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Background-—With increasing rates of obesity and its link with cardiovascular disease, there is a need for better understanding of
the obesity-outcome relationship. This study explores the association between categories of obesity with treatment times and
mortality for patients experiencing ST-segment elevation myocardial infarction.

Methods and Results-—We examined 8725 patients with ST-segment elevation myocardial infarction who underwent primary
percutaneous coronary intervention and used regression models to analyze the relationship between 6 categories of body mass
index with key door-to-balloon time, total ischemic time, and in-hospital mortality. We relied on data from the Mission: Lifeline
North Texas program, consisting of 33 percutaneous coronary intervention–capable hospitals in 6 counties surrounding Dallas,
Texas. Data were extracted from the National Cardiovascular Data Registry for each participating hospital. Of the samples, 76%
were overweight or obese. Comparing the univariate differences between the normal-weight group and the pooled sample, we
observed a U-shaped association between body mass index and both mortality and door-to-balloon times. The most underweight
and severely obese had the highest mortality and median door-to-balloon time, respectively. These differences persisted after
multivariate adjustments for door-to-balloon time, but not for mortality.

Conclusions-—Extremely obese patients have longer treatment time delays than other body mass index categories. However, this
did not extend to significant differences in mortality in the multivariate models. We conclude that clinicians should incorporate
body mass assessments into their diagnosis and treatment plans to mitigate observed disparities. ( J Am Heart Assoc. 2017;6:
e005827. DOI: 10.1161/JAHA.117.005827.)
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N early one third of US adults are considered obese.1,2

Body mass index (BMI) is frequently used as a
screening tool for obesity and to estimate the health of an
individual. Although there are more direct measures of body
composition and adiposity, BMI is the most widely used in
the clinical setting because measures of height and weight
can be easily obtained without specialized training or
equipment.3 Clinically, BMI is strongly correlated with known

risk factors for cardiovascular disease across all population
subgroups.4–6

The National Institutes of Health classifies BMI into the
following 6 categories: underweight (BMI, <18.5 kg/m2),
normal weight (BMI, 18.5–24.9 kg/m2), overweight (BMI, 25–
29.9 kg/m2), obesity class 1 (BMI, 30–34.9 kg/m2), obesity
class 2 (BMI, 35–39.9 kg/m2), and extreme obesity class 3
(BMI, ≥40 kg/m2).7 According to the National Health and
Nutrition Examination Survey,8 �68.8% of the US population
has a BMI >25 kg/m2 and is considered overweight to
extremely obese.

There is a growing epidemic of obesity in the United
States, fueled partially by lifestyle choices and genetics.9

There has been some evidence pointing to an “obesity
paradox”—a reverse epidemiologic phenomenon in which a
protective effect is experienced by overweight and mildly
obese patients after a cardiovascular event. These patients
tend to have a better prognosis when compared with
normal-weight patients and often have lower mortality
rates.5,10–12 This shielding effect may extend to patients
with hypertension. The findings to date have been
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inconsistent and focused exclusively on the mortality-BMI
relationship.13–15

Treatment times are also important, given their relation-
ship with long-term health status and mortality. Specifically,
door-to-balloon (D2B) time has predicted survival in patients
with ST-segment elevation myocardial infarction (STEMI).16,17

Total ischemic time (measured as symptom onset to balloon
time) has also had a direct association with myocardial
salvage, future patient health status, and overall mortality.18

Consequently, treatment times have become a major focus
for cardiovascular guidelines and contemporary systems of
care. However, little obesity research has focused on the
impact of obesity on D2B and total ischemic times.

We propose that body mass matters in treatment delays,
because time affects longer-term health status. The precise
explanatory mechanisms for why prolonged delays affect
mortality and myocardial salvage are uncertain; however,
most theories suggest that systolic and diastolic irregularities
produce left ventricular dysfunction. Therefore, greater treat-
ment times result in lower left ventricular function.19 Cardio-
vascular function could be dependent on levels of body mass.
For example, extremely obese individuals especially have had
a high likelihood for acute coronary syndrome, heart failure,
and mortality. We sought to explore if disparities exist in key
outcomes for patients within established body mass profile
categories.

In this study, we explore the relationship between
categories of obesity and 3 cardiovascular outcomes (D2B

time, total ischemic time, and in-hospital mortality) in a large
population of patients with STEMI undergoing primary percu-
taneous coronary intervention (PCI).

Methods

Data Source
Data for this study came from a regional cardiovascular
system of care (American Heart Association Mission: Lifeline
North Texas). The system consists of 33 nonaffiliated
hospitals in 6 counties of northeast Texas surrounding the
Dallas, Texas, metropolitan area. Data were extracted from
each hospital’s entry into the National Cardiovascular Data
Registry ACTION Registry, a standardized comprehensive
registry for patients with myocardial infarction across
hospitals with PCI capabilities. Registry data included
demographic information, interventions, medications, dis-
charge status, and outcomes. Six years of data were
examined (January 1, 2010 through December 31, 2015).
Because data were retrospectively collected in this obser-
vational study, it was not a requirement for patients to
provide informed consent. Institutional review board
approval was obtained by The University of Texas Health
Sciences Center at Houston.

Obesity, Outcome, and Control Variables
BMI values were calculated from the recorded patients’ height
and weight data at PCI admission. We categorize patients
according to the National Institutes of Health classification
system described earlier, involving 6 categories for body
mass: underweight (1; BMI, <18.5 kg/m2), normal weight (2;
BMI, 18.5–24.9 kg/m2), overweight (3; BMI, 25.0–29.9 kg/
m2), obesity class 1 (4; BMI, 30.0–34.9 kg/m2), obesity class
2 (5; BMI, 35.0–39.9 kg/m2), and extreme obesity class 3 (6;
BMI, ≥40 kg/m2).7 This classification structure was devel-
oped by the National Heart, Lung, and Blood Institute of the
National Institutes of Health.

We chose to include only patients with STEMI to control for
the pathophysiological, treatment, and outcome differences
that exist with non-STEMI. The primary dependent variables
included D2B time, total ischemic time, and in-hospital
mortality. Treatment times were measured in minutes. Total
ischemic time was expressed as the difference in minutes
between the time a patient reported his or her first symptom
onset to the time the artery was opened and the first device
was inserted in the catheterization laboratory. D2B time was
calculated as the difference in minutes between when the
patient arrived at the hospital door to the time of first device
placement. In-hospital mortality was defined as binary (alive
or dead) at the time of discharge.

Clinical Perspective

What Is New?

• Our study comes from 1 of the largest regional systems of
care in the United States, and provides evidence from 8725
patients on the relationship between varying levels of body
mass and cardiovascular outcomes.

• Our findings signify that body mass is associated with
longer treatment times and, to some extent, mortality,
although the differences do not persist after multivariate
adjustments. The extremely obese category had the highest
observed delays in treatment after arrival at the hospital,
suggesting potential clinical difficulties in diagnosis for
those patients.

What Are the Clinical Implications?

• The relationship between a patient’s weight (especially both
the extremely underweight and extremely obese) should be
taken into consideration for screening and short-term
management in ST-elevation myocardial infarction.

• Given the high rates of women in certain weight categories,
we suggest that sex should be a higher priority for
consideration in patient treatment decisions.
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We adjusted for multiple control variables. Sex was
classified as either male or female, with male being the
reference group for comparison in the statistical models.
Patient age was defined in years. We incorporated an additional
variable for age and sex to account for the interaction effect
between these variables. To control for risks, comorbidities,
and condition on arrival at the hospital, we included multiple
controls: the presence of shock at first medical contact, the
presence of heart failure on first medical contact, indicators for
diabetes mellitus and smoking, history of cardiovascular
disease and prior stroke, and presence of shock and heart
failure. To account for institutional and geographic differences,
we further adjusted for the hospital that performed the
procedure and the county the patient originated from.

Statistical Analysis
Analyses were stratified across the 6 categories of body mass
to present baseline characteristics and presence of outcomes,
and regression models used a pooled sample to assess
nonlinear BMI-related differences in outcomes, including
treatment times and mortality. Both D2B and total ischemic
time data were highly skewed; therefore, we present medians
and interquartile ranges and used a logarithmic transforma-
tion of both for multivariable analyses. Other continuous data
are presented as means (SDs). Both v2 and analysis of
variance were used for initial univariate comparisons for
continuous data, and Kruskal-Wallis tests were used for
nonparametric data.

Univariate tests were first used to explore differences in
outcomes (D2B time, total ischemic time, and mortality)
across all 6 BMI categories. On the basis of the univariate
statistical results, we then conducted both linear regression
and logistic regression models controlling for age, sex,
hospital, county, and important patient comorbidities (dia-
betes mellitus, history of cardiovascular disease, presence of
heart failure and shock, smoking, and prior myocardial
infarction). Logistic regression was used for mortality, and
linear regression (using a logarithmic transformation of D2B
time) was applied for D2B time. A 2-tailed P<0.05 was
considered statistically significant. All analyses were per-
formed using SAS Version 9.4.

Results
We analyzed 8725 patient records with STEMI and subse-
quent PCI. The median BMI was 28.3 kg/m2 (overweight), and
the mean age was 60.7 years. Approximately 21.8% of the
sample was considered “normal” weight, and 76% were in one
of the overweight or obese categories. There was a signifi-
cantly higher proportion of men than women, with 6306 men
(72.3%) and 2419 women (27.7%). Table 1 summarizes the

patient characteristics of the study sample stratified by BMI
category.

As Table 1 illustrates, there are statistically significant
differences based on BMI categories. Patients with a higher
BMI were more likely to have diabetes mellitus. The under-
weight category, although small, was composed primarily of
older female patients (nearly 3.5 years older and nearly twice
the ratio of women than the normal-weight group). Patients
who were underweight were more likely to have a history of
cardiovascular disease and previous stroke and were more
likely to have shock and heart failure before PCI.

Table 2 shows the differences among level of BMI for
quality outcomes in the univariate analyses. On average, the
underweight group had the highest D2B median minutes and
mortality rates. There was not a significant difference in the
median total ischemic times by category. Underweight
patients, thus, had greater delays in initial diagnosis in the
hospital to treatment (D2B time), relative to the overall
median (61 versus 55 minutes; 10.9% difference; P<0.001).
Mortality was also significantly higher for those who were
underweight (12.6 % versus 4.7% for obesity class 2;
P<0.001). The extreme obesity class 3 group had the second
longest D2B time and the third worst mortality rate. The
Figure summarizes the curvilinear relationships between both
D2B time and mortality outcomes with BMI category. There is
a significantly higher mortality in both the high and especially
the low BMI ranges (8.4% and 12.6%; P<0.001) compared with
the rest of the BMI groups, respectively.

Both D2B time and mortality had significant statistical
differences between categories of BMI; therefore, we devel-
oped regression models to see if differences persisted with
multivariable adjustments for these 2 outcomes. We also
observed interaction effects between age and sex, which were
incorporated into our models. After controlling for patient and
institutional covariates, BMI category remained statistically
significantly associated with D2B time. Obesity class 3 had
the highest D2B times after adjustments. Mortality, however,
was no longer significantly different between categories of
body mass. Obesity class 3 had the highest overall odds ratio
for mortality, but was just outside the statistically significant
range (P=0.052) after controlling for covariates. Table 3
presents the linear and logistic regression model results.

The underweight group had the longest median D2B time,
of nearly 61 minutes, 10.9% higher than the overall median.
The extremely obese (class 3) group had the second highest
median D2B times. After multivariate adjustments, D2B time
continues to be significantly longer in all other categories than
the normal BMI group, indicating that mass is statistically
significant in its association with treatment times. Mortality
differences, although observed in univariate tests, did not
persist after other adjustments. However, we cannot draw any
conclusions from this; we can only infer that we need more
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evidence to explore that there are significant differences
between the groups.

Discussion
This large study of 8725 patients with STEMI who underwent
primary PCI points to a curvilinear relationship for obesity,
with 2 key cardiovascular outcomes. Specifically, we found
that the most obese categories have the highest D2B times
and mortality rates. These differences remained after covari-
ate adjustments for D2B time, but did not persist with
mortality. We did not observe significant differences in total
ischemic time between categories of BMI in either univariate
or multivariate models.

Although there has been a hypothesized obesity paradox
for some time, prior studies have largely focused only on the

association between mortality and BMI; these findings have
been widely conflicted. Some studies have found a survival
advantage with increased BMI,20,21 but others report no
significant relationships.13,22 Other studies suggest moderat-
ing effects, such as sex or patient risk and severity.23–27 One
study showed overweight and mildly obese patients with
hypertension to have better outcomes when compared with
their similar hypertensive counterparts with a lower BMI.28

Our study extends the literature to assess body mass
relationships with time-based outcomes as well, including
D2B and total ischemic times. D2B times vary significantly by
body mass categories, with the longest D2B times in the
severely obese. We observed no significant differences in total
ischemic time, measured by symptom onset to arterial
reperfusion. On the basis of prior research, the impact of
left ventricular dysfunction might be most significant in these

Table 2. Quality Outcomes by BMI Category

Outcomes Total Underweight Normal Weight Overweight Obesity Class 1 Obesity Class 2 Obesity Class 3 P Value

Door-to-balloon time,
median (IQR), min

55.0 (46) 61.0 (42) 56.0 (44.0) 52.0 (44.0) 55.0 (45.0) 54.0 (45.0) 57.0 (46.0) <0.001

Total ischemic time,
median (IQR), min

185.0 (253) 187.0 (459) 183.8 (277) 181.4 (241) 186.3 (244) 194.5 (279) 188.5 (207) 0.192

Mortality, n (%) 576 (6.6) 16 (12.60) 172 (9.03) 182 (5.59) 114 (5.47) 40 (4.73) 39 (8.35) <0.001

BMI categories: underweight (1; BMI, <18.5 kg/m2), normal weight (2; BMI, 18.5–24.9 kg/m2), overweight (3; BMI, 25.0–29.9 kg/m2), obesity class 1 (4; BMI, 30.0–34.9 kg/m2), obesity
class 2 (5; BMI, 35.0–39.9 kg/m2), and extreme obesity class 3 (6; BMI, ≥40 kg/m2). BMI indicates body mass index; and IQR, interquartile range.
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Figure. Mortality and door-to-balloon (D2B) time by body mass index category.
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extreme BMI categories. Although early coronary reperfusion
is necessary for all patients, it is especially vital for certain
groups of individuals in the extreme weight categories, both
low and high. In the underweight especially, cardiac cachexia
has been noted in prior studies, representing a lack of
functional reserve by those with less body mass.11 No prior
studies have assessed the impact on BMI and delays for
presentation and prognosis (through time-to-treatment out-
come metrics) for patients with STEMI undergoing primary
PCI.

Although other studies have suggested a protective effect
of obesity, this may reflect differential risk profiles at baseline.
In this study, after adjustments for major comorbidities and
institutional effects, we did not observe a protective effect of
added obesity. Although differences in mortality existed (with
the extremely obese and underweight extremes having the
highest rates of mortality), these differences were not
statistically significant in the final model.

Observed delays in treatment from arrival at the hospital
could potentially be based on clinical difficulties in diagnosis
for the generally older female population. We incorporated
both variables, and the interaction effect between them, and
all were significantly associated with mortality after other
patient risk adjustments. Sex-based differences have been
known to complicate initial diagnosis and treatment.29 This
study concludes that significantly greater research should
focus on sex-related diagnostic and treatment differences in
cardiovascular outcomes for women.

Limitations and Future Research
There are strengths and limitations to this study. The primary
strength is that this study is the first to determine the impact
of treatment delays by body mass. We found a curvilinear
effect extends beyond mortality to treatment times (D2B

times) in univariate tests, and these were confirmed in
multivariate analyses for D2B times. In addition, the robust-
ness of the data set provides another strength. Our present
study represents a contemporary analysis involving >8700
patients in a large urban region.

There are limitations to our findings. First, this is a
retrospective observational analysis of secondary data. The
data are derived from the regional subset of the National
Cardiovascular Data Registry ACTION Registry, which has
been established as comprehensive and valid in multiple
studies. Second, we did not have access to more direct
measures of obesity, such as metabolic insulin measurements
or waist and hip circumference. We relied on BMI as a proxy
for adiposity. BMI has been examined extensively, however,
and has been shown to be a reliable indicator for obesity.
Third, there are small sample sizes in certain categories (eg,
extreme underweight), which might affect lack of significance
in the mortality results. Greater distribution and size of the
sample across all categories would be beneficial for future
research. Finally, the data are derived from 1 large urban
region and may not be representative or generalizable to other
populations.

Given our findings and limitations, future research should
focus on the role of nutrition and physical activity counseling
in the postdischarge process. Given the extreme lack of
overall body mass on the underweight and obesity at the
highest levels, nutritional and dietetic counseling and follow-
up should be included for patients in these categories to
improve proper weight management. We also suggest guide-
line and protocol enhancements for physicians to incorporate
body mass into diagnoses, noting the outcomes found in the
extremes. In addition, sex was shown to be significant in the
obesity-outcome relationship. Disparities for diagnosis and
treatment need to be more carefully examined. We recom-
mend large-scale studies to prospectively confirm findings

Table 3. Regression Model Results

Variables

D2B Time Mortality

b (95% CI) P Value OR (95% CI) P Value

BMI category

Underweight 1.28 (1.04–1.52)* <0.0001 2.39 (0.56–10.15) 0.391

Normal weight (reference)

Overweight 1.34 (1.12–1.55)* <0.0001 1.15 (0.53–2.49) 0.463

Obesity class 1 1.32 (1.11–1.53)* <0.0001 1.20 (0.46–3.11) 0.637

Obesity class 2 1.33 (1.12–1.55)* <0.0001 0.65 (0.14–3.06) 0.213

Obesity class 3 1.35 (1.14–1.57)* <0.0001 3.83 (1.02–14.41) 0.052

BMI categories: underweight (1; BMI, <18.5 kg/m2), normal weight (2; BMI, 18.5–24.9 kg/m2), overweight (3; BMI, 25.0–29.9 kg/m2), obesity class 1 (4; BMI, 30.0–34.9 kg/m2), obesity
class 2 (5; BMI, 35.0–39.9 kg/m2), and extreme obesity class 3 (6; BMI, ≥40 kg/m2). Estimates adjusted for sex, age, sex9age, smoking status, diabetes mellitus status, prior
cardiovascular disease, prior stroke, shock before percutaneous coronary intervention, heart failure, hospital, and county. BMI indicates body mass index; CI, confidence interval; D2B,
door-to-balloon; and OR, odds ratio.
*P<0.0001.
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and further identify the relationships between sex, obesity,
and outcomes for patients with acute coronary disease.

Conclusions
In summary, we observed that the key time-to-treatment
metric, D2B time, is associated with BMI. There are significant
disparities in treatment delays by category of BMI, and the
extremely obese are most vulnerable to longer treatment
times. This is the first study to measure the impact of obesity
on patient treatment delays, and the effect of this relationship
persisted even after multivariable adjustments. We recom-
mend future research should focus on sex disparities, identify
mechanisms for reducing system delays, and improve
nutritional counseling within cardiac rehabilitation after
reperfusion.
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