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Abstract: We performed an observational analysis of a prospective
cohort of immunocompetent hospitalized adults with community-
acquired pneumonia (CAP) to determine the epidemiology, clinical
features, and outcomes of pneumonia in patients with diabetes mellitus
(DM). We also analyzed the risk factors for mortality and the impact of
statins and other cardiovascular drugs on outcomes. Of 2407 CAP
episodes, 516 (21.4%) occurred in patients with DM; 483 (97%) had
type 2 diabetes, 197 (40%) were on insulin treatment, and 119 (23.9%)
had end-organ damage related to DM. Patients with DM had different
clinical features compared to the other patients. They were less likely to
have acute onset, cough, purulent sputum, and pleural chest pain. No
differences in etiology were found between study groups. Patients with
DM had more inhospital acute metabolic complications, although the
case-fatality rate was similar between the groups. Independent risk
factors for mortality in patients with DM were advanced age, bacter-
emia, septic shock, and gram-negative pneumonia. Patients with end-
organ damage related to DM had more inhospital cardiac events and a
higher early case-fatality rate than did the overall population. The use
of statins and other cardiovascular drugs was not associated with better
CAP outcomes in patients with DM. In conclusion, CAP in patients
with DM presents different clinical features compared to the features of
patients without DM.

(Medicine 2013;92: 42Y50)

Abbreviations: CAP = community-acquired pneumonia, DM =
diabetes mellitus, EIA = enzyme immunoassay, ICU = intensive care
unit, IF = immunofluorescence, PSI = Pneumonia Severity Index.

INTRODUCTION

D iabetes mellitus (DM) is one of the most common chronic
diseases worldwide and is associated with high morbidity

and mortality.2 This metabolic disorder causes damage inmultiple
organs. Moreover, several aspects of immunity are altered in
patients with diabetes. The normal role of polymorphonuclear
leukocytes, leukocyte adherence, chemotaxis, and the processes
of phagocytosis may all be compromised.7,16,27 Antioxidant sys-
tems involved in bactericidal activity can also be impaired.31

However, the impact that these disturbances have on the develop-
ment and outcomes of infectious diseases has been poorly studied.

Community-acquired pneumonia (CAP) is one of the most
frequent infections requiring hospitalization in developed
countries.29 However, information regarding the clinical fea-
tures, etiology, and outcomes of CAP in patients with DM is
scarce. In a 2011 report,9 patients with DM compared with
patients without DM had a higher risk of death from pneumonia
and other infectious diseases. However, it is not known whether
factors related to mortality in patients with both DM and CAP
differ from those in CAP patients without DM. The use of statins
and other cardiovascular drugs has been suggested as a prom-
ising option for improving the prognosis of CAP.37 Since DM
poses a high cardiovascular risk even in the absence of known
coronary artery diseases, the American Diabetes Association
states that statin treatment is frequently indicated in this popu-
lation.2 Prospective studies testing the effect of statins on out-
comes in patients with DM and CAP are, however, lacking.
Interestingly, a recent study34 documented that statin treatment
may reduce the incidence of pneumonia. Among 17,802
patients, incident pneumonia was reported as an adverse event in
214 (1.1%) participants in the rosuvastatin group and 257
(1.3%) in the placebo group.

We conducted the current study to determine the epide-
miology, clinical features, and outcomes of CAP in patients
with DM. A further aim was to assess the risk factors for mor-
tality in patients with DM and CAP and to evaluate the impact
of the severity of DM and the use of statins and other cardio-
vascular drugs on outcomes.

PATIENTS AND METHODS

Setting, Patients, and Study Design
This observational study was conducted at an 800-bed

university hospital for adults in Barcelona, Spain. All non-
severely immunosuppressed adult patients admitted with pneu-
monia through the hospital’s emergency department between
January 2002 and July 31, 2010, were prospectively recruited
and followed. Patients with CAP were identified at the emer-
gency department by the attending physicians and/or the study
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investigators. Clinical and laboratory data on all patients were
prospectively recorded using a computer-assisted protocol.
Patients with neutropenia, solid organ transplantation, chemo-
therapy, acquired immunodeficiency syndrome, or current cor-
ticosteroid therapy (Q20 mg prednisone/d or equivalent) at
admission were excluded. The study was approved by the ethics
committee of our institution.

Clinical Assessment and Antibiotic Therapy
Patients were seen daily during their hospital stay by 1 or

more of the investigators, who recorded clinical data in a com-
puter-assisted protocol. Data were collected on demographic
characteristics, comorbidities (for example, chronic pulmonary
disease, chronic cardiac disease, chronic renal disease, chronic
liver disease, dementia, and cancer), causative organisms, anti-
biotic susceptibilities, biochemical analysis, empirical antibiotic
therapy, and outcomes. Baseline glycemia was obtained from the
central laboratory database. The Pneumonia Severity Index
(PSI) was used to stratify patients into risk classes.13

Antibiotic therapy was initiated in the emergency depart-
ment in accordance with hospital guidelines, which recommend
the administration of a A-lactam (ceftriaxone sodium or amoxi-
cillin/clavulanate potassium) with or without levofloxacin. Com-
bination therapy was recommended for patients with clinical
suspicion of a Legionella species or an atypical pathogen, as well
as in the absence of a demonstrative finding on sputum Gram
stain results. Levofloxacin monotherapy was recommended for
patients with a positive urine antigen test for Legionella pneu-
mophila serogroup 1, as described elsewhere.5 Combined amo-
xicillin/clavulanate was recommended for patients with clinical
suspicion of aspiration pneumonia to provide adequate anti-
anaerobic coverage.

Definitions
Pneumonia was defined as the presence of an infiltrate on a

chest radiograph plus an acute illness associated with 1 or more
of the following signs and symptoms: new cough with or
without sputum production, pleuritic chest pain, dyspnea, fever
or hypothermia, altered breath sounds on auscultation, or leu-
kocytosis. Aspiration pneumonia was diagnosed on a clinical
and radiologic basis in patients who had risk factors such as
compromised consciousness, altered gag reflex, dysphagia, se-
vere periodontal disease, putrid sputum, and radiographic evi-
dence of involvement of a dependent pulmonary segment or
necrotizing pneumonia.

A diagnosis of DM was made when the fasting plasma
glucose concentration was Q7.0 mmol/L (126 mg/dL) on 2 or
more separate occasions, or when a random plasma glucose
Q11.1 mmol/L (200 mg/dL) was found in a patient with classic
symptoms of hyperglycemia.1 Alternatively, the diagnosis was
based on a previous clinical and/or biochemical diagnosis of
DM and/or treatment with oral antidiabetic agents or insulin.
DM-related end-organ disease was defined as the presence of
microvascular complications (retinopathy, nephropathy, and
somatic neuropathy) or macrovascular complications (peripheral
vascular disease, coronary artery disease, and stroke). The use
of statins and cardiovascular drugs (angiotensin-converting-
enzyme inhibitor, acetylsalicylic acid, and beta-blockers) was
documented by medical records and patients’ self-reported pre-
scription and drug compliance.

Vaccination status was assessed from interviews with
patients or their relatives, as well as from reviews of hospi-
tal and personal health records (vaccination card). Patients
were considered to be pneumococcal-vaccinated if 23-valent

polysaccharide pneumococcal vaccine had been administered in
the 5 years before admission, and influenza-vaccinated if sea-
sonal influenza vaccine had been administered during the year
before admission. The diagnosis of septic shock was based on a
systolic blood pressure of less than 90 mm Hg and peripheral
hypoperfusion with the need for vasopressors. A comorbid
condition was defined by the presence of 1 or more disorders in
addition to diabetes. Initial inappropriate therapy was defined as
the absence of antimicrobial agents directed at a specific type of
organism or administration of an antibiotic to which the organ-
ism was resistant, according to susceptibility test criteria for
lower respiratory tract pathogens.

Complications were defined as any untoward circum-
stances occurring during hospitalization, with the exception of
side effects from medication. Inhospital cardiac events included
acute coronary syndromes, arrhythmias, and decompensated
heart failure. Inhospital metabolic complications included hy-
perglycemia, altered sodium or potassium values, alkalosis, and
acidosis. Diabetic ketoacidosis was defined as glycemia greater
than 13.8 mmol/L (9250 mg/dL), arterial pH G7.30, a serum
bicarbonate concentration G15 mmol/L, presence of urine ke-
tone and anion gap 912 mEq/L.24 Time to clinical stability was
defined as described elsewhere.20 The early case-fatality rate
was defined as death due to any cause G48 hours after hospi-
talization, whereas the overall case-fatality rate was death due to
any cause G30 days after hospitalization.

Microbiologic Studies
Pathogens in blood, normally sterile fluids, sputum, and

other samples were investigated using standard microbiologic
procedures. The Streptococcus pneumoniae antigen in urine was
detected using a rapid immunochromatographic assay (NOW
Assay; Binax Inc., Portland, ME). Isolation of Legionella was
attempted in sputum and other respiratory samples using selective
media (BCYE->). L. pneumophila serogroup 1 antigen in urine
was detected by either an immunochromatographic method
(NOW Legionella Urinary Antigen Test; Binax Inc.) or an en-
zyme-linked immunosorbent assay (ELISA-Bartels, Bartels,
Trinity Biotech, Wicklow, Ireland). Standard serologic methods
were used to determine antibodies against the following patho-
gens: Mycoplasma pneumoniae (indirect agglutination), Chla-
mydophila psittaci (immunofluorescence EIF^), Chlamydophila
pneumoniae (micro-IF), Coxiella burnetii (IF), L. pneumophila
(serogroups 1-6) (enzyme immunoassay EEIA^), respiratory syn-
cytial virus (EIA), parainfluenza 3 virus (EIA), and influenza A
virus (EIA) (on admission and 3Y4 weeks thereafter). The etiol-
ogy was considered if 1 of the following criteria was met: a
fourfold increase in IgG titers for C. pneumoniae (IgG 91:512),
C. psittaci (IgG 964), L. pneumophila 91:128, C. burnetii 91:80,
and respiratory viruses; or a single increased IgM titer for C. pneu-
moniae 91:32, C. burnetii 91:80, andM. pneumoniae (any titer).

The antibiotic sensitivity of all isolates was determined at
the laboratory of the microbiology service, Bellvitge University
Hospital, by microdilution method, in accordance with criteria
of the Clinical and Laboratory Standards Institute.

Statistical Analysis
Categorical variables were described using counts and per-

centages from available data. Continuous variables were expressed
as the mean and standard deviation, or median and interquartile
range for non-normally distributed data (Kolmogorov-Smirnov
test). In the first analysis we compared patients with and without
DM. Significant differences between groups were detected by
means of the chi-square test or Fisher exact test for categorical
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variables, and by the Student t test or Mann-Whitney test for
continuous variables, as appropriate.

A second analysis was then performed to compare patients
with DM who died with those who survived. This was a multi-
variate analysis to determine independent risk factors for mor-
tality in patients with DM. Significant variables detected in the
univariate analysis and that were considered clinically important
variables were entered into the multivariate analysis. The relative
risks were expressed as odds ratios and 95% confidence intervals.

Three subanalyses were performed. First, we compared the
outcomes of DM patients according to whether or not they re-
ceived statins, and then repeated this analysis for other cardio-
vascular drugs. To determine the impact of the severity of DM
on CAP, we analyzed the clinical features, etiology, and out-
comes of patients who received insulin therapy with those of
nondiabetic patients, and then performed the same analysis to
compare patients with DM and end-organ damage with nondi-
abetic patients.

TABLE 1. Characteristics of Pneumonia by Study Group

Variable

Patients With DM
(n=516)
No. (%)

Patients Without DM
(n=1891)
No. (%) P

Demographic data
Age, median (IQR), yr 74 (30Y96) 69 (18Y101) G0.001
Aged 965 yr 396 (71.5) 1096 (58) G0.001
Male sex 341 (67) 1298 (68.6) 0.31
Current smoker 78 (15.1) 532 (28.2) G0.001
Alcohol abuse 64 (12.4) 343 (18.2) 0.01
Influenza vaccine (season) 300 (58.1) 799 (42.2) G0.001
Pneumococcal vaccine, 5 yr 126 (24.4) 338 (17.8) G0.001
Prior antibiotic therapy 81 (16.5) 417 (22.7) .003

Comorbid conditions 365 (70.7) 1105 (58.4) G0.001
Chronic pulmonary disease 168 (32.6) 509 (26.9) 0.01
Chronic heart disease 161 (31.2) 405 (21.4) G0.001
Neoplastic disease 43 (8.3) 176 (9.3) 0.55
Chronic renal disease 66 (12.8) 145 (7.7) G0.001
Chronic liver failure 45 (8.7) 125 (6.6) 0.10
Cerebrovascular disease 85 (16.5) 181 (9.6) G0.001
Cognitive deficit (dementia) 37 (7.2) 104 (5.5) 0.17

Statin use 157 (30.4) 130 (6.8) G0.001
Clinical features at presentation
Fever (Q38.0-C) 199 (38.5) 796 (42) 0.22
Acute onset of disease 162 (31.4) 703 (37.1) 0.02
Cough 410 (79.5) 1538 (81.3) 0.01
Expectoration 279 (54) 1160 (61.3) 0.01
Purulent sputum 191 (37) 817 (43.2) 0.01
Dyspnea 333 (64.5) 1190 (63) 0.54
Tachypnea (Q30 breathsImin-1) 196 (37.9) 733 (38.7) 0.96
Pleuritic chest pain 150 (29) 818 (43.3) G0.001
Impaired consciousness 100 (19.4) 274 (14.5) 0.01
Septic shock 48 (9.3) 198 (10.5) 0.46

Laboratory and radiographic findings at presentation
Respiratory failure* 272 (52.7) 929 (49.1) 0.1
Leukocytosis (leukocytes Q12 � 109/L) 315 (61.1) 1081 (57.2) 0.12
Hypoalbuminemia (G3.0 g/dL) 249 (48.3) 1023 (54) 0.10
Multilobar pneumonia 146 (28.3) 621 (33) 0.04
Pleural effusion 66 (12.8) 350 (18.5) 0.01
Empyema 14 (2.7) 110 (5.8) 0.01
Bacteremia 57 (11) 240 (12.7) 0.32

High-risk PSI classes† 400 (77.5) 1056 (55.8) G0.001

Abbreviations: COPD = chronic obstructive pulmonary disease, IQR = interquartile range.

*Respiratory failure: PaO2/FiO2 G300 or PaO2 G60 mm Hg.

†Patients were stratified into the following risk classes according to PSI score: low risk (e90 points, classes I, II, and III) and high risk (990 points,
classes IV and V).
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The results were analyzed using SPSS version 15.0 (SPSS
Inc., Chicago, IL). A p value of G 0.05 was considered statis-
tically significant. All reported p values are 2-tailed.

RESULTS

Patient Characteristics
We documented 2407 CAP episodes, of which 516

(21.4%) corresponded to diabetic patients. Of the latter, 483
(97%) had type 2 DM, and of these 197 (40%) were on insulin
treatment. The median time from DM diagnosis to CAP was
5 years (interquartile range, 3Y13). A total of 119 (23.9%)
patients had end-organ damage, mainly retinopathy (43%) and
vasculopathy (23%).

Table 1 shows the demographic, clinical, and laboratory
findings of patients with and without DM. Patients with DM
were older and were more likely to present other chronic
comorbid conditions, especially chronic pulmonary diseases,
chronic heart diseases, cerebrovascular disease, and chronic
renal disease. They had more often received statins and were

TABLE 3. Antibiotic Therapy and Pneumonia Outcome by
Study Group

Variable

Patients
With DM
(n=516)

Patients
Without
DM

(n=1891) P

Inappropriate antibiotic therapy,
no. (%)

29 (5.6) 76 (4) 0.5

Inhospital complications
Cardiac complications 54 (10.5) 165 (8.7) 0.22
Nosocomial infections 14 (2.7) 55 (2.9) 0.88
Metabolic complications* 43 (8.3) 31 (1.6) G0.001

ICU admission 48 (9.3) 203 (10.7) 0.37
Need for mechanical ventilation 30 (5.8) 125 (6.6) 0.61
Length of intravenous therapy,
median (IQR), d

4 (0Y8) 4 (0Y8) 0.99

Time to clinical stability,
median (IQR), d

4 (1Y7) 4 (2Y8) 0.88

Length of hospital stay, median
(IQR), d

8 (2Y14) 8 (1Y15) 0.25

Early case-fatality rate, e48 h 12 (2.3) 30 (1.6) 0.25
Overall case-fatality rate 38 (7.4) 134 (7.1) 0.84

*Diabetic ketoacidosis was documented in 13 patients (2.5%).

TABLE 2. Etiology of Pneumonia by Study Group

Variable

Patients
With DM
(n=516)
No. (%)

Patients
Without
DM

(n=1891)
No. (%) P

Streptococcus pneumoniae 201 (39) 792 (41.9) 0.24
Pneumococcal bacteremia 45 (9.4) 206 (10.9) 0.15

Haemophilus influenzae 20 (3.9) 97 (5.1) 0.29
Aspiration pneumonia 42 (8.1) 139 (7.4) 0.57
Legionella pneumophila 27 (5.2) 91 (4.8) 0.63
Staphylococcus aureus 1 (0.2) 15 (0.8) 0.14
Gram-negative bacilli 13 (2.5) 37 (2) 0.48
Pseudomonas aeruginosa 9 (1.7) 24 (1.3) 0.41

Atypical agents 12 (2.3) 63 (3.3) 0.31
Other 13 (2.5) 64 (3.4) 0.39
No pathogen identified 196 (37.9) 619 (32.7) 0.11

TABLE 4. Factors Associated With Mortality in Patients With
DM and Pneumonia: Univariate Analysis

Variable

Patients
With DM
Who Died
(n=38)
No. (%)

Patients
With DM

Who
Survived
(n=478)
No. (%) P

Demographic data
Age, median (IQR), yr 76.5 (43Y96) 73 (30Y96) 0.01
Aged 965 yr 36 (94.7) 360 (75.3) G0.01
Male sex 25 (65.8) 316 (66.1) 1
Current smoker 2 (5.3) 76 (15.8) 0.14
Influenza vaccine
(season)

11 (28.9) 289 (60.4) 0.2

Pneumococcal vaccine,
5 yr

4 (10.5) 122 (25.5) 0.6

Statin use 12 (31.5) 144 (30.1) 0.56
Comorbid conditions
Chronic pulmonary
disease

11 (28.9) 157 (32.8) 0.72

Chronic heart disease 18 (47.4) 143 (29.9) 0.03
Chronic renal disease 10 (26.3) 56 (11.7) 0.02
Dementia 7 (18.4) 30 (6.3) 0.01

Septic shock 11 (28.9) 37 (7.7) G0.001
Respiratory failure* 24 (63.2) 248 (51.8) 0.06
Hyperglycemia at
admission (911 mmol/L)

16 (42.1) 212 (44.3) 0.96

Hyperglycemia at
admission (914 mmol/L)

11 (28.9) 130 (27.1) 0.85

Multilobar pneumonia 17 (44.7) 129 (26.9) 0.02
Bacteremia 10 (26.3) 47 (9.8) 0.01
High-risk PSI classes† 38 (1) 362 (75.7) G0.001
Etiology
Streptococcus
pneumoniae

12 (31.5) 189 (39.5) 0.38

Legionella pneumophila 0 (0) 27 (5.6) 0.24
Haemophilus influenza 1 (2.6) 19 (4) 1
Aspiration pneumonia 7 (18.4) 35 (7.3) 0.03
Gram-negative bacilli 4 (10.5) 9 (1.9) 0.01
Atypical agents 1 (2.6) 11 (2.3) 0.6
Other organism 1 (2.6) 12 (2.5) 1
No pathogen identified 13 (34.2) 183 (38.3) 0.77

Mechanical ventilation 14 (36.8) 16 (3.3) G0.001
ICU admission 18 (47.3) 30 (6.3) G0.001
DM receiving insulin
therapy

16 (42.1) 181 (37.8) 0.36

End-organ damage 11 (28.9) 108 (22.6) 0.31

DM, diabetes mellitus; IQR, interquartile range; PSI, Pneumonia
Severity Index.

*See Table 1 for definition.

†See Table 1 for definition.
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more likely to have been vaccinated against pneumococcus and
influenza. By contrast, they were less likely to receive prior
antibiotic therapy and to be current smokers and heavy alcohol
drinkers. Patients with DM were more often classified into
high-risk PSI classes.

Regarding clinical features, patients with DM more com-
monly presented with impaired consciousness at admission than
patients without DM. Conversely, acute onset of disease, cough,
purulent sputum, and pleuritic chest pain were less frequent
among patients with DM. Multilobar infiltrates, pleural effu-
sion, and empyema were also less common in patients with DM.

Causative Organisms
The distribution of causative organisms in both groups is

detailed in Table 2. There were no significant differences

between the study groups as regards pathogens. S. pneumoniae
was the most frequent causative organism in patients with
DM, followed by aspiration pneumonia, L. pneumophila, and

TABLE 5. Factors Associated With Mortality in Patients With
DM and Pneumonia: Multivariate Analysis

Variable OR (95% CI) P

Aged 965 yr 5.04 1.13Y22.6 0.04
Chronic heart disease* 2.06 0.98Y4.5 0.56
Chronic renal disease 2.096 0.85Y5.14 0.11
Dementia 2.55 0.84Y7.8 0.10
Multilobar pneumonia 2.13 0.98Y4.6 0.56
Bacteremia 2.7 1.03Y7.12 0.04
Septic shock 4.72 1.94Y11.4 0.01
Gram-negative bacilli pneumonia 5.7 1.28Y25.12 0.02
Aspiration pneumonia 2.8 0.92Y8.5 0.68

Abbreviations: CI = confidence interval, OR = odds ratio.

*Includes acute coronary syndromes, arrhythmias, and decom-
pensated heart failure.

TABLE 6. Outcomes of Patients With DM and Pneumonia by
Statin Use*

Outcome

Patients
With DM
and Statin

Use
(n=157)
No. (%)

Patients
With DM
and No

Statin Use
(n=339)
No. (%) P

Inhospital complications 44 (28) 116 (34.2) 0.18
Cardiac complication 16 (10.2) 36 (10.6) 1
Nosocomial infections 4 (2.5) 9 (2.7) 1
Metabolic complications 9 (5.7) 28 (8.3) 0.36

Bacteremia 18 (11.5) 34 (10.0) 0.64
ICU admission 15 (9.6) 29 (8.6) 0.74
Need for mechanical ventilation 7 (4.5) 19 (5.8) 0.67
Length of intravenous therapy,
median (IQR), d

4 (3) 4 (3) 0.49

Time to clinical stability,
median (IQR), d

4 (3) 4 (4) 0.54

Length of hospital stay,
median (IQR), d

7 (6) 8 (6) 0.15

Early case-fatality rate 5 (3.2) 6 (1.8) 0.33
Overall case-fatality rate 12 (7.7) 21 (6.2) 0.56

*Data on statin use were missing in 19 patients; these patients were
excluded from the analysis.

TABLE 7. Characteristics of Pneumonia in Patients With DM
Who Received Insulin Therapy Compared With Patients
Without DM

Variable

Patients
With DM
Receiving
Insulin
(n=197)
No. (%)

Patients
Without DM
(n=1891)
No. (%) P

Demographic data
Age, median (IQR), yr 74 (57Y91) 69 (43Y84) G0.001
Aged 965 yr 142 (72) 1115 (58.9) G0.001
Male sex 129 (65.4) 1311 (69.3) 0.38
Current smoker 27 (13.7) 533 (28) G0.001
Alcohol abuse 21 (10.6) 345 (18.2) 0.010

Influenza vaccine (season) 115 (58.3) 806 (42.6) G0.001
Pneumococcal vaccine,
5 yr

45 (22.8) 340 (17.9) 0.03

Comorbid conditions
COPD 51 (25.9) 515 (27.2) 0.8
Chronic heart disease 62 (31.5) 413 (21.8) 0.01

Clinical features at
presentation
Fever (Q38.0 -C) 72 (36.5) 804 (42.5) 0.26
Acute onset of disease 53 (26.9) 710 (37.5) 0.01
Purulent sputum 67 (34) 825 (43.6) 0.01
Tachypnea (Q30
breathsImin-1)

71 (36) 738 (39) 0.96

Pleuritic chest pain 54 (27.4) 822 (43.4) G0.001
Impaired consciousness 32 (16.2) 279 (14.7) 0.51
Septic shock 20 (10.2) 201 (10.6) 0.88

Laboratory and radiographic
findings at presentation
Respiratory failure* 104 (52.8) 938 (49.6) 0.17
Multilobar pneumonia 52 (26.4) 627 (33.1) 0.07
Bacteremia 20 (10.2) 627 (33.1) 0.28

High-risk PSI classes† 159 (80.7) 1072 (56.6) G0.001
Etiology
Streptococcus
pneumoniae

63 (32) 800 (42.3) 0.01

Legionella pneumophila 6 (3) 92 (4.8) 0.26
Haemophilus influenzae 5 (25.4) 98 (5.1) 0.11
Aspiration pneumonia 22 (11.2) 142 (7.5) 0.06
Gram-negative bacilli 5 (2.5) 38 (2) 0.6

Outcome
Inhospital
complications

61 (30.9) 634 (33.5) 0.56

Cardiac complications 19 (9.6) 168 (8.8) 0.66
Metabolic
complications

15 (7.6) 37 (1.9) G0.001

ICU admission 23 (11.7) 207 (10.9) 0.70
Early case-fatality rate 5 (2.5) 30 (1.6) 0.31
Overall case-fatality rate 16 (8.1) 139 (7.3) 0.64

*See Table 1 for definition.

†See Table 1 for definition.
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nontypeable Haemophilus influenzae. In patients without DM,
the most common causative organism was again S. pneumoniae,
followed by aspiration pneumonia, H. influenzae, and L. pneu-
mophila. Serologic tests were performed in 670 patients (26.4%

vs. 28.3%; p = 0.40). The frequency of atypical agents was
similar in the 2 study groups. In patients with DM, the identified
causative pathogens using serologic methods were M. pneu-
moniae and C. pneumoniae (6 cases each).

The rates of pneumococcal bacteremia were similar in the
2 groups. Other causative pathogens identified in blood cultures
in patients with DM were Pseudomonas aeruginosa (3 cases),
Escherichia coli (2 cases), H. influenzae (2 cases), and Staphy-
lococcus aureus, Streptococcus pyogenes, and Klebsiella pneu-
moniae (1 case each).

Clinical Outcomes
The susceptibility test for pathogen isolates indicated that

most patients had received adequate initial empirical antibiotic
therapy (Table 3). Significantly, patients with DM were more
likely to have metabolic disorders during hospitalization, espe-
cially hyperglycemia (5.8%). Diabetic ketoacidosis was docu-
mented in 13 patients (2.5%). There were no differences between
the groups in terms of intensive care unit (ICU) admission rates,
need for mechanical ventilation, time to clinical stability, or
length of hospital stay. Early case-fatality rates and overall case-
fatality rates were also similar.

Risk Factors for Case-Fatality Rates Among
Patients With DM

We compared the demographic and clinical features of DM
patients who died with those of DM patients who survived
(Table 4). Patients who died were older and more often had
chronic heart disease, chronic renal disease, dementia, multi-
lobar pneumonia, bacteremia, and septic shock at hospital ad-
mission than patients who survived. They were also more likely
to be classified into high-risk PSI classes, and more frequently
required ICU admission and mechanical ventilation. Pneumonia
due to gram-negative bacilli and aspiration pneumonia were
significantly more common in DM patients who died compared
with those who survived.

The results of the multivariate logistic regression analysis
for factors potentially associated with overall case-fatality rates
in patients with DM are summarized in Table 5. After adjust-
ment, advanced age, bacteremia, septic shock at admission, and
gram-negative pneumonia were found to be independent risk
factors for case-fatality rates.

Impact of Statins and Other Cardiovascular
Drugs on CAP Outcomes

We compared the outcomes of DM patients according to
whether or not they received statins (Table 6). No differences
were found between these groups. The same analysis was then
repeated in the subset of patients receiving insulin therapy and in
relation to end-organ damage, and again revealed no differences
between the groups. Likewise, the use of other cardiovascular
drugs (angiotensin-converting-enzyme inhibitor, acetylsalicylic
acid, and beta-blockers) was not associated with better outcomes
in patients with CAP and DM.

Patients With DM Who Received Insulin Therapy
In a further analysis, 197 DM patients who were receiving

insulin therapy were compared with patients without DM
(Table 7). DM patients on insulin therapy were more often
older and they were more likely to have received influenza and
pneumococcal vaccination than patients without DM. Chronic
heart disease was also more common among these patients,
and they were more frequently classified into higher-risk PSI
groups at admission. Conversely, patients with DM who were
receiving insulin therapy were less likely to present acute
onset of disease, purulent sputum, and pleuritic chest pain than

TABLE 8. Characteristics of Pneumonia in Patients With DM
and End-Organ Damage Compared With Patients Without DM

Variable

Patients
With DM

and
End-Organ
Damage
(n=119)
No. (%)

Patients
Without DM
(n=1891)
No. (%) P

Demographic data
Age, median (IQR), yr 73 (91Y55) 69 (43Y95) G0.001
Aged 965 yr 85 (71.4) 1112 (58.8) G0.01
Male sex 26 (21.8) 602 (31.8) 0.07
Current smoker 22 (18.5) 533 (28.1) 0.03
Alcohol abuse 17 (14.3) 344 (18.2) 0.30
Influenza vaccine
(season)

61 (51.2) 804 (42.5) G0.01

Pneumococcal
vaccine, 5 yr

29 (24.3) 339 (17.9) 0.02

Comorbid conditions
COPD 31 (26) 515 (27.4) 0.82
Chronic heart disease 37 (31) 413 (21.8) 0.02

Clinical features at
presentation

Fever (Q38.0 -C) 46 (38.6) 804 (42.5) 0.46
Acute onset of disease 36 (30) 710 (37.5) 0.16
Purulent sputum 37 (31) 824 (43.5) G0.01
Tachypnea (Q30
breathsImin-1)

36 (30) 735 (38.8) 0.22

Pleuritic chest pain 35 (29.4) 822 (43.4) G0.01
Impaired consciousness 26 (21.8) 278 (14.6) 0.03
Septic shock 9 (7.6) 198 (10.4) 0.32

Laboratory and radiographic
findings at presentation
Respiratory failure* 57 (47.8) 937 (49.5) 0.49
Multilobar pneumonia 35 (29.4) 624 (33) 0.45
Bacteremia 20 (16.8) 243 (12.8) 0.19

High-risk PSI classes† 92 (77.3) 1069 (56.5) G0.001
Etiology
Streptococcus
pneumoniae

46 (38.6) 797 (42.1) 0.50

Legionella pneumophila 3 (2.5) 92 (4.8) 0.25
Haemophilus influenzae 4 (3.4) 98 (5.1) 0.39
Aspiration pneumonia 8 (6.7) 142 (7.5) 0.77
Gram-negative bacilli 4 (3.4) 38 (2) 0.30

Outcome
Inhospital complications 42 (35.3) 631 (33.3) 0.64
Cardiac complications 17 (14.3) 168 (8.8) 0.04
Metabolic complications 13 (10.9) 36 (1.9) G0.001

ICU admission 14 (11.7) 204 (10.7) 0.70
Early case-fatality rate 6 (5) 30 (1.6) G0.01
Overall case-fatality rate 11 (9.2) 136 (7.1) 0.37

*See Table 1 for definition.

†See Table 1 for definition.
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patients without DM. Although S. pneumoniae was the most
common etiology in both groups, the rate of CAP caused by S.
pneumoniae was lower among patients with DM who received
insulin therapy. Regarding outcomes, these patients more often
presented metabolic complications than did the remaining
patients, but there was no significant difference between the
groups in terms of the early and overall case-fatality rates.

Patients With End-Organ Damage Related to DM
The 119 patients with end-organ damage related to DM

were then compared with nondiabetic patients (Table 8). Patients
with end-organ damage related to DM were older, more likely to
have received influenza and pneumococcal vaccination, and
more often had chronic heart disease than patients without DM.
They were also more frequently classified into higher-risk PSI
groups. Regarding clinical features, purulent sputum and chest
pain were less common among patients with end-organ damage
related to DM, but conversely they were more likely to present
impaired consciousness at admission than patients without DM.
No differences in etiology were documented between the
groups. Patients with end-organ damage related to DM had poor
outcomes, specifically, more cardiac and metabolic complica-
tions and a higher early case-fatality rate.

DISCUSSION
The current prospective study of a large cohort of patients

offers a detailed evaluation of epidemiology, etiology, clinical
features, and pneumonia outcomes in patients with DM. The
main findings were that 1) patients with DM had different
clinical features and more severe pneumonia at admission
compared to nondiabetic patients; 2) S. pneumoniae was the
most frequent causative organism of pneumonia in both groups;
3) patients with DM were more likely to have acute metabolic
disorders during hospitalization than were nondiabetic patients;
4) no significant differences in case-fatality rates were found
between the groups; 5) independent risk factors for mortality in
patients with DM were advanced age, bacteremia, septic shock
at admission, and gram-negative pneumonia; 6) the use of sta-
tins or other cardiovascular drugs was not associated with better
outcomes in patients with DM and CAP; 7) the subgroup of
patients with end-organ damage related to DM had more acute
inhospital cardiac and metabolic complications and a higher
early case-fatality rate than did patients without DM.

Patients with DM are at high risk of hospitalization due to
CAP.25 Moreover, the rate of DM among hospitalized patients
with pneumonia is high, ranging between 16% and 35%.4,11 In
the present study, DM was present in 21.4% of patients admit-
ted with CAP. Interestingly, we found that patients with DM did
not exhibit some of the expected clinical features during the
pneumonia episode. Previous studies dealing with diabetes and
pneumonia have not reported information on the clinical pre-
sentation of CAP. However, physicians should be aware that the
classical clinical triad of bacterial pneumonia with cough, pu-
rulent sputum, and pleuritic chest pain is less common in
patients with DM than in other patients. This lower rate of
cough and expectoration could be related to the disturbances in
pulmonary host defense that are associated with DM, leading to
decreased pulmonary inflammatory function.7,16,27 The low rate
of pleuritic chest pain is probably associated with the less
common occurrence of pleural effusion. However, it is impor-
tant to note that pleuritic pain is the most characteristic clinical
consequence of the presence of inflammatory fluid in the
pleural space, even in the absence of pleural effusion on the
chest radiograph.10 In this context, the finding that patients with

DM were less likely to report pleuritic pain than other patients
may also reflect a poor inflammatory response in these patients.

Some studies have shown that patients with DM have a
higher risk of infection by S. pneumoniae23 and pneumococcal
bacteremia, although others have not replicated this find-
ing.11,26,28 In the current study, S. pneumoniae was the most
frequent causative organism of pneumonia in both groups. It
should be noted that patients with DM were more likely to have
previously received pneumococcal vaccination. Our findings
show that patients with DM are not at risk of pneumonia caused
by multidrug-resistant microorganisms, so empirical antibiotic
treatment for CAP in this population should be based on CAP
guidelines.29

Our patients with DM had more inhospital complications
than patients without DM. Notably, patients with end-organ
damage related to DM presented more cardiac complications
during hospitalization than did nondiabetic patients. Previous
studies have found that cardiovascular events are present in a
significant number of patients with CAP.32Y36 However, infor-
mation regarding which patients have a higher risk of cardiac
complications is scarce, although Perry et al35 did relate DM to
the diagnosis of heart failure in the context of pneumonia.
Clinicians should take into account that the subset of patients
with end-organ damage related to DM is at high risk of com-
plications during their hospitalization for pneumonia. The op-
timal strategies to minimize the morbidity and mortality associated
with cardiovascular events during pneumonia care should there-
fore be delineated.

In contrast to previous studies,11,26 we found that patients
with DM had similar early and overall case-fatality rates to
those of nondiabetic patients. However, the early case-fatality
rate was higher among patients with end-organ damage related
to DM. These patients frequently have certain characteristics
that have previously been related to poor outcomes, such as
advanced age, high rates of impaired consciousness at admis-
sion, or chronic kidney disease.14,19 The independent risk fac-
tors for mortality in our patients with DM and pneumonia are
similar to those reported in previous studies involving patients
with CAP. Indeed, advanced age, bacteremia, septic shock at
admission, and gram-negative pneumonia have all been related
to poor prognosis in previous investigations.12,14,17 Interest-
ingly, a 2011 study documented that antibiotic administration
later than 8 hours after triage in the emergency department was
associated with increased inhospital mortality among patients
with DM and CAP.3 Similarly, hyperglycemia at admission
predicted increased pneumonia-related mortality in another
study.25 Another study38 documented that the mechanism of
higher risk of death within the first year after CAP in patients
with DM is not due to an altered immune response, at least as
measured by a broad panel of circulating and cell surface mar-
kers, but may be due to worsening of preexisting cardiovascular
and kidney disease.

The use of pneumococcal vaccine may help to prevent bac-
teremic pneumococcal pneumonia,18,22 and thus it could con-
ceivably be useful to lower the fatality rate in CAP. In this regard,
some studies have found that pneumococcal polysaccharide vac-
cine is effective in preventing hospitalizations for pneumonia8 and
reduces the rates of ICU admission and inhospital mortality in
immunosuppressed and nonimmunosuppressed patients with
CAP or invasive pneumococcal disease.15,21Y33 However, there is
little evidence of vaccine protection for pneumonia.30

Finally, we found no evidence to suggest that statins im-
prove the outcomes of patients with DM and pneumonia. It has
previously been suggested that statins may improve the prog-
nosis of CAP because of the immunomodulatory, antioxidative,
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and anticoagulant effects of these drugs. However, some studies
have related the benefits of statins to a ‘‘healthy user effect.’’ To
explore this issue, some authors6 have studied the effect of prior
use of several classes of cardiovascular drugs on outcomes in
CAP. In the current study, there was no association between the
use of any cardiovascular drug and better outcomes.

In conclusion, CAP in patients with DM has distinct clin-
ical characteristics compared to those found in nondiabetic
patients. We found no significant differences between the DM
and non-DM groups as regards the causative pathogen of
pneumonia or bacteremia rates. Acute metabolic complications
were more frequent in patients with DM, and patients with end-
organ damage related to DM were more likely to have cardiac
events during their hospitalization for CAP. Overall, patients
with DM had similar early and overall case-fatality rates to
those of nondiabetic patients. Independent factors for mortality
in patients with DM were advanced age, bacteremia, septic
shock at admission, and gram-negative pneumonia. The subset
of patients with end-organ damage constitutes the most fragile
population, and had higher early mortality than the overall
population. Efforts should be made to improve the management
of CAP among patients with end-organ damage related to DM.
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