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Purpose: The objective of our study was to determine if obesity is associated with the
presence of multidrug-resistant (MDR) bacteria among Enterobacterales.

Patients and Methods: This two-center cohort study included adult hospitalized patients with
at least one specimen sampled from any site for bacterial culture yielding an Enterobacterales
bacterial species from November 2016 to May 2017. Study groups were stratified by obesity
status based on body mass index <30 kg/m? (non-obese) and >30 kg/m? (obese). The primary
outcome was the presence of gram-negative MDR bacteria defined as presumptive extended-
spectrum beta-lactamase (ESBL)-producing Enterobacterales (ceftriaxone resistance) or carba-
penem-resistant Enterobacterales (CRE). A multivariable logistic regression model was fit to
estimate the adjusted odds ratio while controlling for potential confounders.

Results: A total of 366 patients, 238 non-obese and 128 obese, were included. The most
common gram-negative bacterial species identified was Escherichia coli (64.2%). There was
a higher proportion of gram-negative MDR bacteria in obese versus non-obese patients (18.8
versus 11.3%, P=0.057). Obesity was independently associated with gram-negative MDR
bacteria after controlling for confounders (adjusted odds ratio, 1.92; 95% CI 1.03-3.60). The
association did not significantly vary by diabetes status (interaction term P=0.792).
Conclusion: Among older adult hospitalized patients, obesity was independently associated
with the presence of a gram-negative MDR bacteria (presumptive ESBL or CRE) in
a culture.
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Introduction
Obesity is a significant public health crisis that has reached epidemic proportions.
In the United States from 2000 to 2018, the prevalence of obesity (body mass
index, BMI >30 kg/m?) and severe obesity (BMI >40 kg/m?) grew from 30.5% to
42.4% and 4.7% to 9.2%, respectively, in adults aged 20 and over.! This trend is
expected to continue nationally, with nearly one in two adults overall projected to
be obese and nearly one in four adults projected to be severely obese by 2030.%>
The increasing incidence of obesity places a heavy burden on healthcare
systems. While obesity is a well-known risk factor for many chronic conditions
like cardiovascular disease, hypertension, and diabetes, it has also been associated
with a higher risk of infection.** The underlying mechanism is unclear but poten-
tially linked to dysregulations in inflammation and immunity.” Treatment of infec-
tion in individuals with obesity is prone to antibiotic failure, and those hospitalized
with infection have increased in-hospital mortality compared to individuals without

obesity.”'°
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The management of infections in the obese population is
complicated by alterations in body composition, with obese
patients having a higher proportion of adipose tissue, a lower
proportion of total body water, and lower lean body mass."!
These changes impact many pharmacokinetic parameters:
drug distribution,
excretion. Subsequent variability in drug exposure

absorption, metabolism,  and

12,13
impacts attainment of pharmacodynamic target concentra-
tions necessary for eradication of infection. One comparative
study found an increased frequency of antimicrobial resis-
tance genetic markers in fecal specimens of obese individuals
compared to those of eutrophic subjects.'* In addition, there
is a lack of robust clinical data on the dosing of antibiotics in
obese patients, and standard dosing may result in drug
underexposure.'® Even when antibiotic dosing recommenda-
tions do exist, they are not generally followed in practice.'
Underdosing antibiotics in individuals with obesity
may increase their risk for developing multidrug-resistant
(MDR) bacteria. In vitro and in vivo data suggest that
inappropriate antibiotic dosing contributes to higher rates
of antibiotic resistance.'® Of particular concern are the
MDR bacteria among gram-negative Enterobacterales
because of their pervasive nature, ability to cause a wide
range of clinical infections, and rapid promulgation of
plasmid-mediated resistance genes to other organisms.'’
In 2017, the World Health Organization categorized
extended-spectrum beta-lactamase (ESBL)-producing and
carbapenem-resistant Enterobacterales (CRE) as critical-
priority pathogens, acknowledging their ranking among
families of bacteria that pose the greatest threat to global
human health.'® These dangers are recognized nationally
as well; in their 2019 report, the Centers for Disease
Control and Prevention categorized CRE as an urgent, or
highest level, threat, and ESBL as a serious, or second-
highest level, threat.'” With rates of ESBL and CRE infec-
tions on a precipitous rise, understanding of risk factors for
MDR bacterial infection is of utmost importance.’?! The
objective of our study was to evaluate whether obesity is
associated with the presence of MDR bacteria among
Enterobacterales on culture in hospitalized patients.

Materials and Methods
Study Design and Population

We conducted a two-center, retrospective cohort study of
adult hospitalized patients with at least one specimen
sampled for bacterial culture yielding an Enterobacterales
bacterial species from November 2016 to May 2017. This

study was undertaken in two urban teaching hospitals in
the Northeast United States. All patients aged 18 years or
older who had bacterial cultures drawn and their weight
and height recorded were eligible for inclusion. Patients
were identified by querying the microbiology laboratory
database and were further reviewed via electronic medical
records. Specimen samples were included irrespective of
infection type (ie, community or healthcare-associated)
and origin (ie, lung, skin and soft tissue, blood, genitour-
inary, and intra-abdominal). The respective Institutional
Review Board for each study site approved this study
(Robert Wood Johnson University Hospital Somerset
[IRB17-16] and Rutgers Biomedical and Health Sciences
[Pro20170001181]).

Measurements

The predictor of interest was BMI. Patient weight and
height were extracted from the electronic health record.
Study groups were stratified by obesity status: BMI
<30 kg/m” (non-obese) and >30 kg/m? (obese). Multiple
covariates were recorded to determine differences between
study groups and control for potential confounding factors.
Covariates included basic demographics, history of prior
antibiotic therapy in the past 30 days, immunosuppression,
transfer from other healthcare facilities, sampling speci-
mens from a critical care unit, and comorbidities as mea-
sured by the Charlson-Deyo comorbidity index. Prior
antibiotic therapy was determined via prescription fill his-
tory in the health record. Immunosuppression was defined
as the presence of corticosteroids, cyclosporine, tacroli-
mus, or other immunosuppressants in a patient’s medica-
tion list. The Charlson-Deyo comorbidity index was
calculated using International Classification of Diseases
modification (ICD-9-CM) or
International Classification of Diseases 10th revision, clin-

9th revision, clinical
ical modification (ICD-10-CM) codes as a proxy for
patient comorbid disease burden.

Outcomes

The study’s primary endpoint was the presence of gram-
negative MDR bacteria on a culture defined as presump-
tive ESBL-producing Enterobacterales (ceftriaxone resis-
tance) or CRE. Phenotypic susceptibility was determined
by broth microdilution via automated susceptibility testing
platforms at each respective hospital (BD Phoenix or
VITEK 2). The breakpoints used to define MDR bacteria
are based on those set by the Clinical and Laboratory
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Standard Institute (CLSI).?* All cultures performed were
clinical cultures.

Statistical Analysis

Statistical analysis was performed using SAS 9.4 (SAS
Institute Inc., Cary, NC). Data for missing covariates
were adjudicated with manual chart review. Descriptive
statistics were reported for all data. Categorical data were
analyzed with chi-square or Fisher exact tests as appro-
priate. The normality of data was assessed with a visual
inspection of histograms and the Shapiro—Wilk test.
Continuous data were analyzed with the Student’s r-test
or the Mann—Whitney U-test if nonparametric distributions
were identified. A multivariable logistic regression model
was fit to estimate the adjusted odds ratio (OR) while
controlling for potential confounders. Confounders with
a relation (P<0.1) to both outcome (gram-negative MDR
bacteria) and exposure (obesity status) were considered for
inclusion in the adjusted model. A backward selection
procedure with a significance level of 0.05 to remain in
the model was used to construct the final adjusted model.
Only covariates with a priori knowledge suggesting con-
founding were included in the final regression model
selection. The significance level was set at a P-value
of <0.05.

The complex relationship between obesity and diabetes
warrants a close examination since various pharmacoki-
netic and pharmacodynamic changes may be present in
each comorbidity alone and in combination. To better
disentangle the association of the two metabolic diseases
and the presence of gram-negative MDR bacteria, we
sought to investigate the potential effect modification by
diabetes status. We included the interaction term BMI-by-
diabetes in the final multivariable logistic regression
model (ie, interaction model) to analyze the presence of
interaction.

Results

A total of 366 patients were included in the analysis, 238
non-obese and 128 obese patients. Baseline characteris-
tics were similar between groups (Table 1). The mean age
in the study was 77 years, and 63% of patients were
female. Significantly more patients in the obese group
had higher median creatinine clearance (71.9 mL/min
versus 48.2 mL/min, P<0.001), a higher proportion of
history of cancer (18% versus 9.7%, P=0.022), and
a higher incidence of diabetes mellitus (41.4% versus
31.1%, P=0.048) compared with the non-obese group.

The most common culture source was the urine
(73.5%), followed by blood (17.6%), abscess (5%), and
respiratory (2.5%) (Table 2). Table 3 provides a summary
of gram-negative MDR bacteria from bacterial culture.
The most common gram-negative species identified was
E. coli (64.2%). Among gram-negative MDR bacteria,
ESBL were the most commonly isolated, comprising
95.8% of obese and 92.6%
samples.

of non-obese resistant

There was a higher proportion of gram-negative MDR
bacteria in obese versus non-obese patients (18.8 versus
11.3%, P=0.057) in the unadjusted analysis. After adjust-
ing for study hospital and history of cancer in the multi-
variable logistic regression analysis, obesity was
independently associated with 1.92 times higher odds of
gram-negative MDR bacteria on culture (adjusted OR,
1.92; 95% confidence interval, 1.03-3.60, P=0.041). The
association of obesity and gram-negative MDR bacteria
did not significantly vary by diabetes status (interaction

term P=0.792).

Discussion
Due to complex changes in body composition, obese
patients are thought to be frequently underdosed with
antibiotics; the resultant inadequate systemic exposure
may put them at a higher risk for drug-resistant organ-
isms. Data directly supporting the link between obesity
and increased risk of MDR bacteria is lacking. Our study
bridges this gap and adds to the body of evidence sup-
porting the increased prevalence of drug-resistant organ-
isms in the obese population. We observed a significant
association of obesity status and the presence of gram-
negative MDR bacteria on bacterial culture after adjust-
ing for confounding. Of note, the data are derived from
an older cohort of adults; therefore, extrapolation to
younger patient populations requires confirmation.
Additionally, we did not find that diabetes status was
a significant effect modifier on this relationship.

Prior studies have observed the relationship between
obesity and a higher risk of infection and poorer outcomes
related to infection.’ ' Our findings provide further evi-
dence on the detrimental impact of obesity on individual
health

Antimicrobial resistance is a global health threat requiring

and public related to infectious diseases.
immediate and sustained action. Further clinical and trans-
lational studies are necessary to understand the underlying

mechanism of this epidemiological finding.

Infection and Drug Resistance 2021:14

2529

Dove:


https://www.dovepress.com
https://www.dovepress.com

Narayanan et al

Dove

Table | Baseline Characteristics Stratified by Obesity Status (Total n=366)

Characteristics Non-Obese (n=238) Obese (n=128) P value
BMI (kg/m?) 24.8 (21.4-27.3) 34.1 (32.2-38.4) <0.001
Age (years) 79.3 (66-86) 75.1 (63.4-84.1) 0.067
Age >65 years, n (%) 182 (76.5) 93 (72.7) 0.421
Female, n (%) 147 (62) 82 (65.1) 0.566
Race/ethnicity, n (%)

White, non-Hispanic 160 (67.2) 94 (73.4) 0.219
Black 23 (9.7) 16 (12.5) 0.402
Asian 19 (8.0) 4 3.1) 0.068
Hispanic 19 (8.0) 7 (5.5) 0.372
Other or unknown 17 (7.1) 7 (5.5) 0.537
SCr (mg/dL) | (0.7-1.4) | (0.8-1.5) 0.189
CrCl (mL/min) 48.2 (34.2-80.5) 71.9 (46-117.6) <0.001
Length of stay (days) 2 (0-7) 1 (0-6) 0.167
Charlson—-Deyo index, median (range) 2 (1-4) 2 (1-4) 0.180
Hospital, n (%)

A 115 (71.4) 46 (28.6) 0.023
B 123 (60) 82 (40) 0.023
Culture from ICU, n (%) 32 (13.5) 21 (l16.4) 0.443
On hemodialysis, n (%) 4 (1.7) | (0.8) 0.482
Antibiotic allergy, n (%) 50 (22) 32 (26) 0.400
History of antibiotics, n (%)

Within 30 days 20 (8.7) 13 (10.7) 0.541
Greater than 30 days 43 (18.2) 27 (21.1) 0.507
History of corticosteroids, n (%)

Within 30 days I (5.4) 5(42) 0.634
Greater than 30 days 20 (9.8) 7 (5.9) 0.224
Immunosuppressants, n (%) 2 (1) 3 (2.5) 0.283
Diabetes mellitus, n (%) 74 (31.1) 53 (41.4) 0.048
Transfer from healthcare facility, n (%) 42 (17.8) 28 (21.9) 0.346
History of cancer, n (%) 23 (9.7) 23 (18) 0.022

Notes: All continuous variables presented as median (interquartile range) and categorical variables presented as n (%).
Abbreviations: BMI, body mass index; SCr, serum creatinine; CrCl, creatinine clearance; ICU, intensive care unit.

The influence of the gut microbiota on human health is
a rapidly emerging field. Gut dysbiosis has been reported
in patients with obesity and increased intestinal permeabil-
ity may also be present in this patient population.® This
postulation is affirmed by studies that report translocation
of gut microbiota to extra-intestinal tissue.>*** In particu-
lar, plasma and adipose samples from individuals with
severe obesity and diabetes displayed similarities to gut

associated signatures. Interestingly, and related to our
research findings, plasma samples were enriched with
Enterobacterales in one human study.?* Whether transloca-
tion of MDR Enterobacterales from the gut in individuals
with obesity poses a risk for resistant infection or body site
colonization requires further study.

There are some limitations to this study that should be
considered. We only had access to recorded data in the
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Table 2 Comparison of Culture Source and Organism Present

on the First Culture Obtained

Source/ Non-Obese, Obese, P value
Organism n (%) n (%)

Urine 175 (73.5) 95 (74.2) 0.112
E. coli 117 (66.9) 61 (64.2) 0.661
Klebsiella spp. 24 (13.7) 21 (22.1) 0.077
Proteus spp. 22 (12.6) 0 (0.0) <0.001
Other 12 (6.9) 13 (13.7) 0.066
Blood 42 (17.6) 21 (22.1) 0.764
E. coli 29 (69.0) 12 (57.1) 0.350
Klebsiella spp. 7 (16.0) 6 (28.6) 0.272
Other 6 (14.3) 3 (14.3) >0.999
Abscess 12 (5.0) 8 (6.3) 0.628
E. coli 7 (58.3) 4 (50.0) >0.999
Klebsiella spp. 1 (8.3) 2 (25.0) 0.686
Other 4 (33.3) 2 (25.0) >0.999
Respiratory 6 (2.5) 4 (4.2) 0.735
E. coli 2 (33.3) 2 (50.0) >0.999
Klebsiella spp. 3 (50.0) 2 (50.0) >0.999
Other 1 (16.7) 0 (0.0) >0.999

Table 3 Unadjusted Gram-Negative MDR Bacteria Rates
Stratified by Obesity Status

Organism Overall, Non-Obese, Obese, P value
n (%) n (%) n (%)

ESBL or CRE on 51 (13.9) 27 (11.3) 24 (18.8) 0.057

culture

ESBL 48 (13.1) 25 (10.5) 23 (17.9) 0.049

Enterobacterales

E. coli 235 (64.2) 156 (65.6) 79 (61.7) 0.468

Klebsiella spp. 71 (19.4) 38 (15.9) 33 (25.8) 0.027

Other® 60 (13.4) 44 (18.5) 16 (12.5) 0.141

Notes: *Proteus mirabilis, Enterobacter cloacae, Morganella morganii, Providencia spp.,
Citrobacter spp.

Abbreviations: MDR, multidrug-resistance; ESBL, extended-spectrum beta-lactamase-
producing Enterobacterales; CRE, carbapenem-resistant Enterobacterales.

patient’s medical record and assumed that clinical infor-
mation was correctly documented. In addition, as with all
retrospective studies, confounding and information bias
are possible. Many other variables can influence drug
resistance, including prior antibiotic use, comorbidities
such as diabetes or cancer, immunosuppression, the sever-
ity of illness, length of stay, and transfer from another
facility. We accounted for these potential confounders in
our analysis using multivariable logistic regression. After

considering these confounders in our regression model,

obesity was independently associated with gram-negative
MDR bacteria. The presence of indwelling devices and
frequency of hospitalization are additional potential con-
founders for MDR bacterial infection that were not col-
lected; however, the adjustments as mentioned earlier,
such as those for comorbidities and location, serve as
a broad proxy. While residual confounding is always
a concern with retrospective data, the study did account
for major known contributors to antibiotic resistance.

With the worldwide rates of both obesity and antibio-
tic-resistant organisms on a steep incline, it is imperative
to understand the relationship between them. The evidence
generated by this study supports the notion that obesity is
indeed associated with an increased risk of gram-negative
MDR bacteria. This association is clinically relevant —
with obesity as a potential predictor of antibiotic resis-
tance, establishing obesity-specific antibiotic dosing and
therapeutic monitoring guidelines are imperative. These
considerations should also be integral when developing
new anti-infective medications. Further studies are needed
to investigate the causal pathway between obesity and
MDR bacteria and elucidate effective interventions to
reduce the emergence of drug resistance.
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