THE TARGET TRIAL EMULATION FRAMEWORK
Robins, Hernán and their team have formally introduced the target trial emulation 

framework4,5 and highlighted the importance of harmonizing the protocol of the hypotheti-
cal (target) trial with that of the corresponding observational study. This process has added 
transparency to the design of observational studies, improved their quality and reproduc-
ibility,6 and has uncovered important and avoidable flaws in previous analyses. There are 
many examples of observational studies that led to different conclusions than those of cor-
responding randomized controlled trial (RCTs) due to differences in study design, rather 
than violations in the standard identifiability assumptions for causal inference (conditional 
exchangeability, positivity, and consistency). For example, an important flaw in these obser-
vational studies was the comparison of prevalent users versus nonusers, instead of initiators 
versus noninitiators of a treatment (as considered in the RCTs). Two of the most notorious 
examples are the studies on the effect of hormone therapy on coronary heart disease7 and 
statins on cancer.8 The studies that used the target trial emulation framework for the afore-
mentioned examples9,10 produced very similar results with the corresponding RCTs and 
illustrated the importance of well-designed observational studies for health research.

The target trial emulation framework is a useful tool in the arsenal of epidemiologists 
and medical researchers. However, the use of this framework does not guarantee that the results 
are accurate, as the validity of the findings strongly depends on the quality and the features of 
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the data. In particular, unlike in RCTs, unmeasured confound-
ing is not addressed by design, and therefore successful target 
trial emulation relies on information on specific confounders 
from sufficiently rich healthcare databases. More generally, if 
an observational database is not appropriate to answer a specific 
research question, then the results may be biased. This issue has 
been illustrated when evaluating the effect of preventive services 
with databases of administrative claims in the United States.11

IS IT PLAUSIBLE THAT BARIATRIC 
SURGERY HAS A PROTECTIVE EFFECT ON 

CARDIOVASCULAR DISEASE BASED ON RCT 
EVIDENCE?

There is evidence from RCTs that bariatric surgery, 
compared to medical and/or lifestyle management, is more 
effective in bodyweight reduction, diabetes remission, and 
reduction in blood pressure and glycated hemoglobin in indi-
viduals with obesity.12–14 So, it is plausible to hypothesize 
that bariatric surgery has a protective effect on CVD, as it 
improves overall the cardiometabolic profile of the patients. 
It has also been observed that pharmacological interventions 
that resulted in body weight15,16 and blood pressure reduction17 
were also associated with reduced risk of CVD. However, 
bodyweight and blood pressure changes are implemented in a 
different way through medication versus bariatric surgery, and 
hence RCTs comparing the effect of bariatric surgery versus 
other lifestyle interventions on CVD would give a clearer pic-
ture. Unfortunately, there are no RCTs with sufficient sample 
size and follow-up period to evaluate the effect of bariatric 
surgery on the risk of CVD.

CAN WE ESTIMATE THE CAUSAL EFFECT OF 
BARIATRIC SURGERY ON CARDIOVASCULAR 
DISEASE USING OBSERVATIONAL STUDIES?

Bias in Conventional Observational Studies
Observational studies from routinely collected healthcare 

data allow us to study long-term outcomes and therefore can 
shed light on the causal relationship between bariatric surgery 
and the risk of CVD. Most of the published studies that used con-
ventional observational designs (without explicitly describing the 
hypothetical target trial) have reported a protective effect of bar-
iatric surgery on CVD. Madenci et al.1 contested these findings, 
emphasizing potential flaws within those studies. A critical aspect 
of their criticism was that bariatric surgery encompasses preop-
erative, operative, and postoperative components, and hence it is 
not a point intervention as it was considered by previous conven-
tional observational studies.

Specifically, all the previous observational studies have 
(implicitly) assumed that there was no direct effect of the preoper-
ative procedure on the risk of CVD. However, during this period, 
lifestyle changes are expected to lead to a reduction in glycated 
hemoglobin, body mass index (BMI), systolic blood pressure, 
and triglycerides, and as such, this assumption seems implau-
sible. Hence, we agree with Madenci et al.1 that differences in 

presurgery interventions and risk factors are likely to confound 
the relationship between bariatric surgery and CVD.

Challenges in Emulating Trials of Bariatric 
Surgery

Madenci et al.1 emulated two different target trials:
(1) Target trial #1 in which individuals were random-

ized at the time of bariatric surgery among those who have 
successfully completed the preoperative period to (i) bariatric 
surgery and postoperative monitoring or (ii) no surgery during 
the follow-up.

(2) Target trial #2 in which individuals were randomized 
to (i) preoperative screening and management components 
and, if these are successfully completed, bariatric surgery and 
postoperative monitoring or (ii) no preoperative components 
and no surgery during the follow-up.

There are certain data limitations in the two trial emu-
lations of Madenci et al.1 The authors do mention that trial 
emulation #1 might suffer from differentially mismeasured 
confounding: individuals who later undergo bariatric surgery 
have more regular examinations before the surgery and there-
fore, comorbidities are measured more frequently compared to 
individuals in the no surgery group, resulting in much higher 
prevalence of obstructive sleep apnea, osteoarthritis, hyperten-
sion, and dyslipidemia. In trial emulation #2, it was not pos-
sible to compare individuals who did and did not experience 
a preoperative period. Hence, it was not feasible to determine 
adherence to preoperative procedures in the bariatric surgery 
group. Therefore, the authors could not account for adherence 
over time, and so they adjusted only for baseline covariates. 
The authors investigated internal validity by utilizing two pos-
itive control outcomes, BMI and glycated hemoglobin. In both 
emulated trials, a reduction of BMI and glycated hemoglo-
bin was observed, which is in line with existing RCTs, albeit 
with somewhat different magnitude.18 Madenci et al.1 found 
no evidence of an effect of bariatric surgery on the risk of 
CVD based on the two target trials. The authors found similar 
results to other conventional observational studies2,3 (even if 
their results were less pronounced) when they replicated their 
study design, which considered bariatric surgery a point inter-
vention. In other words, given the limitations of the healthcare 
databases at hand to emulate trials of bariatric surgery, and the 
potential bias in conventional observational studies, it remains 
unclear whether we can estimate the causal effect of bariatric 
surgery on CVD using observational studies.

Future Research in the Field
The performance of RCTs in this area would provide 

a clearer picture of the effect of bariatric surgery on CVD. 
However, in the meantime, clinical decision-making will 
continue to rely on observational evidence. We agree with 
Madenci et al.1 that the preoperative period is important and 
therefore should be accounted for in future studies. For exam-
ple, replicating the two suggested target trials using other 
healthcare databases, particularly those including frequent 
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and rich information on their individuals with obesity, would 
provide an interesting avenue for future research. It would 
also be useful analysis to evaluate the direction of bias based 
on plausible scenarios for target trial #1, by extending bias 
formulas for mismeasured confounding19 when using time-
to-event outcomes. Moreover, conventional observational 
analyses that use matching to account for confounding would 
make more plausible assumptions if they can additionally 
incorporate specific variables before time zero (e.g., 1 year 
before baseline) in the matching process. These variables 
could include obstructive sleep apnea, osteoarthritis, hyper-
tension, and dyslipidemia as well as changes in blood pressure 
and body weight.1

There are two additional issues that could be further 
explored. First, the effect of bariatric surgery on CVD might 
be different in other population groups, especially in younger 
individuals.20 The median age of the participants in the veter-
ans’ study1 is over 55 years old, so their cardiovascular disease 
risk might not be reversible (e.g., they may have established 
atherosclerosis). However, weight or blood pressure reduction 
through bariatric surgery might be beneficial for CVD for 
younger individuals, for example, aged <45 years old, with 
BMI > 35 kg/m2. Second, previous observational studies have 
found different effect estimates for different CVD phenotypes, 
for example, strong protective effect for myocardial infarction 
and heart failure and less pronounced for atrial fibrillation.21 
So, it would be interesting to implement the conventional 
observational analysis and the two proposed emulated target 
trials in a range of CVD outcomes.

A FINAL NOTE: ARE WE DEFENSELESS AGAINST 
THE CONSEQUENCES OF OBESITY? FOCUS ON 

EVALUATING WELL-DEFINED WEIGHT LOSS 
INTERVENTIONS

The findings from Madenci et al.1 might raise concerns 
among clinicians, health researchers, and individuals living 
with obesity. The detrimental effects of obesity on health and 
healthcare systems around the world have been extensively 
documented.22,23 Hence, the conclusion that a popular weight 
loss intervention, bariatric surgery, might not reduce the risk 
of CVD in a very vulnerable population group (individuals 
with BMI > 35 kg/m2) can raise the question: are we defense-
less against the consequences of obesity?

It is well established that individuals with obesity 
(BMI ≥ 30 kg/m2) have a higher risk for developing a range 
of chronic diseases, compared to normal weight individuals 
(BMI < 25 kg/m2 and BMI ≥ 18.5 kg/m2).24 However, this 
does not mean that if individuals with obesity lose weight 
and become normal weight, their risk is necessarily reduced.25 
Weight loss is not a well-defined intervention (people can lose 
weight in different ways, e.g., reduced caloric intake, increased 
physical activity, medication, bariatric surgery), which makes 
it very challenging to estimate its causal effect on health out-
comes.25–27 Additionally, many observational studies used a 

flawed design to estimate the effect of weight loss on a health 
outcome, due to their definition of “baseline and adjustment 
for “baseline confounders.”27

For this reason, we believe that epidemiologists and 
medical researchers who use cohorts and electronic health 
records should focus on evaluating well-defined interven-
tions in individuals with obesity, including bariatric surgery, 
pharmacological interventions, diet, and physical activity. 
As demonstrated by Madenci and colleagues,1 the target trial 
emulation framework4,5,9,10 provides a valuable tool to articu-
late the potential sources of biases in the observational analy-
sis given the data at hand. In this way, we can understand what 
works to improve the health of individuals with obesity and 
provide tangible goals to clinicians and policymakers.

ACKNOWLEDGMENTS
The authors would like to thank Bianca De Stavola, 

Benjamin Norton, Nishi Chaturvedi, and Alun Hughes for 
their useful comments on our draft manuscript.

ABOUT THE AUTHORS
MICHAIL KATSOULIS is an Associate Professor 

in Biomedical Statistics at the Population Science & 
Experimental Medicine, Institute of Cardiovascular Science, 
UCL. His research focuses on survival analysis, missing data, 
and causal inferences from observational data. He is partic-
ularly interested in emulating target trials using electronic 
health records.

CLEMENCE LEYRAT is an Associate Professor of 
Medical Statistics at the Department of Medical Statistics, 
London School of Hygiene and Tropical Medicine. She is 
interested in causal inference methods to analyze observa-
tional data as well as in trial methodology.

AROON HINGORANI is a UCL Professor of Genetic 
Epidemiology at UCL; former Director of the UCL Institute 
of Cardiovascular Science; Cardiovascular Programme Lead 
for the UCL Hospitals NIHR Biomedical Research Centre; 
Director of the UCL British Heart Foundation Research 
Accelerator. He is interested in critical evaluation of the 
use of electronic health records for disease prediction and 
stratification.

MANUEL GOMES is a health econometrician and 
Professor of Health Economics at the Institute of Epidemiology 
and Health Care, UCL. His main research interests are in the 
development, assessment, and translation of causal inference 
methods for comparative effectiveness research and health 
policy evaluation. He is a recipient of an NIHR Advanced 
Fellowship, which is exploiting target trial emulation for 
health technology assessment using real-world data.

REFERENCES
 1. Madenci AL, Kurgansky KE, Dickerman BA, et al. Bariatric surgery and 

CVD: estimating the effect of bariatric surgery on cardiovascular events 
using observational data? Epidemiology. 2024;35:721–729.



© 2024 The Author(s). Published by Wolters Kluwer Health, Inc. www.epidem.com | 733

Epidemiology • Volume 35, Number 5, September 2024 Bariatric Surgery and CVD

 2. Sjöström L, Peltonen M, Jacobson P, et al. Bariatric surgery and long-
term cardiovascular events. JAMA. 2012;307:56–65.

 3. Aminian A, Zajichek A, Arterburn DE, et al. Association of metabolic 
surgery with major adverse cardiovascular outcomes in patients with type 
2 diabetes and obesity. JAMA. 2019;322:1271–1282.

 4. Hernán MA, Robins JM. Using big data to emulate a target trial when a 
randomized trial is not available. Am J Epidemiol. 2016;183:758–764.

 5. Hernán MA, Wang W, Leaf DE. Target trial emulation: a frame-
work for causal inference from observational data. JAMA. 
2022;328:2446–2447.

 6. De Stavola BL, Gomes M, Katsoulis M. Transparency and rigor: target 
trial emulation aims to achieve both. Epidemiology. 2023;34:624–626.

 7. Grodstein F, Stampfer M, Manson J, et al. Postmenopausal estrogen and 
progestin use and the risk of cardiovascular disease (Erratum in N Engl J 
Med. 1996;335:1406). N Engl J Med. 1996;335:453–461.

 8. Poynter JN, Gruber SB, Higgins PD, et al. Statins and the risk of colorec-
tal cancer. N Engl J Med. 2005;352:2184–2192.

 9. Hernán MA, Alonso A, Logan R, et al. Observational studies analyzed 
like randomized experiments: an application to postmenopausal hormone 
therapy and coronary heart disease (with discussion). Epidemiology. 
2008;19:766–779.

 10. Dickerman BA, García-Albéniz X, Logan RW, Denaxas S, Hernán MA. 
Avoidable flaws in observational analyses: an application to statins and 
cancer. Nat Med. 2019;25:1601–1606.

 11. García-Albéniz X, Hsu J, Bretthauer M, Hernán MA. Estimating the 
effect of preventive services with databases of administrative claims: rea-
sons to be concerned. Am J Epidemiol. 2019;188:1764–1767.

 12. Schiavon CA, Cavalcanti AB, Oliveira JD, et al. Randomized trial of effect 
of bariatric surgery on blood pressure after 5 years. J Am Coll Cardiol. 
2024;83:637–648.

 13. Courcoulas AP, Patti ME, Hu B, et al. Long-term outcomes of med-
ical management vs bariatric surgery in type 2 diabetes. JAMA. 
2024;331:654–664.

 14. Schauer PR, Bhatt DL, Kirwan JP, et al; STAMPEDE Investigators. 
Bariatric surgery versus intensive medical therapy for diabetes--3-year 
outcomes. N Engl J Med. 2014;370:2002–2013.

 15. Lincoff AM, Brown-Frandsen K, Colhoun HM, et al; SELECT Trial 
Investigators. Semaglutide and cardiovascular outcomes in obesity with-
out diabetes. N Engl J Med. 2023;389:2221–2232.

 16. Marso SP, Daniels GH, Brown-Frandsen K, et al; LEADER Steering 
Committee. Liraglutide and cardiovascular outcomes in type 2 diabetes. 
N Engl J Med. 2016;375:311–322.

 17. Lewis CE, Fine LJ, Beddhu S, et al; SPRINT Research Group. Final 
report of a trial of intensive versus standard blood-pressure control. N 
Engl J Med. 2021;384:1921–1930.

 18. Schauer PR, Bhatt DL, Kirwan JP, et al; STAMPEDE Investigators. 
Bariatric surgery versus intensive medical therapy for diabetes — 5-year 
outcomes. N Engl J Med. 2017;376:641–651.

 19. Nab L, Groenwold RHH, van Smeden M, Keogh RH. Quantitative bias 
analysis for a misclassified confounder: a comparison between mar-
ginal structural models and conditional models for point treatments. 
Epidemiology. 2020;31:796–805.

 20. Mentias A, Aminian A, Youssef D, et al. Long-term cardiovascular out-
comes after bariatric surgery in the Medicare population. J Am Coll 
Cardiol. 2022;79:1429–1437.

 21. van Veldhuisen SL, Gorter TM, van Woerden G, et al. Bariatric surgery 
and cardiovascular disease: a systematic review and meta-analysis. Eur 
Heart J. 2022;43:1955–1969.

 22. Powell-Wiley TM, Poirier P, Burke LE, et al; American Heart 
Association Council on Lifestyle and Cardiometabolic Health; Council 
on Cardiovascular and Stroke Nursing; Council on Clinical Cardiology; 
Council on Epidemiology and Prevention; and Stroke Council. Obesity 
and cardiovascular disease: a scientific statement from the American 
Heart Association. Circulation. 2021;143:e984–e1010.

 23. Mahase E. Global cost of overweight and obesity will hit $4.32tn a year 
by 2035, report warns. BMJ. 2023;380:523.

 24. The Surveillance of Risk Factors Report Series (SuRF). World Health 
Organization; 2005:22

 25. Hernán MA, Taubman SL. Does obesity shorten life? The importance of 
well-defined interventions to answer causal questions. Int J Obes (Lond). 
2008;32:S8–14.

 26. Katsoulis M, De Stavola B, Diaz-Ordaz K, et al. Weight change and the 
onset of cardiovascular diseases: emulating trials using electronic health 
records. Epidemiology. 2021;32:744–755.

 27. Katsoulis M, Lai AG, Kipourou DK, et al. On the estimation of the 
effect of weight change on a health outcome using observational data, 
by utilising the target trial emulation framework. Int J Obes (Lond). 
2023;47:1309–1317.


