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Abstract

Objective—To report sex-specific changes in CVD risk following Roux-en-Y gastric bypass
surgery (RYGB).

Background: Long-term changes in cardiovascular disease (CVD) risk following bariatric
surgery are not well characterized.

Methods: Between 2006-2009 1770 adults enrolled in a prospective cohort study underwent
Roux-en-Y gastric bypass (RYGB) at 1 of 10 U.S. hospitals. Research assessments were
conducted pre-surgery and annually post-surgery over 7 years. Sex-specific predicted 10-year and
lifetime CVD risk were calculated using the Framingham-lipid, Framingham-body mass index
(BMI) and Atherosclerotic (ASCVD) scoring algorithms among participants with no history of
CVD. Of 1566 eligible participants, 1234 (75.9%) with CVD risk determination pre- and post-
surgery were included (1013 females, 221 males).

Results: Based on the Framingham-lipid, the percentage of females with predicted high (>20%)
10-year CVD risk declined from pre-surgery (6.5% [95% CI:6.7-7.5]) to 1 year post-surgery
(1.0% [95% CI:0.8-1.2]; p<0.001), then increased 1 to 7 years post-surgery (to 2.8% [95%
Cl:1.6-3.3]; p=0.003), but was lower 7 years post-surgery versus pre-surgery (p<0.001). Time
trends for percentage of high-risk participants and mean CVD risk scores were similar for both
sexes and other evaluated CVD risk scores. For example, among males mean lifetime ASCVD
score declined from pre-surgery to 1 year post-surgery, then increased 1 to 7 years post-surgery.
However, there was a net decline from pre-surgery (p<0.001).
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Conclusion: Among both females and males, predicted 10-year and lifetime CVD risk was
substantially lower 7 years post-RYGB than pre-surgery, suggesting RYGB surgery can lead to
sustained improvements in short- and long-term CVD risk.
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Introduction

As body mass index (BMI) increases, the risk of developing cardiovascular disease (CVD)
also increases®. The association is thought to be primarily a function of an increase in CVD
risk factors (i.e., hypertension, dyslipidemia, and insulin resistance?) related to increasing
BMI3. Obesity also directly increases risk of CVD by impacting cardiovascular structure and
function. For example, obesity increases the risk of left ventricular structural abnormalities
which may lead to remodeling and left ventricle hypertrophy, left atrial enlargement, and
impairment of systolic and diastolic function®. Those with severe obesity (BMI = 40 kg/m?)
are an especially high risk population for specific types of CVD including coronary artery
disease, myocardial infarction and heart arrhythmias, compared to those with less severe
obesity®.

Roux-en-Y gastric bypass (RYGB) surgery, which was the most common modern-day
bariatric surgical procedure prior to 2013 and is currently the second most common
procedure®7, is an effective treatment for severe obesity8. Surgical changes to the
gastrointestinal tract result in substantial weight loss and impact metabolic disorders
including the remission of Type 2 diabetes (T2D)®. There is also evidence that CVD risk and
CVD-related mortality decline in the first few years following RYGB surgery10-12,
However, associations between post-surgery weight regain with worsening of T2D,
hyperlipidemia, and hypertensionl3, suggest initial improvements in CVD risk may diminish
over time. Studies of currently performed bariatric surgical procedures with repeated
measures over long-term follow-up are needed to evaluate the sustainability of the reduction
in CVD risk!214, Furthermore, given evidence that biological sex may moderate the effect
of interventions on CVD risk (i.e., due to general biological differences, as well as
differences in environment, lifestyle and attitudes that can affect CVD risk and CVD
outcomes)1°16, there is a need to evaluate sex-specific changes in CVD17:18,

Since CVD events (e.g. stroke, heart attack, angina) usually occur later in life, risk
assessment for future CVD events is critical to monitoring health status!®. This can be done
by evaluating individual risk factors (e.g. systolic pressure, T2D, treatment for
hypertension), or with CVD risk scores, which use an array of CVD risk factors to estimate
the likelihood of an individual having a CVD event within a specified time frame (i.e. 10-
years or lifetime)20:21,

The primary aim of this study was to report sex-specific changes in CVD risk following
RYGB in a large multisite prospective cohort study with long-term follow-up. Changes from
pre-surgery to 7 years post-surgery in predicted 10-year and lifetime CVD risk (based on the
Framingham Risk Score (FRS)22 and the Atherosclerotic CVD (ASCVD)?2! risk score), as
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well as individual CVD risk factors, were evaluated. Secondary aims were to evaluate
changes in predicted CVD risk in relation to post-surgery weight regain, as well as to report
short- and long-term rates of post-surgery non-fatal CVD events and CVVD-related mortality.

Materials and Methods

Design and Participants

Measures

The Longitudinal Assessment of Bariatric Surgery (LABS)-2 was a prospective cohort study
of 2,458 adults who were at least age 18 at time of enrollment23. Participants who underwent
their first bariatric surgery between April 2006 and April 2009 were recruited between
February 2005 and February 2009 at one of ten hospitals at six clinical centers throughout
the United States. Research assessments are described in Supplementary Appendix 1.

Participants were eligible for evaluation of the secondary aim of CVD event reporting if they
underwent RYGB (N=1770) regardless of CVD status at pre-surgery assessment. Per
recommended exclusion criterial921.22 CVD risk scores were not calculated for participants
with a history of CVD (n=204. For the primary aim of reporting change in CVD risk after
RYGB, all data components to calculate CVD risk scores at the pre-surgery assessment and
at least one follow-up assessment were required for participants to be included in the
analysis of CVD risk (n=1234 of 1566 without a history of CVD prior to the first post-
surgery assessment, 78.7%) (Supplementary Figure 1).

Assessment of sociodemographics, anthropometrics and individual CVD risk score
components has been described previously!3 and is provided in Supplementary Appendix 1.

CVD risk scores

The Framingham and the ASCVD 10-year and lifetime CVD risk scores were calculated
using published algorithms19:21.22 All four scores utilize age, sex, total cholesterol, systolic
blood pressure, blood pressure treatment, smoking status, and T2D and hyperlipidemia
treatment. Race is also used in ASCVD scoring algorithms. Both risk scores both predict
coronary heart disease (CHD) death, nonfatal myocardial infarction (MI) and stroke, but the
Framingham also predicts coronary insufficiency, transient ischemic attack, intermittent
claudication, heart failure and angina pectoris. Alternative versions of the Framingham 10-
year and lifetime risk scores (hereafter referred to as “Framingham-lipid”) replace lipid
variables (total cholesterol and hyperlipidemia treatment) with BMI122 which allows for
calculation of risk with less clinical data (hereafter referred to as “Framingham-BMI”). Pre-
surgery age was used to calculate risk scores at all assessments to eliminate the effect of

aging on change in risk?4. CVD scores were not calculated for participants following a CVD
event19.21.22

To describe CVD risk and to help guide statin therapy decisions in the clinical setting, both
the Framingham and ASCVD 10-year risk scores are categorized?26, The Framingham 10-
year risk categories are defined as: low (score <10%), intermediate (10-20%), and high
(>20% or more) 10-year risk?’. The ASCVD 10-year categories are defined as low (score

Surg Obes Relat Dis. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hinerman et al.

CVD events

Page 4

<7.5%) and high (=7.5%) 10-year risk?8. The Framingham 10-year intermediate and high
risk categories?® and the ASCVD high risk category indicate it may be appropriate to initiate
statin therapy30. Lifetime scores are intended to motivate patients to make lifestyle changes
rather than to guide pharmacological interventions!®. The Framingham-lipid, Framingham-
BMI and ASCVD lifetime scores utilize the same cut point to indicate low (<39%) and high
(=39%) lifetime CVD risk.

A LABS-certified clinical researcher used medical records, physical examination, and
patient interviews to determine history of CVD prior to surgery, and CVD events annually
post-surgery23. CVD-related mortality was determined using the annual study follow-up and
the National Death Index3! through December 31, 2014. For this study, CVD was defined as
having a nonfatal myocardial infarction (MI), stroke, ischemic heart disease, congestive
heart failure, angina, percutaneous coronary intervention (PCI), coronary artery bypass
grafting (CABG) or death attributed to CVD. Additional information on CVD assessment
and identification of CVD-related mortality is available in Supplementary Appendix 1.

To be able to compare the observed CVD-related mortality in the 7 years following RYGB
to the CVD-related mortality rate in the general population matched on participants’ sex, age
and race, and calendar year, sex-, age-, race-, and year-specific crude mortality rates from
the U.S. general population for each calendar year from 2006-2014 were downloaded from
the death certificate database collected by the Centers for Disease Control and Prevention
(CDC) Wonder Underlying Cause of Death32,

Statistical analysis

Analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA). All
reported p values are two-sided; p values less than 0.05 are reported to guide interpretation
of findings. All further analyses were stratified by sex. Descriptive statistics were used to
summarize participant characteristics. The observed CVD risk scores, as well as individual
CVD risk components [i.e., systolic blood pressure/diastolic blood pressure/treatment for
hypertension, total cholesterol /treatment for hypercholesterolemia, high-density lipoproteins
(HDL-C), T2D and current cigarette smoking], were reported by time point in relation to
surgery through 7 years of follow-up. Both continuous and categorical versions of the risk
scores and components are reported. Because the Framingham 10-year intermediate and
high risk categories?® can both be used to initiate statin therapies, these groups were
combined for some analyses, while the three category version (i.e., low, intermediate and
high) was used to describe the more detailed change in risk score category over time.

Binary mixed models were used for dichotomous CVD risk categories and CVD risk score
components, and mixed-effects ordinal logistic regression models were used for three-level
Framingham 10-year CVD risk categories. Likewise, linear mixed models were used to
estimate the mean of continuous CVD risk scores and CVD risk score components by time
point. Mixed models used all available data via maximum likelihood, with a person-level
random intercept, and controlled for pre-surgery factors related to missing data (i.e., site, age
and pre-surgery smoking status), with time since surgery entered as a discrete fixed effect.
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Pairwise comparisons were made between pre-surgery and year 1 (to assess short-term
change), pre-surgery and 7 years (to assess long-term change), as well as year 1 and 7 years
(to assess the durability of the short-term change). P values were adjusted by simulation for
multiple comparisons33. The modeling was repeated for estimating the distributions of
categorical risk groups and the mean of continuous CVD risk scores in relation to weight
regain, with time since participants’ lowest recorded weight entered as a discrete fixed
effect.

Event rates were calculated for non-fatal CVD events and CVVD-related mortality by dividing
the number of events by the person-years of observation per 1000 person-years, overall and
by short (<5 year) and long-term follow-up (= 5 years)34. The matched mortality rate in the
general population was calculated by multiplying the sex-, age-, race-, and year-specific
crude mortality rate per 1,000 from the general population by the number of LABS-2 RYGB
participants with each characteristic. Standardized mortality ratios (SMRs) were calculated
as the ratio of observed mortality rate in the RYGB sample to the calculated mortality rate in
the matched-general population. The 95% confidence intervals (CI) for the event rates and
the SMRs were constructed using the Poisson distribution.

Within the CVD risk score sample (1013 females, 221 males), the median age of females
was 45 years (IQR: 36-53), 84.9% were white, and median BMI was 46.1 kg/m? (42.2—
51.3). Among males, the median age was 47 years (IQR: 38-55), 92.3% were white, and
median BMI was 47.4 kg/m? (IQR: 43.2-53.0). Additional characteristics by sex are
reported in Table 1.

Data completeness of CVD scores among the sex-specific analysis samples by time period is
provided in supplemental material (Supplementary Table 1). Across follow-up, 64.1% of
potential CVD risk scores were determined among females and 60.9% among males.

Figure 1 shows the modeled percentages (95% Cl) of females and males categorized as
intermediate/high or high risk of having a CVD event within 10-years or lifetime based on
the Framingham-lipid, Framingham-BMI and ASCVD scores. The estimated percentage of
females and males with predicted intermediate/high or high 10-year risk was lower 1 year
post-surgery vs pre-surgery (p for all <0.001), then appeared to increase from 1 year to 7
years post-surgery (p for both Framinghams <0.01; for ASCVD females p=0.14, males
p=0.08). Still, the percentage with predicted intermediate/high or high 10-year risk was
lower at 7 years compared to pre-surgery (p for all <0.001). Similar to the 10-year results,
both Framinghams and ASCVD categorized fewer female and male participants with high
lifetime risk at 1 year post-surgery compared to pre-surgery (p for all <0.001, Figure 1;
values provided in Supplementary Table 2). Though the percentage of females and males
with high risk increased from 1 year to 7 years post-surgery (p for all <0.01 with exception
of female Framingham-lipid, p=0.12), the percentage with high risk was lower at 7 years
compared to pre-surgery (p for all <0.001). A comparison of the modeled means of the 10-
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year and lifetime CVD risk scores by time point revealed similar time trends
(Supplementary Table 3, Supplementary Figure 2).

Although time trends were similar across 10-year and lifetime CVD risk scores for both
sexes, the percentage identified as high risk varied by score and sex (e.g., among females,
the percentage with high 10-year CVD risk, was highest with the Framingham-BMI and
lowest with the ASCVD; the percentage with predicted high lifetime CVD risk was highest
with ASCVD and lowest with Framingham-lipid). Likewise, the magnitude of change over
time varied by score and sex (e.g., among males, there was a greater absolute and relative
decrease in the percentage with predicted high lifetime risk 1 year and 7 years post-surgery
based on the Framingham-lipid vs. the Framingham-BMI or ASCVD).

CVD risk score components.

Figure 2 shows the modeled values of CVD risk score components (i.e. total cholesterol,
HDL-C, systolic blood pressure, blood pressure treatment, smoking prevalence, T2D and
BMI) by time in relation to RYGB among females. Although most CVD risk score
components were different (i.e. worse) in year 7 compared year 1 (Figure 2, values provided
in Supplementary Table 4), both year 1 and year 7 values were different (i.e. better)
compared pre-surgery (p for all <.01). An exception was smoking, the prevalence of which
was higher (i.e., worse) 1 year and 7 years post-surgery vs pre-surgery (p for both <.001).
Time comparisons were similar among males compared to females (i.e. worse at year 7
compared to year 1 but better at year 7 compared to pre-surgery) (Supplementary Figure 3,
Supplementary Table 4).

Changes in CVD risk in relation to weight regain.

CVD events.

From the CVD risk sample of 1234 participants, 1102 (911 females and 191 males;
Supplementary Figure 1) had CVD risk determination following their lowest recorded
weight (median time since surgery=4.4 [IQR=1.6-7.5] years; median follow-up after lowest
weight=2.7 [IQR=0.4-6.5] years). The percentage of participants with predicted
intermediate/high or high 10-year and lifetime risk increased across time as a linear function
of weight regain for both females and males (p for all <0.01) except for the ASCVD 10-year,
which showed a similar trend in males (p=0.06) but did not appear to increase among
females (p=0.92) (Figure 3).

The frequency and the rates of non-fatal CVD events and CVD mortality are reported in
Table 2 among all participants who underwent RYGB (N=1770); the frequency of these
outcomes by time in relation to RYGB is available in supplemental material (Supplementary
Table 5). For both females and males, atherosclerotic cardiovascular disease was the most
common ICD-10 coded CVD-related mortality (Supplementary table 6).

Among females, there were 499 non-fatal CVD events and 8 CVD deaths within 7 years
following RYGB, corresponding to a non-fatal event rate of 50.4 (95% C1:41.6-61.2) per
1000 person-years and CVVD mortality rate of 0.9 (95% CI1:0.5-1.9) per 1000 person-
years.The SMR for females was 1.18 (95% CI:0.51, 2.32; p=0.74). The non-fatal event rate
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was higher during long-term versus short-term follow-up (61.1 [95% CI:48.5-77.0] vs 42.5
[33.8-53.3] per 1000 person-year; p<0.001). The mortality rate appeared higher during the
long-term versus short term follow-up but given the low frequency of the outcome, statistical
power to evaluate this comparison was limited (1.2 [95% CI:0.5-3.3] vs 0.8 [95% CI.0.3—
2.1] per 1000 person-years; p=0.52).

Among males, there were 179 non-fatal CVD events within 7 years following RYGB,
corresponding to an event rate of 71.6 (95% CI1:53.7-95.5) per 1000 person-years and CVD
mortality rate of 4.3 (95% Cl:2.3-8.2) per 1000 person-years. The SMR for males was 1.96
(95% CI:0.89, 3.71; p=0.09). There was not clear evidence that the non-fatal event rates
among males differed during long-term versus short-term follow-up (65.4 [95% CI:45.7—
93.6] vs 76.3 [95% CI:53.9-108.1] per 1000 person-year; p=0.47). The mortality rate was
higher during the long-term versus short term follow-up (8.8 [95% Cl:4.2-18.3] vs 1.6 [95%
Cl:0.4-6.2] per 1000 person-years; p=0.03).

Discussion

Among a large cohort of adults with severe obesity, discounting age, predicted 10-year and
lifetime CVD risk was lower throughout 7 years following RYGB surgery versus pre-
surgery whether assessed with the Framingham-lipid, the Framingham-BMI or the ASCVD
scoring algorithm. This was true whether considering the percentage of participants with
elevated risk or the sample’s mean risk. Although the magnitude of improvement in CVD
risk varied by score and timeframe, improvement was substantially larger 1 through 7 years
following RYGB than what is typically achieved from diet, exercise or lifestyle interventions
aimed at weight loss or CVD risk reduction in overweight and obese adults35-37. For
example, 1 year post-RYGB, the percentage of participants with high CVD risk decreased
by 85% in females and 89% in males with the Framingham-lipid algorithm, or by 73% in
females and 61% in males with the ASCVD algorithm. Seven years post-RYGB these values
were still striking, with 57% and 79% decreases in females and males, respectively, with the
Framingham-lipid algorithm, or 61% and 38% decreases in females and males, respectively,
with the ASCVD algorithm.

While there is limited data on long-term changes in CVD risk with multiple assessments
following bariatric surgery!2, the reductions in overall CVD risk found in this study are
supported by a retrospective cohort study with 1724 RYGB participants and 1724 matched
non-surgical controls which reported 63 CVD events (e.g. myocardial infarction, congestive
heart failure, or stroke) in the RYGB group versus 110 in the control group across 12 years
of follow-up!?. In addition, the findings of this study support the durability of effect reported
in studies with short-term follow-up2.

Multiple short term (10-year) and long-term (lifetime) CVD risk scores were employed due
to the difference between the usage of the scores in clinical care and lack of a consensus on
which CVD risk score is best for the bariatric surgery population. The selected CVD risk
scores were chosen due to the ability of each score to be used in younger populations in
which CVD events are less likely to occur. Additionally, the 2008 Framingham score was
chosen due to its prevalence, recognizability, and high external validity. However, the
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Framingham was developed among only Caucasians, and includes CVVD outcomes without
proven statin therapy benefit (e.g. heart failure). Thus, the ASCVD risk score, which
addresses these limitations and is recommended by the American College of Cardiology/
American Heart Association (ACC/AHA)?1, was also used.

While both Framingham scores and the ASCVD score showed similar trends of change in
10-year and lifetime CVD risk over time, the scores differed in the percentage of participants
identified as having high 10-year and lifetime CVD risk. For example, the Framingham-BMI
10-year algorithm categorized more participants as high risk across follow-up compared to
the lipid version. This difference in categorization may be due to the high levels of obesity
among bariatric surgery patients both before and after surgery, compared to the general
population in which the scores were developed. Compared to the ASCVD score, both
Framingham scores identified more women and men as having intermediate or high 10-year
risk, perhaps because the Framingham predicts more outcomes. Given these risk
designations can be used for the initiation of statin therapy, and the lifetime risk scores can
be used to motivate patients to make behavioral changes, score selection has important
clinical implications. For example, more females and males would be identified as potential
candidates for initiation of statins if the Framingham-BMI was used versus the Framingham-
lipid, or either Framingham versus the ASCVD.

Similar to a previous study showing select CVD risk factors (i.e. increases in SBP, HDL-C)
increased as a function of weight regain38, the current study demonstrated that the
percentage of participants with predicted intermediate/high or high for 10-year and lifetime
CVD risk (with the exception of the 10-year ASCVD in women) increased as a function of
time since lowest weight. Future work should investigate additional factors that contribute to
change in CVD risk over time among adults who undergo bariatric surgery and interventions
that may mitigate weight regain and associated CVD risk factor changes.

The non-fatal CVD event rates within the current study revealed females had a higher rate of
non-fatal CVD events in the long-term (i.e., 5 or more years) versus short-term (i.e., fewer
than 5 years) post-surgery. In contrast, the short- vs. long-term non-fatal CVD event rates
were similar among males (and similar to the female long-term rate). There are several
reasons why females, but not males, may have lower rates in the short-term. Females may be
physically healthier prior to surgery. Specifically, men undergoing bariatric surgery tend to
be older, have higher BMI, and more obesity-related comorbidities compared to women3°.
Additionally, women develop CVD, on average, 7 to 10 years after men. Thus, the higher
rate among women 5 years after surgery may be a reflection of aging*°.

Our post-RYGB sample had a SMR higher than 1 (females: 1.18; males: 1.96), indicating a
higher mortality rate compared to the general population, adjusted for age, sex and race.
This could reflect that despite improvements in weight and comorbidities following surgery,
post-surgical patients still have higher levels of obesity and other comorbidities including
T2D, respiratory disorders and non-alcoholic fatty liver disease*!. However, the 95% CI of
these SMR included 1. Thus, additional research is needed to determine whether these
findings reflect low power to detect a difference or no actual difference.
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Strengths and limitations

Major strengths of this study were the longer-term follow-up, which allowed for continued
measurement of CVD risk through maximum weight loss and several years of weight regain
in adults undergoing RYGB, and the large geographically diverse cohort. Additionally,
multiple common CVD risk algorithms were compared.

Several limitations should be considered when interpreting the data, including the lack of
representation of the gastric sleeve procedure which was uncommon during the study’s time
period (2006—2009), but has surpassed RYGB as the most common procedure performed in
the United States*2. Also, this study lacked a non-surgical comparison group. Thus, the
impact surgery had on reductions in risk, events and mortality cannot be commented on
directly. Similarly, because CVD risk was calculated independent of age (i.e. participant age
at pre-surgery was used for all CVD risk score calculations), the impact of age on CVD risk
is lost. Additionally, our cohort was 86% Caucasian. While the Framingham scoring
algorithm was developed among a largely Caucasian sample, and the ASCVD scoring
algorithm takes race into account, applying the findings of this study to other racial groups
may not be appropriate. Finally, due to the lack of CVD events in our cohort, there was a
lack of statistical power for some short-term versus long-term comparisons and for a precise
SMR estimate.

Conclusions

Among a large cohort of adults who underwent RYGB surgery, predicted 10-year and
lifetime CVD risk improved after surgery. In general, discounting age, CVD risk declined
from pre-surgery to 1 year, then increased between 1 and 7 years post-surgery. However,
after 7 years, CVD risk was substantially lower among both females and males compared to
pre-surgery. While similar time trends were evident using all three CVD risk scores, the
percentage of patients identified as having high 10-year and lifetime CVD risk and the
magnitude of change over time, differed by score and sex. These findings help inform sex-
specific short and long-term improvements in CVD risk after RYGB surgery and
demonstrate that CVD risk score selection has important clinical implications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Sex-specific predicted 10-year and lifetime cardiovascular disease (CVD) risk
were calculated using the Framingham-lipid, Framingham-body mass index
(BMI) and Atherosclerotic (ASCVD) scoring algorithms among participants
with no history of CVD.

The percentage of patients identified as having high 10-year and lifetime
CVD risk pre- and post-surgery, and the magnitude of change over time,
differed by score and sex.

The mean improvement in short- and long-term CVD risk was substantially
larger 1 through 7 years following RYGB than what is typically achieved
from diet, exercise or lifestyle interventions aimed at weight loss or CVD risk
reduction in overweight and obese adults.
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B. Females Lifetime CVD risk
— | High Framngham-ipid Mutime CVD risk (230%)
e i High Framingham-8MI| Metme CVD mk (238%)
e i, High ASCVD Metime risk (239%)

100 |

90 | ‘:

80 - & ‘

2 70 v |
.

60 — * 0 2 |
% 50 - N\ ¥ ‘
b1 |
g 40 Y e el !

30 — b A_’— - ,’. —— VTE__ —’ 1

20 = |

x5 —F— 2 |

10 = — 3 |

0 ]

T T T T T T T
0 1 2 3 4 5 T
Follow-up Time, Years
Number of participants

i 1013 756 648 609 614 632 433

il 1013 o Bas 604 612 633 428

o 1013 T 658 619 o627 [Lx1] 434

D. Males Lifetime CVD risk
= |, High Framingram-igpd Wetime CVD risk (=20%)
= it High Franvngham-BMI ilatme CVD nsk (239%)
e . High ASCVD Wotime risk (239%)

100 —
90 —
B0 —
= 70
3%
ok
£ 40
30
20 —
10
0

T T T T T T T

0 1 2 3 4 5 7

Number of participants Follow-up Time, Years

\ 221 165 132 128 133 132 79

il 21 172 132 129 134 13 79

il 221 m 130 128 133 132 T8

Modeled? percentage and 95% confidence intervals of adults categorized as intermediate/
high® or high CVD risk by time in relation to Roux-en-Y gastric bypass, stratified by sex.
Abbreviations: ASCVD, Atherosclerotic cardiovascular disease; BMI, Body Mass Index

(kg/m2); CVD, cardiovascular disease.

a Adjusted for factors related to missing follow-up data (i.e. site, age and current smoking
status at pre-surgery). All pairwise comparison tests (for pre-surgery vs 1 year, 1 year vs 7
years and pre-surgery vs 7 years) were significant (p <0.01) with the exception of 1 year vs 7
years 10-year ASCVD (p=0.14) and lifetime Framingham-lipids (p=0.12) in females, and
the 10-year ASCVD in males (p=0.08).

b Because the Framingham intermediate risk category can be used to initiate statin therapy,

the Framingham intermediate and high risk groups were combined.
¢ Data collection ended before the 7 year assessment of 316 females and 71 males.
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Figure 2.

Modeled? mean or percentage and 95% confidence intervals of CVD risk components
among females by timepoint in relation to Roux-en-Y gastric bypass.
Abbreviations: HDL, high-density lipoprotein.

@ Adjusted for factors related to missing follow-up data (i.e. site, age and current smoking
status at pre-surgery). All pairwise comparison tests (for pre-surgery vs 1 year, 1 year vs 7
years and pre-surgery vs 7 years) were significant (p <0.01).
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B. Female CVD lifetime risk
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Modeled? percentage and 95% confidence intervals of participants categorized as
intermediate/high? or high CVD risk by time since lowest weight, stratified by sex.
Abbreviations: ASCVD, Atherosclerotic cardiovascular disease; BMI, Body Mass Index

(kg/m2); CVD, cardiovascular disease.

a Adjusted for factors related to missing follow-up data (i.e. site, age and current smoking
status at pre-surgery). All pairwise comparison tests (for pre-surgery vs 1 year, 1 year vs 7
years and pre-surgery vs 7 years) were significant (p <0.01) with the exception of 1 year vs 7

years.

b Because the Framingham intermediate risk category can be used to initiate statin therapy,
the Framingham intermediate and high risk groups were combined.

¢ A linear term for time since lowest weight recorded was significant (p <0.05) for all CVD
scores with the exception of 10-year ASCVD in females (p=0.92) and males (p=0.06).
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