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Abstract
Aims/hypothesis The aim of this study was to investigate
whether dysglycaemia at admission is associated with
adverse events at 90 days or 1 year in a population-based
cohort of patients hospitalised with community-acquired
pneumonia (CAP).
Methods Clinical and laboratory data were prospectively
collected on all 2,366 adults without diabetes admitted with
CAP to six hospitals in Edmonton (AB, Canada) and
grouped according to admission glucose: 4.0 to <6.1 mmol/l
(n=778, reference group), 6.1 to <7.8 mmol/l (n=924); 7.8 to
<11.1 mmol/l (n=535); and 11.1 to 20 mmol/l (n=129).
Multivariable Cox models were used to examine the
relationship between dysglycaemia and mortality or CAP
readmission during follow-up.
Results The mean age was 69 (SD 18) years and 48% of
participants were female. Compared with those with
glucose <6.1 mmol/l (114 [15%] deaths), no differences in
90 day mortality were observed in the dysglycaemia
groups: 143 deaths (15%) in the 6.1–7.8 mmol/l group
(adjusted HR [aHR] 0.92, 95% CI 0.72–1.18), 111 deaths
(21%) in the 7.8–11.1 mmol/l group (aHR 1.05, 0.81–1.37)
and 34 deaths (26%) in the 11.1–20 mmol/l group (aHR
1.30, 0.88–1.93). Similarly, compared with those in the
<6.1 mmol/l group (198 [25%] deaths), no difference in

1 year mortality was observed: 233 deaths (25%) in the 6.1
to <7.8 mmol/l group (aHR 0.86, 0.71–1.04), 164 deaths
(31%) in the 7.8 to <11.1 mmol/l group (aHR 0.92, 0.75–
1.14) and 49 deaths (38%) in the 11.1 to 20 mmol/l group
(aHR 1.12, 0.81–1.55). Readmissions for CAP were also
similar at 1 year: compared with 10% (70/707) in the
6.1 mmol/l group, the frequencies were 8% (66/842), 9%
(45/474) and 10% (11/107) in the 6.1 to <7.8 mmol/l, 7.8 to
<11.1 mmol/l, and 11.1 to 20 mmol/l groups, respectively
(p>0.05 for all comparisons).
Conclusions/interpretation Although previously associated
with inpatient morbidity and mortality, admission dysgly-
caemia was not associated with an increased risk of death
or CAP readmission at 90 days or 1 year among those who
survived hospitalisation for pneumonia.
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Abbreviations
aHR Adjusted HR
CAP Community-acquired pneumonia
COPD Chronic obstructive pulmonary disease
PSI Pneumonia severity index
uHR Unadjusted HR

Introduction

Community-acquired pneumonia (CAP) is a common and
costly condition, with over $9 billion spent annually in the
US [1] where it is also the most common cause of infection-
related mortality [2]. Mortality rates due to CAP have not
decreased significantly in recent years and hospitalisations
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have actually increased [3]. Although prognostic factors for
adverse outcomes in CAP patients have been identified [4],
dysglycaemia (that is, glucose values outside of the normal
range) at hospital admission has been relatively under-
appreciated. Indeed, the pneumonia severity index (PSI), a
validated measure of the severity of illness at CAP
presentation, does not differentiate among individuals with
dysglycaemic values under 14 mmol/l and considers those
with measurements of 14 to 20 mmol/l to be at equivalent
risk [5].

Increasing evidence suggests that admission dysglycae-
mia is a strong independent and potentially modifiable
prognostic factor for adverse short-term outcomes in a wide
range of conditions, including acute myocardial infarction
[6], stroke [7], trauma [8], surgery [9], chronic obstructive
pulmonary disease (COPD) [10] and pneumonia [11]. In
patients with CAP, dysglycaemia upon hospital admission
has been independently associated with adverse in-hospital
outcomes including mortality and acute complications [12].
This relationship seems robust and appears independent of
the presence or absence of diabetes [4, 11, 13].

Importantly, however, the independent effect of admis-
sion glucose levels on longer-term outcomes in patients
with CAP is less certain. In a case–control study from
Denmark, increasing dysglycaemia in patients with diabetes
was associated with an increasing risk of admission for
CAP, although the effects in CAP patients without diabetes
were not assessed [14]. In the only other study, also from
Denmark, dysglycaemia on admission for pneumonia was a
strong predictor of 30 day mortality in both patients with
and without diabetes [11]. Both studies were limited,
however, because of a lack of some important clinical
prognostic data known to affect outcomes in patients with
CAP (e.g. functional status, validated measures of pneu-
monia severity). Therefore, we designed our study to
overcome these limitations and examined the association
between admission dysglycaemia and longer-term adverse
events in a clinically rich prospective population-based
cohort of patients without diabetes who were hospitalised
with CAP. We specifically examined mortality at 90 days
and death or readmission for pneumonia at 1 year.

Methods

Participants and setting The population-based cohort and
data-collection methods have been previously described in
detail [15–17]. Briefly, data were prospectively collected on
all patients >17 years of age admitted with CAP to all six
hospitals in Edmonton, AB, Canada between 2000 and
2002 and treated according to a validated clinical pathway
for CAP [17, 18]. Trained research nurses prospectively
collected data using standardised abstraction forms that

included clinical characteristics of patients (demographics,
comorbidities, smoking, pre-morbid functional status and
laboratory data) and use of prescription medications in the
week prior to admission. Further, the PSI—a validated
measure of the severity of illness at presentation—was
determined [5, 15, 16]. Individuals were excluded if they
had tuberculosis, cystic fibrosis or were immunocompro-
mised or pregnant. All participants provided written
informed consent and the University of Alberta Health
Research Ethics Board approved the study.

Participants were subsequently followed for over 5 years
post discharge through linkage to provincial administrative
databases [17]. These databases maintain current demo-
graphic, vital statistics and health-services data on all
registrants [17]. Trained health records administrators
conduct all diagnostic coding and accuracy is routinely
validated through provincial and central Canadian agencies
[17].

Study sample The source population consisted of all
participants with a casual blood glucose measurement
drawn as part of a standard panel of venous blood work
indicated by a regional clinical treatment pathway at the
time of hospital admission. Although single casual glucose
levels of <11.1 mmol/l are within the ‘normal’ range [19],
previous studies suggest that casual glucose levels
>6.1 mmol/l are associated with adverse outcomes in CAP
patients [11, 12]. Thus, as have others [11, 14, 20], we
classified participants a priori according to admission
glucose levels into four levels of dysglycaemia: 4.0 to
<6.1 mmol/l; 6.1 to <7.8 mmol/l; 7.8 to <11.1 mmol/l; and
11.1 to 20.0 mmol/l. Participants with admission glucose
levels greater than 20 mmol/l or less than 4 mmol/l [19]
were excluded (n=538) as such extreme glucose levels
would mandate urgent hospital management, resulting in
data inexorably confounded by treatment modality (i.e.
outcomes observed related to in-hospital care as opposed to
glucose per se) [12]. Further, adult patients with known
diabetes, defined as a documented history or treatment with
oral glucose-lowering agents or insulin, were excluded
[11, 14]. Finally, 91 (4%) participants who could not
successfully be linked to our administrative databases were
excluded.

Outcomes Our primary outcome, defined a priori, was
death from any cause within 90 days following hospital
admission [11]. To evaluate the potential longer-term
impact of admission dysglycaemia, we also evaluated death
from any cause occurring within 1 year. Additionally, the
long-term impact of admission dysglycaemia on non-fatal
adverse events was evaluated. Specifically, we evaluated re-
hospitalisations for CAP within 1 year, defined as a hospital
readmission with a most responsible discharge diagnosis of
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480–487.7 (International Classification of Diseases, 9th
Revision, Clinical Modification [ICD-9-CM] values) or
J10.0, J11.0, J12–J18 (International Classification of
Diseases, 10th Revision, Canada [ICD-10-CA] values),
according to dysglycaemic levels [17, 21, 22]. These ICD
diagnostic codes are highly accurate (98% sensitivity and
97% specificity) for the identification of pneumonia
compared with medical charts [3, 23, 24].

Statistical analysis Cox proportional hazards regression
models were used to assess the relationship between
admission dysglycaemia and outcomes. Participants with
admission glucose levels of 4.0 to <6.1 mmol/l served as
reference group for all analyses. Potentially confounding
variables included in the multivariable models included
age, sex, comorbidities (cardiovascular disease or stroke,
neoplasm, chronic obstructive pulmonary disease), total
number of prescription medications, clinical characteristics
(e.g. advanced directives, smoking status, nursing-home
residence, immunisation history, pre-morbid functional
status [defined as independent in ambulation vs consistently
needing some type of walking-aid or a wheelchair vs
bedridden]) and the PSI [15, 16]. As the PSI score accounts
for admission hyperglycaemia (+10 for patients with
glucose ≥14 mmol/l) [5], we excluded this criterion and
recalculated the PSI score for every patient. All participants
were followed until event of interest or death, health
insurance coverage termination or 31 March 2006. All
analyses were completed with Stata IC, version 10 (Stata,
College Station, TX, USA).

Sensitivity analyses To evaluate the robustness of our
models, we pre-specified several sensitivity analyses. First,
we further adjusted for drug therapies known to affect
glucose levels (e.g. oral corticosteroids, diuretics, beta-
blockers, antipsychotics) and additional comorbidities
including a history of alcoholism [25], and mental health
disorders [26]. Second, to ensure our models were not over-
fitted, we built a more parsimonious model that included
only those variables with a p value <0.1 in the final
multivariable model. Third, although we are interested in
the effects of dysglycaemia in patients without diabetes, in
a sensitivity analysis we included patients with known
history of diabetes (n=402) in the study sample and
evaluated the interaction between diabetes status and
dysglycaemia levels on mortality.

Results

Of the 2,366 patients without diabetes who formed our
study sample, the mean age was 69 years (SD 18), 1,142
(48%) were female, 432 (18%) were nursing-home

residents, 1,454 (61%) had severe class IV/V pneumonia
according to the modified PSI and mean follow-up was
2.8 years (SD 1.8) (Table 1). Fully two-thirds of the cohort
had dysglycaemia at admission: 924 participants (39%)
had levels between 6.1 and <7.8 mmol/l, 535 (23%) had
levels between 7.8 and <11.1, and 129 participants (5%)
had levels between 11.1 and 20.0 mmol/l. Overall,
increasing levels of dysglycaemia were associated with
increasing age and frailty, as well as more severe
pneumonia (Table 1).

All-cause mortality at 90 days At 90 days, compared with
the 114 deaths in those with an admission glucose of 4.0
to <6.1 mmol/l (15%), there were 143 deaths (15%,
unadjusted HR [uHR] 1.07, 95% CI 0.84–1.37) in those
with an admission glucose of 6.1 to 7.8 mmol/l, 111 deaths
(21%, uHR 1.48, 1.14–1.92) in the 7.8 to <11.1 mmol/l
group, and 34 deaths (26%, uHR 1.98, 95% CI 1.35–2.91) in
the 11.1 to 20.0 mmol/l group. After controlling for age, sex,
comorbidities, total number of prescription medications and
clinical characteristics, we found no association between
glucose levels of 6.1 to 7.8 mmol/l (adjusted HR [aHR]) 0.92,
95% CI 0.72–1.18), 7.8 to <11.1 mmol/l (aHR 1.05, 0.81–
1.37) or 11.1 to 20.0 mmol/l (aHR 1.30, 0.88–1.93) and
90 day mortality compared with participants with an
admission glucose <6.1 mmol/l (Fig. 1, Table 2).

As elevated glucose values may be related to other
commonly measured markers of CAP severity included in
the PSI, we excluded the PSI from our multivariable
models. Compared with those with glucose levels
<6.1 mmol/l, no difference in risk of death at 90 days was
observed in those with an admission glucose of 6.1 to
<7.8 mmol/l (aHR 0.92, 0.72–1.18) nor with an admission
glucose of 7.8 to <11.1 mmol/l (aHR 1.13, 0.87–1.48). A
significant increased risk of 90 day mortality was observed,
however, in those with admission glucose in the highest
range, 11.1–20.0 mmol/l (aHR 1.53, 1.03–2.26).

All-cause mortality at 1 year Compared with those with
an admission glucose of <6.1 mmol/l (198 [25%] deaths),
no difference in risk of death at 1 year was observed: 233
deaths (25%) with an admission glucose of 6.1 to
<7.8 mmol/l (aHR 0.86, 0.71–1.04), 164 deaths (31%) with
an admission glucose of 7.8 to <11.1 mmol/l (aHR 0.92,
0.75–1.14) and 49 deaths (38%) with an admission glucose
of 11.1–20 mmol/l (aHR 1.12, 0.81–1.55) (Table 2).

CAP readmission at 1 year Of the 2,130 (90%) participants
with admission glucose who were discharged alive from
hospital, by 1 year, compared with the 10% of participants re-
hospitalised for CAP in the <6.1 mmol/l group (70/707), 8% of
individuals were re-hospitalised in the 6.1 to <7.8 mmol/l
group (66/842), 9% in the 7.8 to <11.1 mmol/l group (45/474)
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and 10% in the 11.1 to 20.0 mmol/l group (11/107).
Multivariable analyses demonstrated no significant association
between admission glucose and CAP re-hospitalisations
(Table 2).

Sensitivity analyses The risk of death at 90 days associated
with dysglycaemia was nearly identical to our main results
even after adjusting for drug therapies known to affect
glycaemic levels and including additional comorbidities in

Table 1 Cohort characteristics

Characteristic Admission glucose (mmol/l)

4.0 to <6.1 (n=778) 6.1 to <7.8 (n=924) 7.8 to <11.1 (n=535) 11.1 to 20.00 (n=129) p value

Age (years) 64±20 70±18 72±16 74 (15) <0.001

Sex (female) 376 (48) 438 (47) 256 (48) 72 (56) 0.354

Previous comorbidities

Cardiovascular disease 270 (35) 378 (41) 233 (44) 60 (47) 0.002

Neoplasm 124 (16) 135 (15) 81 (15) 18 (14) 0.866

COPD 235 (30) 290 (31) 181 (34) 43 (33) 0.547

PSIa

Class I or II 203 (26) 173 (19) 68 (13) 16 (12) <0.001
Class III 153 (20) 190 (21) 98 (18) 11 (9)

Class IV 273 (35) 368 (40) 224 (42) 63 (49)

Class V 149 (19) 193 (21) 145 (27) 39 (30)

Premorbid functional status

Independent mobility 707 (91) 839 (91) 465 (87) 108 (84) <0.001
Wheelchair/prosthesis 56 (7) 46 (5) 37 (7) 9 (7)
Bedridden 15 (2) 39 (4) 33 (6) 12 (9)

Smoking status

Non-smoker 313 (40) 385 (42) 223 (42) 71 (55) <0.001

Former smoker 217 (28) 314 (34) 195 (36) 38 (29)
Current smoker 248 (32) 225 (24) 117 (22) 20 (16)

Pneumococcal vaccination 161 (21) 224 (24) 128 (24) 31 (24) 0.324

Advanced directives 61 (8) 95 (10) 79 (15) 24 (19) <0.001

Nursing-home resident 113 (15) 165 (18) 123 (23) 31 (24) <0.001

Five or more medications 97 (12) 135 (15) 98 (18) 22 (17) 0.028

Data are presented as mean ± SD or n (%)
a PSI score and subsequent risk class modified by omission of points for admission hyperglycaemia (≥14 mmol/l)

Adjustment Category

1.07

1.486.1 to <7.8 mmol/l
1.98Crude 7.8 to <11.1 mmol/l

11.1 to 20.0 mmol/l

0 95.
1.20+ Age, sex, nursing-home 6.1 to <7.8 mmol/l

1.72resident, comorbidities, 7.8 to <11.1 mmol/l
medications 11.1 to 20.0 mmol/l

0 93.
1.176.1 to <7.8 mmol/l

1.60
+ Smoking status, advance

7.8 to <11.1 mmol/l
directives, immunisations

11.1 to 20.0 mmol/l

0 94.
1.096.1 to <7.8 mmol/l

1.37+ PSI 7.8 to <11.1 mmol/l
11.1 to 20.0 mmol/l

0 92.
1 056.1 to <7.8 mmol/l .

1.30+ Functional status 7.8 to <11.1 mmol/l
11.1 to 20.0 mmol/l

HR: 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1

Reduced risk Increased risk

Fig. 1 Sequentially adjusted
models of the association
between dysglycaemic category
and 90 day mortality. Note:
4.0 to <6.1 mmol/l is the
reference category
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our multivariate model: aHR (95% CI) was 0.95 (0.73–
1.22) for the 6.1 to <7.8 mmol/l group, 1.07 (0.82–1.40) for
the 7.8 to <11.1 mmol/l group and 1.37 (0.92–2.05) for the
11.1 to 20.0 mmol/l group, compared with those with an
admission glucose <6.1 mmol/l. In addition, models limited
to known prognostic factors in patients with CAP (age, sex,
functional status, PSI, advanced directives, nursing-home
status, total medications, vaccines, smoking status, neo-
plasm, history of renal or liver disease, HIV status,
alcoholism and immunosuppressive therapies), did not
materially alter our results: aHR (95% CI) was 0.95 (0.73
to 1.22) for the 6.1 to <7.8 mmol/l group, 1.08 (0.83–1.41)
for the 7.8 to <11.1 mmol/l group and 1.39 (0.93–2.06) for
the 11.1 to 20.0 mmol/l group, compared with those with an
admission glucose <6.1 mmol/l. Similarly, more parsimo-
nious models that included only age, functional status, PSI,
neoplasm, vaccinations, advanced directives, total medica-
tions and nursing-home status, yielded results comparable
with our main analyses: aHR (95% CI) was 0.93 (0.72–
1.19) for the 6.1 to <7.8 mmol/l group, 1.05 (0.81–1.37) for
the 7.8 to <11.1 mmol/l group, and 1.28 (0.87–1.90) for the
11.1 to 20.0 mmol/l group, compared with those with an
admission glucose <6.1 mmol/l. Analyses that included
patients with known diabetes (n=402) gave results that
were again nearly identical for death at 90 days (aHR 0.92,
1.11 and 1.36 for the 6.1 to <7.8 mmol/l, 7.8 to
<11.1 mmol/l and 11.1 to 20.0 mmol/l groups, respectively
[p>0.05 for all]). Furthermore, no statistically significant
interaction between prior diabetes status and dysglycaemia
levels (p value for interaction >0.6) existed, suggesting our
results are consistent across patients. Of note, prior history
of diabetes was not a significant predictor of 90 day
mortality in our multivariate model (p>0.05).

Discussion

Fully two-thirds of our adult cohort without known diabetes
and CAP had admission dysglycaemia. We found that
dysglycaemia was neither associated with an increased risk
of mortality at 90 days nor with death or readmission to
hospital for pneumonia at 1 year. Alternatively, because our
estimate of 90 day mortality associated with the highest
dysglycaemic category is non-significantly elevated (adjusted

HR 1.30 [0.88–1.93]), our data could still be interpreted by
some as demonstrating persistent harm associated with
admission dysglycaemia.

Our results are not consistent with two previous related
studies by Danish researchers that reported a relationship
between admission dysglycaemia and increased CAP
hospitalisations and mortality. In the first study, Kornum
et al. [14] reported an increased risk of admission for CAP
associated with increasing dysglycaemia in patients with
diabetes compared with those without diabetes using a large
administrative database. In the second study, Kornum et al.
reported that admission dysglycaemia was associated with
increased mortality in patients without diabetes at 30 and
90 days (although 90 day data were not reported) [11]. In
adjusted analyses, those with the highest glucose levels had
an approximately twofold increased risk of death at 30 days
when compared with patients without diabetes and admis-
sion glucose levels ≤6 mmol/l.

Although the reasons for discrepancies between the
results of Kornum et al. and our group are unknown, it is
possible that the previous studies were affected by
confounding related to the lack of detailed clinical
information, as such information was difficult to capture
and remained unmeasured. Indeed, despite small differ-
ences in reference categories among their studies and ours,
the unadjusted data is fairly consistent in suggesting an
increase risk of adverse outcomes with increasing dysgly-
caemia. Nevertheless, multivariable adjustment had little
effect on the point estimates in the Kornum studies [11, 14]
whereas our multivariable adjustments markedly attenuated
the strength and statistical significance of the relationship
between dysglycaemia and adverse events. Most notably,
we were able to adjust for functional status and the well-
validated PSI (based on three demographic variables, five
comorbidities, five physical findings and six laboratory
tests). Both are known to be highly predictive of adverse
outcomes in CAP patients [15, 16]. In fact, exclusion of the
PSI from our multivariable models suggests that CAP
patients with the highest level of dysglycaemia (11.1 to
20.0 mmol/l) have a significantly increased risk of 90 day
mortality compared with those with blood glucose
<6.1 mmol/l (aHR 1.53, 95% CI 1.03–2.26). Moreover,
omitting functional status from our analyses further
increased this risk (aHR 1.60, 1.08–2.35) to values nearly

Glucose category Mortality CAP readmission

90 days 1 year 1 year

4.0 to <6.1 mmol/la 1 1 1

6.1 to <7.8 mmol/l 0.92 (0.72–1.18) 0.86 (0.71–1.04) 0.74 (0.53–1.04)

7.8 to <11.1 mmol/l 1.05 (0.81–1.37) 0.92 (0.75–1.14) 0.85 (0.58–1.25)

11.1 to 20.0 mmol/l 1.30 (0.88–1.93) 1.12 (0.81–1.55) 0.92 (0.48–1.76)

Table 2 Adjusted hazard ratios
(95% CI) from multivariable
Cox proportional hazards
models

a Reference group
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identical to the previous reports [11, 14]. As other markers
of severe pneumonia within the PSI may also be correlated
with dysglycaemia (e.g. falsely low measures of serum
sodium because of elevated glucose levels), it is possible
that adjustment for the PSI attenuated estimates of the effect
of dysglycaemia on mortality; it is important to reflect,
however, that the PSI itself may better be considered a
measure of chronic ill health and susceptibility to death
than a true marker of pneumonia ‘severity’ [17, 18]. Indeed,
many of the variables within this index predate develop-
ment of pneumonia and by their relative scoring, age, sex
and comorbidities are the major drivers of the PSI score as
compared with laboratory markers of severe pneumonia
(i.e. hyponatraemia, azotemia and dysglycaemia) which
may themselves be intercorrelated.

Our results must be viewed in light of several limitations.
First, a lack of data on changes in blood glucose during
hospitalisation limited us to using admission glucose. In the
setting of CAP, no studies have been conducted to determine
how best to characterise ‘glucometrics’ during hospital
admissions. Although measures of persistently elevated
glucose during hospitalisation may perform marginally better
in predicting mortality than a single admission glucose in
other disease states (most notably acute coronary syndromes),
the measures are in fact highly correlated (correlation
coefficient 0.8) [20]. Further, although a significant
proportion of individuals admitted with pneumonia had
dysglycaemia on admission, the proportion diagnosed with
diabetes during the follow-up is unknown and additional
study may be warranted. Second, administrative data were
used to identify recurrent CAP events. Although some
misclassification may have occurred, the ICD codes used
have very high sensitivity and specificity for CAP-related
hospital admissions [23, 24]. Third, our results may not
necessarily be generalised to broader population-based
studies that tend to include healthier and lower-risk patients
with pneumonia who never become ill enough to require
hospital admission and may not be followed as closely post
discharge.

In conclusion, although increasing evidence demonstrates
a strong association between admission dysglycaemia and
adverse events during hospitalisation for CAP and other acute
conditions, our longer-term study in those who survived their
initial hospitalisation for pneumonia demonstrates no clini-
cally important association between admission dysglycaemia
and morbidity or mortality at 90 days or 1 year. In aggregate,
these findings suggest that dysglycaemia is more likely to be
a marker of pneumonia severity than a distinct target for
therapy that may improve outcomes.
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