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Abstract

Background: Cardiovascular disease (CVD) remains the leading cause of mortality in type 2
diabetes (T2D). Better interventions are needed to mitigate the high lifetime risk for CVD in youth
T2D.

Objective: To compare 30-year risk for cardiovascular disease (CVD) events in 2 cohorts of
adolescents with type 2 diabetes (T2D) and severe obesity undergoing medical or surgical
treatment of T2D.

Setting: Longitudinal multicenter studies at University hospitals.

Methods: A secondary analysis of data collected from the participants with T2D enrolled in the
Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS, n = 30) and participants of
similar age and racial distribution from the Treatment Options of Type 2 Diabetes in Adolescents
and Youth (TODAY n = 63) studies was performed. Teen-LABS participants underwent metabolic
bariatric surgery (MBS). TODAY participants were randomized to metformin alone or in
combination with rosiglitazone or intensive lifestyle intervention, with insulin therapy given for
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glycemic progression. A 30-year CVD event score developed by the Framingham Heart Study was
the primary outcome, assessed at baseline (preoperatively for Teen-LABS), 1 year, and 5 years of
follow-up.

Results: Participants with T2D from Teen-LABS (n = 30; mean + SD age = 16.9 £ 1.3 yr; 70%
female; 60% white; body mass index (BMI) = 54.4 + 9.5 kg/m?) and TODAY (n = 63; 15.3+ 1.3
yr; 56% female; 71% white; BMI 40.5 + 4.9 kg/m?) were compared. The likelihood of CVD
events was higher in Teen-LABS versus TODAY at baseline (17.66 [1.59] versus 12.11 [.79]%,
adjusted P=.002). One year after MBS, event risk was significantly lower in Teen-LABS versus
TODAY (6.79 [1.33] versus 13.64 [0.96]%, adjusted £ < .0001), and sustained at 5 years follow-up
(adjusted P< .0001).

Conclusion: Despite higher pretreatment risk for CVD events, treatment with MBS resulted in a
reduction in estimated CVD event risks, whereas medical therapy associated with an increase in
risk among adolescents with T2D and severe obesity.

Keywords

Type 2 diabetes; Cardiovascular disease; Prediction; Severe obesity; Metabolic bariatric surgery;
Medical therapy

Cardiovascular disease (CVD) is the leading cause of mortality in type 2 diabetes (T2D) and
is characterized by a long clinically silent period before onset of events including
myocardial infarction, congestive heart failure, stroke and coronary death [1-3]. The long
latency between risk factor development and disease manifestation makes it difficult to
capture events in youth-onset T2D cohorts. Accordingly, surrogate outcomes and risk scores
are helpful to predict likelihood of development CVD events and the effect of treatment on
risk of events. Compared with adult-onset T2D, youth with T2D have a greater degree of
insulin resistance, more rapid B-cell failure, and higher prevalence of diabetic kidney disease
(DKD), all causally related to CVD risk [4-8].

The Teen—Longitudinal Assessment of Bariatric Surgery (Teen-LABS) is a multicenter,
prospective cohort study evaluating outcomes of metabolic bariatric surgery (MBS) among
adolescents with severe obesity. The Treatment Options of Type 2 Diabetes in Adolescents
and Youth (TODAY) was a multicenter randomized, controlled trial designed to investigate
strategies to achieve durable glycemic control in youth-onset T2D [9]. These unique cohorts
provide a rare opportunity to examine differences between MBS and standard medical
therapy in adolescents with severe obesity and T2D. In recent analyses by our group, Teen-
LABS participants with T2D had a significantly greater baseline cardiovascular risk factor
burden than TODAY participants with T2D, with higher systolic and diastolic blood pressure
and low-density lipoprotein cholesterol and triglyceride concentrations at baseline. During 2
years of follow-up, mean glycated hemoglobin (HbA1C), body mass index (BMI), fasting
glucose, total cholesterol and triglycerides, and systolic and diastolic blood pressure
decreased in Teen-LABS but increased in TODAY [10]. Similarly, participants with T2D in
TODAY demonstrated increasing rates of DKD over 5 years of follow-up, whereas those
undergoing MBS in Teen-LABS experienced regression of DKD over the same time [11].
Further studies are now needed to understand differences in the effect of MBS and medical

Surg Obes Relat Dis. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ryder et al.

Methods

Page 3

therapy on other T2D-related co-morbidities including longer-term CVD risk. Long-term
prospect of CVD events can be calculated by risk scores. For example, the Framingham
Heart Study developed a 30-year CVD event risk score (validated in people between 20-59
years) [12] which was previously applied to youth with severe obesity without T2D in Teen-
LABS and demonstrated CVD event risk reduction in response to MBS [13]. However, the
effects of MBS versus medical intervention on risk for CVD events has yet to be explored in
youth-onset T2D.

Accordingly, the objective of this study was to estimate 30-year risk of CVD events using 5
years of follow-up data from these 2 cohorts (Teen-LABS and TODAY) of adolescents with
severe obesity and T2D undergoing medical versus MBS interventions. We hypothesized
that youth with T2D undergoing MBS would experience a decrease in likelihood of CVD
events, whereas youth with T2D treated medically would experience an increase in
likelihood of CVD events over 5 years.

Study design and participants

Teen-LABS enrolled 242 adolescents (<19 yr) from March 1, 2007 through December 31,
2011. TODAY enrollment started on May 1, 2004 and ended on December 31, 2009, with a
total of 699 randomized participants (10-17 yr). Postintervention follow-up, where
participants were provided with standard medical therapy, began immediately after the
TODAY clinical trial was completed. Teen-LABS and TODAY have been described in detail
elsewhere [9,14,15]. The TODAY and Teen-LABS protocols were approved by the
institutional review boards of each participating institution. Participants provided written
informed parental consent and child assent. The participants provided consent for identifiers
to be maintained at the data coordinating centers for each study. Deidentified data were used
for the purposes of this current analysis.

We have reported comparisons of Teen-LABS and TODAY in prior publications [10].
Pertinent to this analysis, there were 30 Teen-LABS participants with T2D at the time of
MBS. Of these, 24 underwent Roux-en-Y gastric bypass and 6 underwent vertical sleeve
gastrectomy procedures. These were pooled in our analyses due to the limited number of
participants undergoing vertical sleeve gastrectomy. Participants with T2D in TODAY
(irrespective of treatment group assignment) were frequency matched to the 30 Teen-LABS
participants with T2D using the following matching criteria: baseline age (13-18 yr), race/
ethnicity, sex, and baseline BMI (>35 kg/m?2). Through this process, a total of 63 TODAY
participants were identified. This secondary analysis included data collected from the 30
MBStreated and 63 medically treated individuals with T2D at the baseline, 1-year, 2-year, 3-
year, 4-year, and 5-year study visits.

T2D definition

Standard conventions were followed for the assessment and prevalence of conditions over
time. In brief, presence of T2D in Teen-LABS participants was defined as use of
medications for diabetes, baseline HbA1C concentration of >6.5%, fasting glucose
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concentration of >126 mg/dL, or 2-hour glucose value >200 mg/dL during an oral glucose
tolerance test in the 6 months before enroliment. T2D in TODAY was defined by standard
American Diabetes Association (ADA) glucose and HbA1C criteria [16] except that
asymptomatic patients with a normal fasting glucose concentration but elevated 2-hour
glucose concentration during an oral glucose tolerance test were also required to have an
HbA1C concentration of >6% to limit enrollment of patients with prediabetes [17].

In Teen-LABS, remission of T2D was defined as no use of medication for diabetes, and
HbA1C <6.5% (if HbAL1C was not available, remission also required fasting glucose
concentration <126 mg/dL). In instances where specified laboratory and/or medication use
data were unavailable, patient-reported declarations of presence of or absence of diabetes
were used, as previously described [18]. Diabetes remission was not collected for the
TODAY cohort.

Laboratory assessments

All laboratory assays for the Teen-LABS and TODAY cohorts were performed by the
Northwest Lipid Metabolism and Diabetes Research Laboratories, in Seattle, Washington, as
previously described [10]. HbA1C (high-performance liquid chromatography), insulin
(double-antibody radioimmunoassay) and lipid panel assays were performed as previously
described [9,14,15]. Insulin sensitivity was calculated annually as 1/fasting insulin (1/IF
[mL/uU]), which correlates strongly with hyperinsulinemic-euglycemic clamp—derived in
vivo insulin sensitivity in obese youth with or without T2D [19]. Concentrations of
creatinine in serum and urine were determined annually using the Creatinine Plus enzymatic
Roche reagent on a Modular P analyzer (Roche Diagnostics, Inc., Indianapolis, IN). The
results of this procedure are traceable to the IDMS reference method and allowed for
accurate estimated glomerular filtration (eGFR). The reportable range of creatinine in serum/
plasma samples is: .03—-60.0 mg/dL, and .03-1200.0 mg/dL in urine samples. Concentration
of cystatin C in serum was determined at baseline and annually immunochemically by using
Siemens reagents (Siemens Healthcare Diagnostics Inc., Newark, DE) on a Siemens
nephelometer autoanalyzer (BNII). This method is standardized against the IFCC/ERM
DA-471 Reference Material (RT Corp., Laramie, WY).

Elevated UAE and hypertension definition

Due to the expected normal to elevated glomerular filtration rates for age, we calculated
eGFR by the Full Age Spectrum (FAS) combined serum creatinine and cystatin C equation,
which has been validated in both pediatrics and adults and lends itself well to studies
examining the transition from pediatric to early adulthood: [20]

107.3

Scr ScysC -
+(1—-a) X ——
Qcrea QcysC

FAScombi =
a X

The FAS equation is based on normalized serum creatinine (SCr/Qcrea), Where Qcrea IS the
median serum creatinine (SCr) from healthy populations to account for age and sex, and
Qcysc is defined as .82 mg/L for <70 years. The coefficient ‘a’ in the denominator is a
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weighting factor for the normalized renal biomarkers. We used a = .5, which means the
denominator is equal to the average of both normalized biomarkers. Urine albumin-to-
creatinine ratio (UACR) was measured at baseline and annually thereafter unless a result was
abnormal. Spot urine samples were obtained after a 10-14 hr overnight fast. Elevated urine
albumin excretion (UAE) (previously known as microalbuminuria) was defined as an UACR
of =30 pg/mg [14]. Participants who developed elevated UAE in TODAY were promptly
treated according to ADA recommendations, which included starting ACE inhibitor.
Hypertension was defined per protocol as: use of blood pressure (BP) lowering medications
or 1) systolic blood pressure (SBP) =95™ percentile or diastolic blood pressure (DBP) =95t
percentile (for age, sex, height) if <18 years or 2) SBP > 140 mmHg or DBP >90 mmHg if
>18 years. Antihypertensive therapy (antiHTN) was initiated in TODAY according to ADA
adult guidelines, with the addition of treatment of BP in the 90t percentile to <95t (dietary)
and >95™ percentile (dietary and pharmacologic) for those in whom 130/80 mmHg would
have been too high a threshold due to age, as previously described [21].

Framingham Heart Study CVD event risk score

The CVD event models from the Framingham Heart Study were developed in, and modeled
for, persons 20-59 years. Due to the model constraint and to eliminate the bias, ages <20
were adjusted to 20 for all groups in this study. Full CVD event risks including coronary
death, myocardial infarction, and stroke (fatal and nonfatal), angina pectoralis, intermittent
claudication, and congestive heart failure. Hard CVD event risks only include coronary
death, myocardial infarction, and stroke (fatal and nonfatal).

Statistical analysis

Continuous variables were presented by means and standard deviations, except those with
highly skewed distributions, which were summarized by medians and interquartile ranges
(IQRs). Categorical variables were presented by numbers and percentages. Baseline variable
comparisons between the Teen-LABS and TODAY groups were accomplished by an F test
or x2 test. For categorical measures with limited number of observations, Fisher’s exact test
was used. For continuous variables without normal distribution, Wilcoxon rank-sum test was
used. Due to the issue of missing data, multiple imputation with fully conditional
specification (MI-FCS) [22] was used for variables with high missing or drop-out rate. Fifty
imputations were generated. Variables imputed by MI-FCS included: SBP, total cholesterol,
high-density lipoprotein cholesterol (HDL-C), BMI, antiHTN treatment, smoking status,
diabetes status, and baseline eGFR, UACR, and insulin sensitivity. Smoking and diabetes
status for the TODAY cohort were first imputed by the Last Observation Carry Forward
(LOCF) method, and then combined with the Teen-LABS cohort for multiple imputation.
The data were assumed to be missing at random [23]. Full and hard CVD event risks were
calculated using 2 models provided by [12]: 1) the first model included BMI but excluded
lipids (total cholesterol and HDL-C); 2) the second model excluded BMI but included lipids
(total cholesterol and HDL-C). Sex, age, SBP, antiHTN treatment, smoking status, and
diabetes status are used for both risk models. Linear mixed models (LMM) were used for
analyzing the relationship between cohort and CVD event risk over time. Compound
symmetry covariance structure was used for modeling within-patient variations. LMM for
analyzing group effects at baseline were adjusted for baseline eGFR, UACR, and insulin

Surg Obes Relat Dis. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ryder et al.

Results

Page 6

sensitivity only. LMM for analyzing group effects at 1 year and 5 years were further
adjusted for baseline risk. Analyses for individual variables of CVD event risk scores were
based on observed data. Analyses for CVD event risk scores were based on imputed data.
Descriptive statistics (Fig. 3, Supplemental Fig. 1 and 2) and group effect estimates (Fig. 4)
were summarized with 50 imputed data analyses using Rubin’s rule [24]. Where appropriate
we present the observed data because they are not subject to the assumptions of the
imputation techniques. However, omission of incomplete cases in data analysis can result in
bias, and therefore our model results use imputed data in an attempt to correct for that bias.
All statistical analyses were performed with SAS version 9.4 (SAS Institute Inc.).

Baseline comparison between youth with T2D in TODAY versus Teen-LABS

As previously published, participants in Teen-LABS were older and had a higher mean BMI,
SBP, DBP, total cholesterol and triglycerides at baseline compared with those in TODAY
(Table 1). There was also a high prevalence of antihypertensive use in Teen-LABS versus
TODAY (Table 1).

Medical versus surgical intervention on individual variables of CVD event risk scores

SBP, total cholesterol, HDL and BMI (Fig. 1). SBP (adjusted for medications use) increased
from 129 mmHg at baseline to 132 mmHg at year 5 in Teen-LABS participants (P =.23),
whereas TODAY participants experienced an increase SBP from 119 mmHg at baseline to
126 mmHg at year 5 (P=.002). Total cholesterol (adjusted for medications use) decreased
from 172 mg/dL at baseline to 162 mg/dL at year 5 in Teen-LABS (P = .37). TODAY
participants experienced a progressive increase in total cholesterol from baseline 147 mg/dL
to 166 mg/dL at year 5 (P<.0001). HDL-C increased from 40 mg/dL at baseline to 57
mg/dL at year 5 in Teen-LABS (P< .0001). Participants in TODAY also experienced a
modest increase in HDL-C from 39 mg/dL at baseline to 41 mg/dL at year 5 of follow-up (P
=.09). Among Teen-LABS participants, BMI decreased from 54.4 kg/m? at baseline to 42.9
kg/m? at year 5 (P< .0001). In TODAY, mean BMI increased from 40.5 kg/m? at baseline to
41.7 kg/m? at year 5 (P=.11). The above means and P values are reported from observed
data. To account for missing data, these variables were imputed in the CVD risk score
calculations, and the imputed data are shown in Supplemental Fig. 1.

AntiHTN use, smoking and diabetes remission (Fig. 2). The prevalence of antiHTN use
decreased by 42.6% (60.0 to 17.4%) from baseline to year 5 in Teen-LABS. In TODAY,
prevalence of antiHTN use progressively increased from baseline at 12.7% to 63.2% at year
5. Smoking prevalence increased in Teen-LABS from 0% at baseline to 13.0% at year 5. In
Teen-LABS, 85.4% of participants experienced diabetes remission at year 5 with mean
HbA1C decreasing from 6.8% at baseline to 5.9% at year 5 of follow-up. In TODAY,
glycemic control continued to worsen (£ < .0001) (Supplemental Fig. 3). The above
frequencies and P values are reported from observed data. Due to missing data, these
variables were imputed in the CVD risk score calculations (Supplemental Fig. 2).
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Medical versus surgical intervention on CVD event risk scores. Fig. 3 shows the risk scores
over 5 years in Teen-LABS and TODAY. Fig. 4 shows Forest plots for risk score differences
between Teen-LABS and TODAY (Teen-LABS as reference) of full and hard CVD events at
baseline, year 1, and year 5. For models with BMI, at baseline the likelihood of CVD events
was higher in Teen-LABS versus TODAY (mean [standard error], full CVD events: 17.66
[1.59] versus 12.11 [0.79]%; hard CVD events: 9.70 [1.07] versus 7.15 [.56]%). At baseline,
after adjusting for baseline eGFR, UACR and insulin sensitivity, the likelihood of CVD
events was higher in Teen-LABS versus TODAY (full CVD events, P=.002; hard CVD
events, P=.03). At 1 year follow-up, after multivariable adjustments including baseline risk
scores, risk scores in Teen-LABS dropped significantly compared to an increase in TODAY
(full CVD events: 6.79 [1.33] versus 13.64 [0.96]%, P < .0001; hard CVD events: 3.39 [.80]
versus 7.93 [.67]%, P<.0001). At 5 years follow-up, after multivariable adjustments
including baseline risk scores, risk scores in Teen-LABS remained lower than in TODAY
(full CVD events: 10.70 [1.71] versus 19.84 [1.59]%, P < .0001; hard CVD events: 5.34
[1.05] versus 11.46 [1.09]%, P < .0001). The differences in risk scores between Teen-LABS
and TODAY were attenuated for full CVVD without BMI and hard CVVD without BMI in
multivariable models, but remained statistically significantly different at years 1 and 5 (Fig.
4). The above means and SEs for CVD risk are unadjusted, while Pvalues indicate the
significance of group difference after multivariable adjustments.

Missing data.—Missing data are shown in Supplemental Table 1. Notably, data on
smoking were only available at baseline, 6 months, and 24 months in TODAY, whereas
smoking status was captured at all visits in Teen-LABS. To account for the missing data, all
models presented in this manuscript included multiple imputations under missing at random
assumption.

Discussion

Among participants in the Teen-LABS and TODAY studies, treatment with MBS resulted in
a significant reduction in estimated CVD event risk compared with medical therapy at 1 year
and was sustained out to 5 years after treatment. The risk reduction due to MBS was
attributed to improved glycemic control, weight loss, changes in blood pressure over time,
and an increase in HDL-C. Although MBS induced significant weight loss, when BMI
reductions were removed from the prediction models, the robust differences in CVD event
risks remained. Despite standard medical treatment (TODAY), a linear increase in estimated
30-year risk CVD events was observed with a doubling in risk over 5 years. These data
provide further support for MBS as potential primary treatment option for adolescents with
T2D and severe obesity to mitigate CVD and related mortality.

The incidence of youth-onset T2D is increasing in the US [6,25,26], translating to premature
mortality from CVD and other chronic diseases such as DKD. There are limited therapeutic
options available for adolescents with T2D with the currently FDA approved medications
including metformin, insulin, and glucagon-like peptide 1 (GLP-1) receptor agonists.
Further compounding the issue, pharmacotherapy may have different effects in youth-onset
versus adult-onset T2D as illustrated in the recently completed Restoring Insulin Secretion
(RISE) study [7,27,28]. Moreover, data suggest that rates of vascular complications are
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higher, and insulin resistance and B-cell dysfunction markedly worse in youth with T2D in
comparison with adults, calling for novel and targeted approaches to youth-onset T2D
[7,27].

MBS is currently the only treatment available in youth with severe obesity and T2D that
results in considerable and durable weight loss and improvement in glycemic control in the
majority of patients [10,29]. Interestingly, comparing rates of T2D remission in youth versus
adults over 5 years found greater rates of T2D resolution in youth compared with adults
undergoing MBS [18]. These data suggest that early MBS may be an important intervention
to treat youth-onset T2D [18]. Despite this, MBS faces many barriers such as cost,
acceptability, insurance coverage, and side effects like excess skin which limit its scalability
and wide-spread application [30-33]. Another major consideration for stake-holders is cost-
effectiveness of any treatment. Despite the initial cost incurred by MBS in adolescents, it has
been found to be cost-effective versus a nonsurgical option over a 5-year period [34].

Most data in youth-onset T2D are limited to Roux-en-Y gastric bypass and it is yet unknown
whether similar benefits are afforded by vertical sleeve gastrectomy [18]. There may also be
cardioprotective mechanisms or disease duration considerations that are independent of
weight and glycemic control which are also influenced by the type of MBS, arguing for
prospective, longitudinal, controlled studies to better define the underlying mechanisms of
MBS in youth-onset T2D. Among adolescents with and without T2D, we have previously
found that the likelihood of CVD events was higher among adolescents undergoing MBS
compared with adolescents with severe obesity not referred for MBS, as well as to
adolescents with moderate obesity, overweight, and normal weight [13]. The overall CVD
risk in this analysis of adolescents with T2D and severe obesity in TODAY and Teen-LABS
was high, and the reduction in CVD events was significant, by nearly half as a result of MBS
and sustained for 5 years. These data are supported by randomized controlled trials in adults
with obesity and T2D comparing MBS to conventional medical therapy [35]. Finally, the
high CVD risk observed in TODAY participants, despite their lower baseline BMI,
underscores the inadequacy of standard medical therapy in mitigating risk of CVD events,
and calls for more aggressive therapy in this at-risk population. The mitigation of CVD risk
is likely explained by several factors including attenuation of key risk factors, DKD, and
glycemic control, which are prevalent in these cohorts [11,14,18]. Yet the cardioprotective
mechanisms of MBS are still incompletely defined in youth with T2D. It remains unclear
whether similar benefits are afforded by vertical sleeve gastrectomy as with gastric bypass,
and the overall effect of weight loss versus metabolic changes on the cardiovascular benefit
needs to be comprehensively detailed. In a prior analysis comparing metabolic outcomes
over 5 years of follow-up in adolescents with severe obesity and T2D from the TODAY and
Teen-LABS studies, we found worsening of glycemic control, increased BMI, triglycerides,
insulin sensitivity, and rates of DKD in participants receiving medical therapy compared
with the participants who had MBS [10].

The present study has several strengths including 2 wellcharacterized cohorts of adolescents
with T2D with longitudinal follow-up over 5 years and the use of clinically relevant
outcomes and measures. However, there are several limitations inherent in the present
analysis. The algorithm used to calculate risk reduction makes certain assumptions that
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deserve mention. The 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 about 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 used to conduct our analysis,
therefore, this assumption likely does not alter the risk assessment. The sociodemographic
distribution of the Framingham cohort (e.g., mainly white and educated) may have led to
bias in calculation of risk. Although the risk scores were developed in the Framingham
Heart study whose benefits and limitations have been well documented [36,37], the
predicted risk of events does not always equate to actual event occurrence and may be an
over or underestimated risk as presented in this analysis. In addition, the Teen-LABS and
TODAY were not designed to be directly compared, and thus baseline BMI, age, and CVD
risk profile were higher in the Teen-LABS cohort versus the TODAY cohort, which could
introduce bias regarding response to MBS. The higher baseline BMI in Teen-LABS versus
TODAY also likely reflect reluctance of patients, parents, and physicians to consider MBS in
adolescents with T2D and obesity. Smoking status was assessed annually in Teen-LABS, but
only at baseline, 6 months, and 2 years in TODAY. Moreover, factors we were not able to
compare in both Teen-LABS and TODAY such as sleep apnea, nonalcoholic fatty liver
disease, and changes in sex steroids in response to MBS versus medical therapy may also
influence CVD risk. Finally, adherence to medications, supplements, and lifestyle
interventions was a challenge of both cohorts and could have confounded our findings.

Conclusion

In summary, we found that MBS in adolescents with severe obesity and T2D conferred
lower calculated risk of CVD events compared with standard medical therapy over 5 years
of follow-up. Longer-term outcome studies for adolescents and young adults with T2D
undergoing MBS are, however, needed to evaluate whether the risk score predictions hold
true. Additionally, studies directly comparing the cardioprotective effects of MBS with
newer antidiabetic drugs including sodium glucose co-transporter 2 (SGLT2) inhibitors and
GLP-1 receptor and glucose-dependent insulinotropic polypeptide (GIP) agonists, as well as
studies combining MBS with these adjunctive therapies to further mitigate residual CVD
risk are critical. Finally, mechanistic studies interrogating novel pathways activated by MBS
are needed to identify nonsurgical interventions for those adolescents who are deemed unfit
for surgery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Individual continuous determinants of full and hard cardiovascular disease (CVD) risk

scores in Treatment Options of Type 2 Diabetes in Adolescents and Youth (TODAY) and
Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS) over 5 years based on
observed data line charts for systolic blood pressure (SBP) (mmHg, Fig. 1a), total
cholesterol (mg/dL, Fig. 1b), high-density lipoprotein cholesterol (HDL-C) (mg/dL, Fig. 1c)
and body mass index (BMI) (kg/m?, Fig. 1d). All figures are based on observed data. Error
bars indicate 95% confidence intervals of the means. Means and error bars were jittered to
avoid overlapping.
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Fig. 2.

In?jividual categorical determinants of full and hard CVD risk scores in TODAY and Teen-
LABS over 5 years based on observed data line charts for antihypertensive therapy
(antiHTN) medicine (%, Fig. 1a), smoking status (%, Fig. 1b), diabetes status (%, Fig. 1c).
All figures are based on observed data. Smoking status at year 1, 3, 4, and 5 were not
collected. Diabetes remission was not collected for TODAY cohort (see supplemental Fig. 3
for glycated hemoglobin [HbA1C] trends). Error bars indicate 95% confidence intervals of
the mean percentages. Means and error bars were jittered to avoid overlapping.
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Fig. 3.

Ri?ak scores in TODAY and Teen-LABS over 5 years. Line charts for full CVD risk (with
BMI, Fig. 1a), full CVD risk (without BMI, Fig. 1b), hard CVD risk (with BMI, Fig. 1c) and
hard CVD risk (without BMI, Fig. 1d). Risk scores were calculated from model using
imputed data. Risk score means and standard errors used in the figure were pooled across
imputed data analyses using Rubin’s rule. Error bars indicate 95% confidence intervals of
the pooled means. Means and error bars were jittered to avoid overlapping.
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Fig. 4.

Group differences in risk scores between TODAY and Teen-LABS participants. Group
difference indicates the parameter estimate of group effect (Teen-LABS as reference) in
mixed model. Mixed model for baseline risks adjusted for baseline estimated glomerular
filtration (eGFR), urine albumin-to-creatinine ratio (UACR), and insulin sensitivity. Mixed
models for first and fifth year risks adjusted for baseline CVD risk score, eGFR, UACR, and
insulin sensitivity.
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