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Abstract

Background: Pneumonia is the third most common surgical compli-
cation after urinary tract infection and wound infections. In addition
to increased mortality, patients who develop postoperative pneumo-
nia have a higher risk of prolonged hospital stay, intensive care unit
(ICU) admissions, and higher healthcare costs. Obesity and chronic
obstructive pulmonary disease (COPD) are both independent risk
factors for the development and severity of postoperative pneumo-
nia, although the combined effect of these comorbidities is unknown.
Therefore, we evaluated whether the combination of severe obesity
and COPD is associated with an increased risk of postoperative pneu-
monia.

Methods: We performed a multicenter retrospective cohort study of
365,273 patients aged 18 - 64 years who were either severely obese
(body mass index (BMI) > 40 kg/m?) or normal-weight (BMI be-
tween 18.6 and 24.9 kg/m?) and underwent general surgery, orthope-
dic surgery, neurosurgery, otolaryngology surgery, urology surgery,
and vascular surgery in the American College of Surgeons (ACS) Na-
tional Surgical Quality Improvement Program (NSQIP) participating
hospitals from 2014 to 2018. We evaluated the combined effect of
COPD and severe obesity on the risk for postoperative pneumonia,
unplanned tracheal reintubation, and extended length of stay.

Results: The co-occurrence of severe obesity and COPD appeared to
have a protective effect on the risk of postoperative pneumonia. In the
presence of COPD, patients with severe obesity were 14% less likely
to develop pneumonia compared to their normal-weight counterparts
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(2.9% vs. 4.4%; adjusted relative risk (RR): 0.76; 95% confidence in-
terval (CI): 0.60, 0.95). In addition, in the presence of COPD, severe
obesity conferred a lower risk for requiring an extended length of stay
(37.6% vs. 47.9%; adjusted RR: 0.83; 95% CI: 0.78, 0.89).

Conclusions: Counterintuitively, the co-occurrence of severe obesity
with COPD appeared to buffer the negative impact of COPD on post-
operative pneumonia, unplanned tracheal reintubation, and prolonged
hospital stay after noncardiac surgery. These findings are consistent
with the obesity paradox and warrant further investigations.

Keywords: Severe obesity; COPD; Postoperative pneumonia; Un-
planned tracheal reintubation

Introduction

Pneumonia is the third most common surgical complication
after urinary tract infections and wound infections and is asso-
ciated with significant perioperative morbidity [1, 2]. Patients
who develop postoperative pneumonia have longer hospital
stays, are more likely to be admitted to the intensive care unit
(ICU) and are at a higher risk of early postoperative mortality
[3-5]. The morbidity of pneumonia accounts for an additional 6
- 9 hospital days resulting in approximately $46,000 - $52,466
in hospital costs per patient after abdominal surgery [6]. In ad-
dition, under the Patient Protection and Affordable Care Act,
hospitals with a high rate of 30-day readmissions for Medicare
patients incur financial penalties [7]. Therefore, an improved
understanding of complex risk factors associated with postop-
erative pneumonia may help identify these at-risk patients for
targeted postoperative monitoring and rehabilitation.

Obesity and chronic obstructive pulmonary disease
(COPD) are both independent risk factors for the develop-
ment and severity of postoperative pneumonia [8-13]. Post-
operative infections are highest among severely obese pa-
tients, potentially due to impaired immune function [14-17].
Severely obese patients may be at higher risk for aspiration
because of their susceptibility to gastroesophageal reflux and
hiatal hernia [18]. Furthermore, anatomical changes, including
excess adipose tissue in pharyngeal walls, increased intraab-
dominal pressure, and decreased chest wall compliance, may
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predispose patients with obesity to upper airway obstruction,
reduced lung volume, airway collapse, atelectasis, and post-
operative respiratory failure [18, 19]. In patients with COPD,
increased susceptibility to pulmonary infection has been attrib-
uted to several factors, including impaired gas exchange and
reduced mucociliary clearance, inflammation from airway in-
strumentation, preoperative airway bacterial colonization, and
surgery-induced immunosuppression [20-22].

Therefore, it is reasonable to assume that the combined
effect of obesity and COPD could potentiate the risk of post-
operative pneumonia. Unfortunately, research examining both
comorbidities in relation to postoperative pneumonia is cur-
rently unavailable. Therefore, this study evaluated whether the
joint presence of obesity and COPD in patients increases their
risk of postoperative pneumonia among a cohort of patients
who underwent inpatient surgical procedures.

Materials and Methods

Data source

We analyzed a multicenter retrospective dataset from the
American College of Surgeons National Surgical Quality Im-
provement Program (NSQIP) database from 2014 to 2018.
The NSQIP is a multi-institutional surgical risk-adjusted,
outcomes-based program that collects over 135 pre, intra, and
postoperative clinical variables, including demographics, co-
morbidities, laboratory values, and tracks patient outcomes for
up to 90 days postoperatively from > 600 participating hospi-
tals [23]. In addition, trained surgical clinical reviewers identi-
fy data by current procedural terminology, collect, record data,
and periodically perform random audits to ensure data accu-
racy and fidelity [23]. Our Institutional Review Board waived
informed consent because our study was not considered hu-
man subjects research. This study was conducted in compli-
ance with the ethical standards of the responsible institution on
human subjects as well as with the Helsinki Declaration.

Study design and population

We performed a retrospective cohort study of patients aged
between 18 and 64 years who were either severely obese
(body mass index (BMI) > 40 kg/m?) or normal-weight (BMI
between 18.6 and 24.9 kg/m?) [24] and underwent general
surgery, orthopedic surgery, neurosurgery, otolaryngology
surgery, urology surgery, and vascular surgery. We excluded
patients who had a history of dyspnea prior to surgery, required
mechanical ventilation in the 48 h prior to surgery, were di-
agnosed with sepsis preoperatively, or who were admitted for
emergency surgery.

Outcome of interest

The outcome of interest was postoperative pneumonia, diag-
nosed when predefined standardized criteria (clinical, radio-
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logical, or laboratory) are met. The radiological criteria consist
of a chest radiological examination that demonstrates either
an infiltrate, a consolidation, a cavitation, or a pleural effu-
sion. The clinical (or laboratory) criteria include meeting one
of two sections: 1) New onset of purulent sputum, or change
in the character of sputum, or increased respiratory secretions,
or increased suctioning requirements; new onset or worsen-
ing cough, dyspnea, or tachypnea; rales or rhonchi, worsening
gas exchange; 2) Microscopic evidence of bacterial pneumo-
nia. The clinical, radiologic, and microbiologic criteria used in
the NSQIP were summarized here (Supplementary Material 1,
www.jocmr.org). Our secondary outcome was unplanned tra-
cheal reintubation within 30 days following surgery. We also
explored the risk of extended length of postoperative hospital
stay, defined as length of stay (LOS) longer than the 75th per-
centile of the study cohort.

Statistical analysis

We summarized categorical variables as frequencies and col-
umn percentages. Non-continuous variables were summarized
as median (interquartile range (IQR)). We evaluated the risk of
pneumonia in the presence or absence of COPD and according
to whether patients were severely obese or normal-weight. To
this end, we first divided the study population into four mu-
tually exclusive groups: 1) Normal-weight patients without
COPD (doubly unexposed); 2) Normal-weight patients with
COPD; 3) Severely obese patients without COPD; and 4) Se-
verely obese patients with COPD (doubly exposed). We then
used log-binomial regression models to estimate the relative
risk (RR) and its 95% confidence intervals (CIs) adjusting for
covariates, selected a priori, based on our hypothesis of con-
founding the association between COPD and postoperative
pneumonia: gender (female vs. male), current smoking status
(within 1 year of surgery), American Society of Anesthesi-
ologists (ASA) physical classification (> 3 vs. < 3), diabetes
(noninsulin-dependent or insulin-dependent diabetes mellitus:
yes vs. n0o), dyspnea (at rest or moderate exertion: yes vs. no),
functional health status within 30 days of surgery (dependent
vs. independent), history of chronic heart failure within 30
days of surgery (yes vs. no), hypertension (yes vs. no), cor-
ticosteroid use for a chronic condition (yes vs. no), and surgi-
cal specialty. We considered being statistically significant a P
value of < 0.05. All analyses were performed with STATA 16
(StataCorp).

Results

Demographic and clinical characteristics

We analyzed a total of 365,273 patients who met inclusion cri-
teria during the 5-year study period spanning between 2014
and 2018, of whom 9,329 (2.6%) had COPD (Table 1). Among
patients without COPD, 50.4% (n = 179,451) were normal-
weight, and 49.6% (n = 176,493) were severely obese. Among
patients with COPD, 54.6% (n = 5,095) were normal-weight,
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Table 1. Baseline Characteristics of the Study Population (NSQIP 2014 - 2018)

COPD absent (n = 355,944)

COPD present (n =9,329)

Characteristics Overall
Normal weight Severe obesity  Normal weight Severe obesity
Study population 365,273 179,451 (50.4) 176,493 (49.6) 5,095 (54.6) 4,234 (45.4)
Age, median (IQR) 50 (38, 58) 52 (39, 59) 47 (37, 56) 59 (55, 62) 56 (51, 60)
Female sex 227,426 (62.3) 98,344 (54.8) 123,752 (70.1) 2,479 (48.7) 2,851 (67.3)
Smoker within 1 year of surgery 82,042 (22.5) 51,204 (28.5) 25,265 (14.3) 3,735 (73.3) 1,838 (43.4)
ASA>3 206,921 (56.7) 71,509 (39.9) 127,082 (72.1) 4,362 (85.7) 3,968 (93.9)
Diabetes 5,7027 (15.6) 12,987 (7.2) 41,619 (23.6) 634 (12.4) 1,787 (42.2)
Functional dependency 7,750 (2.1) 4,068 (2.3) 3,154 (1.8) 264 (5.2) 264 (6.3)
CHF 30 days before surgery 1,467 (0.4) 517 (0.3) 693 (0.4) 112 (2.2) 145 (3.4)
Hypertension requiring medication 129,615 (35.5) 40,655 (22.7) 83,033 (47.0) 2,733 (53.6) 3,194 (75.4)
Steroid use for chronic condition 18,696 (5.1) 12,562 (7.0) 5,445 (3.1) 404 (7.9) 285 (6.7)
Surgical specialty
General 235,823 (64.6) 105,331 (58.7) 126,095 (71.4) 2,130 (41.8) 2,267 (53.5)
Neurosurgery 31,343 (8.6) 19,564 (10.9) 10,837 (6.1) 619 (12.1) 323 (7.6)
Orthopedics 55,055 (15.1) 25,314 (14.1) 27,878 (15.8) 850 (16.7) 1,013 (23.9)
ENT 8,902 (2.4) 6,354 (3.5) 2,369 (1.3) 124 (2.4) 55(1.3)
Urology 17,471 (4.8) 11,574 (6.4) 5,456 (3.1) 279 (5.5) 162 (3.8)
Vascular 16,679 (4.6) 11,314 (6.3) 3,858 (2.2) 1,093 (21.5) 414 (9.8)
Year of surgery
2014 66,085 (18.1) 32,691 (18.2) 31,613 (17.9) 988 (19.4) 793 (18.7)
2015 72,926 (20.0) 35,877 (20.0) 35,131 (19.9) 999 (19.6) 919 (21.7)
2016 78,235 (21.4) 37,962 (21.2) 38,384 (21.7) 1,022 (20.1) 867 (20.5)
2017 77,604 (21.2) 37,486 (20.9) 38,139 (21.6) 1,092 (21.4) 887 (20.9)
2018 70,423 (19.3) 35,435 (19.7) 33,226 (18.8) 994 (19.5) 768 (18.1)

NSQIP: National Surgical Quality Improvement Program; COPD: chronic obstructive pulmonary disease; IQR: interquartile range; ASA: American
Society of Anesthesiologists; CHF: chronic heart failure; ENT: ear, nose, and throat.

and 45.4% (n = 4,234) were severely obese. In the absence
of COPD, severely obese patients were more likely to be fe-
male (70.1% vs. 54.8%), to have an ASA class >3 (72.1% vs.
39.9%), to have diabetes (23.6% vs. 7.2%), to have hyperten-
sion requiring medication (47.0% vs. 22.7%); but less likely to
have smoked within 1 year of surgery (14.3% vs. 28.5%) and
use steroid for a chronic condition (3.1% vs. 7.0%). Similar
differences were observed between normal-weight and severe-
ly obese patients in the presence of COPD.

Combined effects of obesity and COPD

Out of the 365,273 total patients, 3,554 developed pneumo-
nia (1.0%), 2,443 required unplanned tracheal reintubation
following surgery (0.7%), and 100,785 required an extended
length of hospital stay (27.6%). Overall, patients with COPD
were more likely to develop pneumonia following surgery
(3.7% vs. 0.9%; adjusted RR: 2.07; 95% CI: 1.84, 2.33). In
addition, COPD conferred a higher risk of unplanned tracheal
reintubation (2.4% vs. 0.6%; adjusted RR: 1.80; 95% CI: 1.56,
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2.08) and extended LOS (43.2% vs. 27.2%; adjusted RR:1.12;
95% CI: 1.08, 1.15) (Fig. 1).

The co-occurrence of severe obesity and COPD appeared
to have a protective effect on the risk of postoperative pneu-
monia. Specifically, in the presence of COPD, patients with
severe obesity were 14% less likely to develop pneumonia
compared to their normal-weight counterparts (2.9% vs. 4.4%;
adjusted RR: 0.76; 95% CI: 0.60, 0.95). The protective effect
of severe obesity was also observed for the requirement of ex-
tended LOS (37.6% vs. 47.9%; adjusted RR: 0.83; 95% CI:
0.78, 0.89). In the presence of COPD, severe obesity conferred
a lower risk of unplanned tracheal reintubation relative to nor-
mal weight, however, the statistical significance was lost after
adjusting for baseline covariates (2.0% vs. 2.7%; adjusted RR:
0.79%; 95% CI: 0.60, 1.05) (Table 2).

Discussion

Although obesity and COPD are known factors for the de-
velopment of postoperative pneumonia, we are unaware of a
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Figure 1. Thirty-day cumulative incidence of postoperative pneumonia, unplanned reintubation, and requirement for an extended
postoperative LOS among 450,405 patients undergoing general surgery. Patients with COPD were more likely to develop post-
operative pneumonia (adjusted RR: 2.07; 95% CI: 1.84, 2.33), require unplanned reintubation (adjusted RR: 1.80; 95% ClI: 1.56,
2.08) and extended LOS (adjusted RR:1.12; 95% CI: 1.08, 1.15), after adjusting for gender, current smoking status, American
Society of Anesthesiologists (ASA) physical classification, diabetes, functional health status within 30 days of surgery, history of
chronic heart failure within 30 days of surgery, hypertension, corticosteroid use for a chronic condition, surgical specialty, and
year of surgery. LOS: length of stay; COPD: chronic obstructive pulmonary disease; RR: relative risk; Cl: confidence interval.

previous study exploring their combined effects on the risk of
postoperative pneumonia. Consistent with previous studies,
we found that COPD conferred a higher risk of postoperative
pneumonia with or without the presence of severe obesity [20,
25, 26]. However, counterintuitively, the presence of COPD
carried a poorer prognosis in normal-weight patients relative
to patients with severe obesity. Such a paradoxical relation-
ship of severe obesity and COPD with postoperative pneumo-
nia mirrors previous studies describing the perceived protec-
tion of obesity against some chronic debilitating diseases and
post-surgical pulmonary complications [27-32]. Results from
a retrospective cohort study on patients with COPD who used
tobacco found that obesity was associated with a lower risk
for mortality compared to normal weight [33]. Similarly, in
another retrospective study of patients with pulmonary hyper-
tension undergoing right-sided heart catheterization, patients
with obesity had a lower risk of mortality compared to normal
weight patients [34]. Our study findings together with data
from these studies support and contribute to the growing body
of evidence for the “obesity paradox”.

Several theories related to patient characteristics and pro-
vider behavior may explain why obesity appears to modify the
association between COPD and postoperative pneumonia. One
distinctive pathophysiologic feature of COPD is lung hyper-
inflation due to loss of normal lung elastase and limited ex-
piratory flow [35, 36]. These changes decrease vital capacity
and tidal volume and limit the ability to respond to increased
minute ventilation needs, as seen after surgery [37-40]. Obe-
sity decreases chest wall compliance (due to increasing mass),
decreasing the expiratory reserve volume and, therefore, func-
tional residual capacity. This results in increased atelectasis
which may predispose to hypoxemia following general anes-
thesia. Thus, each condition has unique pathophysiologic rea-
sons to increase the risk of pneumonia postoperatively. How-
ever, almost 40 years ago, Ora et al demonstrated that obesity
protected against both static and dynamic lung hyperinflation
producing favorable pulmonary mechanics which were protec-
tive against dyspnea [40]. Thus, it is likely that pulmonary me-
chanical challenges of obesity and COPD offset one another to
normalize the risk of postoperative pneumonia.

Due to increased muscle mass, obese patients may have
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a greater nutritional and metabolic reserve, particularly of
amino acids [41]. This increased reserve may better resist the
catabolic effects of COPD and the initial infectious process
than healthy-weight counterparts [42, 43]. Furthermore, the
increased nutritional reserves may help obese patients to with-
stand the alteration in metabolic and inflammatory stress that
follows surgery [15, 44]. In support of this assertion, Windsor
and colleagues, in their study of risk factors for postoperative
pneumonia, reported that patients with preoperative protein
depletion were significantly more likely to develop pneumonia
following abdominal surgery [45].

The comorbidity of COPD and severe obesity may trigger
heightened monitoring from clinicians, thus reducing the risk
of preventable complications, including pneumonia. In addi-
tion to increased monitoring, there may be heightened aware-
ness among clinicians for intervening at the earliest sign of
a respiratory issue in these patients, thereby preventing the
development and progression of postoperative pneumonia
[35]. Alternatively, in an effort to prevent perioperative com-
plications, surgical patient selection may have biased toward
“healthy” obese patients in this non-bariatric surgical cohort.

Our findings should be interpreted with the limitations
inherent in a retrospective cohort study design, including the
possibility of errors as can be seen in any large dataset. First,
we did not separate the diagnostic subtypes of postoperative
pneumonia, expressly ventilator-associated (VAP) vs. hospital-
acquired, which may have different risk profiles in the obese
and COPD population. Second, we did not examine the type
and extent of surgery in the study cohort. Evidence suggests
that the likelihood of developing post-surgical nosocomial in-
fections ranges between 1.5% and 57% depending on the type
and extent of surgery [6]. It may be possible that the severely
obese COPD patients in our dataset were more likely to have
minor surgeries than the healthy-weight COPD cohort, thereby
reducing their potential risk of pneumonia. Third, it is plausible
that postoperative pneumonia diagnosis could be misclassified
by overlapping diagnoses such as aspiration pneumonia, pul-
monary edema, and pulmonary embolism. Even so, we have
no reason to believe that such misclassification bias will skew
towards a particular weight group, and it is unlikely to be wide-
spread enough to explain away our findings. Fourth, we did not
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Table 2. Associations of COPD, Stratified by Obesity Status, With Pneumonia, Unplanned Reintubation, and Extended LOS

P value
<0.001
<0.001

Adjusted analysis
Risk ratio (95% CI)
0.53 (0.46, 0.61)
0.30 (0.26, 0.35)

Reference

P value
<0.001
<0.001

Unadjusted analysis
Risk ratio (95% CI)
0.25 (0.22, 0.29)
0.15(0.13, 0.18)

Reference

(95% CI)

1.1

Number of Number Risk, in %
children of events
2,005

179,451
176,493

5,095

Obesity status

COPD

Outcome

Normal weight

Absent

Pneumonia

0.7
4.4
2.9

0.7

1,201
226

Severe obesity

Normal weight

Present

0.015

0.76 (0.60, 0.95)
0.60 (0.50, 0.72)
0.39 (0.32, 0.47)

Reference

<0.001
<0.001
<0.001

0.65 (0.52, 0.81)
0.27 (0.22, 0.32)
0.19 (0.16, 0.23)

Reference

4,234 122

Severe obesity

<0.001
<0.001

1,300
920

179,451

Absent Normal weight

Unplanned reintubation

Articles © The authors

0.5
2.7

176,493
5,095

Severe obesity

139
84

Normal weight

Present

0.103
<0.001
<0.001

0.79 (0.60, 1.05)

0.021

0.73 (0.55, 0.95)
0.74 (0.71, 0.77)
0.39 (0.37, 0.41)

Reference

2.0

4,234

Severe obesity

1.08 (1.03, 1.12)
0.54 (0.51, 0.56)

Reference

<0.001
<0.001

35.6
18.7

63,807
32,946
2,441

179,451

Normal weight

Absent

Extended LOS

176,493
5,095

Severe obesity

| Journal compilation © ] Clin Med Res and Elmer Press Inc™

47.9
3

Normal weight

Present

<0.001

0.83 (0.78, 0.89)

<0.001

0.78 (0.74, 0.84)

4,234 1,591 7.6

Severe obesity

Models were adjusted for gender, current smoking status, American Society of Anesthesiologists (ASA) physical classification, diabetes, functional health status within 30 days of sur-
gery, history of chronic heart failure within 30 days of surgery, hypertension, corticosteroid use for a chronic condition, surgical specialty, and year of surgery. COPD: chronic obstructive

pulmonary disease; LOS: length of stay; CI: confidence interval.

explore the other possible causes of unintended tracheal rein-
tubation such as anesthetic or surgical complications, nor did
we explore other postoperative complications such as wound
or urinary tract infections, and deep vein thrombosis (DVT),
which may confound our findings on extended length of hos-
pital stay. Finally, we could not determine from the NSQIP da-
tabase, the severity of COPD among the study subjects based
on the GOLD/ABCD classification. Given the information in-
cluded in the database, we were unable to determine if chronic
corticosteroid use was in place for the treatment of COPD.

Our retrospective study of a multi-institutional dataset re-
vealed that the co-occurrence of severe obesity and COPD was
associated with a lower rate of postoperative pneumonia. While
various surgical complications are associated with COPD, its
combination with severe obesity was counterintuitively associ-
ated with lower rates of extended hospital stay. However, we
caution against interpreting this perceived protective effect of
severe obesity in the presence of COPD to promote obesity or
suggest excess weight gain in patients with COPD undergoing
surgery. Although the underlying mechanism explaining the
obesity paradox may differ across different health outcomes,
our study provides additional evidence of the pulmonary me-
chanical consequences of the obesity paradox and warrant fur-
ther research.

Supplementary Material

Suppl 1. NSQIP definition of pneumonia.
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