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Abstract

Objective: Quantifying risk for cardiovascular disease (CVD) events among adolescents is 

difficult owing to the long latent period between risk factor development and disease outcomes. 

This study examined the 30-year CVD event risk among adolescents with severe obesity treated 

with and without metabolic and bariatric surgery (MBS), compared to youth with moderate 

obesity, overweight, or normal-weight.

Methods: Cross-sectional and longitudinal comparisons of five frequency-matched (age and 

diabetes status) groups were performed: Normal-weight (n=247), overweight (n=54), obesity 

(n=131), severe obesity without MBS (n=302), and severe obesity undergoing MBS (n=215). A 

30-year CVD event score developed by the Framingham Heart Study was the primary outcome. 
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Data are mean(SD) with differences between time-points for MBS examined using linear mixed-

models.

Results: Preoperatively, the likelihood of CVD events was higher among adolescents undergoing 

MBS (7.9[6.7]%) compared to adolescents with severe obesity not referred for MBS (5.5[4.0]%), 

obesity (3.9[3.0]%), overweight (3.1[2.4]%), and normal-weight (1.8[0.8]%; p<0.001 all). One-

year post-MBS, event risk was significantly reduced (7.9[6.7]% to 4.0[3.4]%, p<0.0001), and was 

sustained up to 5 years post-MBS (p<0.0001 all years versus baseline).

Conclusion: Adolescents with severe obesity are at elevated risk for future cardiovascular 

events. Following MBS, predicted risk of CV events was substantially and sustainably reduced.

Table of Contents Summary:

The cardiovascular event risk of pediatric severe obesity is significant in comparison to peers with 

normal-weight, overweight and moderate obesity. Metabolic and bariatric surgery substantially 

and sustainably reduces the risk for cardiovascular events.
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Introduction

The long latent period between risk factor development and disease onset presents a 

challenge for evaluating cardiovascular disease (CVD) outcomes in pediatric cohorts. 

Evidence from several established longitudinal studies clearly demonstrates that obesity in 

childhood and adolescence is an independent risk factor for early CVD morbidity and 

mortality.(1, 2, 3, 4, 5, 6, 7) However, this risk may be underestimated because the cohorts 

from which this evidence was derived were established prior to or early in the onset of the 

current obesity epidemic. Furthermore, the continued rise in obesity prevalence and the 

increased proportion of youth with severe obesity (i.e. BMI ≥ 120% of the 95th percentile or 

BMI ≥ 35kg/m2),(8, 9) suggests that a current assessment of long-term risks of CVD in 

youth with obesity is needed. Moreover, from a healthcare policy and economics standpoint, 

it would be very helpful to understand how effective obesity treatment impacts the long-term 

CVD risk.

Measuring the actual impact of severe obesity and its treatment on CVD events is difficult 

until sufficient time has elapsed, usually requiring several decades for a critical mass of 

events to occur. However, the impact can be estimated using CVD prediction algorithms 

using relatively simple clinical data such as serum lipids, systolic blood pressure, diabetes 

status, and anthropometric measures. The Framingham Heart Study has developed a 30-year 

CVD event risk estimate (validated in 20 to 59 year olds) which offers the opportunity to 

prospectively evaluate CVD event risk long-term.(10) Given the preponderance of evidence 

suggesting childhood obesity is a risk factor for early CVD morbidity and mortality,(3, 4, 6, 

7, 11) coupled with the elevated CVD risk profile exhibited among youth with severe 

obesity,(12, 13, 14, 15, 16, 17, 18) it is probable that the risk of CVD events later in life is 

high among youth with severe obesity.
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Currently, the only interventions with high rates of clinically meaningful and sustained 

weight loss among youth with severe obesity is MBS.(12, 13, 14, 16, 17, 18, 19, 20) Data in 

adults undergoing MBS have demonstrated a significant reduction in CVD events and 

mortality compared with non-surgical controls.(21, 22, 23) Whether these findings translate 

to pediatric populations cannot be determined without long-term follow-up. However, the 

impact of MBS on long term CVD event risk can be modeled using the Framingham 

methodology. Therefore, the aims of this analysis were to: 1) Examine the risk of developing 

a CVD event within 30-years among adolescents with severe obesity compared with 

contemporaries from differing weight strata; 2) Determine the effect of MBS on 30-year 

CVD event risk among adolescents with severe obesity; 3) Evaluate the cost-effectiveness of 

MBS for CVD event reduction.

Patients and Methods

Surgical Study Cohort and Measurement Time-Points

Data from the Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS) study were 

utilized for this analysis.(24) Teen-LABS is an ongoing National Institute of Diabetes and 

Digestive and Kidney Diseases (NIDDK) - funded, prospective, longitudinal, multicenter 

observational study that enrolled consecutive adolescents (< 20 years of age) undergoing 

MBS at five clinical centers. Parental permission and participant assent (<18 years old), and 

consent from older adolescents (≥18 years old) were obtained. Medical and surgical care 

were provided for each patient as specified by patient care pathways at each institution. No 

attempts were made to standardize or alter care within this observational research protocol.

(25) Data collection time-points used for this analysis were baseline (pre-operative) and 

annually up to 5 years post-operative assessments.

Teen-LABS Risk Factor Measurements

At each assessment, height was measured on a wall-mounted stadiometer and weight on an 

electronic scale (Scale-Tronix 5200, Scale Tronix, White Plains, NY, USA or Tanita 

TBF310, Arlington Heights, Illinois, USA) and BMI was calculated. Diabetes was defined 

by using self-reported diagnoses, medical record review, medication use for the treatment of 

diabetes (excluding metformin with a concomitant diagnosis of polycystic ovary syndrome), 

hemoglobin A1c (HbA1c) ≥6.5%, impaired fasting glucose (≥126 mg/dL), or 2-hour oral 

glucose ≥200 mg/dL within 2 weeks before enrollment. Total cholesterol (TC) and high-

density lipoprotein cholesterol (HDL-c) were measured from fasting blood samples at a 

central laboratory (Northwest Lipid Metabolism and Diabetes Research Laboratories, 

Seattle, WA). Average systolic blood pressure (SBP) was taken from ≥2 separate 

measurements obtained using a Welch Allyn Spot Vital Signs Monitor (4200B, Hillrom, 

Batesville, Indiana). Subject-reported use of antihypertensive medications and smoking 

status were documented.

Non-surgical Comparators

Cincinnati Children’s Hospital Non-Surgical Cohort—Data were obtained from a 

study of youth, aged 10 to 23 years who had been enrolled in a study of obesity and type 2 

diabetes mellitus (T2DM) on the heart and vasculature. The detailed methodology of this 
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study has been previously published.(26) Diagnosis of T2DM was made by the participant’s 

primary care provider. This study was approved by the Institutional Review Board at 

Cincinnati Children’s Hospital Medical Center.

Following an overnight fast (minimum 10-hours), participants underwent anthropometric, 

SBP, and laboratory assessments. Height, weight, and waist circumference were measured in 

a standardized manner, as previously published.(26) Two measures of height were obtained 

with a calibrated stadiometer (Veeder-Rood, Elizabethtown, North Carolina) and two 

measures of weight with a Health-O-Meter electronic scale (Jarden Consumer Solutions, 

Rye, New York) were averaged. SBP was measured according to standards described in the 

Fourth Report.(27) The average of three SBP measurements was taken using a mercury 

manometer. Fasting plasma lipid profiles (TC and HDL-c) were performed with 

standardized methods from the National Heart Lung and Blood Institute–Centers for Disease 

Control and Prevention. Smoking exposure and medication use was evaluated by self-report 

questionnaire.

University of Minnesota Non-Surgical Cohort—The University of Minnesota cohort 

included data from a cross-sectional and longitudinal study examining cardiovascular risk 

factors in youth ranging from normal-weight to severe obesity. Height and weight were 

determined using a wall-mounted stadiometer and an electronic scale, respectively. Seated 

SBP was measured after the participant had been resting quietly (10 minutes) with 3 

consecutive times with an automated BP cuff at approximately 3-minute intervals and the 

average used. Fasting blood samples (>10hr) were used to measure TC and HDL-c using 

standard methods by the Fairview Diagnostics Laboratories, Fairview-University Medical 

Center (Minneapolis, MN, USA) - a Center for Disease Control and Prevention certified 

laboratory. Smoking exposure and medication use was evaluated by self-report 

questionnaire. Patients with diabetes were not enrolled into this Minnesota cohort.

Main Statistical Analysis

Standard descriptive statistics summarized participant characteristics at baseline. Categorical 

variables were calculated as frequencies and percentages, continuous variables as means and 

standard deviations. The analysis used two models for estimating full CVD event risks 

including coronary death, myocardial infarction, and stroke (fatal and nonfatal), angina 

pectoris, intermittent claudication, and congestive heart failure: 1) the first model included 

BMI but excluded lipids (TC and HDL-c), sex, age, SBP, anti-HTN treatment, smoking 

status, and diabetes status; 2) the second model excluded BMI but included lipids (TC and 

HDL-c), sex, age, SBP, anti-HTN treatment, smoking status, and diabetes status. Age, SBP, 

TC and HDL-c levels were treated as continuous variables. Sex, anti-HTN treatment, 

smoking status, and diabetes status were treated as categorical variables. The CVD event 

models from the Framingham Heart Study were developed in, and modeled for, persons 

aged 20 to 59 years of age. Due to the model constraint and to eliminate the bias, ages less 

than 20 were adjusted to 20 for all groups in this study. Subjects with age > 20 in 

comparison groups were removed to match the age range of Teen-LABS baseline (13–<20 

years old). Due to group difference in diabetes status and low prevalence, normal-weight 

participants with diabetes were removed from the study. Next, we matched the proportion of 
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overweight, obese, and severely obese groups with diabetes to the proportion with diabetes 

in the Teen-LABS cohort. Missing data patterns and percentages were examined before 

calculating risk scores. We detected no evidence of informative missing data. Prior to 

matching, only complete data were used for calculating risk scores. Main analyses were 

performed using SAS software version 9.4. (SAS Institute Inc., Cary, NC). Data were 

presented as mean with 95% confidence intervals. Statistical significance level was set at 

α=0.05. Tukey’s adjustment method for multiple testing was used for pairwise post hoc 

comparisons among normal, overweight, obese, severely obese groups and Teen-LABS 

baseline cohort within each hypothesis considered in this study. Linear mixed model was 

used for risk score comparisons between baseline and follow-up time points.

Effectiveness and Cost-effectiveness Modeling

A state-transition model was developed to assess the long-term and cost-effectiveness of 

MBS for CVD event risk reduction. The analyses used Teen-LABS baseline and post-

surgical results compared to modeled non-surgical comparators using Teen-LABS baseline 

characteristics. The analysis had a time horizon of 30 years and the model cycle length was 

one year with modeling beginning at five years following MBS. To minimize potential bias 

favoring our hypothesis, we created the statistical model under the conservative assumption 

that non-surgical comparators would not gain weight over time (despite the existence of data 

to the contrary)(14, 19) but instead would remain at their initial BMI of 53 kg/m2. In the 

MBS group, we modeled either receiving Roux-en-Y gastric bypass (71%) or vertical sleeve 

gastrectomy (29%) based upon Teen-LABS distributions. We modeled BMI data showing a 

decline at 1-year with a slight increase each subsequent year with plateau at 10-years based 

on the results of the Swedish Obese Subjects study.(21) Transitions from the event-free state 

to cardiovascular event states were based on the 30-year composite risk score measured in 

the Teen-LABS study. Event states include coronary death, myocardial infarction, and stroke 

(fatal and nonfatal), angina pectoralis, intermittent claudication, and congestive heart failure. 

The distribution of cardiovascular events for males and females was based on incidence rates 

from the National Heart, Lung, and Blood Institute.(28) The probability of death from 

cardiovascular events was estimated from the American Heart Association event statistics.

(29) The model also incorporated costs of MBS and cardiovascular events. Cardiovascular 

event costs and utilities were estimated separately for acute and post-first-year events.(11, 

30, 31, 32, 33, 34, 35, 36, 37, 38, 39) Both cohorts had a baseline Quality Adjusted Life 

Years (QALY) of 0.72, and the MBS group gained 0.0056 QALY per unit of BMI lost.(28, 

40) All costs from prior years were adjusted to 2015-year dollars using the Consumer Price 

Index. Endpoints included QALYs, total costs (US $2015), and incremental cost-

effectiveness ratios (ICERs). A willingness-to-pay (WTP) threshold of $100,000/QALY was 

used to determine cost-effectiveness. Costs and QALYs were each discounted at 3%. All 

cost effectiveness analyses were conducted using the R statistical platform.(41)

Results

Descriptive and clinical characteristics of the non-surgical and MBS cohorts used for these 

analyses are presented in Table 1. Of note, participants were matched on the age range of 
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Teen-LABS (13–<20 years old) and prevalence of diabetes among the differing obesity 

groups.

Baseline (pre-op) and post-surgical follow-up data are presented in Table 2 with by surgical 

type presented as supplements (RYGB: supplemental Table A; VSG supplemental Table B). 

The sample size at each time-point represents those with complete data. The nadir for post-

surgical weight loss (BMI reduction and weight loss) was achieved at 1-year with small 

increases in 3-year, 4-year, and 5-year. SBP and TC decreased at 1-year and increased in 

each subsequent year. HDL-c increased at 1-year with a further increase at 2-years which 

was sustained out to 5-years. Diabetes prevalence decreased post-MBS (13.5% to 2.2% 

prevalence from baseline to 1-year) and the decrease was sustained to 5-years after surgery. 

A reduction in BP-medication use was also observed. Smoking prevalence increased from 

baseline.

Figure 1 displays individual 30-year risk of CVD events (with BMI included in the model; 

Supplemental Figure A shows without BMI in the model) for each comparison group and 

Teen-LABS pre-op versus BMI. Individual variation was observed in each group and was 

most pronounced among adolescents with obesity and severe obesity (Table 3). Teen-LABS 

pre-op: 52.6% of the cohort presented with >5% risk of CVD events, 22.3% with >10% risk, 

10.7% with >15% risk, and 5.6% with >20% risk; Severe obesity: 38.7% of the cohort 

presented with >5% risk of CVD events, 8.9% with >10% risk, and 3.6% with >15% risk; 

Obesity: 13.0% of the cohort presented with >5% risk of CVD events, 4.6% with >10% risk, 

and 2.3% with >15% risk; Overweight: 9.3% with overweight presented with >5% risk of 

CVD events and 1.9% had >10% risk of CVD events. Conversely, only 2 out of 247 (0.8%) 

youth with normal weight presented with >5% risk of CVD events and no youth with normal 

weight had >10% risk of CVD events.

Figure 2 depicts the 30-year risk of CVD events (with BMI included in the model; 

Supplemental Figure B shows without BMI in the model) of each non-surgical cohort group 

and Teen-LABS at each time-point. Post-hoc pairwise comparisons were conducted (using 

Tukey method) between groups. No statistical differences in 30-year CVD event risk were 

observed between youth with normal-weight (1.8[0.8]% and overweight (3.1[2.4]%; p=0.24) 

nor overweight and obese youth (3.9[3.0]%; p=0.76). The Teen-LABS group at baseline 

(before operation) had a significantly higher 30-year CVD event risk (7.9[6.7]%) as 

compared to all comparisons groups (all p<0.0001). Youth with severe obesity had higher 

30-year CVD event risk (5.5[4.0]%) than youth with normal-weight, overweight, and obesity 

(all p<0.01). Following MBS in Teen-LABS participants, a statistical significant reduction in 

30-year CVD event risk was observed at 1-year which was sustained at each time-point up to 

5 years after surgery (P<0.0001 all). The proportion of participants with elevated CVD risk 

scores fell [>5% (52.6% to 22.1%), >10% (22.3% to 4.4%), and >15% (10.7% to 1.7%)] at 

1-year (supplemental Table C). These reductions were sustained with no statistically 

significant changes by years 4 or 5.

Figure 3 compares the 30-year risk of CVD events for two models (1] with BMI excluding 

HDL and TC; 2] without BMI but including TC and HDL) for the Teen-LABS cohort at 

each time-point. While CVD events were reduced in both models following MBS and 
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sustained for 3 years, the estimates of CVD event risk were lower without the inclusion of 

BMI in model. Analysis by surgical type were conducted as well showing a similar patter 

(RYGB: Supplemental Figure C; VSG Supplemental Figure D). It should be noted that these 

analyses are underpowered due to sample size limitations.

Table 4 shows effectiveness models of MBS versus nonsurgical controls for CVD events and 

deaths over 30-years. The number of qualifying youth with severe obesity needing to be 

treated with MBS to prevent one cardiovascular event was 36.5 and to prevent one 

cardiovascular death was 379. These analyses were expanded (supplemental table D) to 

examine the cost-effectiveness of MBS for preventing cardiovascular events. Despite the 

initial cost of MBS ($24,675.59), the MBS models indicate higher QALY (18.5 versus 16.8) 

than control with an ICER of $13,432.64/QALY. Using a willingness-to-pay threshold of 

$100,000/QALY, MBS was cost effective as it is well below the cutoff. Detailed 

cardiovascular event probability and costs are included in Supplemental Table E.

Discussion

The main results of these analyses indicate that adolescents with severe obesity, especially 

those qualifying for MBS, appear to be at pronounced risk for a major cardiovascular event 

within 30 years, and that by undergoing MBS as an adolescent, this risk of hard 

cardiovascular endpoints was substantially mitigated despite a post-operative plateau of BMI 

that did not drop below the cutoff for severe obesity for most participants. From a health 

care cost perspective, despite the initial cost of surgery, these data indicate that MBS in 

adolescents with severe obesity is cost-effective by preventing later CVD events and early 

CVD deaths.

Prior to undergoing MBS, adolescents with severe obesity face a greater than 4-fold higher 

risk of a CVD events within 30-years compared to normal-weight peers. Even when 

compared with age- and diabetes frequency-matched adolescents with severe obesity who 

did not undergo MBS, a statistically significant and clinically meaningfully elevated risk of 

30-year CVD events was found prior to surgery. This finding emphasizes the truly unique 

nature of adolescents who qualify for and elect to undergo MBS, as they appear to harbor a 

very concerning CVD risk profile. However, despite having lower estimated CVD event risk 

than the Teen-LABS cohort, youth with severe obesity who did not undergo MBS (the 

comparison group) were also at pronounced risk for CVD events when compared with less 

obese and normal-weight peers. These results support the position that more effective 

treatment options are needed in this group to mitigate this risk.(20)

The findings from this study, despite differences in methodology, are similar to data in adults 

undergoing MBS that demonstrate significant reductions in measured CVD events and 

mortality.(21, 22, 42) Our study is limited by using estimated risk models, however, the 

models have been validated in adults using hard endpoints (e.g. stroke, heart failure). In 

addition, our use of contemporaneous comparison groups demonstrates striking treatment 

effects of surgery, irrespective of the residual high BMI values in many of the postoperative 

cohort members. Despite adult studies being able to measure actual events, the similarity in 

terms of relative treatment effects are striking. The Swedish Obese Subjects study 
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demonstrated after a median follow-up of 14.7 years (range, 0–20 years) that MBS reduced 

the risk for total CVD events by 33%, while our analysis of these adolescent data estimated 

a 39% risk reduction at 30 years. Swedish Obese Subjects showed that the number needed to 

treat to prevent 1 event was 50 persons,(21) while our modeling with adolescent data 

estimated only 36.5 persons. In addition, another cohort composed entirely of adults 

undergoing Roux-en-y gastric bypass has demonstrated similar findings with a reduction in 

composite CVD outcomes (HR: 0.58) and reduced 10-year Framingham Risk Score at 5 

years when compared to non-surgical controls.(23) Collectively, our data using risk models 

are consistent with these findings using hard endpoints, despite the limitations inherent in a 

modeling approach to prediction of long-term CVD outcomes.

Importantly, the reduced risk was a stable finding in spite of the majority of surgical 

participants remaining in the severe obesity category (50.8%[92/181]) following MBS. The 

reduced weight, combined with improvements in dyslipidemia, reductions in blood pressure, 

and diabetes prevalence all contributed to the risk reduction. Moreover, the sustained risk 

reduction was observed despite a significant increase in smoking prevalence from pre-op 

(1.9%) to 5 year (10.8%). These findings further highlight the multifaceted metabolic effects 

of MBS which are more profound than weight loss alone. Given these findings it will be 

important to continue to follow adolescents post-MBS long-term in order to better 

understand the implications, particularly considering the relatively high degree of 

heterogeneity that was projected. Future work could focus on better understanding the 

sources of variability and whether patient selection in terms of number and severity of co-

morbidities may play a role. Furthermore, these data highlight the need for creation of CVD 

risk factor scoring longer than 30 years which encompass adolescent age groups.

This study has several strengths including a large sample size of the surgical and comparison 

cohorts, longitudinal follow-up for 5-years after surgery with excellent cohort retention, and 

the use of clinically relevant outcomes and measures. However, there are several limitations 

inherent in this work as well. The algorithm used to calculated risk reduction makes certain 

assumptions that deserve mention. The 30-year risk scores were originally developed for 

persons 20–<50 years old, therefore, our models used an age of 20 for calculations despite 

primary data from individuals with mean ages of ~17 years. While this assumption 

represents a constraint and a study limitation, there is little reason to believe that there are 

substantive differences in CVD event risk between the mean age of 17 and the 20 years of 

age used to conduct analysis, therefore, this necessary assumption likely does not alter the 

risk assessment. The racial distribution of the Framingham cohort is largely white and the 

diversity difference documented in our cohort may lead to bias in calculation of risk. While 

the risk scores were developed in the Framingham Heart study whose benefits and 

limitations have been well documented,(43, 44) the predicted risk of events does not always 

equate to actual event occurrence and may be an overestimation as presented in this study. 

We conducted analysis examining differences by surgical procedure, however due to sample 

size these data are underpowered and should be view with caution, it will be important for 

future studies to examine these important differences.
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Conclusion

Adolescents with severe obesity are at a much higher risk of experiencing a major CVD 

event within 30-years in comparison to peers with normal-weight, overweight, or obesity. 

Following MBS, risk of CVD events was substantially and durably reduced. The estimated 

number of adolescents with severe obesity needed to treat in order to prevent 1 event is 36.5. 

MBS appears to be cost-effective due in part to CVD event prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is Known on This Subject

• Adolescents with severe obesity often present with elevated levels of many 

chronic disease risk factors including cardiovascular disease.

• Metabolic and bariatric surgery causes significant weight reduction which is 

associated with improvements in risk factors and co-morbidities for many 

chronic diseases.

What This Study Adds

• We demonstrate that adolescents with severe obesity have significant risk for 

having a cardiovascular event prior to the age of 50 years old.

• Metabolic and bariatric surgery produces a marked and sustained reduction in 

cardiovascular event risk.
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Figure 1. 
Individual 30-year Risk for CVD events versus BMI. Data use full CVD model with BMI 

included and HDL-c and TC excluded.
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Figure 2. 
Box and whiskers plot of by each comparison group and Teen-LABS (TL) at baseline and 

each subsequent post-surgical time point for 30-year Risk for CVD events. Data use full 

CVD model with BMI included and HDL-c and TC excluded. Individual data points are 

shown in corresponding colors.
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Figure 3. 
Mean (±1 SD) 30-year Risk for CVD event risk for the Teen-LABS cohort at each time 

point with 2 models: 1) Blue: Full CVD with BMI included and HDL-c and TC excluded, 2) 

Red: Full CVD with BMI excluded and HDL-c and TC included.
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Table 4.

Effectiveness of Bariatric Surgery on Cardiovascular Events and Death.

Outcome Group Estimated Event/Death Rate Number Needed to Treat

Total Cardiovascular Events
Control 7.31%

36.5
Bariatric Surgery 4.58%

Cardiovascular Deaths
Control 0.70%

379
Bariatric Surgery 0.44%
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