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BACKGROUND: We investigated preoperative referral patterns, rates of cardiovascular testing, surgical wait times, and post-
operative outcomes in White versus Black, Hispanic, or other racial or ethnic groups of patients undergoing metabolic and
bariatric surgery.

METHODS AND RESULTS: This was a single center retrospective cohort analysis of 797 consecutive patients undergoing meta-
bolic and bariatric surgery from January 2014 to December 2018; 86% (n=682) were Black, Hispanic, or other racial or ethnic
groups. White versus Black, Hispanic, or other racial or ethnic groups had similar baseline comorbidities and were referred
for preoperative cardiovascular evaluation in similar proportion (65% versus 68%, P=0.529). Black, Hispanic, or other racial
or ethnic groups of patients were less likely to undergo preoperative cardiovascular testing (unadjusted odds ratio [OR], 0.56;
95% Cl, 0.33-0.95; P=0.031; adjusted for Revised Cardiac Risk Index OR, 0.59; 95% CI, 0.35-0.996; P=0.049). White pa-
tients had a shorter wait time for surgery (unadjusted hazard ratio [HR], 0.7; 95% CI, 0.58-0.87; P=0.001; adjusted HR, 0.7;
95% Cl, 0.56-0.95; P=0.018). Reduction in body mass index at 6 months was greater in White patients (12.9 kg/m? versus
12.0 kg/m?, P=0.0289), but equivalent at 1 year (14.9 kg/m? versus 14.3 kg/m?, P=0.330).

CONCLUSIONS: White versus Black, Hispanic, or other racial or ethnic groups of patients were referred for preoperative cardio-
vascular evaluation in similar proportion. White patients underwent more preoperative cardiac testing yet had a shorter wait
time for surgery. Early weight loss was greater in White patients, but equivalent between groups at 12 months.
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described globally across medical and surgical

subspecialties."? Black and Hispanic patients ex-
perience longer surgical wait times,®* have increased
dropout rates before surgery,® and undergo both
life-saving procedures and elective interventions at
lower rates than their White counterparts.®” Racial in-
equality has also been demonstrated in postoperative

Racial disparities in health care delivery are well-

outcomes, with Black patients having worse clinical
outcomes as compared with White patients.®® Despite
an increased focus on racial disparities in health care,
significant differences along racial and ethnic lines still
exist.10-12

The obesity epidemic, in particular, has dispropor-
tionately affected Black and Hispanic patients, with
a higher prevalence of obesity in Black patients as
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CLINICAL PERSPECTIVE

What Is New?

e There are currently no society guidelines in-
dicating which patients should be referred for
preoperative cardiovascular evaluation before
metabolic and bariatric surgery.

e Despite similar medical comorbidities, base-
line surgical risk, and referral for cardiovascular
evaluation in similar proportion, White patients
undergo more preoperative cardiovascular test-
ing yet paradoxically have a shorter wait time for
metabolic and bariatric surgery as compared
with Black, Hispanic, or other racial or ethnic
groups of patients.

e Body mass index reduction was similar across
racial and ethnic groups at 12 months.

What Are the Clinical Implications?

e Further research should be aimed at under-
standing the basis for these racial inequalities
to formulate society guidelines for standardized
preoperative cardiovascular evaluation and to
develop sustainable, systems-based solutions
to minimize racial and ethnic disparities in care.

Nonstandard Abbreviations and Acronyms

MBS
RCRI

metabolic and bariatric surgery
Revised Cardiac Risk Index

compared with White patients, and with Black women
having the highest odds of obesity of all racial and sex
groups.'®'* Black and Hispanic patients not only have
a higher prevalence of obesity, but also an increased
prevalence of cardiovascular disease—for which obe-
sity is an independent, modifiable risk factor.'>

Metabolic and bariatric surgery (MBS), with atten-
dant significant weight loss, is an effective strategy to
decrease the risk of developing incident cardiovascular
disease and to induce remission of the metabolic syn-
drome.”” As the prevalence of obesity has increased
globally, the number of patients undergoing MBS has
increased as well.'®'° Yet, Black and Hispanic patients
undergo weight loss reduction surgery at lower rates
and experience a higher rate of postoperative com-
plications than their White counterparts.?®?' There
remains a paucity of data examining racial disparities
in preoperative cardiovascular evaluation before MBS
and the impact of such disparities on perioperative
outcomes. Identifying discrete points of inequality
along the continuum of care is paramount to improving
clinical outcomes for vulnerable populations.
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We investigated preoperative referral patterns to
cardiology, rates of cardiovascular testing, surgical
wait times, and postoperative outcomes in White ver-
sus Black, Hispanic, or other racial or ethnic groups
of patients undergoing MBS at an urban, academic
center.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Population

We identified consecutive patients who underwent
MBS at our urban campus from January 2014 to
December 2018. All patients who underwent a first-
time weight reduction surgery during this time frame
were included in the analysis. The study was approved
by the institutional review board at our hospital in com-
pliance with HIPAA regulations and informed consent
was waived.

Data Collection and Measurement

Detailed clinical information was abstracted from the
electronic medical record (Epic Systems, Madison, WI),
including baseline patient demographics, self-reported
race and ethnicity, zip code of primary residence, pri-
mary insurance provider, medical comorbidities at the
time of MBS, and preoperative laboratory values. Self-
reported race data were available for all patients in the
cohort and were categorized as either White, Black,
Hispanic, or other racial or ethnic groups. The "other"
categorization was used for Asian patients, Indian pa-
tients, and patients who did not self-identify as White,
Black, Hispanic, Asian, or Indian. These patients were
grouped with the Black and Hispanic patients for com-
parison with White patients and were excluded from
the post hoc analysis comparing Black and Hispanic
patients separately to White patients, as they were
too few in number to analyze separately. We hereto-
fore refer to them as “other racial or ethnic groups.”
Hispanic ethnicity was reported in our electronic
medical record separately from race, but as mutually
exclusive, and thus self-reported Hispanic ethnicity
supersedes race in our model. The median income
data for each patient were determined by using the zip
code of primary residence and correlating with the US
Census Bureau data for median household income for
each specific zip code.?? Poverty was defined as an-
nual income <$26 200, as per the US Department of
Health and Human Services poverty guidelines.?® The
Revised Cardiac Risk Index (RCRI) score was calcu-
lated for each patient retrospectively to compare esti-
mated preoperative cardiac risk.
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Statistical Analysis

Normally distributed continuous variables were re-
ported as means+SD and were compared using
Student t-test. Non-normally distributed continuous
variables were compared using Mann-Whitney test and
were reported as medians with interquartile ranges.
Categorical variables were reported as proportions
and were compared using the Chi-square test.

Proportions of White versus Black, Hispanic, or
other racial or ethnic groups of patients referred to
cardiology for preoperative evaluation were compared
using the Chi-square test. Among those referred to
cardiology, separate models examining the associa-
tion of any preoperative testing and race and ethnicity
(specifically, stress testing and race and ethnicity) were
performed using univariable and multivariable logis-
tic regression models, adjusting for RCRI score. In a
secondary analysis, the associations between income
category (above or below poverty line) and insurance
provider with referral or not to cardiology were exam-
ined using adjusted logistic regression models.

Time from index cardiology appointment to MBS
date was reported as a median with interquartile
range and comparisons between White versus Black,
Hispanic, or other racial or ethnic groups of patients
were performed using adjusted Cox regression mod-
els. Adjustments were made for age, sex, baseline
body mass index, insurance provider, income cate-
gory, referral to cardiology, and whether the patient
was referred for preoperative cardiac testing. Mean
change in body mass index (BMI) post MBS, at 6- and
12-month follow-up intervals, was compared between
White and Black, Hispanic, or other racial or ethnic
groups of patients using Student t-test.

A 2-tailed P value of <0.05 was considered statis-
tically significant. All analyses were performed using
STATA 151 Statistical Software (StataCorp, College
Station, Texas).

RESULTS

There were 797 patients who underwent MBS during
the study period, with baseline characteristics listed
in Table 1. The large majority of patients were Black,
Hispanic, or of other racial or ethnic groups (86.0%,
n=682). Of the Black, Hispanic, or other racial or eth-
nic groups of patients, there were approximately equal
proportions of Black patients (49.9%) and Hispanic
patients (47.9%). The majority of patients were women
(86.2%, n=687). White and Black, Hispanic, or other
racial or ethnic groups of patients had similar preva-
lence of baseline medical comorbidities, including hy-
pertension, hyperlipidemia, type 2 diabetes, chronic
obstructive pulmonary disease, atrial fibrillation, and
heart failure (systolic and diastolic), as well as severe
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obesity (BMI >50 kg/m?3). White patients had a higher
median income than Black, Hispanic, or other racial or
ethnic groups of patients, on average, and were less
likely to live in neighborhoods where poverty was prev-
alent. RCRI score at the time of surgery was similar for
White versus Black, Hispanic, or other racial or ethnic
groups of patients, and most patients were low risk for
a major cardiac event (ie, RCRI score of Q).

A similar proportion of White versus Black, Hispanic,
or other racial or ethnic groups of patients were referred
to cardiology for preoperative evaluation (65% versus
68%, P=0.529; Figure — Panel A). However, Black,
Hispanic, or other racial or ethnic groups of patients
were less likely to undergo further preoperative cardio-
vascular testing as compared with White patients, an
association that was reduced after adjustment for RCRI
(unadjusted odds ratio [OR], 0.56; 95% CI, 0.33-0.95;
P=0.031; adjusted for RCRI OR 0.59, 95% ClI, 0.35-
0.996; P=0.049). The disparity in testing was primarily
driven by a lower number of stress tests ordered for
Black, Hispanic, or other racial or ethnic groups of pa-
tients compared with their White counterparts (unad-
justed OR, 0.51; 95% ClI, 0.29-0.92; P=0.025; adjusted
for RCRIOR, 0.54; 95% Cl, 0.30-0.98; P=0.044; Figure
— Panel B). As there was no statistical difference in the
odds of White versus Black, Hispanic, or other racial
or ethnic groups of patients referred to cardiology, no
post hoc analysis differentiating by race and ethnicity
within Black, Hispanic, or other racial or ethnic groups
of patients was performed. However, regarding further
testing ordered among those referred to cardiology, we
did perform a post hoc analysis comparing Black ver-
sus Hispanic patients. Patients who were categorized
in other racial or ethnic groups (n=15) were excluded
from this post hoc analysis, as their numbers were
too few from which to draw meaningful conclusions.
We found that there was no statistically significant dif-
ference between the number of stress tests ordered
between groups (unadjusted OR of Hispanic patients
undergoing testing relative to Black patients 0.80, 95%
Cl, 0.52-1.24; P=0.325; adjusted for RCRI OR, 0.81;
95% Cl, 0.52-1.26; P=0.349). In our secondary anal-
ysis, there was no difference in referral pattern for pre-
operative cardiovascular evaluation based on income
category defined as living above or below the poverty
line (OR, 1.08; 95% Cl, 0.8-1.45; P=0.619). There was
also no difference in referral pattern for preoperative
cardiovascular evaluation based on insurance provider,
as defined by private insurance versus Medicare or
Medicaid (OR, 0.8; 95% ClI, 0.55-1.16; P=0.242).

Despite more preoperative cardiac testing, White
patients paradoxically had shorter wait times for sur-
gery compared with Black, Hispanic, or other racial or
ethnic groups of patients (unadjusted HR, 0.7; 95% ClI,
0.58-0.87; P=0.001), a difference that remained sig-
nificant after adjustment (adjusted hazard ratio [HR],
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Table 1. Baseline Patient Characteristics

Racial Disparity in MBS Evaluation

Black, Hispanic, or other
White (n=115) (n=682) P value

Race or ethnicity <0.001

Asian (Non-Indian) 1(0.1%)

Black 340 (49.9%)

Hispanic 327 (47.9%)

Indian 1(0.1%)

Other* 13 (1.9%)

White 115 (100.0%)
Age, y, mean (+SD) 44.6 (£12.9) 41.4 (+11.1) 0.006
Sex <0.001

Women 83 (72.2%) 604 (88.6%)

Men 32 (27.8%) 78 (11.4%)
Hypertension 79 (68.7%) 447 (65.5%) 0.510
Diabetes 0.017

Prediabetes 32 (27.8%) 251 (36.8%)

Type 1 diabetes 2 (1.7%) 2 (0.3%)

Type 2 diabetes 30 (26.1%) 202 (29.6%)
Hyperlipidemia 34 (29.6%) 185 (27.1%) 0.590
End-stage renal disease 1(0.9%) 9 (1.3%) 0.690
Chronic obstructive pulmonary disease 7 (6.1%) 23 (3.4%) 0.160
Systolic heart failure (EF <45%) 1(0.9%) 14 (21%) 0.390
Heart failure with preserved ejection 2 (1.7%) 14 (2.1%) 0.820
Atrial fibrillation 4 (3.5%) 17 (2.5%) 0.540
Cerebrovascular accident 5 (4.3%) 24 (3.5%) 0.660
Smoking 0.560

Current smoker 10 (8.7%) 43 (6.3%)

Former smoker 38 (33.0%) 215 (31.5%)

Never 67 (568.3%) 424 (62.2%)
Very severe obesity’ 31 (27.0%) 211 (30.9%) 0.390
Type of metabolic and bariatric surgery 0.260

Roux-en-Y gastric bypass 47 (40.9%) 230 (833.7%)

Laparoscopic adjustable gastric band 1(0.9%) 3 (0.4%)

Sleeve gastrectomy 67 (568.3%) 449 (65.8%)
Household income in dollars, median (IQR) 44 641 (28 726; 66 610) 27 914 (22 654; 33 966) <0.001
Below poverty line 23 (20.0%) 334 (49.0%) <0.001
Revised Cardiac Risk Index score 0.360

0 92 (80.0%) 588 (86.2%)

1 19 (16.5%) 74 (10.9%)

2 4 (3.5%) 16 (2.3%)

3 0 (0%) 3 (0.4%)

4 0 (0%) 1(0.1%)
EF indicates ejection fraction; and IQR interquartile range.
**Other” refers to patients who did not self-identify as White, Black, Hispanic, Asian, or Indian.
Defined as body mass index >50 kg/m?.

0.7; 95% ClI, 0.56-0.95; P=0.018) (Table 2). Reduction
DISCUSSION

in BMI at 6 months was greater in White patients
(12.9 kg/m? versus 12.0 kg/m?, P=0.029), but equiva-
lent at 1 year for White versus Black, Hispanic, or other
racial or ethnic groups of patients (14.9 kg/m? versus

14.3 kg/m?, P=0.330) (Table 3).

We found that among patients undergoing MBS at an
urban, academic health system, White versus Black,
Hispanic, or other racial or ethnic groups of patients

with comparable comorbidities and baseline surgical

J Am Heart Assoc. 2022;11:e024499. DOI: 10.1161/JAHA.121.024499
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Figure . Cardiology referral pattern and preoperative cardiac testing. A, Percentage referred to cardiology. B, Percentage

of preoperative cardiac testing ordered.

A, Percentage of White vs Black, Hispanic, or other racial or ethnic groups of patients referred to cardiology for preoperative evaluation.
B, Percentage of specific preoperative cardiac tests ordered for White vs Black, Hispanic, or other racial or ethnic groups of patients.
TTE, Transthoracic echocardiogram. *Patients who were seen by a cardiologist in whom no further tests were ordered. Comparisons
were made via a Chi-squared analysis. TCardiac catheterizations were performed as a result of positive stress tests.

risk were referred for preoperative cardiovascular eval-
uation in similar proportion, yet White patients under-
went more preoperative cardiac testing than Black,
Hispanic, or other racial or ethnic groups of patients
and had a paradoxically shorter wait time for surgery.
Although total BMI reduction was greater in White pa-
tients at 6 months post surgery, it was equivalent be-
tween groups at 12 months.

Both groups were referred in equal proportion for
preoperative cardiovascular evaluation. Our MBS pop-
ulation was predominately Black, Hispanic, or other

racial or ethnic groups, and Black, Hispanic, or other
racial or ethnic groups of patients had lower neighbor-
hood income and were more likely to live in zip codes
where poverty was more prevalent than their White
counterparts. This population differs from the overall
United States MBS population, which is dispropor-
tionately White.?® In examining the patients who were
referred to cardiology in our population, the majority
had an RCRI score of 0, indicating a low surgical risk.
Despite predominately low RCRI scores and low inher-
ent surgical risk of minimally invasive MBS, a general

Table 2. Comparisons of Time from Index Appointment to Metabolic and Bariatric Surgery, by Race

White

Black, Hispanic, or other
racial or ethnic groups HR

P value

Time (mo) from index appointment 7.7 (6.3-9.9) 9.1 (6.6-14.2)

to surgery, median (IQR)

Unadjusted HR, 0.7; 95% Cl, 0.68-0.87
Adjusted HR, 0.7; 95% ClI, 0.56-0.95

Unadjusted: 0.001*
Adjusted: 0.018"

Index appointment defined as the first visit with bariatric surgery. HR indicates hazard ratio; and IQR, interquartile range.

*Unadjusted analysis.

TAdjusted analysis with adjustment made for age, sex, baseline body mass index, insurance provider, income category, referral to cardiology, and whether

the patient was referred for preoperative cardiac testing.

J Am Heart Assoc. 2022;11:e024499. DOI: 10.1161/JAHA.121.024499
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Table 3. Reduction in Body Mass Index at 6 Months and 12
Months Postoperatively, by Race

Black, Hispanic, or

Postoperative other racial or ethnic

BMI change White groups P value
6 mo, mean (+SD) 13.0 (5.3) | 12.0 (x4.0) 0.029
12 mo, mean (+SD) 14.9 (+5.4) | 14.3 (x4.9) 0.330

BMI indicates body mass index.

pattern of nearly uniform referral to cardiology for pre-
operative risk assessment may have superseded any
potential racial bias.

Inequities were apparent in preoperative cardio-
vascular testing when comparing White versus Black,
Hispanic, or other racial or ethnic groups of patients,
despite similar baseline medical comorbidities and
similarly low surgical risk. Despite this relatively objec-
tive equivalence in preoperative cardiovascular risk,
cardiologists ordered more preoperative cardiovascu-
lar testing for White patients, driven by an increased
number of preoperative stress tests. Few studies have
examined racial differences in preoperative cardiac
testing. Our findings differ from a cross-sectional prev-
alence study of all ambulatory visits in the United States
spanning the years 1993 to 2010 which found equiva-
lent proportions of White and Black patients being re-
ferred for cardiac stress tests, but did find that fewer
Hispanic patients were referred.?* Conversely, and
more consistent with our findings, Black patients with
chest pain presenting to emergency rooms are less
likely to be referred for follow-up stress testing com-
pared with matched White counterparts.?® Delineating
the cause of these racial disparities and identifying ac-
tionable methods to mitigate them remains challeng-
ing. Prior research has suggested that there are both
racial and sex preferences in cardiac testing, with Black
patients preferring less invasive cardiovascular testing
and women more likely to refuse invasive cardiac test-
ing.?® Our results suggest there may be unmeasured
cultural variables, provider bias, patient preference,
and variables in the patient-doctor relationship contrib-
uting to the differences observed in preoperative car-
diovascular testing. Either way, evaluating disparities in
the realm of diagnostic testing remains important, as
it underscores race- or ethnicity-based differences in
clinical management on the basis of subjective deci-
sion making.

Despite more preoperative cardiac testing, White
patients paradoxically had a shorter wait time for sur-
gery, including after adjustment. Prior research has
demonstrated what one would expect — longer wait
times in patients who undergo preoperative cardiol-
ogy evaluation, which was independent of race.?” Both
racial differences and socioeconomic factors may in-
teract to affect access to MBS and overall wait time.
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Although we adjusted for insurance provider and in-
come in our analysis, there may be disproportionate,
unmeasured impediments to receiving health care ser-
vices in a timely fashion for Black, Hispanic, or other
racial or ethnic groups of patients. These unmeasured
variables that may be tied to race and affect surgical
wait time are unlikely to be unique to our specific pa-
tient population.

Although prior literature has demonstrated less fa-
vorable outcomes in Black, Hispanic, or other racial
or ethnic groups of patients compared with White pa-
tients, we found equivalence in the specific outcome
of weight loss.?%2" The initial postoperative weight loss
was greater in White patients at 6 months, however
both groups had a similar degree of BMI reduction
at 12 months. Racial differences in the rate of weight
reduction after MBS have not been extensively stud-
ied. In our population, it is not clear what would drive
this early difference in weight loss, that later evened.
Both racial groups had a similar breakdown of surger-
ies (Roux-en-Y versus sleeve gastrectomy) and similar
baseline comorbidities. Explanations for this early dif-
ference could include acute or subacute racial differ-
ences in metabolic response to surgery, as have been
identified in at least 1 prior study?®; differences in post-
surgical follow-up, as have been observed after other
surgical interventions®®; or other racial differences in
immediate postoperative management. That the racial
difference in weight loss evened at 12 months may
belie an as-of-yet unidentified opportunity in the weeks
postoperatively to improve postoperative weight loss
for Black, Hispanic, or other racial or ethnic groups
of patients. Our findings suggest there may be unex-
plored differences among racial groups that contribute
to the overall rate of weight loss after MBS.

The goal of traditional preoperative risk calculators
is to assess the role of patient and surgery-specific
characteristics in order to estimate overall operative
risk and determine if further cardiovascular testing is
warranted. Although estimation of surgical risk is fairly
standardized given the availability of multiple surgical
risk calculators, further testing as a result of risk cal-
culation remains predominately at the discretion of the
ordering physician and may not be based on calcu-
lated risk alone. The American College of Cardiology
and American Heart Association guidelines recom-
mend that for patients with low combined clinical and
surgical risk based on standardized risk calculators,
no further preoperative cardiac testing should be per-
formed.3® However, there is established and emerging
data suggesting that obesity itself is a risk-enhancing
factor for cardiovascular disease that is not captured
in traditional risk calculators.®' Within the MBS litera-
ture, there are no specific society guidelines indicat-
ing which patients should be referred to a cardiologist
for evaluation. The American Society of Metabolic and
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Bariatric Surgery guidelines only state that “noninva-
sive cardiac testing beyond an electrocardiogram is
determined on the basis of the individual risk factors
and findings on history and physical examination.”%?
The overemphasis on preoperative cardiac evaluation
before MBS leads to overutilization of this resource
when often not needed. Given the lack of standard-
ization and uniformly morbid population in question,
decision-making on whom to order further testing in-
vites myriad forms of bias, including along racial and
ethnic lines. Our findings highlight the need for a more
standardized approach to minimize potential bias and
disparities in care as well as overuse of preoperative
cardiovascular testing on low-risk patients.

There are several limitations to this study. The single
hospital system study population may limit generaliz-
ability. However, our hospital system draws from pa-
tients across socioeconomic strata, as well as across
both urban and suburban settings. The retrospective
study design may result in selection bias and the pres-
ence of unmeasured variables that would affect the
measured associations, although our combination of a
large sample size and granular data on individual pa-
tient characteristics for adjustment may have mitigated
these biases. Because this is an observational study,
identified relationships should be interpreted as associ-
ations, and no inference on causation can be made. The
study population only included those patients who went
forward with surgery and did not examine those who
were referred for cardiology evaluation but did not ulti-
mately undergo surgery. Although our analysis adjusted
for income, there may be unmeasured socioeconomic
factors which may have affected expedient access to
care and engagement with the health system. Given
the retrospective nature of the study, income data was
based on reported mean income by zip code, rather
than personal income. Additionally, in our data analysis
we recorded BMI at the initial MBS appointment. Since
Black, Hispanic, or other racial or ethnic groups of pa-
tients waited longer for surgery as compared with White
patients, their BMI may have been lower at the time of
surgery, and their initial weight loss may not have been
as substantial as a result of this, affecting the results.
This may be because patients at our institution must
be on a regimented weight loss program designed by
the bariatric surgery team before surgery. It may be that
with longer wait times and more time in this program,
the weight of Black, Hispanic, or other racial or ethnic
groups of patients was lower. We did not adjust for pa-
tients who may have received one or greater than one
test after referral to cardiology. Finally, as there were
multiple a priori hypotheses in the methods of this study,
there is an increased risk of type-I| error. There was no
adjustment made for testing multiple hypotheses.

In conclusion, we found that White and Black,
Hispanic, or other racial or ethnic groups of patients
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at our institution have similar medical comorbidities,
baseline surgical risk, and are referred in similar pro-
portion to cardiology for risk stratification before MBS.
Yet, despite surgical risk equivalence, White patients
undergo more preoperative cardiovascular testing
and paradoxically have a shorter wait time for MBS.
Postoperative weight loss was greater in White patients
at 6 months but was comparable between White and
Black, Hispanic, or other racial or ethnic groups of pa-
tients at 12 months. Further research should be aimed
at understanding the basis for these racial inequalities
to develop sustainable, systems-based solutions.
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