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Abstract

Background: The extent to which obesity and genetics determine post-operative complications
is incompletely understood.

Methods: We performed a retrospective study using two population cohorts with electronic
health record (EHR) data. The first included 736,726 adults with body mass index (BMI) recorded
between 1990-2017 at Vanderbilt University Medical Center. The second cohort consisted of
65,174 individuals from 12 institutions contributing EHR and genome-wide genotyping data to the
Electronic Medical Records & Genomics (eMERGE) Network. Pairwise logistic regression
analyses were used to measure the association of BMI categories with postoperative complications
derived from International Classification of Disease-9 codes, including postoperative infection,
incisional hernia, and intestinal obstruction. A genetic risk score (GRS) was constructed from 97
obesity-risk single nucleotide polymorphisms for a Mendelian randomization study to determine
the association of genetic risk for obesity on postoperative complications. Logistic regression
analyses were adjusted for sex, age, site, and race/principal components.

Results: Individuals with overweight or obese BMI (=25 kg/m?) had increased risk for incisional
hernia (Odds ratio [OR] 1.7-5.5, p<3.1x10720), and people with obesity (BMI=30 kg/m?) had
increased risk for postoperative infection (OR 1.2-2.3, p<2.5x107°). In the eMERGE cohort,
genetically-predicted BMI was associated with incisional hernia (OR 2.1 [95% CI 1.8-2.5],
p=1.4x107%) and postoperative infection (OR 1.6 [95% CI 1.4-1.9], p=3.1x1075). Association
findings were similar after limitation of the cohorts to those who underwent abdominal
procedures.

Conclusions: Clinical and Mendelian randomization studies suggest that obesity, as measured
by BMI, is associated with the development of postoperative incisional hernia and infection.
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Introduction

Methods

Obesity, defined as a body-mass index (BM1) of 30.0 kg/m? or greater, is known to be a
strong predictor of cardiovascular morbidity and mortality.[1-3] Over two-thirds of the adult
population in the United States have an overweight or obese BMI,[4] and there is significant
burden of obesity on healthcare worldwide.[5, 6] In addition to the known cardiovascular
morbidity associated with obesity, it is generally regarded that obesity is a risk factor for
increased postoperative complications. This risk has growing significance in surgery, as the
obesity epidemic has resulted in a rising prevalence of obesity-related diseases that require
operative intervention, thus increasing the number of patients with obesity undergoing
surgery.[7] Bariatric surgery has also become increasingly common and safe to perform with
very low reported immediate post-operative complications.[8, 9] However, prior cohort
studies have suggested an increased incidence of surgical site infections in individuals with
obesity undergoing non-bariatric procedures.[10-23] The majority of these studies consist of
cohorts undergoing a limited set of procedures such as vascular surgeries,[12, 13] oncologic
resections,[14] gynecologic procedures,[15, 16] or colorectal resections.[17] Therefore, we
aim to determine the influence obesity has on postoperative outcomes and if genetic risk for
obesity impacts long-term surgical complications. This information can provide surgeons
with more definitive data on a patient’s operative risk stratification.

Mendelian randomization (MR) is a method that uses single or sets of genetic variants
associated with a phenotype of interest as an instrumental variable for association studies.
[24] Prior studies have used MR to determine the association of obesity-risk single
nucleotide polymorphisms (SNPs) with medical conditions such as ischemic heart disease,
[25, 26] hypertension,[26] type 2 diabetes,[26] symptomatic cholelithiasis,[27] deep venous
thrombosis,[28] and others.[29-37] However, prior studies have not investigated the
association of obesity-risk SNPs with postoperative outcomes.

We leveraged a large electronic health record (EHR) population to identify specific
postoperative complications associated with BMI. In a second cohort, we then used MR for
obesity by estimating BMI-risk using 97 SNPs known to strongly correlate with BMI to
investigate the relationship between genetic risk for obesity and postoperative complications.
[38]

Vanderbilt Cohort

We conducted a retrospective study of all adult (=18 years of age) individuals using the
Vanderbilt University Medical Center (VUMC) Synthetic Derivative, a de-identified version
of over 2.4 million VUMC patient health records.[39, 40] Inclusion criteria were at least one
documented BMI, calculated as weight in kilograms divided by height in meters squared
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(kg/m?), where both weight and height were measured at a single encounter. The study
protocol was designated as non-human subject research by the Institutional Review Board at
VUMC.

All measured BMI values were extracted for each individual, with BMI data obtained during
pregnancy or with clinically implausible values (less than 10 kg/m?2 or greater than 70
kg/m?2) excluded. Each individual was classified by his or her median BMI into one of 6
BMI categories, as defined by the World Health Organization (WHO), including
underweight (<18.5 kg/m?2), normal (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and
obesity class 1 (30.0-34.9 kg/m?2), class 2 (35.0-39.9 kg/m?2), and class 3 (=40.0 kg/m?).[41]

Evaluating the Vanderbilt Cohort for Postoperative Complications

We evaluated for three of the most prevalent postoperative outcomes in abdominal surgery
(e.g., postoperative infection, incisional hernia, and intestinal obstruction) using
International Classification of Diseases, Ninth Revision, Clinical Madification (ICD-9-CM)
codes. These outcomes were chosen to not only capture immediate postoperative outcomes,
but also potential long-term consequences of surgical interventions, including those not
present on the initial admission. To do so, all distinct ICD-9-CM codes from each
individuals’ record were captured and translated into PheWAS codes (phecodes).[42, 43]
Phecodes are a hierarchical classification system for ICD-9-CM codes and have been
previously shown to appropriately categorize diseases in clinical practice.[42, 44] EXisting
phecodes were reviewed by a team member with surgical expertise, and these six phecodes
were selected as outcomes for this study because they represent well-defined surgical
complications with explicit ICD-9 billing codes. To improve the accuracy of mapping ICD-9
codes to phenotypes, a minimum of 2 instances of a matching ICD-9 code on separate days
was required to be translated to a phecode. In order to capture long-term sequelae and
patients who underwent surgery at a separate institution, the full cohort was not limited to
patients who had undergone surgery at Vanderbilt and no specific timepoint for the
postoperative complication following abdominal surgery was defined.

We performed a sequence of logistic regression models adjusted for age, sex, and self-
reported race, with the predictor being the BMI category and outcomes being each
postoperative complication. Effect sizes for associations of BMI categories with
postoperative outcomes are determined by comparison to those individuals with BMI in the
normal range. All analyses were performed using the PheWAS code map version 1.2.[45]
and PheWAS package for R statistical software, version 3.4.3.[46] Bonferroni correction for
analyses with multiple comparisons was used to adjust the significance threshold to a two-
sided p-value <0.003.

eMERGE Mendelian Randomization Cohort

The cohort utilized for MR analyses was obtained through the Electronic Medical Records
and Genomics (eMERGE) Consortium, a national network organized and funded by the
National Human Genome Research Institute (NHGRI).[47] This cohort included all
individuals from institutions contributing data to the eMERGE network phases I-111.
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Inclusion criteria were age =18 years with extant genome-wide genotyping data and ICD-9-
CM codes.

Genotyping and Imputation in the eMERGE Mendelian Randomization Cohort

Genotyping and imputation was performed to coalesce genetic results across 12 different
sites and 78 genotype array batches in the eMERGE Consortium using the Michigan
Imputation Server [48] and Haplotype Reference Consortium (HRC1.1).[49, 50] The
resulting imputed genome wide set consists of approximately 40 million single nucleotide
variant marker allele doses down to 0.1% minor allele frequency (MAF). Genotype array
files were referenced to the build 37 genome position using the forward genome strand.
Quality control included filtering for sample missingness <2.0% and SNP missingness
<2.0% in data preprocessing. For duplicate samples on differing arrays, the sample with the
most genotyped variants for that subject was selected for the merged dataset. Principal
component analysis (PCA) using the first 10 principal components was performed to
determine genetic ancestry using PLINK [51] with variants having >5% MAF. Single
nucleotide variants with a missing rate >10% or not meeting the linkage disequilibrium
threshold r2 < 0.7 were excluded in PCA. We performed identity by descent (IBD) analysis
to identify related individuals using probability of zero alleles IBD (Z0) < 0.83 and the
probability of having one allele IBD (Z1) > 0.10 to capture first through third-degree
relatives. The oldest family member from each family was included in the cohort analysis.
We excluded suspected monozygotic twins or duplicates.

Construction of the Obesity Genetic Risk Score (GRS)

The GRS was calculated from 97 SNPs (Supplementary Table 1) associated with BMI at
genome-wide significance in a prior meta-analysis of genome-wide association studies
conducted by the Genetic Investigation of ANthropometric Traits (GIANT) Consortium.[38]
For the 97 SNPs, the minimum mean imputation r2 for any single SNP was 0.83 with an
overall mean r2 of 0.95. Using the all-ancestry beta-coefficients reported by GIANT, we
calculated a GRS for obesity for each individual in our cohort. This obesity GRS was
calculated as a sum of risk allele dosages weighted by the effect estimates. The effect
estimates are described by the GIANT consortium as beta-coefficients per 1-SD unit of BMI
(4.8 kg/m?2). We measured the association of the GRS with BMI by calculation of the BMI
variance explained (adjusted R?) by the associated SNPs using linear regression models
adjusted for site, age, sex, and the first 10 principal components.

Mendelian Randomization Analyses

We used MR to assess for association of genetic risk for obesity with the postoperative
outcomes. We performed logistic regression, adjusted for site, age, sex, and the first 10
principal components, to calculate causal effect estimates for genetically-determined BMI
on the postoperative complications. To adjust for multiple comparison analyses, we used a
Bonferroni correction for association, giving a conservative significance threshold of
p=0.017. Effect estimates are reported per 1-SD difference in BMI (derived from beta
estimates and SD of 4.8 kg/m? in a prior cohort of 449,472 individuals).[26] Among
individuals with both a calculated GRS and reported BMI, the logistic regression analyses
were performed with additional adjustment for median BMI to assess for residual
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association between the instrumental variable (GRS) with the outcomes (postoperative
complications) through a pathway external to BMI. Such associations could indicate
pleiotropic genes, or genes that can affect multiple, distinct phenotypes, were included in the
BMI GRS.

Surgical Cohort Analyses

Results

The analyses were also performed in subsets of the Vanderbilt and eMERGE populations
who had documentation of undergoing a procedure. These two separate cohorts of surgical
patients were captured by extracting Current Procedural Terminology (CPT) codes and
mapping them to aggregated procedure categories including general, urologic, or
gynecologic abdominal operations.[52] To further ensure that surgical patients undergoing
hernia repair were not driving the associations with incisional hernia, the analysis was
performed with exclusion of individuals with a CPT code corresponding to hernia repair. We
also evaluated for the difference in complications in patients who underwent exploratory
laparotomy versus laparoscopy.

Lastly, we evaluated for the association of obesity with 90-day postoperative mortality
among all individuals at Vanderbilt who had undergone an abdominal surgical procedure.
We performed a logistic regression to measure the association of BMI category with 90-day
postoperative mortality, adjusting for age, gender, and race.

Demographics of the Vanderbilt and eMERGE Cohorts

After exclusion of adult individuals with only BMI values recorded in pregnancy (12,588
individuals) or BMI values out of range (354 individuals), there were 736,726 individuals in
the Vanderbilt cohort. Of these, 68,266 had undergone an abdominal surgical procedure for
inclusion in the Vanderbilt surgical cohort (Figure 1A). Median follow-up of individuals
who underwent a surgical procedure was 6.9 years (range 0-30.4 years). In the eMERGE
MR cohort, 65,174 individuals had extant genotyping and ICD-9 codes for analysis in the
entire cohort, of which 15,355 had a CPT code for abdominal surgery for inclusion in the
eMERGE surgical cohort (Figure 1B). Table 1 describes the institutions contributing patients
to the eMERGE cohorts. The majority of individuals in all cohorts were female and white or
European ancestry (Table 2). Median BMI of the Vanderbilt individuals was 27.3 kg/m?
(IQR 23.6-32.0), which was similar to that in the eMERGE cohort and surgical
subpopulations. Individuals with overweight or obese BMI comprised 65.2% (480,530
individuals) of the Vanderbilt cohort and 67.9% (35,722 individuals) of the eMERGE cohort.

BMI Associations with Postoperative Complications

In the Vanderbilt cohort, we found that overweight or obesity was associated with incisional
hernia and postoperative infection in both the full and surgical cohorts (Table 3). There was
an increased association with these postoperative complications with increasing BMI (Figure
2A-B) in both the complete and surgical Vanderbilt cohorts. In the entire Vanderbilt cohort,
OR for incisional hernia in individuals with overweight BMI was 1.7 (95% confidence
interval [CI] 1.5-1.8, p=3.1x10720) and increased to an OR of 5.5 (95% Cl 5.4-5.6,
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p=2.2x107172) in class 3 obesity, a 3.2-fold increase. The association of obesity with
incisional hernia persisted in the Vanderbilt subpopulation of individuals who had undergone
general, urologic, or gynecologic abdominal surgery, with OR in surgical patients with
overweight BMI of 1.6 (95% CI 1.5-1.7, p=1.2x10715) and surgical patients with class 3
obesity BMI of 4.9 (95% CI 4.8-5.1, p=2.5x10~117), Further exclusion of individuals who
had undergone hernia repair showed persistent associations of obesity with incisional hernia
in class 1 (OR 1.7 [95% CI 1.4-2.1], p=1.2x1073), 2 (OR 3.5 [95% CI 3.1-3.8],
p=1.6x10712) and 3 (OR 3.9 [95% CI 3.5-4.3], p=1.2x10712) obesity in the surgical patient
population. In patients with both a low (<30 mg/kg?) and high BMI (=30 mg/kg?), the large
majority of incisional hernias presented themselves in the first 2 years following the index
operation (Supplementary Figure 1).

In the clinical cohort, both underweight (BMI <18.5 kg/m?2) and class 1-3 obesity (BMI >
30.0 kg/m?) demonstrated an association with postoperative infection (p<2.5x107°). The
strongest association of postoperative infection with BMI class was with class 3 obesity (OR
2.3 [95% CI 2.2-2.3], p=2.3%10~"1) and this relationship persisted in the abdominal surgery
subpopulation (OR 2.1 [95% CI 2.0-2.6], p=3.0x10729),

In the full cohort, patients with underweight BMI had an increased risk of intestinal
obstruction compared to patients with a BMI within the normal range (OR 2.4 [95% CI 2.3-
2.5], p=4.6x107°7). In contrast, patients with a BMI in the overweight or obese range
showed a decreased risk of intestinal obstruction in comparison to patients with a normal
BMI (Table 3). The finding of an increase in obstruction in patients with an underweight
BMI and decrease in obstruction in patients with BMI over the normal range persisted in the
subset of individuals who had undergone an abdominal surgical procedure.

While patients with obesity who underwent exploratory laparotomy or laparoscopy both had
increased risk for postoperative infection and incisional hernia, the risk was greatest in
patients who underwent open laparotomy (Table 3). In class 3 obesity, the risk for
postoperative infection for patients undergoing laparotomy was OR 3.0 (95% CI 2.6-3.3)
compared to OR 1.6 (95% CI 1.1-2.0) in patients who underwent laparoscopy. Similarly,
patients with class 3 obesity who underwent laparotomy had an OR of 4.6 (95% CI 4.2-5.1)
for incisional hernia compared to OR 3.5 (95% CI 3.1-4.0) in those who underwent
laparoscopy.

In comparison to individuals having normal BMI who underwent abdominal surgical
procedure, those having an overweight or obese BMI had increased risk for mortality in the
90-day postoperative period. Increased BMI was associated with increased risk: overweight
BMI had a OR of 1.02 (95% CI 1.0-1.0, p=0.04) while class 3 obesity had a OR of 1.12
(95% Cl 1.1-1.2, p=2.5x10"11),

Mendelian Randomization for Obesity Associations with Postoperative Complications

In the eMERGE cohort, the obesity GRS was strongly correlated with mean BMI
(p<2.0x10716), aligning with findings from Locke et al.[38] Using a conservative p-value
threshold of 0.017, the obesity GRS was associated with incisional hernia (OR 2.1 [95% ClI
1.8-2.4], p=1.4x1075) and postoperative infection (OR 1.6 [95% CI 1.4-1.9], p=3.1x1075)
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in the entire eMERGE cohort (Table 4). Limiting to only those individuals who had
undergone a general, urologic, or gynecologic abdominal surgery, the obesity GRS remained
associated with both incisional hernia (OR 2.0 [95% CI 1.7-2.4], p=9.4x107°) and
postoperative infection (OR 1.5 [95% CI 1.2-1.8], p=0.01).

The obesity GRS was not associated with intestinal obstruction in the complete (OR 1.1
[95% CI1 0.9-1.2], p = 0.59) or surgical cohort (OR 1.0 [95% CI 0.7-1.2], p = 0.80).

Adjustment for median BMI in MR analyses to assess for residual association not
attributable to BMI exposure showed attenuation of the associations with postoperative
infection (p=0.126) and incisional hernia (p=0.038), suggesting that the association of the
obesity-risk GRS with these postoperative complications is through BMI.

Discussion

This study found that obesity as measured by both BMI and genetic risk is associated with
postoperative infections and incisional hernias in separate cohorts. The findings from this
study are supported by prior reports in which overweight and obesity demonstrated an
observed association with surgical site infections [10-23] and incisional hernias.[17, 53, 54]
While these clinical associations have been demonstrated previously, the use of Mendelian
randomization in this study suggests a possible causal role for obesity in the development of
postoperative infections and incisional hernias.

It has long been studied whether it is obesity itself or the comorbidities found in obese
patients, such as diabetes mellitus, are the driver for postoperative complications. There are
many potential explanations for the association between obesity and postoperative infections
and incisional hernias with the mechanism likely being multifactorial.[55] An increase in
subcutaneous adipose tissue and local tissue trauma related to retraction could play a role.
Subcutaneous tissue oxygenation is reduced in obese patients [56] and thus may reduce
wound perfusion and predispose to wound infection and decreased healing, leading to both
postoperative infections and incisional hernias. Lengthened operative time may also
contribute to the increased incidence of surgical-site infections caused by obesity,[57] and
surgical site infection itself is known to be a strong risk factor for incisional hernia
formation.[58]

Because BMI itself is a strong predictor of postoperative complications, genetic variants are
clinically unnecessary for estimation of the risk obesity plays in operative interventions.
However, as genetic testing becomes less expensive and more common, it is another piece of
data that can be leveraged in both research and clinical settings to provide for more accurate
and validated predictions. Further, the use of genetic data to confirm clinical findings as we
have demonstrated in this study substantiates the role obesity plays in development of
postoperative incisional hernias and surgical site infections.

Interestingly, intestinal obstruction showed no association with obesity and, in the clinical
cohort, was associated underweight BMI. This association is unclear and should be further
investigated.
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MR can be particularly useful because genetic variants are not subject to the same biases as
traditional observational studies due to their random assortment during meiosis, thus
allowing for potential causal inferences.[24, 59] Despite these advantages, MR and this
study has several potential limitations. The method relies on BMI recorded in the EHR;
however, this measure may not fully capture the true causal exposure of lifetime obesity
exposure. Another limitation is that while the sensitivity analysis with adjustment of BMI
suggested that pleiotropy of genetic variants did not play a significant role, pleiotropy is
common and cannot be fully excluded. Lastly, the main limitation of this retrospective study
is that it relies on both medical and procedural codes within the EHR, which can change
over time, be inaccurate, and are often incomplete. While the use of ICD and CPT codes
captures diagnoses and procedures at the study institution, we were unable to capture
individuals who had surgery elsewhere or who presented to outside institutions with
postoperative complications.

Conclusions

Genetic determinants of BMI suggest that obesity, aside from confounders or other
metabolic diseases, is associated with the development of postoperative infection and
incisional hernia. Thus, BMI represents an important risk factor for postoperative
complication, warranting appropriate preoperative consideration and postoperative
awareness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Frequency of Surgical Procedures in Vanderbilt (A) and eMERGE (B) Surgical

Cohorts.
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Figure 2. Association of BMI with Postoperative Complications in Vanderbilt General (A) and

Surgical (B) Cohorts.

Error bars represent 95% confidence interval. Significance threshold of p <0.003. BMI, body

mass index; SD, standard deviation.

World J Surg. Author manuscript; available in PMC 2021 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Robinson et al.

Table 1.

eMERGE Sites and Numbers of Individuals Contributing Adult Data
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Site

Entire Cohort

Surgical Cohort

Number of subjects, n (%0)
(Total n = 65,174)

Number of subjects, n (%0)
(Total n = 15,355)

Boston Children’s Hospital 252 (0.4) 0
Children’s Hospital of Philadelphia 4,649 (7.1) 24 (0.2)
Cincinnati Children’s Hospital Medical Center 1,331 (2.0) 45(0.3)
Columbia University 1,680 (2.6) 686 (4.5)
Geisinger 2,772 (4.3) 974 (6.3)
Harvard University 9,689 (14.9) 2,141 (13.9)
Kaiser Permanente Washington with the University of Washington and the Fred 3,197 (4.9) 763 (5.0)
Hutchinson Cancer Research Center

Marshfield Clinic 3,683 (5.7) 1,711 (11.1)
Mayo Clinic 8,199 (12.6) 2,053 (13.4)
Mount Sinai 5,701 (8.7) 758 (4.9)
Northwestern University 4,431 (6.8) 848 (5.5)
Vanderbilt University 19,590 (30.1) 5,352 (34.9)

Abbreviations: eMERGE, Electronic Medical Records and Genomics consortium
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Table 2.

Demographics for Vanderbilt and eMERGE cohorts
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Clinical Variable

Vanderbilt
Cohort
(n =736,726)

Vanderbilt
Surgical Cohort
(n = 68,266)

eMERGE
Cohort
(n =65,174)

eMERGE
Surgical Cohort
(n = 15,355)

Age, median (IQR), years

49.0 (33.0-63.0)

54.0 (40.0 - 66.0)

67.0 (51.0 - 79.0)

69.0 (56.0-80.0)

Sex, No. (%)

Female 434,266 (58.9) 41,077 (60.2) 35,997 (55.2) 8,701 (56.7)
Unknown 57 (0.1) 0 0 0
Race (Vanderbilt) or Genetic Ancestry (eMERGE),
No. (%)
White/European ancestry 553,368 (75.1) 55,694 (81.6) 52,760 (81.0) 13,068 (85.1)
Black/African ancestry 70,409 (9.6) 8,656 (12.7) 11,323 (17.4) 2,017 (13.1)
Asian 11,998 (1.6) 798 (1.2) 1,001 (1.7) 270 (1.8)
Other 18,332 (2.5) 1,942 (2.8) 0 0
Unknown 82,619 (11.2) 1,176 (1.7) 0 0

BMI (kg/m?), median (IQR)

27.3(23.6 - 32.0)

27.8 (24.1-32.7)

27.6(23.9-32.1)

28.3 (24.8-33.1)

BMI (kg/m2), mean (SD) 285 (7.0) 29.1(7.3) 28.6 (7.0) 29.67 (7.0)

BMI category, No. (%)
Underweight (<18.5) 15,509 (2.1) 1,564 (2.3) 1,961 (3.7) 221 (1.6)
Normal (18.5 — 24.9) 240,676 (32.7) 19,630 (28.8) 14,926 (28.4) 3,414 (25.1)
Overweight (25.0 — 29.9) 229,630 (31.2) 21,590 (31.6) 17,088 (32.5) 4,576 (33.7)
Obesity Class 1 (30.0 — 34.9) 135,488 (18.4) 13,317 (19.5) 10,425 (19.8) 2,827 (20.8)
Obesity Class 2 (35.0 — 39.9) 64,539 (8.8) 6,702 (9.8) 4,802 (9.1) 1,407 (10.4)
Obesity Class 3 (240.0) 50,873 (6.9) 5,463 (8.0) 3,407 (6.5) 1,146 (8.4)
No BMI reported 0 0 12,565 1,764

Abbreviations: eMERGE, Electronic Medical Records and Genomics consortium; BMI, body mass index; IQR, interquartile range; SD, standard

deviation
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Table 3.

Association of BMI with postoperative complications*

Entire Vanderbilt Cohort (n = 736,726)

Phenotype

Underweight
<18.5 kg/m?
OR (95% CI)

Overweight
25.0-29.9 kg/m?
OR (95% Cl)

Obesity Class 1
30.0-34.9 kg/m?
OR (95% CI)

Obesity Class 2
35.0-39.9 kg/m?
OR (95% Cl)

Obesity Class 3
>40.0 kg/m?
OR (95% CI)

Postoperative infection
(n=16,228)

159 (142-1.76) |

1.08 (1.01-1.15)

1.18 (1.10-1.26) 7

157 (1.48-1.66)

2.25(2.16-2.33) |

Incisional hernia
(n=3,580)

0.92 (0.55-1.29)

165 (1.54-1.76) |

251 (2.40-2.62) |

362 (351-3.75) |

5.48 (5.36-5.60) |

Intestinal obstruction
(n=8,525)

237 (2.26-2.47) T

0.72 (067-0.78) |

0.67 (061-0.74) 7

0.67 (0.58-0.76)

0.72 (0.62-0.82) 4

Vanderbilt Surgical Co

hort (n = 68,266)

Postoperative infection
(n=2,749)

166 (143-1.89) 7

0.92 (0.81-1.02)

1.01 (0.89-1.13)

136 (1.22-1.49) 7

2.13 (2.00-2.26) |

Incisional hernia
(n=3,120)

0.67 (0.27-1.08)

160 (149-1.72) 7

247 (2.35-2.59) |

352 (3.39-3.65) |

4.95 (4.81-5.08) |

Intestinal obstruction
(n=5,389)

2.19 (2.03-2.33) ©

0.66 (0.59-0.73)

0.59 (0.50-0.67) 4

0.56 (0.44-0.67) 7

0.58 (0.45-0.71) 7

Vanderbilt Exploratory Laparotomy Cohor

t(n =2,410)

Postoperative infection
(n=432)

0.95 (0.36-1.55)

1.25 (0.96-1.53)

1.14 (0.81-1.47)

1.39 (0.97-1.80)

2.95 (2.55-3.34) |

Incisional hernia
(n=296)

0.91 (0.08-1.73)

179 (142-2.15) T

2.00 (159-2.40) 7

447 (4.03-492) T

463 (4.16-5.00) T

Intestinal obstruction
(n=688)

1.11 (0.63-1.59)

0.91 (0.66-1.16)

0.62(0.32-0.92) 7

1.14 (0.75-1.53)

0.66 (0.23-1.10)

Vanderbilt Laparoscop

y Cohort (n = 3,841)

Postoperative infection
(h=174)

1.06 (0.00-2.26)

1.06 (0.60-1.51)

1.17 (0.70-1.65)

1.19 (0.65-1.73)

1.56 (1.10-2.03)

Incisional hernia
(n=250)

0.89 (0.00-2.35)

1.35 (0.91-1.79)

215 (1.71-2.59) |

3.09 (2.63-3.55) |

354 (3.10-3.98) |

Intestinal obstruction
(n=1327)

0.37 (0.80-2.26)

0.16 (0.44-1.05)

0.18 (021-091) 7

0.25 (0.00-0.90)

0.20 (0.15-0.95)

Page 17

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); OR, odds ratio; CI, confidence

interval

*
Reference odds ratio 1.0 represents normal median BMI. Logistic regressions adjusted for sex, age, and reported race.

7LResuIts significant to Bonferroni corrected p-value of p = 0.003 compared to individuals with normal range BMI.
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Mendelian randomization genetic risk for obesity association with postoperative complications

Table 4.

Entire eMERGE Cohort (n = 65,174)

Phenotype OR ;z;g(%%IDI)BMI p-value
- s

Incisional hernia 2.14 (1.83-2.45) 14 x 106

(n=1,620)

Postoperative infection 4 1.64 (1.42-1.86) 3.1 x1076

(n=3,709)

Intestinal obstruction

(n = 4,523) 1.05 (0.86-1.24) 0.595

eMERGE Surgical Cohort (n = 15,355)

Phenotype OR per 1-SD BMI (95% ClI) p-value

Incisional hernia 7 1.82 (1.66-2.36) 9.4 x 1075

(n=1,356)

Postoperative infection

(n=1,038) 2.01(1.19-1.79) 0.009

Intestinal obstruction

(n=2,792) 0.97 (0.71-1.23) 0.801

Abbreviations: eMERGE, Electronic Medical Records and Genomics consortium; SE, standard error; OR, odds ratio
*
Logistic regression adjusted for site, sex, age, and first ten principal components. Odds ratio report per 1-SD (4.8 kg/mz) of BMI

fResuIts significant to Bonferroni corrected p-value = 0.017.
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