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Abstract

Background: Obesity is associated with increased risk for death in most infections but has not been studied as a risk
factor for mortality in Clostridioides difficile infection (CDI). This study tested obesity as a risk factor for death in patients
hospitalized with CDI. This was a three-center retrospective study that included hospitalized adults with CDI at Colum-
bia University Irving Medical Center, Brigham and Women'’s Hospital, and NYU Langone from 2010 to 2018. Multivari-
ate logistic regression was used to assess the relationship between obesity, measured by body mass index, and death
from any cause within 30 days after the index CDI test.

Results: Data for 3851 patients were analyzed, including 373 (9.7%) who died within 30 days following a diagnosis
of CDI. After adjusting for other factors, BMI was not associated with increased risk for death in any BMI category
[adjusted OR (@aOR) 0.96, 95% Cl 0.69 to 1.34 for BMI > 30 vs BMI 20-30; aOR 1.02, 95% Cl 0.53 to 1.87 for BMI >40 vs
BMI 20-30]. After stratifying into three groups by age, there were trends towards increased mortality with obesity in
the middle-aged (56-75 vs <55 years old) yet decreased mortality with obesity in the old (> 75 vs <55) (p=NS for

all). Advanced age and low albumin were the factors most strongly associated with death.

Conclusions: We found no association between obesity and death among patients with CDI, in contrast to most
other infections. Obesity is not likely to be useful for risk-stratifying hospitalized patients with CDI.
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Background

Clostridioides difficile infection (CDI) is the most com-
mon cause of nosocomial diarrhea in the developed
world and has been increasing in incidence and sever-
ity over the last two decades. There are 500,000 cases
of CDI annually in the United States, causing $4.8 bil-
lion in health care costs and 29,000 deaths [1, 2]. Sev-
eral potential reasons underlie the increased incidence
of CDI including the rise in the North American Pulsed
Field-1 (NAP-1) strain, increased use of broad-spectrum
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antibiotics, and altered patient demographics (i.e., older
patients who have more comorbidities and therefore
increased risk for CDI) [3-7].

Another potential reason for the rise in CDI may be
the concurrent worldwide rise in obesity. Obesity rates
have nearly tripled since 1975, and more than 650 mil-
lion adults are obese, posing an increasingly significant
challenge to health [8]. Obesity has been associated
with death and other adverse outcomes in most infec-
tions that, like CDI, frequently require hospitalization
or are associated with hospitalization. For example, in
HINI1 influenza infections, obesity increases the risk of
intensive care unit (ICU) admission, and morbid obe-
sity is associated with higher risk of death [9-11]. More
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recently, obesity has been associated with mortality in
SARS-CoV-2 infection in an age-dependent fashion [10].

Obesity causes a pro-inflammatory state that may
account for its association with adverse outcomes in
infections. Adipose tissue directly drives the production
of cytokines such as leptin, which induces chemokines,
increases neutrophil chemotaxis, enhances natural killer
cell cytotoxicity, and activates dendritic cells [12]. Leptin
mediates the inflammatory response to C. difficile toxin
A, and the increase of leptin in obesity thus may partially
explain the increased severity of CDI [13—15].

Obesity has not previously been studied as a risk fac-
tor for complications and mortality in CDI. Established
risk factors for adverse outcomes in CDI include leuko-
cytosis, elevated creatinine, older age and low serum
albumin [16-18]. It is unknown whether these variables
are optimal for prediction of CDI-associated mortality,
or whether addition of obesity to these other factors may
better help to predict the patients with CDI at the highest
risk for death. Improved risk-stratification of hospitalized
patients with CDI could focus resources on the patients
with the highest likelihood of death and also help to
define appropriate entry criteria for trials so that novel
therapies for CDI could be tested on the patients most
likely to experience adverse outcomes.

We performed a retrospective cohort study to deter-
mine whether obesity (as measured by BMI) is associ-
ated with mortality in CDI patients. We hypothesized
that obesity would demonstrate a non-linear relationship
with mortality, in which underweight and obese patients
would have higher mortality compared to normal weight
individuals. We further hypothesized that there would be
effect modification of this relationship based on age, as
has been observed for other infections [10].

Results

Population

There were 3851 patients included in the study. 558 (14%)
were underweight (BMI<20), 1310 (34%) were normal
weight (BMI 20-25), 1028 (27%) were overweight (BMI
25-30), 539 (14%) had class I obesity (BMI 30-35), 235
(6%) had class II obesity (BMI 35-40), 102 (3%) had class
III obesity (BMI 35-40), and 79 (2%) had extreme obesity
(BMI>45) (Table 1). Additional file 2: Table S1.

Baseline characteristics and death

Overall, 373 (9.7%) patients died within 30 days of the
index test for CDI. The median BMI was 25.6 (IQR 7.5) in
those who died within 30 days of CDI testing versus 25.2
(IQR 8.3) in those who did not die (rank-sum p=0.19).
When BMI was classified into categories, there was
no crude association between BMI and death (Table 1,
chi-squared p=0.32). Those who died were older, had
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Table 1 Clinical and demographic characteristics of hospitalized
patients with CDI patients, stratified by mortality

No death Death within  p value
within 30 days, 30 days, N (%)
N (%)
BMI
<20 519 (14.9%) 39 (10.5%) 032
20-25 1175 (33.8%) 35 (36.2%)
25-30 920 (26.5%) 108 (29.0%)
30-35 490 (14.1%) 49 (13.1%)
35-40 213( .1%) 22 (5.9%)
40-45 92 (2.6%) 10 (2.7%)
>45 69 (2.0%) 10 (2.7%)
Sex
Female 1830 (52.6%) 194 (52.0%) 0.82
Male 1648 (47.4%) 179 (48.0%)
Age
18-55 years 1102 (31.7%) 56 (15.0%) <0.01
56-75 years 1522 (43.8%) 180 (48.3%)
> 76 years 854 (24.6%) 137 (36.7%)
Race/ethnicity
Black 356 (10.2%) 37 (9.9%) 1.00
Hispanic 385 (11.1%) 41 (11.0%)
White 1930 (55.5%) 207 (55.5%)
Other 807 (23.2%) 88 (23.6%)
Charlson comorbidity index
0-3 points 1439 (41.4%) 62 (16.6%) <0.01
4-6 points 1682 (48.4%) 249 (66.8%)
>7 points 357 (10.3%) 62 (16.6%)
Vital signs
Temperature <35, >38 °C 578 (24.7%) 98 (41.0%) <0.01
Heart rate > 100 beats/min 1728 (56.5%) 247 (77 4%) <0.01
MAP <65 mmHg 940 (30.9%) 193 (62.1%) <0.01
Lab values
WBC count > 1 3/pL 1100 (31.6%) 208 (55.8%) <0.01
Hematocrit<37.2% 2375 (91.2%) 308 (96.9%) <0.01
Platelet count< 156 x 103/ 1302 (37.4%) 209 (56.0%) <0.01
uL
Total bilirubin>1.3 mg/dL 308 (14.0%) 86 (33.1%) <0.01
Albumin<3 g/dL 1306 (44.4%) 241 (70.5%) <0.01
Creatinine>1.5 mg/dL 1087 (31.4%) 218 (58.4%) <0.01
Hospitalization
Vasopressor use 533 (15.3%) 140 (37.5%) <0.01
ICU stay 914 (26.3%) 208 (55.8%) <0.01

Baseline characteristics of patients with Clostridioides difficile infection
(n=3851), stratified based on death within 30 days

CDi, Clostridioides difficile infection; BMI, body mass index; MAP, mean arterial
pressure; WBC, white blood cell; ICU, intensive care unit

more comorbidities, and had higher frequency of vaso-
pressor use and ICU requirement (Table 1). Those who
died were also more likely to have abnormal vital signs
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(temperature, heart rate, mean arterial pressure) and
abnormal lab values (leukocytosis, low hematocrit, low
platelets, increased total bilirubin, low albumin, and
increased serum creatinine).

Multivariable model for obesity and death

To identify the factors that independently predicted
short-term risk for death among hospitalized patients
with CDI, we constructed a multivariable model.
Included in this model a priori were creatinine, albumin,
WBC count, and ICU stay at the time of index CDI test-
ing. In this model, BMI was not associated with risk for
death in any BMI category (Table 2). Significant predic-
tors of death in the final model were older age, albumin
<3 g/dL, and increased comorbidities (Table 2). When
BMI was reclassified as an ordered variable, there was
also no risk for death associated with BMI (Cochran-
Armitage p=0.42). Finallyy, BMI was reclassified by
condensing it into BMI>30 and BMI>40. Again, there
was no significant association between BMI and 30-day
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mortality (aOR 0.96, 95% CI 0.69 to 1.34 for BMI>30 vs
BMI 20-30; aOR 1.02, 95% CI 0.53 to 1.87 for BMI >40 vs
BMI 20-30).

Age-stratified analyses

To account for the possibility of an age-based interac-
tion in the BMI-death relationship, we stratified the study
population into three age categories: 18 to 55, 56 to 75,
and >75 years old. When interaction terms were entered
into the final model for BMI as a categorical variable and
for age in its three strata, there was no evidence of inter-
action (i.e., p=NS for all interaction terms). Nonethe-
less, we elected to perform stratified analyses to better
understand the BMI-death relationship after accounting
for age. BMI was again classified into categories (<20,
20-25, 25-30, 30-35, 35-40, 40—45, and >45). When the
BMI-death relationship was examined visually, there was
some evidence of a trend towards increased risk for death
among those who were younger and obese and decreased
risk for death among those who were old and obese

Table 2 Final multivariable model including BMI and predictors of 30 day mortality among those with CDI

Adjusted odds ratio 95%
confidence
interval

Body mass index (BMI)

BMI<20 0.62 0.35,1.03
BMI 20-25 Reference

BMI 25-30 0.87 0.61,1.24
BMI 30-35 0.83 0.52,1.30
BMI 35-40 1.04 0.55,1.87
BMI 40-45 094 035,2.20
BMI>45 0.97 0.38,2.21
Age

Age 18-55 Reference

Age 56-75 1.55 1.03,2.37
Age>76 217 1.36,3.52
Comorbidities

Charlson comorbidity index 0-3 points Reference

Charlson comorbidity index 4-6 points 2.05 1.37,3.11
Charlson comorbidity index > 7 points 1.97 1.19,3.29
ICU stay 1.74 1.27,2.39
Lab values

Creatinine> 1.5 mg/dL 1.88 1.39,2.56
Albumin <3 g/dL 2.12 1.58,2.87
WBC count>15 x 103/pL 177 130,242
Platelet count < 156 x 103/uL 1.69 1.24,2.31
Total bilirubin> 1.3 mg/dL 2.01 143,282
Vital signs

Heart rate > 100 beats/min 1.72 1.19,2.51
MAP <65 mmHg 139 1.00,1.93

BMI, body mass index; WBC, white blood cell; ICU, intensive care unit; MAP, mean arterial pressure
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(Fig. 1, Cochran-Armitage p=0.33 for <55 years old,
0.14 for age 56-75, 0.37 for age>75). In an age-stratified
analysis, among those 18 to 55 years old, BMI of 35-40
was associated with increased risk for death compared
to BMI of 20-25 (aOR 4.58, 95% CI 1.20-16.1). How-
ever, there was low confidence in this estimate, and this
was the only BMI-death association observed in multi-
ple strata (Table 3). When age was reorganized into five
quintiles (18-34, 35-51, 52-68, 69-85, and >85 years
old), these results were substantively unchanged.

Hospital-free days

To determine whether healthcare utilization varied based
on BMI, we examined hospital-free days. There was no
significant difference in hospital-free days between BMI
groups (Kruskal-Wallis p=10.92, Table 4).

Crude 30-Day Mortality by BMI
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Fig. 1 Relationship between BMI and mortality, stratified by age.

A Trends for mortality based on BMI are visualized, after stratifying

by age. Whiskers show 95% confidence intervals. Blue: age group
18-55, red: age group 5675, green: age group > 76, and black: all
ages. B An alternative visualization of the BMI-death relationship as a
heatmap coded for the crude 30-day mortality rate. Again, data has
been stratified by age. Dark colors represent lower mortality rates;
light colors represent higher mortality rates. BMI, body mass index; Cl,
confidence interval
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Table 3 Age-stratified relationship between BMI and 30 day
mortality among hospitalized patients with CDI, after adjusting
for other factors

Age strata
Age 18-55 Age 56-75 Age >75
Cochran-armitage p for trend
BMI (per 033 0.14 037
category
increase)®

Adjusted odds ratios and 95% confidence intervals
BMI categories

BMI< 20 0.89 (0.27-2.63) 0.50(0.19-1.17) 056 (0.23-1.27)
BMI20-25  Reference Reference Reference
BMI25-30  0.86(0.31-2.27) 0.85(0.50-1.43)  0.85(0.47-1.53)
BMI 30-35 2(0.36-3.19) 0.69(0.35-1.30)  1.04 (0.44-2.33)
BMI35-40  4.58(1.20-16.06) 0.90 (O 38-195) 0.23(0.01-1.30)
BMI 40-45 0(0.06-7.03) 04 (0.31-2. 96) 0.68 (0.03-5.34)
BMI>45 9(0.16-5.48) (04 -401) -

Odds ratios adjusted for Charlson comorbidity index, increased serum
creatinine, low albumin, increased WBC count, ICU stay, abnormal heart rate,
abnormal MAP, abnormal platelet count, and abnormal total bilirubin

BMI, body mass index; WBC, white blood cell; ICU, intensive care unit; MAP, mean
arterial pressure

@The Cochran-Armitage test was used to assess trend across BMI categories
(same categories as specified in table)

Additional analyses

Additional analyses were performed for community-
acquired vs healthcare-associated CDI, based on insti-
tution, based on ethnicity/race, and based on ICU
stay. Among patients with community-acquired CDI
(n=2790), there was no significant association between
BMI category and 30-day mortality in any category or
when BMI was examined as an ordered variable. Among
patients with healthcare-associated CDI (n=1061), there
was a weak association between BMI <20 and decreased
30-day mortality (aOR 0.36, 95% CI 0.12—0.91). There

Table 4 Hospital-free days, stratified by BMI category

BMI categories Hospital-free

days
Median
(interquartile
range)
BMI <20 19.0 (15.24)
BMI 20-25 19.0 (17.22)
BMI 25-30 19.0(19.14)
BMI 30-35 19.0(19.11)
BMI 35-40 19.98 (14.36)
BMI 40-45 17.07 (16.87)
BMI>45 17.0 (24.60)

BMI, body mass index
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was also a weak association between increasing BMI and
mortality among BWH patients (aOR 1.23 per increase in
BMI category, 95% CI 1.04—1.44). Otherwise, there were
no significant associations between BMI category and
30-day mortality in the cohorts when stratified based on
institution, ethnicity/race, or hospitalization in the ICU;
this was true with BMI classified either as a discrete or
ordered variable.

Discussion

In this retrospective multicenter study including nearly
4000 patients hospitalized with C. difficile infection, we
found no association between BMI and thirty-day mor-
tality. This finding was very robust. It was true when
BMI was classified as a discrete variable to account for
the possibility of a non-linear relationship, when BMI
was classified more simply as >30 or >40, and when BMI
was treated as an ordered variable. We had hypothesized
that there would be an age-related interaction with BMI
(i.e., that being young and obese or old and thin would
associate with death compared to being normal weight).
Although there were subtle trends in this direction, this
hypothesis was not supported by the data. In multiple
secondary analyses—based on community-acquired ver-
sus healthcare-associated CDI, ICU stay, and other fac-
tors—the findings were similar. In addition, we found no
significant difference in hospital-free days based on BMI.
Currently, there is limited ability to predict adverse out-
comes among hospitalized patients with CDI. However,
based on these results, it is unlikely that BMI will be a
useful factor to further risk-stratify patients with CDI.
It also seems unlikely that the obesity epidemic explains
much of the rise in CDI observed since the 1990s.

Prior studies have produced some contradictory
results related to obesity and CDI. Bishara et al. found
that obesity was a risk factor for incident healthcare-
associated CDI, while Meier et al. found that high
BMI was associated with decreased risk of postopera-
tive CDI and Punni et al. found no difference in BMI
between CDI cases and controls [19-21]. Some studies
have suggested that obesity is associated with adverse
outcomes in CDI. Nathanson et al. found that being
underweight (BMI<19) or morbidly obese (BMI >40)
were both associated with increased risk of mortal-
ity in patients with CDI [22]. Nathanson’s study, like
ours, found no interaction between age and BMI [22].
Their cohort was comprised of patients presenting to
the emergency department with CDI, therefore focus-
ing on community-acquired infections. Their popula-
tion had lower BMI (33% with BMI<19.0 kg/m?) and
older age (32% older than 75) compared to patients in
our study [22]. Similar to Nathanson, Tariq et al. evalu-
ated in-hospital mortality for CDI patients but found
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that obesity, even morbid obesity, was associated with a
decreased risk of mortality in CDI [23]. In contrast, our
study included both community-acquired and hospital-
acquired CDI, with a primary outcome of thirty-day
all-cause mortality. The variation in population, time
frame, and outcome of interest may account for the dif-
ference in our results.

In general, obesity and being underweight are associ-
ated with increased risk for all-cause mortality [24, 25].
A review of the effect of BMI on infection outcomes
has also shown that obese or morbidly obese patients as
well as underweight patients have worse outcomes from
infectious diseases than normal weight patients [26].
Most of these studies have involved respiratory tract
infections [9-11, 27-31], leading to sepsis [32, 33] and
bacteremia [34]. CDI differs from other infections in that
it rarely is the direct cause of death. Rather, among hospi-
talized patients, CDI can contribute to an overall decline
in functional status, prolonged hospitalization, and
eventual death that is often from sepsis caused by other
healthcare-associated infections (e.g., bacteremia) [35]. It
is difficult to adjudicate cause of death among hospital-
ized patients with CDI [36].

Our study found that increased age, elevated creati-
nine, low albumin, leukocytosis, low platelet count, and
elevated total bilirubin were associated with increased
risk of 30-day mortality in CDI patients. These findings
are consistent with prior studies that have identified
increased age, leukocytosis, low albumin, and elevated
creatinine as risk factors for severe CDI and mortality in
CDI patients [18, 37]. The current IDSA/SHEA recom-
mends using leukocytosis and serum creatinine as well as
hypotension, shock, ileus, and megacolon to classify CDI
infection severity and guide treatment [38]. The Ameri-
can College of Gastroenterology recommends using a
slightly different classification scheme: hypoalbumine-
mia, leukocytosis, ICU stay, hypotension, fever, serum
lactate levels, mental status changes, and end organ
failure [39]. Increasing the accuracy of these prediction
models can help to allocate hospital resources and tar-
get new therapies toward those at greatest risk for CDI
mortality. Based on our results, BMI is not likely to prove
useful in this regard.

This study has some strengths. It was relatively large,
included three unaffiliated medical systems, and used
multiple secondary analyses to demonstrate that the
results are robust regardless of how BMI is operational-
ized. CDI was rigorously classified using both a positive
PCR result and administration of treatment [39]. Limi-
tations include the retrospective nature of the study and
the use of 30-day all-cause mortality, which may be less
specific than CDI-attributable mortality. Last, BMI was
used as a measure of obesity in this study, but markers of
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central obesity such as waist-hip ratio may better predict
death, especially in elderly or non-white patients [40].

Conclusions

In sum, this large, retrospective study found no asso-
ciation between BMI and 30 day all-cause mortality or
hospital-free days among hospitalized patients with
CDL Future studies seeking to risk-stratify hospitalized
patients with CDI may wish to test other novel variables
(e.g., platelet count or bilirubin levels) to improve prog-
nostication for hospitalized patients with CDI. Rise in
obesity is not likely to explain the concurrent rise in CDI.

Methods

Setting

This was a retrospective cohort study across three insti-
tutions, Columbia University Irving Medical Center
(CUIMC), Brigham and Women’s Hospital (BWH), and
NYU Langone Health (NYU). The timeframe of the
study, January 2010 to June 2018 for CUIMC and NYU
and June 2015 to December 2018 for BWH, reflects the
period when Cepheid stool polymerase chain reaction
(PCR) tests were used to diagnose CDI in all three insti-
tutions. The study received approval from the institu-
tional review boards of CUIMC, BWH, and NYU.

Population

Hospitalized adults 18 or more years old were included
in the study if they had a positive C. difficile PCR for the
toxin B gene performed on an unformed stool specimen
and received appropriate anti-CDI treatment within 48 h
of the index test (either before or after). If there were
multiple positive stool tests for a patient, the first test was
selected in order to study unique individuals. Patients
were excluded from the study if they did not have BMI
measured at the time of hospital admission, or if the BMI
was recorded as less than 10 or greater than 100 (Addi-
tional file 1: Fig. S1).

Obesity

Body mass index was used as a measure of obesity
because it was available retrospectively within the elec-
tronic medical record. We hypothesized based on prior
studies of obesity in patients with infections that the
relationship between obesity and mortality in patients
with CDI would be non-linear. Thus, we divided patients
into groups based on BMI (kg/m? as: <20 (under-
weight), 20-25 (normal weight), 25-30 (overweight),
30-35 (class I obesity), 35—-40 (class II obesity), 40—45
(class III obesity), and >45 (extreme obesity). BMI of
20-25, considered normal weight, was set as the refer-
ence category. We also performed analyses with BMI
classified as an ordered but non-linear variable using the
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Cochran-Armitage trend test and with BMI condensed
into fewer categories in order to increase the sample size
within the moderate to severe obesity categories; in these
analyses BMI > 30 and BMI >40 were each compared to a
reference category of BMI 20-30.

Primary outcome

The primary outcome was death from any cause within
30 days after the initial CDI test. Because of adjudication
of cause of death is notoriously challenging, we did not
attempt to distinguish CDI-related from CDI-unrelated
death [41].

Hospital-free days

Hospital-free days were examined as a continuous meas-
ure to describe healthcare utilization [42]. Hospital-
free days were calculated as the number of days alive
spent outside of the hospital during the 30 day period
after diagnosis of CDI. For example, if a patient was dis-
charged on day 5 after CDI diagnosis and died on day 25,
the patient had 20 hospital-free days. Hospital-free days
were compared between BMI categories using a Kruskal—
Wallis test (Additional file 2: Table S1).

Statistical approach

Demographic and clinical characteristics at the time of
the index CDI test were gathered from the electronic
medical record using automated queries. Age and Charl-
son comorbidity index were split into tertiles. Laboratory
values were defined categorically as normal or abnormal
based on the institutional laboratory reference ranges.
For serum creatinine and white blood cell count, cutoffs
were established based on the Infectious Diseases Society
of America (IDSA) and Society for Healthcare Epidemi-
ology of America (SHEA) CDI disease severity criteria
(white blood cell count > 15,000 cells/mL and serum cre-
atinine >1.5 mg/dL) [38]. To build the final multivari-
able model for death, BMI was entered and additional
variables were added stepwise, retaining those in the
final model that independently predicted death (p <0.05).
Creatinine, albumin, WBC count, and ICU stay were
included a priori as established predictors of mortality
in CDI. Statistically significant differences were defined
as p<0.05. All statistical analysis was performed using
Python and R.

Age-stratified analyses

Thirty-day mortality for each BMI category and age ter-
tile were graphed and visualized on a heatmap to assess
for an interaction between age and BMI. An age-strat-
ified logistic regression analysis for BMI and death was
performed within each age tertile, with BMI classified
as a discrete variable (same categories as above). BMI
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was also classified as an ordered variable, and relation-
ship to thirty-day mortality was assessed with Cochran-
Armitage trend testing.

Additional analyses

Several additional analyses were performed. First,
patients were classified as community-acquired (CA-
CDI) versus healthcare-associated CDI (HA-CDI)
using a cut-off of whether the index test was performed
within <72 h of hospital admission to define commu-
nity-acquired CDI. The BMI-death relationship was
then reassessed independently for CA-CDI and HA-
CDI. Stratified analyses were also performed for each
institution separately, each race/ethnicity group, and
based on whether patients were hospitalized in the ICU
at the time of testing for CDL
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