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Abstract

Objective—Severe obesity in adolescents is increasing and few effective treatments exist.
Bariatric surgery is one option, but the extent to which surgery influences cardiovascular risk
factors over time in youth is not clear. We hypothesized that Roux-en Y gastric bypass (RYGB)
would be associated with sustained improvements in lipids over time (>5 years).

Participants/Methods—Youth who underwent RYGB from 2001-2007 were recruited for the
Follow-up of Adolescent Bariatric Surgery-5+ (FABS-5+) in 2011-2014. Baseline BMI and lipids
were abstracted from medical records. Follow-up data were obtained at a research visit. Analyses
included paired t-tests to assess changes in BMI and lipids over time. General linear models were
used to evaluate predictors of HDL and non-HDL-cholesterol at follow-up. A non-operative group
was recruited for comparison.

Results—Surgical participants (n=58) were a mean = SD age of 17+2 years at baseline and 25+2
years at long term follow-up. 86% were Caucasian and 64% were female. At long-term follow-up
BMI decreased by 29% and all lipids (except total cholesterol) significantly improved (p<0.01).
Female sex was a significant predictor of non-HDL cholesterol level at one year, while change in
BMI from one year to long-term follow-up was a significant predictor of non-HDL cholesterol and
HDL cholesterol during the same interval (p<0.05). In the non-operative group, BMI increased by
8% and lipid parameters were unchanged.
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Conclusions—This is the longest and most complete follow-up of youth following RYGB.
Weight loss maintenance over time was significantly associated with improvements in lipid profile
over 5 years.
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Introduction

Methods

Severe obesity in adolescents, defined as an absolute body mass index (BMI) of =35 kg/m?
or a BMI 2120% of the 95! percentile for age and sex is the fastest growing category of
obesity among US adolescents and currently affects 6% of all youth, or approximately 4.4
million adolescents 1. Severe obesity in youth is associated with marked metabolic
dysfunction including a higher number of cardiovascular risk factors 2, higher blood
pressure 3, more inflammation 4 and greater number of lipid abnormalities 4 ® compared to
adolescents with normal weight or less severe obesity. The presence of these cardiovascular
risk factors, specifically obesity and lipid abnormalities, in adolescents portends significant
public health consequences as both track from childhood into adulthood and increase the
risk for adult cardiovascular disease and mortality -13,

Unfortunately, effective treatments for severe obesity in youth are lacking and lifestyle
intervention, the mainstay of therapy, is often ineffective 14 15, As a result, bariatric surgery
has emerged as a potential treatment option in adolescents with severe obesity, not only
because it effectively causes weight reduction 16: 17 put it has a favorable benefit to risk
profile 18 and is associated with improved lipids, at least in short term follow-up

studies 16:17,

Long term studies after bariatric surgery in adolescents are lacking. It is currently unclear
whether improvements in lipids that occur early after surgery are sustained over time, and
importantly, it is also unknown how weight change over time may influence lipid
concentrations. The aims of this study were to: 1) describe the long term lipid changes (>5
years beyond surgery) in individuals who had previously undergone Roux-en-Y gastric
bypass (RYGB) in adolescence, 2) establish the frequency of sustained remission of
dyslipidemia after RYGB, and 3) identify the predictors of lipid levels at long term follow-
up. Comparisons were made to a non-operative comparison group who were similarly obese
and sought obesity treatment as adolescents, but who did not undergo RYGB.

Surgical participants

Details of the cohort have been previously published 1°. Briefly, seventy-four participants
underwent RYGB at Cincinnati Children’s Hospital Medical Center between 2001 and 2007.
Two were ineligible as one was unable to complete questionnaires independently due to
developmental delays and one died prior to reaching 5 years postoperative RYGB (details
published previously 29). Between 2011 and 2014, attempts were made to recruit the

Int J Obes (Lond). Author manuscript; available in PMC 2017 December 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shah et al.

Page 3

remaining 72 eligible participants using last known contact information for patient or parent
and other publically available records (i.e. social networking and Lexis-Nexis Accurint).
Fourteen were not enrolled (8 were located but declined to participate; 6 were not located
and were considered lost to follow-up). Thus, 58 (80.5%) of this surgical cohort participated
in the Follow-up of Adolescent Bariatric Surgery 5+ (FABS-5+) study.

Baseline preoperative data (anthropometric, clinical features, and biochemical measures)
were obtained from other research databases or abstracted from medical records. Two
individuals underwent RYGB by open laparotomy while 56 underwent laparoscopic RYGB,
with all cases performed by two pediatric surgeons.

Non-operative participants

Study visits

To discern differences in long-term BMI and lipid outcomes, a non-surgical comparison
group was created using data from the multi-component, family-based pediatric weight
management program at Cincinnati Children’s Hospital Medical Center. Records of 232
individuals (with BMI in the range of the surgical cohort) who had sought weight
management services at Cincinnati Children’s Hospital Medical Center from 2001 and 2007
were screened. Thirty were deemed ineligible by chart review demonstrating that the
individual had either obtained bariatric surgery during the follow up period (n=22), died
(n=2, per parent report and personal communication with a physician), were
developmentally delayed (n=2), or had no baseline data available (n=2). Attempts (mailings,
phone calls) were made to contact the remaining 212 and offer participation. There were 192
who did not participate, 180 were never reached, 6 were reached but did not enroll, 3
reported having had surgery at another facility, 2 formally declined participation, and the
parent of 1 reported he had died within the prior year (cause of death unknown) leaving 30
who ultimately agreed to participate. Of these 30 participants, 16 (60%) completed a follow-
up visit at 6 months, 8 (27%) at 12 months and 14 (40%) receiving no follow-up care for
weight management during the 12-months post-baseline evaluation.

and data collection

Long term follow-up data collection was performed identically for both cohorts by trained
clinical research coordinators either in person at Cincinnati Children’s Hospital Medical
Center or in the participant’s home. For participants who chose to have a home visit, a
research contract agency (Examination Management Services, Inc. [EMSI;
www.emsinet.com]) sent an examiner familiar with the study protocol to the home. This
method ensured that a participant’s inability to travel long distances to the medical center
was no barrier to participation.

Height was measured to the closest 1 mm in standing position. Weight was measured in light
clothing to the nearest 100 grams on an electronic scale (Tanita model TBF-310, Tokyo,
Japan). BMI (kg/m2) was calculated as weight (kilograms) by height (meters) squared.
Blood pressure was obtained using a Welch Allen Spot Vital Monitor 4200B. Physical
activity, calculated as the total summation of in minutes and frequency (days) of walking,
moderate-intensity and vigorous-intensity activity was quantified by using the self-report
International Physical Activity Questionnaire. Phlebotomy was performed by trained
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personnel using standard procedures to obtain a fasting lipid blood sample. Measurements of
total cholesterol (TC), HDL-C, and triglycerides were performed enzymatically using a
Roche Modular P analyzer. Determination of HDL-C was performed after precipitation of
apolipoprotein (apo) B containing particles by dextran sulfate magnesium. Low density
lipoprotein cholesterol (LDL-C) was calculated by the Friedewald equation or measured by
the Beta Quantification procedure if triglycerides were = 400 mg/dl. Non-HDL-C was
calculated as the total cholesterol minus HDL-C. Triglyceride/HDL-C ratio was calculated
and represents small dense LDL particles 2. All recruitment strategies and study procedures
were approved by the Institutional Review Board. All participants provided written informed
consent.

Dyslipidemia Classification

Statistics

Dyslipidemia was considered present, using published criteria for ideal targets in adolescents
and young adults 22-24 if any of the following criteria were met: total cholesterol >
200mg/dL, non-HDL-C >145mg/dL, LDL-C > 130mg/dL, triglycerides > 130mg/dl if age
<20 years or >150mg/dL if age >20 years, HDL-C <40mg/dL for either sex, or if on lipid
lowering medication. We defined progression of dyslipidemia as normal non-HDL-C or
HDL-C at baseline and abnormal at final follow-up, while remission was defined as
abnormal non-HDL-C or HDL-C at baseline and normal at final follow-up. Stable normal
was defined as normal at baseline and follow-up and stable abnormal as dyslipidemia at both
baseline and final follow-up. Non-HDL-C was selected over the individual lipid parameters
(total cholesterol, triglycerides and LDL-C) because it accounts for the cholesterol carried
by all atherogenic apolipoprotein B containing particles and outperforms the individuals
parameters in predicting subclinical atherosclerosis and cardiovascular disease 2426,
Therefore, progression of non-HDL-C was defined as < 145mg/dL at baseline (normal) and
> 145mg/dL at long term follow-up (abnormal). Remission of non-HDL-C was defined as
non-HDL-C =145mg/dL at baseline (abnormal) and <145mg/dL at long term follow-up
(normal). For HDL-C, progression was defined as >40 mg/dL at baseline (normal) and
<40mg/dL at long term follow-up (abnormal) while remission of HDL-C was defined as
<40mg/dL (abnormal) and >40mg/dL at long-term follow-up (normal).

Data are presented as mean (z standard deviation) or median (interquartile range) for
continuous variables, or frequencies (and percentages) for categorical variables.
Demographic comparisons between RYGB and Non-op controls were made using non-
paired t tests or Chi square test. Comparisons over time within either the RYGB or Non-op
group were made using paired t-tests for continuous variables and McNemar’s Test for
dyslipidemia status.

We created separate multivariable linear regression models to examine factors associated
with non-HDL-C and HDL-C progression at 1 year and change in BMI at long term follow-
up. Potential covariates included age, race, sex, physical activity (total minutes per week),
BMI (either pre-surgery or one year BMI), change in BMI in kg/m? (calculated as either the
difference between one year follow-up and baseline or long term follow-up and one year
BMI), and the time interval between baseline and follow-up visits. Variables with 2-sided p
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values of <0.05 were considered statistically significant. All statistical analyses were
performed using SAS version 9.4 (SAS Institute, Cary, North Carolina).

RYGB participants (n=58) were a mean + SD age of 17+2 years (age range 13-21 years) at
baseline and 25 + 2 (age range 20-29 years) at follow-up. The mean duration of follow-up
for the RYGB group was 8 years. The Non-op comparison group (n=30) was a mean + SD
age of 15 + 2 (range 11-18 years) at baseline and 22 * 2 years (range 18-28 years) at
follow-up. Mean duration of follow-up for Non-op comparators was 7 years. The RYGB and
Non-Op cohorts were similar with respect to sex (64% vs. 73% female; Table 1). Compared
to the RYGB group, baseline BMI and age were lower in the Non-op group (BMI 56 vs. 52
kg/m? and age 17 vs. 15 years). Race differences were also apparent between groups, 86%
of the RYGB non-Hispanic white while 47% of the Non-Op group was non-Hispanic white.

In the first year following RYGB, a —23.1 + 4.8kg/m? mean BMI decrease was observed
(-40% change, Figure 1). At long-term follow-up, a mean BMI decrease of —16.3 kg/m?
from baseline was observed in the RYGB group (—28.9%). At long-term follow-up, the Non-
Op cohort experienced a mean BMI increase of 4.0 + 11.3kg/m? (+7.2%) from baseline.
Figure 1 also shows the mean change in non-HDL-C and HDL-C for both groups. The
RYGB group had a 17.0% mean decrease in non-HDL-C whereas the Non-Op group had a
2.2% mean increase in non-HDL-C from baseline to long term follow-up. For HDL-C, the
mean increase in the RYGB group was 62.6%. For the Non-Op group, a mean decrease in
HDL-C was 5% over the long term. At long term follow-up, total physical activity in
minutes per week was a median (Q1, Q3) of 490 (210, 1040) in the RYGB group and 385
(130, 765) in the Non-Op group.

At baseline, 88% of the RYGB group had evidence of dyslipidemia with 6% (n=3) of
participants on lipid lowering meds. At long term follow-up, the percent of participants with
dyslipidemia in the RYGB group had reduced to 27% (p<0.001) at which time only one
participant reported taking lipid lowering medications at any time during or at follow-up.
Individual lipid parameters at 1 year post RYGB and at long term follow-up are shown in
Table 2. While total cholesterol was unchanged, all individual lipids improved at 1 year and
were sustained at long term follow-up in the RYGB group with the largest difference in
HDL-C (+63%). In the Non-op group, no change was observed in the proportion with
dyslipidemia (73% vs. 70%, p=0.655) or mean lipid concentrations at long term follow-up,
see Table 2.

Table 3 shows the frequency of progression and remission of dyslipidemia along with stable
abnormal and stable normal phenotypes for non-HDL-C and HDL-C in the RYGB group.
Non-HDL-C values rose (progressed) in 0%, remained stable abnormal in 8%, remained
stable normal in 61% and declined (regressed) in 32%. HDL-C declined (progressed or
worsened) in 0%, remained stable abnormal in 15%, remained stable normal in 25% and
rose (regressed) in 60%. In comparison, in the Non-op group, non-HDL-C rose in 14%,
remained stable abnormal in 14%, remained stable normal in 55%, and declined in 18%
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while HDL-C progressed in 8%, remained stable abnormal in 50%, remained stable normal
in 29% and regressed in 13%.

We constructed multivariable linear regression models to examine risk factors to predict
non-HDL-C and HDL-C at follow-up in the RYGB group. We modeled the change in BMI
from baseline to 1 year and 1 year to long term follow-up separately given that the changes
in lipids overtime were not constant. An increase in BMI (in kg/m?) from 1 year to long-
term follow-up was associated with higher non-HDL-C and lower HDL-C at the long term
follow-up, both p<0.01 (Figure 2). Female sex was the only risk factor associated with a
higher non-HDL-C at one year follow-up (p<0.05). No risk factors were identified that
predicted change in HDL-C at 1 year.

Discussion

This is the longest reported follow-up of lipids after RYGB in adolescents. We show
improvements in the lipid profile that are durably maintained over the 8 year follow-up
period. Additionally, we show that body weight after the first year after RYGB appears to be
important predictor of long term lipid values. No such changes were observed in the absence
of surgical treatment.

The improvements in lipids observed here mirror findings in adults where participants
undergoing weight loss surgery show improvements in long term lipids 27-30, The Swedish
Obese Subjects (SOS) study has published some of the longest follow-up lipid data in adults
after bariatric surgery (several distinct types of operations). Over 10 years following surgery,
SOS participants’ demonstrated improvements in HDL-C and triglycerides that were durable
(LDL-C not reported) 31. Until now, prospective follow-up lipid data in adolescents
following RYGB has been limited to 3 years 32 with most studies in adolescents reporting
post-operative lipid changes between 6-24 months 16: 20. 32-38 \while all studies show
improvements in lipids or some resolution of dyslipidemia 16: 3238 not all show statistical
differences from pre-surgical levels 20: 3437 For example, Sinha et al. found no difference
in HDL-C at 6 months post RYGB 36, Serrano et al. saw no differences in LDL-C or
triglycerides at 13 months 3, and Maffazioli et al found both HDL-C and triglycerides
concentrations were unchanged at 18 month follow-up 37. Here, we show improvements in
all lipid parameters and a nearly 50% decrease in dyslipidemia that is durably maintained for
> 5 years post RYGB. The larger sample size in FABS-5+ (increased power), degree of
weight loss, or differences in pre-surgical (baseline) lipid concentrations may explain
discrepant findings between this and other studies in the literature. Our findings are
important, however, because they suggest RYGB has beneficial effects on lipids, an
important cardiovascular risk parameter. Specifically, the observed improvements in
atherogenic lipids [(LDL-C, non-HDL-C and triglyceride/HDL-C ratio (a measure of small
dense LDL)] may have important implications on adult cardiovascular disease 21: 39. 40,

The lipid parameter with the largest improvement after RYGB was HDL-C, with an increase
of nearly 68%. In addition, despite some weight regain from 1 year to long term follow-up,
HDL-C continued to improve. The mechanisms by which HDL-C increases and continues to
rise following RYGB are not clear from this analysis but prior studied suggest it may be
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related to improved HDL metabolism with the formation of larger, more cholesterol-rich
particles as a result of weight loss and/or improved insulin resistance 1. Recent work in
mice suggests altered gut physiology after RYGB, particularly an increase in glucagon like
peptide-1 (GLP-1) secretion may drive this process #2. Indeed, compared to vertical sleeve
gastrectomy 37 and adjustable gastric banding 43, RYGB is associated with higher GLP-1
levels and higher HDL-C levels 44. Perhaps this explains the continued rise in HDL-C. Our
group also recently published data showing an increase in HDL-C following weight loss
surgery is associated with improved HDL function including protection from LDL oxidation
and improved ability to efflux cholesterol into macrophages. These findings suggesting this
rise in HDL-C may also be beneficial for future cardiovascular health as higher efflux ability
is associated with lower incident and prevalent cardiovascular events 4547,

We found that female sex was associated with a higher non-HDL-C at one year. After the
first year, BMI was an important predictor of long term lipid levels. Specifically, an increase
in BMI from one year to long term follow-up was associated with a higher non-HDL-C and
lower HDL-C at follow-up. These findings suggest body weight is linked to improvement in
lipids long term and weight gain post-operatively likely increases cardiovascular risk.
Furthermore, these findings highlight the importance of weight maintenance after RYGB on
future cardiovascular risk. From our data, it is not clear why BMI was not a significant
determinant of non-HDL-C or HDL-C at one year. Perhaps BMI and lipid changes do not
coincide short-term but at long term follow-up because of the greater distribution or spread
amongst individuals a relationship between lipids and BMI is detected. It is also possible
that other risk factors including diet or smoking (not measured in this study) are important.

The lipid findings after RYGB can be taken in context of the changes in the non-operative
comparator group where the data demonstrate that weight increased over time, the frequency
of dyslipidemia did not improve, and lipid parameters were unchanged over time. This
appears to be the natural course for both obesity and dyslipidemia 48 49, although few
studies have examined the natural history of cardiovascular risk factors in severely obese
adolescents long term. Prior cross sectional analyses have shown that the presence of
cardiovascular risk factors in youth with severe obesity 2 is associated with early evidence of
cardiac and vascular dysfunction °. Recent data suggest both of these may be reversible with
RYGB 0. 51, Therefore, we hypothesize that compared to the non-surgical cohort, target
organ damage will be diminished in adolescents undergoing RYGB due to weight loss
and/or improved cardiovascular risk factors.

Limitations of this study include an under representation of males and minor ethnic groups
which limits the generalizability of our findings. Additionally, not all participants had fasting
lipid data therefore some data were missing in both groups (n=13 across both groups). While
this did not influence the overall results, it likely limited our ability to identify risk factors
associated with change in lipids overtime. Third, while extensive measures were taken to
locate and recruit both surgical and non-surgical participants, some could not be found or
did not agree to participate. While 81% of RYGB subjects were successfully recruited and
included in the analyses and were no different than the 14 non-participating RYGB subjects
in terms of surgical age, race, sex, and baseline BMI, in the non-operative cohort only 10%
of eligible patients were captured for this study. In addition, since participation in medically-
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supervised weight management during the 12-months post-baseline evaluation was variable,
this cohort cannot be regarded as a standard of care control group but instead should be
viewed as simply a comparison group to examine the natural evolution of lipids overtime.
Finally, we did not capture physical activity data at baseline or diet or smoking at either
time-point, factors known to influence lipids. These should be included in future studies.

In conclusion, RYGB has durable effects on the lipid profile in adolescents with severe
obesity. Given that abnormal concentrations of lipids are strongly associated with adult
cardiovascular disease and lipids track from childhood to adulthood, these findings suggest
RYGB, due to significant and durable improvement in lipids, may have the potential to
decrease hard cardiovascular endpoints like myocardial infarction and stroke in middle age
years 9. Longer follow-up of the surgical cohort is needed to establish the magnitude of the
anticipated impact of adolescent bariatric surgery on hard cardiovascular endpoints.
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change in Non-HDL-C
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Figurel.
BMI, non-HDL-C and HDL-C over time for RYGB and Non-operative participants. Panel A

shows body mass index in kg/m2, Panel B shows non-HDL-C in mg/dL, Panel C shows
HDL-C in mg/dL. Solid black line is participants who underwent RYGB. Dotted gray line
shows non-surgical control group. * represents a p value of <0.001 for the difference in BMI
between groups at long term follow-up (FABS5+)
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The relationship between change in lipids and BMI from 1 year postoperatively to the long-
term FABS5+ visit. Solid line represents the mean and dotted lines represent the 95 percent
confidence interval. Panel A shows the relationship between change in non-HDL-C (in
mg/dL) and change in BMI (in kg/m?) from 1 year to long term follow-up. Panel B shows
the relationship between change in HDL-C (in mg/dL) and change in BMI (in kg/m?) during
the same interval.
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Table 1
Baseline characteristics
RYGB n=58 Non-op, n=30 p value
Age, in years 17.1+17 15317 <0.01
Female, n (%) 37 (64%) 22 (73%) 0.37
Non-Hispanic white, n (%) 50 (86%) 14 (47%) <0.01
Height, in cm 170.6 £ 9.6 167.7+7.4 0.16
Weight, in kg 162.2 (111.3,288.4) | 141.8 (115.0,204.0) | 0.01
Body mass index, in kg/m? |  56.1 (41.4, 86.8) 51.5 (40.6, 73.2) 0.03

Data are mean + SD, n (%) or median (min, max)
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Dyslipidemia Progression or Remission Over Time

Variable RYGB, n=40 | Non-op n=24
Non-HDL-C, n (%)
Stable Normal 23(61%) 12(55%)
Progression 0(0%) 3(14%)
Remission 12(32%) 4(18%)
Stable Abnormal 3(8%) 3(14%)
HDL-C, n (%)

Stable Normal 10 (25%) 7 (29%)
Progression 0 (0%) 2 (8%)
Remission 24 (60%) 3 (13%)
Stable Abnormal 6 (15%) 12 (50%)

Table 3

Page 16

Data are n (%). Progression of non-HDL-C was defined as < 145mg/dL at baseline (normal) and = 145mg/dL at long term follow-up (abnormal).
Remission of non-HDL-C was defined as non-HDL-C >145mg/dL at baseline (abnormal) and <145mg/dL at long term follow-up (normal). For
HDL-C, progression was defined as >40 mg/dL at baseline (normal) and <40mg/dL at long term follow-up (abnormal) while remission of HDL-C
was defined as <40mg/dL (abnormal) and >40mg/dL at long-term follow-up (normal). RYGB and Non-op participants excluded from this table

include pregnant participants, those on lipid lowering medication, those with lipids missing or those that were non-fasting.
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