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OBJECTIVEdAlthough associated with adverse outcomes in other cardiopulmonary conditions, the prognostic value of elevated glucose in patients with acute pulmonary embolism (PE) is
unknown. We sought to examine the association between glucose levels and mortality and
hospital readmission rates for patients with PE.

study was to examine the association between elevated serum glucose levels and
hospital readmission.
RESEARCH DESIGN AND
METHODS
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Patient identiﬁcation and eligibility
We identiﬁed all patients with PE discharged from nongovernmental acute care
hospitals in Pennsylvania (from 1 January
2000 to 30 November 2002) using the
Pennsylvania Health Care Cost Containment Council (PHC4) database. This database contains information on demographic
characteristics, insurance status, ICD-9
Clinical Modiﬁcation (ICD-9-CM) diagnosis and procedure codes, hospital region and number of beds, and length of
hospital stay for all patients.
We included inpatients aged $18
years who were discharged with a primary
diagnosis of PE based on the following
ICD-9-CM codes: 415.1, 415.11, 415.19,
and 673.20–24 (7). To ensure that we
identiﬁed the most severely ill patients
with PE as the primary reason for hospitalization, we also included inpatients with
a secondary diagnosis code for PE and one
of the following primary codes that may
represent complications or treatments
of this condition: respiratory failure
(518.81), cardiogenic shock (785.51), cardiac arrest (427.5), secondary pulmonary
hypertension (416.8), syncope (780.2),
thrombolysis (99.10), and intubation or
mechanical ventilation (96.04, 96.05,
96.70–96.72) (7).
We excluded all other patients who
had a secondary ICD-9-CM code for PE or
those who were transferred from another
health care facility because the latter
group of patients is more likely to have
PE as a complication of hospitalization,
and we did not know whether PE was diagnosed and treated before the patient was
transferred. We excluded follow-up records for patients who were subsequently
transferred to other hospitals, who had no
identiﬁers required for linkage to the necessary clinical data, and for whom 30-day
mortality information was not available.
For this analysis, we also excluded patients
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RESEARCH DESIGN AND METHODSdWe evaluated 13,621 patient discharges with a
primary diagnosis of PE from 185 acute care hospitals in Pennsylvania (from January 2000 to
November 2002). Admission glucose levels were analyzed as a categorical variable (#110,
.110–140, .140–170, .170–240, and .240 mg/dL). The outcomes were 30-day all-cause
mortality and hospital readmission. We used random-intercept logistic regression to assess the
independent association between admission glucose levels and mortality and hospital readmission, adjusting for patient (age, sex, race, insurance, comorbid conditions, severity of illness,
laboratory parameters, and thrombolysis) and hospital (region, size, and teaching status) factors.
RESULTSdElevated glucose (.110 mg/dL) was present in 8,666 (63.6%) patients. Patients
with a glucose level #110, .110–140, .140–170, .170–240, and .240 mg/dL had a 30-day
mortality of 5.6, 8.4, 12.0, 15.6, and 18.3%, respectively (P , 0.001). Compared with patients
with a glucose level #110 mg/dL, the adjusted odds of dying were greater for patients with a
glucose level .110–140 (odds ratio 1.19 [95% CI 1.00–1.42]), .140–170 (1.44 [1.17–1.77]),
.170–240 (1.54 [1.26–1.90]), and .240 mg/dL (1.60 [1.26–2.03]), with no difference in the
odds of hospital readmission.
CONCLUSIONSdIn patients with acute PE, elevated admission glucose is common and
independently associated with short-term mortality.
Diabetes Care 35:25–31, 2012
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levated serum glucose level at admission during acute illness is common
and associated with poor outcomes in
acute cardiopulmonary diseases, such as
acute myocardial infarction (1), heart failure (2), pneumonia (3), and stroke (4).
During the past decade, the association between stress-induced elevated serum glucose level and the outcome of acutely ill
patients has received considerable attention
because of the potential beneﬁts and risks
of tight glycemic control (5).
Acute pulmonary embolism (PE) is a
major health problem. In 2005, 140,000
patients were discharged with a primary
diagnosis of PE from U.S. hospitals (6),

with an average mortality rate of 9% (7).
Evidence suggests that acute and chronic
hyperglycemia is associated with elevated
coagulation factors and impaired ﬁbrinolysis (8) and an increased risk of developing venous thromboembolism (8–10).
Whether admission hyperglycemia has a
negative impact on prognosis in patients
with acute PE is unknown. Given the potential treatment implications of such a
ﬁnding, our goal was to examine whether
an independent association exists between
elevated admission glucose levels and
30-day mortality using a large, statewide
database of unselected patients with
acute PE. A secondary objective of our
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Table 1dBaseline patient characteristics by level of admission glucose
Admission glucose level (mg/dL)
Characteristic
Demographics
Age (years)
Sex (men)
Race
White
Black
Other/unknown
Insurance status
None/unspeciﬁed
Government
Medicaid
Private
Comorbid diseases
History of cancer
Chronic lung disease
Heart failure
Diabetes mellitus
Physical examination ﬁndings
Pulse $110 bpm
Systolic blood pressure ,100 mmHg
Respiratory rate $30/min
Altered mental status†
Temperature ,368C
Arterial oxygen saturation ,90%‡
Laboratory parameters
Hemoglobin ,12 g/dL for
women and ,13 g/dL for menx
Sodium #135 mmol/L#
Creatinine .1.5 mg/dL
Troponin $0.1 ng/mL
PESI risk class
I
II
III
IV
V
Thrombolysis
Types of hospitals attended
Hospital region
Pittsburgh and surrounding areas
Northwest Pennsylvania
Southern Laurel Highlands
North central Pennsylvania
South central Pennsylvania
Northeast Pennsylvania
Eastern Pennsylvania
Surrounding Philadelphia
Philadelphia
Average annual volume of PE (quartiles)
,24
24 to 42
43 to 68
.68

26

DIABETES CARE, VOLUME 35, JANUARY 2012

#110
(n = 4,955)

.110–140
(n = 4,092)

.140–170
(n = 1,754)

.170–240
(n = 1,638)

.240
(n = 1,182)

61 (46–75)
2,010 (40.6)

69 (54–78)
1,693 (41.4)

71 (58–79)
667 (38.0)

72 (62–79)
624 (38.1)

69 (58–77)
477 (40.4)

3,948 (79.7)
594 (12.0)
413 (8.3)

3,407 (83.2)
355 (8.7)
330 (8.1)

1,450 (82.7)
158 (9.0)
146 (8.3)

1,348 (82.3)
163 (9.9)
127 (7.8)

917 (77.6)
183 (15.5)
82 (6.9)

92 (1.9)
2,276 (45.9)
468 (9.4)
2,119 (42.8)

55 (1.3)
2,374 (58.0)
268 (6.6)
1,395 (34.1)

20 (1.1)
1,134 (64.6)
95 (5.4)
505 (28.8)

18 (1.1)
1,121 (68.4)
85 (5.2)
414 (25.3)

10 (0.8)
751 (63.5)
88 (7.5)
333 (28.2)

793 (16.0)
875 (17.7)
611 (12.3)
204 (4.1)

850 (20.8)
762 (18.6)
657 (16.0)
253 (6.2)

398 (22.7)
352 (20.1)
346 (19.7)
266 (15.2)

361 (22.0)
357 (21.8)
362 (22.1)
517 (31.6)

244 (20.6)
254 (21.5)
295 (24.9)
649 (54.9)

,0.001
0.001
,0.001
,0.001

526 (10.6)
395 (8.0)
455 (9.2)
218 (4.4)
713 (14.4)
244 (4.9)

736 (18.0)
375 (9.2)
593 (14.5)
271 (6.6)
622 (15.2)
327 (8.0)

412 (23.5)
234 (13.3)
355 (20.2)
146 (8.3)
307 (17.5)
177 (10.1)

460 (28.1)
260 (15.9)
367 (22.4)
214 (13.1)
374 (22.8)
232 (14.1)

398 (33.7)
223 (18.9)
338 (28.6)
170 (14.4)
284 (24.0)
187 (15.8)

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

1,791 (36.1)
790 (15.9)
419 (8.5)
1,208 (24.4)

1,548 (37.8)
833 (20.4)
493 (12.0)
1,357 (33.1)

659 (37.6)
376 (21.4)
253 (14.4)
682 (38.8)

652 (39.8)
408 (24.9)
336 (20.5)
689 (42.0)

492 (41.6)
432 (36.5)
295 (25.0)
531 (44.9)

0.006
,0.001
,0.001
,0.001
,0.001

1,496 (30.2)
1,184 (23.9)
1,023 (20.6)
624 (12.6)
628 (12.7)
73 (1.5)

621 (15.2)
915 (22.4)
1,000 (24.4)
719 (17.6)
837 (20.4)
76 (1.8)

182 (10.4)
326 (18.6)
404 (23.0)
333 (19.0)
509 (29.0)
66 (3.7)

114 (7.0)
242 (14.8)
342 (20.9)
338 (20.6)
602 (36.7)
57 (3.5)

82 (6.9)
186 (15.8)
232 (19.6)
235 (19.9)
447 (37.8)
57 (4.8)

1,233 (24.9)
317 (6.4)
260 (5.3)
299 (6.0)
748 (15.1)
283 (5.7)
431 (8.7)
779 (15.7)
605 (12.2)

906 (22.1)
301 (7.4)
205 (5.0)
340 (8.3)
650 (15.9)
267 (6.5)
431 (10.5)
589 (14.4)
403 (9.9)

339 (19.3)
127 (7.2)
99 (5.6)
132 (7.5)
290 (16.5)
126 (7.2)
181 (10.3)
274 (15.6)
186 (10.6)

357 (21.8)
108 (6.6)
86 (5.3)
100 (6.1)
271 (16.5)
123 (7.5)
176 (10.7)
243 (14.8)
174 (10.6)

270 (22.8)
85 (7.2)
53 (4.5)
80 (6.8)
183 (15.5)
47 (4.0)
147 (12.4)
155 (13.1)
162 (13.7)

917 (18.5)
1,054 (21.3)
1,635 (33.0)
1,349 (27.2)

847 (20.7)
914 (22.3)
1,263 (30.9)
1,068 (26.1)

378 (21.6)
418 (23.8)
546 (31.1)
412 (23.5)

363 (22.1)
398 (24.3)
486 (29.7)
391 (23.9)

257 (21.7)
286 (24.2)
349 (29.5)
290 (24.6)

P value*
,0.001
0.06
,0.001

,0.001

,0.001
,0.001

,0.001
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Table 1dContinued
Admission glucose level (mg/dL)
Characteristic
Hospital size and teaching status
Large nonteaching ($350 beds)
Small nonteaching (,350 beds)
Teaching

#110
(n = 4,955)

.110–140
(n = 4,092)

.140–170
(n = 1,754)

.170–240
(n = 1,638)

.240
(n = 1,182)

978 (19.7)
2,618 (52.9)
1,359 (27.4)

808 (19.7)
2,384 (58.3)
900 (22.0)

369 (21.0)
1,008 (57.5)
377 (21.5)

341 (20.8)
902 (55.1)
395 (24.1)

247 (20.9)
638 (54.0)
297 (25.1)

P value*
,0.001

Data are median (interquartile range) or n (%). *P values were adjusted using the Holm method. †Deﬁned as disorientation, lethargy, stupor, or coma. ‡With or
without supplemental oxygen. xHemoglobin level was missing in 254 patients. #Serum sodium level was missing in 163 patients.

without a documented serum glucose level
at the time of presentation. The institutional
review board at the University of Pittsburgh
approved this study.
Patient and hospital
characteristics
Patient demographic characteristics (age,
sex, and race) and insurance status were
abstracted from the PHC4 database (7).
Baseline clinical variables were obtained
by linking eligible patients to the Atlas
database (MediQual, Marlborough, MA),
which comprises clinical ﬁndings and
laboratory parameters (including serum
glucose level) at the time of presentation
for all inpatients treated at nongovernmental acute care hospitals in Pennsylvania (7). The PHC4 and Atlas databases
were matched by PHC4 staff using unique
patient identiﬁers (patient date of birth,
sex, and social security number); we had
no access to personal patient identiﬁers.
We quantiﬁed severity of illness using
the Pulmonary Embolism Severity Index
(PESI), a prognostic model for patients
with PE that was developed and validated
using these clinical data from the PHC4
and Atlas databases (7). On the basis
of the PESI, each patient is classiﬁed into
one of ﬁve severity classes (I–V), with 30day mortality ranging from 1.1 to 24.5%.
To ascertain whether patients received
thrombolytic therapy, we used ICD-9-CM
procedure codes (99.10) from the PHC4
and Atlas databases (7).
We abstracted the hospital region
within Pennsylvania, number of beds per
hospital site, and annual number of PE
admissions for each site from the PHC4 database. We deﬁned hospital teaching status
based on data from the Council of Teaching
Hospitals of the Association of American
Medical Colleges. Because 76% of teaching
hospitals, but only 12% of nonteaching
hospitals, had at least 350 hospital beds,
we created a composite hospital-level variable for our statistical modeling based on
care.diabetesjournals.org

teaching status and size (i.e., small
nonteaching hospitals with fewer than
350 beds, large nonteaching hospitals
with at least 350 beds, and teaching
hospitals).
Admission serum glucose level and
diabetes mellitus
We categorized admission serum glucose levels into ﬁve categories (#110, .110–140,
.140–170, .170–240, and .240 mg/dL)
according to previously published thresholds (11). Prior studies demonstrate that admission serum glucose levels .110 mg/dL
are signiﬁcantly associated with mortality
in patients with acute myocardial infarction
and pneumonia (3,11). We used the Atlas
database to ascertain whether patients had
known diabetes mellitus.

Study outcomes
Our primary study outcome was all-cause
mortality within 30 days of presentation.
We obtained mortality data by linking
patients to the National Death Index with
unique patient identiﬁers, including social security number, name, date of birth,
and sex (12–14). The National Death
Index has a sensitivity and speciﬁcity of
.97% for identifying mortality (14). To
ascertain our secondary outcome, hospital readmission for any reason to any
acute care hospital in Pennsylvania within
30 days of presentation, we used the
PHC4 database.
Statistical analysis
To compare patient baseline characteristics across the ﬁve categories of serum

Figure 1dCumulative mortality by serum glucose level. Kaplan-Meier estimates of 30-day
mortality were 5.6, 8.4, 12.0, 15.6, and 18.3% for patients with serum glucose level #110,
.110–140, .140–170, .170–240, and .240 mg/dL, respectively (P for trend ,0.001).
Admission glucose level (mg/dL): *#110, †.110–140, ‡.140–170, x.170–240, and
#.240.
DIABETES CARE, VOLUME 35, JANUARY 2012

27

Elevated glucose and mortality of lung embolism
Table 2dIndependent association of admission glucose level with 30-day mortality in patients with and without diabetes mellitus
Patients
All (N = 13,621)
Admission
glucose (mg/dL)
#110
.110–140
.140–170
.170–240
.240

Adjusted OR (95% CI)
for mortality*
1.00d
1.19 (1.00–1.42)
1.44 (1.17–1.77)
1.54 (1.26–1.90)
1.60 (1.26–2.03)

Without diabetes mellitus (n = 11,732)
P value
,0.001

Adjusted OR (95% CI)
for mortality*
1.00d
1.18 (0.98–1.42)
1.45 (1.16–1.81)
1.61 (1.28–2.02)
1.71 (1.28–2.28)

P value
,0.001

With diabetes mellitus (n = 1,889)
Adjusted OR (95% CI)
for mortality*
1.00d
1.23 (0.64–2.34)
1.25 (0.66–2.35)
1.13 (0.64–1.98)
1.31 (0.76–2.28)

P value
0.87

*The ORs were adjusted for age, sex, race, insurance type, history of cancer, chronic lung disease, heart failure, diabetes mellitus, systolic arterial blood pressure ,100
mmHg, pulse $110 bpm, respiratory rate $30 breaths/min, body temperature ,368C, arterial oxygen saturation ,90%, altered mental status, hemoglobin ,12 g/dL
for women and ,13g/dL for men, serum sodium #135 mmol/L, creatinine .1.5 mg/dL, troponin $0.1 ng/mL, administration of thrombolysis, hospital region
within Pennsylvania, hospital annual volume of PE, and hospital size and teaching status.

glucose (#110, .110–140, .140–170,
.170–240, and .240 mg/dL), we performed x2 tests for categorical variables
and Kruskal-Wallis tests for continuous
variables. P values for comparisons of
baseline characteristics were adjusted using the Holm method (15).We used survival analyses and the log-rank test to
compare the cumulative 30-day mortality
by serum glucose level. Surviving patients
were censored at 30 days.
We used multivariable logistic regression to examine the independent association between categories of serum glucose
and 30-day mortality, after adjusting for
demographics (age, sex, race, and insurance type), comorbid diseases (history of
cancer, chronic lung disease, heart failure,
and diabetes mellitus), physical examination ﬁndings (systolic arterial blood pressure ,100 mmHg, pulse $110/min,
respiratory rate $30 breaths/min, body
temperature ,368C, arterial oxygen saturation ,90%, and altered mental status),
laboratory parameters (hemoglobin level
,12 g/dL for women and ,13 g/dL for
men, sodium #135 mmol/L, creatinine
.1.5 mg/dL, and troponin $0.1 ng/mL),
administration of thrombolytics, and
hospital characteristics (region within
Pennsylvania, annual volume of PE, size,
and teaching status). To account for patient
clustering within hospital, we used randomintercept logistic regression with the two
levels deﬁned by patient and hospital site.
To assess whether glucose-associated
mortality risk differed in patients with
and without known diabetes mellitus, we
repeated multivariable analyses in patients
with and without this condition.
We used the same logistic regression
model to examine the association between
serum glucose level and readmission within
30 days in patients discharged alive.
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Patients who were still hospitalized 30
days after admission and those without a
documented readmission status were excluded from this analysis. All analyses were
performed using Stata 11.0 (StataCorp,
College Station, TX).

P , 0.001), a body temperature ,368C
(14.3 vs. 16.9%; P = 0.005), an altered
mental status (5.9 vs. 7.5%; P = 0.01),
and an arterial oxygen saturation
,90% (3.6 vs. 8.6%; P , 0.001) at presentation.

RESULTSdOf the 17,733 patient discharges that met our inclusion criteria, we
excluded 323 with only a secondary code
indicative of PE (1.8%), 767 patient transfers from another hospital (4.3%), 265
subsequent transfers to another hospital
(1.5%), 777 discharges without a match
to key clinical ﬁndings (4.4%), 70 without a linkage to the National Death Index
(0.4%), and 1,910 (10.8%) with an undocumented or erroneous admission serum
glucose level. The study cohort comprised
13,621 patient discharges with a diagnosis
of PE from 185 Pennsylvania hospitals.
On admission, 8,666 (63.6%) patients had
an elevated serum glucose level (.110
mg/dL). Diabetes mellitus was known on
admission in 1,889 (13.9%) of all patients
and in 1,685 (19.4%) patients with an elevated serum glucose level.
Compared with the 13,621 enrolled
patients, the 1,910 excluded because of
an undocumented serum glucose level were
signiﬁcantly younger (median age 63 vs. 67
years; P , 0.001) and were less likely to
have known diabetes mellitus (7.7 vs.
13.9%; P , 0.001), a history of heart failure (9.9 vs. 16.7%; P , 0.001), and a history of chronic lung disease (14.0 vs.
19.1%; P , 0.001). Compared with eligible patients with a documented serum
glucose level, these 1,910 excluded
patients were also less likely to have a
pulse $110/min (10.9 vs. 18.6%; P ,
0.001), a systolic blood pressure ,100
mmHg (7.2 vs. 10.9%; P , 0.001), a respiratory rate $30/min (7.9 vs. 15.5%;

Comparison of baseline patient
characteristics by admission serum
glucose level
Patients with higher admission serum
glucose levels were older and more likely
to have comorbid diseases (cancer, chronic
lung disease, heart failure, and diabetes
mellitus) and clinical and biological signs
of disease severity (tachycardia, hypotension, tachypnea, altered mental status,
hypothermia, hypoxemia, anemia, hyponatremia, and elevated creatinine and troponin values) (Table 1). There was a higher
proportion of patients in PESI risk classes
IV and V among patients with higher serum
glucose levels.
Association of admission serum
glucose level and 30-day mortality
Overall, 1,301 of 13,621 patients (9.6%)
died at 30 days. Higher admission serum
glucose levels were associated with an increasing risk of mortality. Patients with a
serum glucose level #110, .110–140,
.140–170, .170–240, and .240 mg/dL
had a cumulative 30-day mortality of
5.6, 8.4, 12.0, 15.6, and 18.3%, respectively (P for trend ,0.001) (Fig. 1).
After adjustment, elevated admission
serum glucose levels remained signiﬁcantly associated with 30-day mortality
compared with patients with an admission
serum glucose #110 mg/dL (Table 2).
The odds ratio (OR) of dying increased
from 1.19 (95% CI 1.00–1.42) for patients
with a serum glucose level .110–140
mg/dL to 1.60 (1.26–2.03) for patients
care.diabetesjournals.org
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Table 3dIndependent associations of baseline characteristics with 30-day mortality
(N = 13,621)
Baseline characteristic
Admission glucose (mg/dL)
#110
.110–140
.140–170
.170–240
.240
Demographics
Age (per 10-year increase)
Sex (men)
Race
White
Black
Other/unknown
Insurance status
Private
Government
Medicaid
None/unspeciﬁed
Comorbid diseases
History of cancer
Chronic lung disease
Heart failure
Diabetes mellitus
Physical examination ﬁndings
Pulse $110 bpm
Systolic blood pressure ,100 mmHg
Respiratory rate $30/min
Altered mental status*
Temperature ,368C
Arterial oxygen saturation ,90%†
Laboratory parameters
Hemoglobin level ,12 g/dL for women
and ,13 g/dL for men
Sodium #135 mmol/L
Creatinine .1.5 mg/dL
Troponin $0.1 ng/mL
Thrombolysis
Types of hospitals attended
Hospital region
Pittsburgh and surrounding areas
Northwest Pennsylvania
Southern Laurel Highlands
North central Pennsylvania
South central Pennsylvania
Northeast Pennsylvania
Eastern Pennsylvania
Surrounding Philadelphia
Philadelphia
Average annual volume of PE (quartiles)
,24
24 to 42
43 to 68
.68
Hospital size and teaching status
Large nonteaching ($350 beds)
Small nonteaching (,350 beds)
Teaching

Adjusted OR (95% CI)

P value
,0.001

1.00 d
1.19 (1.00–1.42)
1.44 (1.17–1.77)
1.54 (1.26–1.90)
1.60 (1.26–2.03)
1.19 (1.12–1.27)
1.13 (0.99–1.29)

,0.001
0.06
0.10

1.00 d
0.99 (0.79–1.24)
1.28 (1.02–1.62)
0.35
1.00 d
1.10 (0.91–1.35)
0.99 (0.73–1.37)
0.52 (0.21–1.31)
2.04 (1.77–2.35)
1.30 (1.12–1.50)
1.31 (1.12–1.52)
0.97 (0.81–1.16)

,0.001
,0.001
0.001
0.74

1.70 (1.46–1.98)
1.96 (1.68–2.30)
1.55 (1.33–1.81)
3.48 (2.95–4.11)
1.53 (1.32–1.78)
1.55 (1.29–1.86)

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

1.73 (1.52–1.97)
1.59 (1.38–1.83)
2.08 (1.79–2.41)
0.99 (0.87–1.14)
1.68 (1.20–2.34)

,0.001
,0.001
,0.001
0.74
0.002
0.03

1.00 d
0.84 (0.62–1.13)
1.34 (0.99–1.81)
0.65 (0.47–0.89)
0.97 (0.79–1.21)
1.01 (0.75–1.36)
1.02 (0.79–1.31)
1.00 (0.81–1.24)
1.12 (0.89–1.42)
0.84
1.00 d
1.07 (0.88–1.30)
0.99 (0.81–1.22)
0.99 (0.78–1.26)
0.008
1.00 d
1.06 (0.88–1.29)
1.34 (1.10–1.63)

with a serum glucose level .240 mg/dL.
Although higher admission serum glucose
levels were signiﬁcantly associated with an
increase in the odds of dying in patients
without diabetes, this association was not
observed in patients with diabetes (Table 2).
Other characteristics that were independently associated with higher adjusted
odds of death included increasing age, the
presence of comorbid diseases (history of
cancer, chronic lung disease, and heart
failure), abnormal physical examination
ﬁndings (systolic arterial blood pressure
,100 mmHg, pulse $110/min, respiratory rate $30 breaths/min, body temperature ,368C, arterial oxygen saturation
,90%, and altered mental status), abnormal laboratory parameters (hemoglobin
level ,12 g/dL for women and ,13 g/dL
for men, sodium #135 mmol/L, and creatinine .1.5 mg/dL), the administration
of thrombolytics, and hospital region
within Pennsylvania, size, and teaching
status (Table 3).
Association of admission serum
glucose level and 30-day
readmission
We estimated the 30-day readmission rate
in 12,656 patients, after the exclusion of
836 patients who died in the hospital, 94
who were still hospitalized at 30 days after
admission, and 35 with unknown readmission status. Of these, 1,600 (12.6%) were
readmitted within 30 days. Kaplan-Meier
estimates of 30-day readmission were
11.6, 12.6, 14.6, 13.7, and 14.7% for
patients with a serum glucose level #110,
.110–140, .140–170, .170–240, and
.240 mg/dL, respectively (P for trend =
0.001).
The adjusted odds of 30-day readmission was slightly higher in patients
with admission serum glucose level .140–
170 mg/dL (OR 1.21 [95% CI 1.02–1.44])
but similar in patients with an admission serum glucose level .110–140
mg/dL (1.05 [0.91–1.20]), .170–
240 mg/dL (1.06 [0.88–1.28]), and
.240 mg/dL (1.10 [0.87–1.38]) compared with patients with a serum glucose
level of #110 mg/dL. Overall, the adjusted odds of readmission did not differ
across serum glucose categories (P = 0.31).
CONCLUSIONSdOur results demonstrate that a substantial proportion
of patients with PE (63.6%) have an
elevated serum glucose level at the time
of presentation. After adjusting for potential patient- and hospital-related confounders, and the administration of thrombolytic

*Deﬁned as disorientation, lethargy, stupor, or coma. †With or without supplemental oxygen.
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therapy, we found that patients with elevated serum glucose levels had a signiﬁcantly higher short-term mortality. Our
ﬁndings are consistent with a retrospective analysis demonstrating an independent association between elevated mean
glucose levels and inpatient mortality in
intensive care unit patients with PE (16).
In contrast, we observed no signiﬁcant
association between serum glucose levels
and the rate of hospital readmission.
Several mechanisms may explain the
association between elevated serum glucose levels and mortality in patients with
PE. First, elevated serum glucose levels
have a procoagulant effect and decrease
ﬁbrinolysis (8,17–19). Second, hyperglycemia is often accompanied by hyperinsulinemia, which may further inhibit
ﬁbrinolysis and increase the prothrombotic effect of hyperglycemia (8,18). Finally, it is possible that hyperglycemia
is not a causal factor for adverse clinical
outcomes but merely a marker of increased
stress and severity of illness. In acute illnesses, such as PE, stress hormones (i.e.,
catecholamine, growth hormone, cortisol,
and cytokines) are released, increasing
hepatic glucose production and insulin
resistance (20).
Although our study demonstrated a
signiﬁcant association between increasing
glucose levels and mortality in patients
without a diagnosis of diabetes mellitus,
we did not ﬁnd such an association in patients with known diabetes. A similar phenomenon has been observed in patients
with stroke, with acute myocardial infarction, and in a mixed intensive care
unit setting (4,11,21). Whether chronic
hyperglycemia is protective of acute
hyperglycemia-mediated damage or a
lower intensity of stress is required to
produce a similar degree of hyperglycemia
in patients with diabetes mellitus remains
unknown (5).
Our ﬁndings have both clinical and
research implications. Clinically, patients
with PE who have hyperglycemia at presentation carry a higher risk of short-term
mortality and may therefore potentially
beneﬁt from more intensive surveillance in
the hospital and after discharge. Whether
laboratory markers of coagulation and ﬁbrinolysis are correlated with the admission
glucose level in patients with PE should be
further examined. Further research is also
warranted to determine whether glucoselowering treatment with insulin is associated with improved outcomes for patients
with PE. Currently, there is no evidence that
insulin therapy to strictly control blood glu30
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cose in critically ill patients or patients with
myocardial infarction or stroke improves
mortality (22).
Our study has potential limitations.
First, patients in the study sample were identiﬁed by use of ICD-9-CM codes for PE
rather than standardized radiographic
criteria, and patient eligibility may therefore be subject to study selection biases
due to hospital coding procedures. In a
prior study, 96% of patients with speciﬁc
codes for PE had objectively documented
disease on the basis of chart review criteria (23). Second, our sample excluded
10.8% of younger, healthier, and less
severely ill patients in whom serum
glucose level was not measured at
the time of admission. However, the exclusion of these lower risk patients, of
whom probably a low proportion had
hyperglycemia, is unlikely to change our
study results. Third, because measures of
coagulation and ﬁbrinolysis were not
available in our database, we could not
examine whether these factors are correlated with admission glucose levels.
Fourth, we were not able to adjust our
results for other potential confounders
that may inﬂuence glucose level and prognosis, such as concomitant inﬂammatory
or infectious diseases, known metabolic
syndrome, glucose intolerance, impaired
fasting glucose, and HbA1c levels. Moreover, we had no information about
insulin use or other glucose-lowering treatments during hospitalization and its
effect on mortality. Fifth, we had no information on serum glucose level after
hospital admission and discharge; thus,
the prognostic implication of transient versus persistent elevated serum glucose level
could not be analyzed. Finally, we could
detect only associations, not causality,
from our data. Thus, we cannot determine
whether hyperglycemia has a direct effect
on patient prognosis or is a mere marker of
severity of illness and stress.
In conclusion, in this large sample of
patients hospitalized with acute PE, hyperglycemia at the time of presentation
was associated with a signiﬁcantly higher
risk of 30-day mortality. Elevated serum
glucose levels may be a potential therapeutic target, and future studies should
examine whether glucose-lowering treatments could improve outcomes in hyperglycemic patients with PE.
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