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INTRODUCTION
Chronic obstructive pulmonary disease 
(COPD) is a condition affecting 24 mil-
lion people and is the fourth leading cause 
of death in the United States,1 with in-
hospital mortality ranging from 2% to 
30%.2 Identification of prognostic factors 
may lead to improved treatment strategies 
and clinical outcomes for COPD. Among 
acute exacerbation of COPD (AECOPD) 
patients, adverse outcomes are associated 
with lower arterial pH, older age,2-5 male 
gender, underlying comorbidities, higher 
income,2,4,5 disease severity, and in-hospital 
complications.5 

One readily available prognostic indi-
cator is blood glucose. Data show that 
higher blood glucose is associated with 
adverse outcomes among patients with 
acute myocardial infarction,6,7 brain injury,8 
community-acquired pneumonia,9,10 severe 
trauma,11 critical illness,12-14 and those 

undergoing cardiothoracic surgery.15-17 These results, along with 
the fact that nearly half of patients hospitalized with AECOPD 
suffer from hyperglycemia during hospitalization,18,19 suggest that 
blood glucose could serve as an important tool for patient moni-
toring during AECOPD hospitalization. Studies have shown that 
hospitalized COPD patients with elevated blood glucose have 
longer hospital stays,20 more frequent isolation of gram negative 
bacteria,21 late non-invasive ventilatory failure,22 and higher mor-
tality risk.23

The association between hyperglycemia and AECOPD out-
comes has not been fully described. Baker et al18 reported a 15% 
increase in absolute risk of adverse outcomes for each 1 mol/l 
increase in blood glucose; however, the case definition used cre-
ated the potential for inclusion of patients with conditions in 
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positive prior to admission, and those who left against medical 
advice. For patients with multiple admissions, the first admission 
was used. Data were obtained through electronic interrogation of 
the MESA database and manual chart abstraction. 

Data Collection
Demographic and clinical data collected for all subjects included 
age, gender, spirometry results, arterial blood gas on admission, 
body mass index (BMI), smoking history, comorbid condi-
tions (identified in the Charlson Comorbidity Index28), use of 
noninvasive ventilation, plasma and serum blood glucose levels 
throughout the hospitalization, corticosteroid use with total daily 
dose (intravenous or oral), management of hyperglycemia (eg, 
diet, oral agents, insulin), and hospital discharge for reasons other 
than AECOPD within 30 days after the index hospital admission 
date.

Medical complications were extracted manually by review of 
patients’ discharge summaries, and were defined as health care-
associated infections (bacteremia, pneumonia, systemic inflamma-
tory response syndrome), neurological (delirium, cerebrovascular 
accidents, coma), cardiac (new onset atrial fibrillation, decom-
pensated congestive heart failure, myocardial infarction), or renal 
(acute renal failure defined as a rise in serum creatinine of at least 
0.5 mg/dL over 24 hours). Serum glucose measurements (capil-
lary and serum) measured during hospitalization were obtained 
(Table 1). For each patient, a daily mean blood glucose value was 
calculated from all measurements (fasting and random) done dur-
ing hospitalization. Random blood glucose measurements were 
taken using a portable glucometer; fasting blood glucose was 
measured by Siemens Chemistry analyzer (Dimesions Xpand and 
Dimension EXL200 models) using a spectrophotometric hexo-
kinase method. Daily mean blood glucose was expressed in mil-
ligrams per deciliter (mg/dL).

Statistical Analysis
Univariate analyses and multivariate logistic regression analyses 
with backward elimination method were used to evaluate the 
effects of blood glucose on length of hospitalization (LOH), 

addition to AECOPD, such as bronchial asthma and pneumonia. 
Also, the authors’ limited analysis to the highest value occurring 
at any time during the hospitalization18 allows inference to be 
drawn from the absolute peak blood glucose value, but not from 
a complete picture of blood glucose during hospitalization. 

The purpose of this study was to explore the association 
between blood glucose levels and clinical outcomes among hospi-
talized AECOPD patients on a general medical floor. We hypoth-
esized that abnormal blood glucose (hypoglycemia and hypergly-
cemia) would be associated with adverse clinical outcomes. 

METHODS
Study Population
A retrospective cohort of 209 patients hospitalized with a diagno-
sis of AECOPD within the Marshfield Epidemiology Surveillance 
Area (MESA), a 24-ZIP code area in central and northwestern 
Wisconsin,24,25 were identified. Following institutional review 
board approval (with waiver of informed consent), patients were 
validated manually as meeting the study’s inclusion criteria. 
Details about MESA are published elsewhere,24,25 but briefly, this 
cohort consists of about 85,000 residents who receive health care 
at Marshfield Clinic and its affiliates. Patients had been admit-
ted to the largest 2 hospitals in the MESA catchment area with 
a diagnosis of AECOPD from January 1, 2004 to December 31, 
2008. Each patient was identified using ICD-9 Code 491.21 
and a prehospitalization diagnosis of COPD based on the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) crite-
ria,26,27 which included (1) age 40–80 years; (2) history of smok-
ing (>20 pack-years); (3) clinical history of COPD as measured 
at any time by an FEV1/FVC (FEV1 = forced expiratory volume 
in the first second of expiration/FVC = forced vital capacity) 
ratio <70% and FEV1 <50% predicted. Inclusion criteria also 
included admission and discharge diagnosis of AECOPD and at 
least 2 blood glucose measurements during hospitalization. We 
excluded patients who were transferred from other facilities or 
those who were transferred to palliative or intensive care units 
within 24 hours of admission, newly diagnosed with lung can-
cer or pneumonia during the hospitalization, known to be HIV 

Table 1. Serum Glucose Measurements (Capillary and Serum) During Hospitalization 

Number of Blood Glucose Measurements    Standard 
Taken in a 24-hour Period N Mean Median Deviation Minimum Maximum

1 97 132 133 38 54 252
2 19 191 183 69 98 364
3 10 205 209 66 114 312
4 28 218 205 75 121 427
5 43 273 265 77 162 483
6 8 380 398 121 223 560
7 3 360 373 63 291 415
8 4 534 528 51 478 600
9 or more 3 283 292 45 234 322
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CI) = 2.55 (1.10-5.92). Higher blood glu-
cose was not significantly associated with 
LOH by comparing 87.9% of at least 1 
daily mean > 140 mg/dl at hospitaliza-
tion > 3 days group with 78.8% at hos-
pitalization ≤3 days group, P = 0.13, and 
OR (95%CI) = 1.95(0.81-4.73) (Table 4). 
Multivariate logistic regression analy-
sis with backward elimination method 
revealed that respiratory support and in-

hospital complication were the most significant risk factors for 
LOH, where OR (95% CI)) = 4.68 (1.88-11.67) for respiratory 
support, and 3.74 (1.45-9.67) for in-hospital complication.

Hospital Readmission Within 30 Days
Thirty-six people were readmitted within 30 days of discharge 
from index hospitalization. Univariate analysis did not identify 
any factor associated with 30-day readmission, where OR (95% 
CI)) = 1.96 (0.75-5.07) and P-value = 0.17 for the lower blood 
glucose, as well as 1.18 (0.45-3.06) and P-value = 0.74 for the 
higher blood glucose. Multivariate logistic regression analysis 
with backward elimination method failed to reveal any significant 
risk factor associated with 30-day hospital readmission. (Data not 
shown.)

Ninety Day All-cause Mortality
Eight people died due to any cause within 90 days of index hos-
pitalization. Similarly, univariate analysis did not show any fac-
tor associated with 90-day all-cause mortality, where OR (95% 
CI)) = 1.01(0.12-8.52) and P-value = 0.996 for the lower blood 
glucose, as well as 0.36 (0.08-1.59) and P-value = 0.18 for the 
higher blood glucose. Multivariate logistic regression analysis 
with backward elimination method did not reveal any significant 
risk factor either associated with 90-day hospital readmission. 
(Data not shown.)

DISCUSSION
Our study among hospitalized AECOPD patients on the gen-
eral medical floor failed to reveal significant relationship between 
higher blood glucose and adverse clinical outcomes.

Our study differs from the study by Baker et al,18 which may 
explain the difference in results. First, our study population was 
defined based on prior spirometric measurements and World 
Health Organization (WHO) criteria for exacerbation, whereas 
the Baker study relied solely on ICD-10 codes. Second, the Baker 
study did not utilize any radiological data to rule out other pul-
monary comorbidities, like pneumonia, which might confer a 
confounding effect on the data. Third, there were differences in 
methods for reporting blood glucose data. Studies utilized either a 
single admission blood glucose,8-11 daily mean blood glucose,14,15 
or a single blood glucose obtained (fasting or nonfasting) during 

complications, 30-day hospital readmission, and 90 days all-
cause mortality. The other variables considered in multivariate 
logistic regression models were age, diabetes mellitus (DM) sta-
tus, sex, steroid use 24 hours before hospitalization, current or 
past smoker, BMI, inhaled medications at time of presentation, 
history of chronic steroid use, number of blood glucose measure-
ments taken per day, and respiratory support (invasive and non-
invasive ventilation) received during hospitalization.

LOH was considered as a discrete outcome (ie, ≤3 days vs >3 
days). In-hospital complication was considered as a categorical 
variable comparing those patients who had at least 1 complica-
tion during the index hospitalization to those who did not, while 
blood glucose was classified 2 ways: as a discrete variable (at least 
1 daily mean <90 mg/dl vs others) and a discrete variable (at least 
1 daily mean >140 vs others). All analyses were performed using 
SAS version 9.2 (SAS Institute Inc., Cary, North Carolina).

RESULTS
In-hospital Complications
Twenty-four patients had in-hospital complications (Table 2). 
Univariate analysis revealed that lower blood glucose (at least 
1 daily mean <90 mg/dl vs others) was significantly associated 
with in-hospital complication by comparing 37.5% of at least 1 
daily mean <90 mg/dl at complication group with 9.2% at non-
complication group, P = 0.0003, and OR (95% CI = 5.93 (2.26-
15.57). Higher blood glucose (at least 1 daily mean >140 mg/
dl vs others) was not significantly associated with in-hospital 
complication by comparing 75.0% of at least 1 daily mean >140 
mg/dl at complication group with 82.2% at noncomplication 
group, P = 0.40, and OR (95%CI) = 0.65(0.24-1.77) (Table 3). 
Multivariate logistic regression analysis with backward elimina-
tion method revealed that the lower blood glucose and age at 
hospital admission were the most significant risk factors for in-
hospital complications, where OR (95% CI) = 6.45(2.12-19.66) 
for the lower blood glucose, and 1.08 (1.01-1.15) for age.

Length of Hospitalization
Univariate analysis revealed that lower blood glucose was sig-
nificantly associated with LOH by comparing 20.7% of at least 
1 daily mean < 90 mg/dl at hospitalization > 3 days group with 
9.3% at hospitalization ≤3 days group, P = 0.03, and OR (95% 

Table 2. Association Between Length of Hospitalization and Characteristics in a Population of Adults 
Hospitalized for Acute Exacerbation of Chronic Obstructive Pulmonary Disease

  Percent of Patients with an Percent of Patients 
Category of  In-hospital Complication Included in Analysis 
Hospital Complication n (n = 24) (n = 209)

Acute renal failure 3 (13) (1)
Cardiac 17 (71) (8)
Pulmonary 0 (0) (0)
Neurologic 4 (8) (2)
Health care associated infection 0 (0) (0)
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steroids that increase blood glucose.
Recent data show that the lower blood glucose is associated 

with adverse outcomes in other conditions including increased 
morbidity and mortality.10,33-38 The presence of hypoglycemia 
itself may be a marker for severity of illness, may have direct con-
sequences itself, or be a treatment related side-effect. The pres-
ence of hypoglycemia, independent of treatment-related effects, 
may reflect defects in glucose counter-regulation, an imbalance 
between reduction in circulating insulin and enhanced glucagon 
secretion in response to lower glucose levels, or aberrant physi-
ologic response to falling glucose levels. Therefore, the patient’s 
inability to mount a hyperglycemic response in the presence of 
these 2 biochemical processes might portend an adverse clinical 
outcome. Our study is the first to demonstrate that hypoglycemia 
as defined by a blood sugar less than 90 mg/dl in patients with 
AECOPD is associated with adverse clinical outcomes.

This study was performed in a rural, white population, which 
limits its generalizability to other populations. The role of ste-

hospitalization.10,18,19,21-23 Our study utilized a daily mean blood 
glucose, since blood glucose levels among AECOPD patients 
on systemic corticosteroids tend to peak around afternoon and 
evening hours.29 Therefore, blood glucose measurements taken 
throughout the day more accurately capture patients’ glycemic 
status, although all of the approaches discussed are imperfect.

Our a priori expectation that adverse outcomes in hospitalized 
AECOPD patients would be associated with the higher blood 
glucose (as noted in recent observational data) was not validated. 
In fact, our study revealed that the lower blood glucose levels 
resulted in higher risk for in-hospital complication, and in-hos-
pital complication resulted in longer duration of hospitalization. 
Therefore, lower blood glucose may indirectly result in longer 
duration of hospitalization. The occurrence of normal or lower 
blood glucose among AECOPD patients is not common, since 
COPD exacerbation is characterized by an inflammatory process 
involving prohyperglycemia agents like stress hormones and cyto-
kines,30-32 and patients routinely are treated with systemic cortico-

Table 3. Association Between In-hospital Complications and Characteristics in a Population of Adults Hospitalized for Acute Exacerbation of Chronic Obstructive Pulmonary 
Disease 

 Complications No. Complications 
 During Index Hospitalization During Index Hospitalization Univariate Analysis

Characteristic n = 24 n = 185 OR 95% CI P-value
Blood glucose: at least 1 daily mean >140mg/dl – n (%) 18 (75.0)  152 (82.2) 0.65 0.24-1.77 0.40
Blood glucose: at least 1 daily mean <90mg/dl – n (%) (37.5)  17 (9.2) 5.93 2.26-15.57 0.0003
Age (years) at hospital admission – mean (sd) 67.3 (9.5) 64.5 (8.1) 1.05 0.99-1.11 0.11
Diabetes Mellitus at hospital admission – n (%) 7 (29) 56 (30) 0.95 0..37-2.42 0.91
Male sex – n (%) 7 (29) 73 (39) 0.63 0.25-1.60 0.33
Corticosteroids given within 24 hours of hospitalization – n (%) 24 (100) 176 (96) *  
Current smoker – n (%) 8 (33) 75 (41) 0.73 0.30-1.80 0.50
Body mass index in kg/m2 – mean (sd) 32.6 (8.7) 31.1 (8.8) 1.02 0.97-1.07 0.45
Inhaled medications at the time of presentation – n (%) 20 (83) 165 (89) 0.61 0.19-1.95 0.40
History of chronic steroid use – n (%) 1 (4) 21 (11) 0.34 0.04-2.63 0.30
Received respiratory support during hospitalization – n (%) 5 (21) 23 (12) 0.54   0.18-1.59 0.26
Number of blood glucose measurements taken per day –mean (sd) 1.7 (1.9) 2.6 (1.8) 0.66 0.47-0.93 0.02

Table 4. Association Between Length of Hospitalization and Characteristics in a Population of Adults Hospitalized for Acute Exacerbation of Chronic Obstructive Pulmonary 
Disease

 Hospitalization > 3 Days Hospitalization ≤ 3 Days  Univariate Analysis

Characteristic n = 58 n= 151 OR 95% CI P-value
Blood glucose: at least 1 daily mean>140mg/dl – n (%) 51 (87.9) 119 (78.8) 1.95 0.81-4.73 0.13
Blood glucose: at least 1 daily mean<90mg/dl – n (%) 12 (20.7)  14 (9.3) 2.55 1.10-5.92 0.03
Age (years) at hospital admission – mean (sd) 64.6 (8.5) 64.9 (8.3) 0.996 0.96-1.03 0.85
Diabetes Mellitus at hospital admission – n (%) 21 (36.2) 42 (27.8) 1.47 0.77-2.80 0.24
Received respiratory support during hospitalization –  n (%) 17 (29.3) 11 (7.3) 5.28 2.29-12.16 <0.0001
Complications during hospitalization – n (%) 14 (24.1) 10 (6.6) 4.49 1.86-10.81 0.0004
Male sex – n (%) 21 (36.2) 59 (39.1) 0.89 0.47-1.66 0.70
Corticosteroids given within 24 hours of hospitalization – n (%) 56 (96.6) 144 (96.0) 1.17 0.23-5.95 1.000
Current smoker – n (%) 21 (36.2) 62 (41.1) 0.82 0.44-1.52 0.52
Body mass index in kg/m2 – mean (sd) 32.4 (9.9) 30.9 (8.4) 1.02 0.98-1.06 0.29
Inhaled medications at the time of presentation – n (%) 55 (94.8) 130 (86.1) 2.96 0.85-10.34 0.08
History of chronic steroid use – n (%) 8 (13.8) 14 (9.3) 1.55 0.62-3.93 0.35
Number of blood glucose measurements taken per day – mean (sd) 2.6 (2.5) 2.9 (2.0) 0.94 0.81-1.09 0.43
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roids in the treatment of COPD exacerbations has long been 
established,21,22,32,39 but we were unable to collect data regarding 
corticosteroid dosage, which is highly variable in clinical prac-
tice. Corticosteroid dosage likely exerts great influence on blood 
glucose trends, but the clinical importance of these fluctuations 
remains unclear. Although we looked at patients with spirometry, 
baseline disease severity per WHO/GOLD criteria staging was 
not included in our analysis. Also, it is important to note that 
although our study is large compared to previous studies, it is 
possible that it was not large enough to have the power necessary 
to detect the significant relationship between higher blood sug-
ars and adverse outcomes in this population. Therefore, further 
larger studies in this population to incorporate this data would 
help to elucidate the complex interactions between metabolic 
control of blood glucose, extraneous hyperglycemic agents, and 
clinical outcomes.

CONCLUSION
Our study differed from previous studies by the absence of a rela-
tionship between adverse outcomes and increased blood glucose 
levels. Interestingly, we found that blood sugars less than 90 mg/
dl were associated with in-hospital complication and may indi-
rectly result in longer LOH. Further studies examining dose and 
duration of steroid dose, as well as stratification based on spiro-
metric data, may provide further insights of the many subtleties 
and complexities of this association on LOH and adverse medical 
complications.
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To receive CME credit, complete this quiz and return  
it to the address listed below. See CME-designated  
article on pages 244-249.

EDUCATIONAL OBJECTIVES

Upon completion of this activity, participants will be able to:

1. Appreciate the factors associated with adverse clinical out-
comes in patients hospitalized with an acute exacerbation of 
chronic obstructive pulmonary disease (AECOPD).

2. Recognize the role that an altered blood glucose level may 
have on hospitalized patients with AECOPD and other acute 
illnesses.

PUBLICATION DATE:  December 16, 2013

EXPIRATION DATE:  December 16, 2014 

QUESTIONS

1. Chronic obstructive pulmonary disease is a chronic condi-
tion affecting 50 million people and is the sixth leading cause 
of death in the United States, with in-hospital mortality 
ranging from 2% to 30%.

	 	q	True
	 	q	False

2.  Adverse outcomes of AECOPD are associated with:
	 q	Lower arterial pH, older age, female gender
	 q		Underlying comorbidities, disease severity, in-hospital 

complications

	 q		In-hospital complications, lower arterial pH, younger 
age, male gender

	 q		Underlying comorbidities, disease severity, in-hospital 
complications, higher arterial pH, older age, male gender

	 q	None of the above

3. Data from other studies have shown that higher blood glu-
cose is associated with adverse outcomes among patients 
with acute myocardial infarction, brain injury, community-
acquired pneumonia, severe trauma, critical illness, and those 
undergoing cardiothoracic surgery.

	 	q	True
	 	q	False

4. Hospitalized COPD patients with elevated blood glucose 
have been found in other studies to have longer hospital 
stays, more frequent isolation of gram negative bacteria,  
ventilatory failure, and a higher mortality risk.

	 	q	True
	 	q	False

5. The present study revealed a significant relationship between 
higher blood glucose levels and adverse clinical outcomes 
among patients hospitalized with AECOPD.

	 	q	True
	 	q	False

6. The present study revealed that among patients hospitalized 
with AECOPD, a lower blood glucose level was a significant 
risk factor associated with an in-hospital complication and 
increased hospital length of stay.

	 	q	True
	 	q	False

7. In the present study of patients with AECOPD, hospital 
readmission within 30 days and 90-day all cause mortality 
were significantly increased in patients with both increased 
and decreased blood sugar levels during hospitalization.

	 	q	True
	 	q	False

Quiz: Association Between Blood Glucose Level 
and Outcomes in Patients Hospitalized for Acute 
Exacerbation of Chronic Obstructive Pulmonary Disease

•  •  • 

You may earn CME credit by reading the designated article in this issue and success-
fully completing the quiz (75% correct). Return completed quiz to WMJ CME, 330 E 
Lakeside St, Madison, WI 53715 or fax to 608.442.3802. You must include your name, 
address, telephone number, and e-mail address. 

The Wisconsin Medical Society (Society) is accredited by the Accreditation Council for 
Continuing Medical Education (ACCME) to provide continuing medical education for 
physicians. The Wisconsin Medical Society designates this journal-based CME activity 
for a maximum of 1.0 AMA PRA Category 1 CreditTM. Physicians should claim only the 
credit commensurate with the extent of their participation in the activity.
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