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Purpose: To determine the prevalence of pulmonary embolism in obese patients according to age, gender and
comorbid conditions and explore the relation of obesity to mortality.
Methods: The number of patients discharged from short-stay hospitals throughout the United States from
1998–2008 with pulmonary embolism who were obese or not obese, and in-hospital all-cause mortality
were determined from the Nationwide Inpatient Sample.
Results: From 1998–2008, 203,500 of 17,979,200 (1.1%) obese patients were diagnosed with pulmonary em-
bolism compared with 2,034,100 of 346,049,800 (0.6%) non-obese patients [relative risk (RR) =2.03]. Rela-
tive risk for pulmonary embolism was highest among obese patients aged 11–20 years (RR=5.80) and was
higher in obese women (RR=2.08) than in obese men (RR=1.74). Mortality was 4.3% in obese patients with

pulmonary embolism compared with 9.5% in non-obese patients (RR=0.45). Obesity had the greatest effect
on mortality in older patients and little effect in teenagers and young adults. Among stable patients who did
not receive thrombolytic therapy, mortality was 3.8% in obese patients and 8.4% in non-obese patients
(RR=0.45). Among unstable patients, obesity had little effect on mortality.
Conclusions: The prevalence of pulmonary embolism in hospitalized patients was higher in obese patients
than in non-obese patients. Mortality in patients with pulmonary embolism was lower in obese patients
than in non-obese patients, with the greatest effects in women, older patients and stable patients.
© 2011 Elsevier Ltd. All rights reserved.
Introduction

There is now considerable evidence that obesity is a risk factor for
pulmonary embolism [1–5]. Obesity was suspected to be a risk factor
for fatal post-operative pulmonary embolism in 1927 [6]. Over the
years, high proportions of patients with venous thromboembolic dis-
ease were found to be obese [7,8]. Earlier data (1959 and 1983)
showed an increased risk of pulmonary embolism in women, but
not in men [2,3]. In 1997, data from the Nurses’ Health study among
women aged 30–55 years showed a relative risk for pulmonary em-
bolism of 2.9 in women with a body mass index ≥29 kg/m2 [4]. Sub-
sequently, in 1999, an investigation in middle-aged men showed
obesity to be a risk factor for venous thromboembolism [9]. In 2003,
the prevalence of deep venous thrombosis was shown to be increased
in obese men and obese women [10]. Some, however, found no evi-
dence that obesity was an independent risk factor for venous throm-
boembolism in men or women [11].
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A paradoxical life-sparing effect of obesity has been observed in
which the mortality from pulmonary embolism was lower in obese
patients than non-obese patients [12]. In the present investigation,
we use the database of the Nationwide Inpatient Sample to strength-
en and expand the evidence that obesity is a risk factor for pulmonary
embolism and further explore the relation of obesity to mortality in
pulmonary embolism.

Methods

The number of patients discharged from short-stay hospitals through-
out theUnited States from1998 through 2008with pulmonary embolism
whowere diagnosed with obesity, and the number whowere not diag-
nosed with obesity were determined from the Nationwide Inpatient
Sample, Healthcare Cost and Utilization Project, Agency for Healthcare
Research andQuality [13]. TheNationwide Inpatient Sample is designed
to approximate a 20% sample of nonfederal, short-term (acute care)
hospitals as defined by the American Hospital Association, and is strat-
ified according to geographic region, ownership, location, teaching sta-
tus, and bed size [13]. From 1998 through 2008 the Nationwide
Inpatient Sample contained all discharge data from 984 to 1,056 hospi-
tals located in 22 to 42 states. In 2008 this sample comprised
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Table 1
International Classification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM)
Codes Used.

Illness or Procedure ICD-9-CM Codes Used

Pulmonary embolism 415.1, 634.6, 635.6, 636.6, 637.6, 638.6, and 673.2
Obesity* 278.0
Thrombolytic therapy Procedure code 99.10
Shock 785.5
Ventilator-dependent V461

* The basis for the diagnosis of obesity was not stated.
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approximately 90 percent of all hospital discharges in the United States
[13]. Weights are provided to calculate national estimates. The Nation-
wide Inpatient Sample is drawn from those states participating in the
Healthcare Cost and Utilization Project. The Nationwide Inpatient Sam-
ple contains uniform inpatient data collected from existing hospital dis-
charge databases maintained by state agencies, hospital associations,
and other private data organizations [13].

The International Classification of Diseases, 9th Edition, Clinical
Modification (ICD-9-CM) codes were used to identify patients and pro-
cedures (Table 1). Unstable was defined as having a discharge code for
shock or ventilator-dependence. Patients with a first listed diagnostic
code for pulmonary embolismwere considered to have a primary diag-
nosis and we assumed that they were admitted to the hospital because
of pulmonary embolism.

Conditions included in the Charlson Comorbidity Index [14] and
the ICD-9-CM codes we used to identify these conditions are shown
in Table 2. This method of classifying comorbidity provides a simple,
readily applicable and valid method of estimating risk of death from
comorbid disease [14].

Statistical Methods

Mortality was defined as the proportion of deaths among patients
with pulmonary embolism. Differences in prevalences of pulmonary
embolism in obese and non-obese patients and differences of mortal-
ity were assessed by chi-square using Graph Pad Software (San Diego,
CA). Relative risk and 95% confidence intervals (CI) were calculated
using calculator for confidence intervals of relative risk (www.sign.
ac.uk/methodology/risk.xls).
Table 2
Comorbid Conditions in Obese and Non-obese Patients with Pulmonary Embolsim.

Condition ICD-9-CM odes

Age (Mean±SD)
Acute Myocardial infarction 410
Heart failure 428
Peripheral vascular disease 440.2, 443.9
Cerebrovascular disease 430-438
Dementia 290
Chronic obstructive pulmonary disease 490-496
Rheumatologic disease 710.0, 710.1, 710.4, 714.0, 714.1, 714.2, 71
Ulcer disease 531-534
Acute or chronic liver disease 570,571
Diabetes mellitus 250.0-250.3
Hemiplegia and hemiparesis 342.0-342.9
Paraplegia 344.1
Moderate or severe renal disease 580-586, 588
Diabetes with chronic complications 250.4-250.6
Any neoplasms, leukemia, lymphoma 140-195, 200-208
Metastatic cancer 196-199
HIV and AIDS 042

*Patients may have more than one comorbid condition.
ICD-9-CM=International Classification of Diseases, 9th Edition, Clinical Modification.
HIV=human immunodeficiency virus.
AIDS=Acquired immune deficiency syndrome.
Results

Prevalence of Pulmonary Embolism with Obesity

From 1998 through 2008, 203, 500 of 17,979,200 (1.1%) obese pa-
tients were diagnosed with pulmonary embolism compared with
2,034,100 of 346,049,800 (0.6%) who did not have a discharge diagnos-
tic code of obesity (relative risk 2.03, Pb0.0001) (Table 3). The relative
risk for pulmonary embolism among obese patients was highest among
patients aged 11–20 years (relative risk 5.80) (Table 3). The prevalence
of pulmonary embolism in obese and non-obese patients according to
age is shown in (Fig. 1).

Comorbid conditions listed in the Charlson Index in obese and non-
obese patients with pulmonary embolism are shown in Table 2. Obese
patients had a lower prevalence of more comorbid conditions than
non-obese patients, but chronic obstructive pulmonary disease, diabe-
tes mellitus and diabetes with chronic complications weremore preva-
lent in obese patients.

The prevalence of hospitalized patients diagnosed with obesity in-
creased from 2.9% in 1998 to 7.6% in 2008 (Fig. 2). The proportion of
hospitalized patients who had pulmonary embolism increased from
1998–2008 in both obese and non-obese patients. In 1998, 8,000 of
892,300 (0.9%) obese hospitalized patients had pulmonary embolism
and in 2008, 36,000 of 2,670,100 (1.3%) obese patients had pulmo-
nary embolism. In 1998, 119,400 of 29,626,000 (0.4%) non-obese hos-
pitalized patients had pulmonary embolism and in 2008, 275,600 of
32,390,400 (0.9%) non-obese patients had pulmonary embolism.

The relative risk for pulmonary embolism in obese patients de-
creased with increasing age until>aged 70 years (Table 3). The rela-
tive risk for pulmonary embolism was higher in obese women (2.08)
than in obese men (1.74) (Table 3). The relative risk for pulmonary
embolism was somewhat higher in obese black patients than obese
white patients (Table 3).
Mortality in Patients with Pulmonary Embolism and Obesity

All-cause in-hospital mortality was lower in obese patients with
pulmonary embolism than in non-obese patients, 8,800 of 203,400
(4.3%) compared with 193,600 of 2,031,700 (9.5%) (relative risk
0.45) (Pb0.0001) (Table 4). The relative risk for in-hospital death in
obese females was 0.43 and in obese males relative risk was 0.50.
Obese* 203,530 n(%) Non-obese 2,034,130 n(%) P Value

55±16 64±18 b 0.0001
4,740 (2.3) 77,210 (3.8) b 0.0001
30,650 (15) 328,760 (16) b 0.0001
3,120 (1.5) 44,020 (2.2) b 0.0001
4,930 (2.4) 109,290 (5.4) b 0.0001
305 (0.1) 16,960 (0.8) b 0.0001
53,570 (26) 484,860 (24) b 0.0001

4.8 1,620 (0.8) 20,440 (1.0) b 0.0001
2,010 (1.0) 29,690 (1.5) b 0.0001
2,670 (1.3) 25,860 (1.3) NS
57,780 (28) 271,750 (13) b 0.0001
650 (0.3) 13,560 (0.7) b 0.0001
460 (0.2) 6,030 (0.3) b 0.0001
15,380 (7.6) 202,290 (10) b 0.0001
5,800 (2.8) 33,330 (1.6) b 0.0001
11,730 (5.8) 346,060 (17) b 0.0001
5,620 (2.8) 220,890 (11) b 0.0001
170 (0.1) 10,700 (0.5) b 0.0001

http://www.sign.ac.uk/methodology/risk.xls
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Table 3
Prevalence of Pulmonary Embolism in Obese and Non-obese Patients.

PE/Obese (%) PE/Not Obese (%) Relative Risk (95% CI)

Male* 71,700/6,212,300 (1.2) 911,700/137,325,100 (0.7) 1.74 (1.73-1.75)
Female 131,800/11,758,600 (1.1) 1,121,800/208,261,500 (0.5) 2.08 (2.07-2.09)
White 112,500/9,539,800 (1.2) 1,157,400/181,324,100 (0.6) 1.85 (1.84-1.86)
Black 28,400/2,376,700 (1.2) 209,300/34,711,500 (0.6) 1.98 (1.96-2.01)
Age Groups
1-10 -/56,200 (−)** 1,300/10,361,100 (0.01) -
11-20 2,200/370,500 (0.6) 18,600/18,179,200 (0.1) 5.80 (5.55-6.07)
21-30 11,000/1,207,500 (0.9) 76,900/40,823,300 (0.2) 4.48 (4.74-4.93)
31-40 24,700/2,203,200 (1.1) 134,300/39,782,300 (0.3) 3.33 (3.29-3.38)
41-50 39,900/3,499,200 (1.1) 223,200/37,922,400 (0.6) 1.95 (1.93-1.97)
51-60 47,800/4,187,100 (1.1) 305,600/41,631,000 (0.7) 1.56 (1.54-1.57)
61-70 41,200/3,485,300 (1.2) 392,200/46,894,400 (0.8) 1.41 (1.40-1.43)
71-80 28,600/2,277,900 (1.3) 495,900/58,386,500 (0.8) 1.48 (1.46-1.50)
> 80 8,200/692,300 (1.2) 386,100/52,165,400 (0.7) 1.60 (1.57-1.64)
Total 203,500/17,979,200 (1.1) 2,034,100/364,049,800 (0.6) 2.03 (2.02-2.03)

PE=pulmonary embolism; CI=confidence interval.
*Gender data missing in some.
** Insufficient data.
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The relative risks for mortality were similar in obese black patients
and obese white patients.

All-cause in-hospital mortality increased in non-obese patients after
aged 30 years and in obese patients after aged 40 years (Table 4, Fig. 3).
There was less of an increasing mortality with age in obese adults than
non-obese adults.

Mortality, Stable and Unstable Patients

The greater the severity of the pulmonary embolism, the less obe-
sity was associated with a lower mortality. Among patients who were
stable and did not receive thrombolytic therapy, in-hospital all-cause
mortality was 7500 of 197,200 (3.8%) in obese patients and 165,300
of 1,956,700 (8.4%) in non-obese patients (relative risk 0.45, 95% CI
0.44-0.46) (Pb0.0001) (Fig. 4).

Among patients who were stable and received thrombolytic ther-
apy; in-hospital all-cause mortality was 400 of 4000 (10.0%) in obese
patients and 3200 of 23,900 (13.4%) in non-obese patients (relative
risk 0.75, 95% CI 0.68-0.82) (Pb0.0001) (Fig. 4).

Among patients who were unstable, in-hospital all-cause mortali-
ty was 1,000 of 2,300 (43.5%) in obese patients and 25,100 of 53,500
(46.9%) in non-obese patients (relative risk 0.93, 95% CI 0.88-0.97)
(P=0.0013) (Fig. 4).

Prevalence with No Comorbidity

The proportion of patients who had a primary (first listed) diagno-
sis of pulmonary embolism and no associated comorbid condition
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Fig. 1. Prevalence of pulmonary embolism (PE) according to age in hospitalized obese
and non-obese patients.
listed in the Charlson Index was 61,800 of 17,979,200 (0.4%) in
obese patients and 557,600 of 346,049,800 (0.2%) in non-obese pa-
tients (relative risk 2.13, 95% CI 2.12-2.15) (Pb0.0001).

Mortality with No Comorbidity

Among patients with a primary diagnosis of pulmonary embolism
who had none of the comorbid conditions listed in the Charlson
Index, we assume that deaths were caused by pulmonary embolism.
In-hospital mortality attributable to pulmonary embolism among
these patients was 800 of 61,800 (1.3%) in obese patients compared
with 12,500 of 557,300 (2.2%) in non-obese patients (relative risk
0.58) (Pb0.0001) (Table 5, Fig. 5). The relative risk for mortality
from pulmonary embolism was lower in obese women than in
obese men. The relative risk for mortality was somewhat lower in
obese blacks than obese whites.

Discussion

The prevalence of pulmonary embolism in hospitalized patients
throughout the United States from 1998–2008 was higher in obese
patients than non-obese patients. The prevalence of pulmonary em-
bolism was higher in hospitalized obese women than obese men.
The relative risk for pulmonary embolism, comparing obese to non-
obese patients, was highest in teenagers and young adults, and the
relative risk decreased until>aged 70 years. This may reflect the
fact that older patients have more associated comorbid conditions,
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Fig. 2. Prevalence of pulmonary embolism (PE) from 1998 through 2008 in hospital-
ized obese and non-obese patients.



Table 4
All-cause In-Hospital Mortality With Pulmonary Embolism. In Obese and Non-obese Patients.

Died/PE Obese (%) Died/PE Not Obese (%) Relative Risk (95% CI)

Male* 3,500/71,600 (4.9) 89,300/910,700 (9.8) 0.50 (0.48-0.52)
Female 5,300/131,700 (4.0) 104,200/1,120,400 (9.3) 0.43 (0.42-0.44)
White 5,000/107,400 (4.7) 111,300/1,155,700 (9.6) 0.46 (0.45-0.47)
Black 1,400/28,400 (4.9) 21,400/209,000 (10.2) 0.48 (0.46-0.51)
Age Groups
1-10 -** 110/1,300 (8.5) -
11-20 70/2,200 (3.2) 600/18,000 (3.2) 0.99 (0.77-1.26)
21-30 320/11,000 (2.9) 2,300/76,900 (3.0) 0.97 (0.87-1.09)
31-40 800/24,700 (3.2) 5,500/134,300 (4.1) 0.79 (0.74-0.85)
41-50 1,700/39,900 (4.3) 12,600/223,000 (5.7) 0.75 (0.72-0.79)
51-60 2,000/47,700 (4.2) 24,400/305,400 (8.0) 0.52 (0.50-0.55)
61-70 1,900/41,200 (4.6) 37,800/391,800 (9.7) 0.48 (0.46-0.50)
71-80 1,500/28,500 (5.3) 55,700/495,100 (11.2) 0.47 (0.45-0.49)
> 80 600/8,200 (7.3) 54,500/385,300 (14.1) 0.52 (0.48-0.56)
Total 8,800/203,400 (4.3) 193,600/2,031,700 (9.5) 0.45 (0.44-0.46)

PE=pulmonary embolism; CI=confidence interval.
*Gender data missing in some.
** Insufficient data.
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so the impact of obesity as a risk factor diminishes with age. The prev-
alence of pulmonary embolism in obese patients was higher than in
non-obese patients even among those with a primary diagnosis of
pulmonary embolism and none of the associated comorbid conditions
listed in the Charlson Comorbidity Index. This indicates that the in-
creased prevalence of pulmonary embolism in obese patients is not
necessarily a reflection of associated comorbid conditions.

The all-cause in-hospital mortality in patients with pulmonary em-
bolism was lower in obese patients than in non-obese patients. This
confirms the previously observedparadoxical effect of a lowermortality
in obese patients [12]. Although obese patients had a lower prevalence
of most comorbid conditions listed in the Charlson Index, this does not
seem to explain their lowermortality because obese patients with none
of the comorbid conditions listed in the Charlson Index also had a lower
mortality than non-obese patients.

We showed that obesity in women had a greater effect on mortality
thanobesity inmen. Obesity had little or no effect on loweringmortality
in children or young adults (aged 21–30). Obesitywas associatedwith a
lower mortality with increasing age until>aged 80 years. Obesity had
the greatest effect in loweringmortality in stable patients and had little
effect on mortality in unstable patients.

Among patients with a primary diagnosis of pulmonary embolism
and none of the comorbid conditions listed in the Charlson Index,
mortality presumably due to pulmonary embolism was approximately
40% lower in obese patients than non-obese patients.

Data from the National Hospital Discharge Survey from 1979–1999
among 12,015,000 hospitalized patients with obesity showed pulmo-
nary embolism in 0.76% compared with 0.34% among 691,000,000 pa-
tients who were not obese (relative risk=2.21) [1]. The relative risk
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Fig. 3. All-cause mortality according to age in hospitalized obese and non-obese pa-
tients with pulmonary embolism (PE).
of deep venous thrombosis, comparing obese with non-obese patients,
was 2.50 [1].

The relative risk for pulmonary embolism base on Data from the
National Hospital Discharge Survey was higher in elderly obese
women than in elderly obese men [1]. Data were sufficient for com-
parison of the relative risk of pulmonary embolism only among men
and women aged 60–79 years. Obese women, had a greater relative
risk for deep venous thrombosis than obese men, relative risk 2.75
in women compared with 2.02 in men [1].

Data from the National Hospital Discharge Survey showed that
obesity had the greatest impact on the prevalence of pulmonary em-
bolism in patients agedb40 years, in whom the relative risk for pul-
monary embolism in obese patients was 5.19 [1]. In older patients
the relative risk ranged from 1.94 to 3.15. The relative risk for deep
venous thrombosis in patients agedb40 years was 5.20 and in older
patients the relative risk ranged from 1.67 to 2.16.

The Nurses Health Study in 2009 showed that the prevalence of pul-
monary embolism in women was linearly related to the body mass
index [5]. The relative risk for pulmonary embolism that we calculated
from their data, comparing those with a body mass index≥30 kg/m2

to those with a lower body mass index was 2.48. The Copenhagen City
Heart Study in 2010 showed that the hazard ratio for venous thrombo-
embolism increased with body mass index in both men and women
[15].

In the Computerized Registry of Patients with Venous Thromboem-
bolism (Registro Informatizado de la Enfermedad Tromboembólica)
(RIETE), among 10,114 patients with acute venous thromboembolism,
3-month all-cause mortality was reported according to body mass in-
dexes of b18.5 kg/m2, 18.5-24.9 kg/m2, 25–30 kg/m2, and >30 kg/m2
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Fig. 4. Mortality among obese and non-obese patients with pulmonary embolism
according to whether they were stable and did not receive thrombolytic therapy
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Table 5
Mortality Attributable to Pulmonary Embolism In Patients With Primary Pulmonary Embolism and No Comorbidity By Charlson Index In Obese and Non-obese Patients.

Died/1O PE No Comorbidity Obese (%) Died/1O PE No Comorbidity Not Obese (%) Relative Risk (95% CI)

Male* 350/21,200 (1.7) 4,800/243,400 (2.0) 0.84 (0.75-0.93)
Female 490/40,600 (1.2) 7,700/313,400 (2.5) 0.49 (0.45-0.54)
White 490/33,700 (1.5) 7,300/323,800 (2.2) 0.64 (0.59-0.71)
Black 110/7,700 (1.4) 1,200/48,900 (2.5) 0.58 (0.48-0.71)
Age Groups
1-10 - -/120 (−)** -
11-20 -/1,200 (−)** 50/7,600 (0.7) -
21-30 50/5,600 (0.9) 190/38,300 (0.5) 1.80 (1.32-2.45)
31-40 100/10,400 (1.0) 460/62,100 (0.7) 1.29 (1.04-1.59)
41-50 210/14,100 (1.5) 900/86,500 (1.0) 1.43 (1.23-1.66)
51-60 190/13,300 (1.4) 1,400/87,700 (1.6) 0.89 (0.77-1.04)
61-70 160/9,500 (1.7) 2,000/93,100 (2.2) 0.78 (0.67-0.92)
71-80 70/6,100 (1.1) 3,400/105,000 (3.2) 0.35 (0.28-0.44)
> 80 50/1,600 (3.1) 4,000/76,900 (5.2) 0.60 (0.46-0.79)
Total 800/142,900 (1.3) 12,500/557,300 (2.2) 0.58 (0.54-0.62)

10 PE=Primary diagnosis of pulmonary embolism; CI=confidence interval.
*Gender data missing in some.
** Insufficient data.
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[12]. Mortality decreased with increasing body mass indexes. All-cause
mortalities were 28%, 12%, 6.2% and 4.2% respectively. Our results were
comparable, showing a 9.5% in-hospital all-cause mortality in non-
obese patients and 4.3% mortality in obese patients. In the RIETE regis-
try, 3-month death rates from pulmonary embolism were 2.0%, 2.1%,
1.2% and 0.8% respectively. We showed in-hospital death presumably
from pulmonary embolism (patients with a primary diagnosis and
none of the comorbid conditions listed in the Charlson index) in 2.2%
of non-obese patients and 1.3% of obese patients.

As with pulmonary embolism, excess bodyweight also paradoxical-
ly was associated with a decreased mortality in patients with stable
heart failure [16], known or suspected coronary heart disease [17,18]
and unstable angina or non-ST segment elevationmyocardial infarction
[19]. Some showed a higher mortality in men with coronary heart dis-
ease at both extremes of body mass index (lean and obese) [20].

Various abnormalities of hemostasis may contribute to the in-
creased prevalence of pulmonary embolism in obese patients. In-
creased plasminogen activator inhibitor-1 (PAI-1) has been reported
in obese patients [21,22] and correlated with body mass index
[23,24]. Coagulation abnormalities in obese patients include in-
creased platelet activation [25], elevated levels of plasma fibrinogen,
factor VII and factor VIII and von Willibrand factor [26]. Fibrinogen
and factor VIIc correlated with body mass index [24]. Also circulating
procoagulant microparticles have been observed in obese patients
[27].

Activity of the endocannabinoid system has been proposed as a
possible mechanism for the reduced mortality in obese patients
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Fig. 5. Mortality attributable to pulmonary embolism (PE) according to age in obese
and non-obese patients with primary diagnosis of pulmonary embolism and no comor-
bidity listed in Charlson Index.
with pulmonary embolism [12]. Increased endocannabinoid levels
have been reported in obese patients [28,29]. Blood levels of the en-
dogenous endocannabinoid 2-arachidonoyl glycerol were elevated
in obese patients and correlated with body mass index [29]. Plasma
levels of the endocannabinoid anandamide, however, did not differ
between obese and lean patients [29]. Gene expression in adipose tis-
sue of obese patients for the cannabinoid type 1 receptor and the
principal degrading enzyme, fatty acid amide hydrolase was de-
creased in obese men and women compared to lean patients [29].
Others showed higher levels of circulating arachidonoyl glycerol in
obesewomen compared to leanwomen and decreased gene expression
in adipose tissue of obese patients for cannabinoid type 1 receptor and
fatty acid amide hydrolase [28]. In this investigation, circulating levels
of anandamide were also elevated in obese women [28]. Men were
not studied [28]. Endocannabinoids in rats and mice have been shown
to have effects that could be potentially beneficial in patients with pul-
monary embolism. These relate to decreased ventricular arrhythmias
[30,31], coronary vasodilation [32], protection against the deleterious
effects of ischemia [33], inhibition of cardiac myocyte death and fibro-
blast death [34] and an anti-inflammatory effect [35].

Strengths of this investigation are the large number of patients in-
cluded in the database. This permitted stratification of results accord-
ing to age, race and gender. It also permitted an analysis of trends
over time.

Weaknesses relate to the imperfection of discharge codes. The cri-
teria for obesity are not defined in the discharge code. It is likely that
all patients diagnosed with obesity in the Nationwide Inpatient Sam-
ple database were in fact obese, irrespective of the criteria used. How-
ever, some obese patients may not have had a listed discharge
diagnosis of obesity, and they would have been included in the non-
obese group. This would have tended to reduce the apparent relative
risk of pulmonary embolism in obese patients. Irrespective, we focus
on relative values, not absolute values. The relative risk for pulmonary
embolism that we observed in women was similar to the relative risk
reported in women in the Nurses Health Study [4,5]. Regarding mor-
tality in obese patients, some of our results were strikingly similar to
results reported from the RIETE registry [12], and all were in a compa-
rable range. All-cause 3-monthmortality in patients with a bodymass
index >30 kg/m2 in the RIETE registry was 4.2%. We observed an all-
cause in-hospital mortality of 4.3% in obese patients. The 3-month
mortality from pulmonary embolism in patients in the RIETE registry
with a body mass index ≤24.9 kg/m2 was 2.0%-2.1%. We observed
2.2% in-hospital mortality from pulmonary embolism in non-obese
patients. These results support the robustness of our data.

The prevalence of patients hospitalized with obesity increased
from 1998 to 2008. Whether this represents greater attention to
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coding for obesity at discharge or a higher prevalence of obesity
among hospitalized patients is uncertain.

In conclusion, the prevalence of pulmonary embolism in hospital-
ized patients was higher in obese patients than in non-obese patients.
The relative risk of pulmonary embolism was higher in obese women
than obese men and higher in teenagers and young adults than older
patients. The all-cause in-hospital mortality in patients with pulmonary
embolism was lower in obese patients than in non-obese patients. The
effect of obesity on mortality was greater in obese women than obese
men. There was little effect of obesity on mortality in children or
young adults and a greater effect in older patients. The effect of obesity
on mortality was greatest in stable patients with little effect on mortal-
ity in unstable patients.
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