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ABSTRACT
Objectives: Community-acquired pneumonia is
associated with a significant long-term mortality after
initial recovery. It has been acknowledged that
additional research is urgently needed to examine the
contributors to this long-term mortality. The objective
of the present study was to assess whether diabetes or
newly discovered hyperglycaemia during pneumonia
affects long-term mortality.
Design: A prospective, observational cohort study.
Setting: A single secondary centre in eastern Finland.
Participants: 153 consecutive hospitalised patients
who survived at least 30 days after mild-to-moderate
community-acquired pneumonia.
Interventions: Plasma glucose levels were recorded
seven times during the first day on the ward. Several
possible confounders were also recorded. The
surveillance status and causes of death were recorded
after median of 5 years and 11 months.
Results: In multivariate Cox regression analysis, a
previous diagnosis of diabetes among the whole
population (adjusted HR 2.84 (1.35–5.99)) and
new postprandial hyperglycaemia among the non-
diabetic population (adjusted HR 2.56 (1.04–6.32))
showed independent associations with late mortality.
New fasting hyperglycaemia was not an independent
predictor. The mortality rates at the end of follow-up
were 54%, 37% and 10% among patients with
diabetes, patients without diabetes with new
postprandial hyperglycaemia and patients without
diabetes without postprandial hyperglycaemia,
respectively (p<0.001). The underlying causes of death
roughly mirrored those in the Finnish general
population with a slight excess in mortality due to
chronic respiratory diseases. Pneumonia was the
immediate cause of death in just 8% of all late deaths.
Conclusions: A previous diagnosis of diabetes and
newly discovered postprandial hyperglycaemia increase
the risk of death for several years after community-
acquired pneumonia. As the knowledge about patient
subgroups with an increased late mortality risk is
gradually gathering, more studies are needed to
evaluate the possible postpneumonia interventions to
reduce late mortality.

INTRODUCTION
Pneumonia is the leading cause of infectious
death worldwide with 3.2 million annual cas-
ualties.1 This figure, which is impressive
enough per se, only contains acute mortality.
Pneumonia is also associated with significant
late mortality up to several years afterwards
among patients who survive the initial
episode. In a large population-based cohort
study, the mortality rate was 53% at 5 years
after an episode of community-acquired
pneumonia (CAP).2 Importantly, long-term
mortality is substantially higher than that of
either the general population or a control
population hospitalised for reasons other
than CAP.3–5 Given the high and rising inci-
dence of CAP, its long-acting effect on mor-
tality should be regarded as a major public
health threat.6 7 It has been acknowledged
that additional research is urgently needed
to examine the contributors to this long-term
mortality.8

Probably the most consistently identified
contributor to late mortality after CAP is the
presence of comorbid conditions, especially
neurodegenerative disorders, cardiovascular

Strengths and limitations of the study

▪ Plasma glucose levels were carefully measured
during pneumonia with seven plasma glucose
measurements during the first day on ward.

▪ The prospective nature of the study provided
comprehensive collection of information about
possible confounders.

▪ The main limitation is the lack of validated pneu-
monia severity scoring although several pneumo-
nia severity-related variables were collected.

▪ The present population consists of patients with
mild to moderate community-acquired pneumo-
nia. Therefore, the results cannot be generalised
to all hospitalised patients with pneumonia.
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conditions, malignancy and chronic obstructive lung
disease.7 To the best of our knowledge, diabetes has not
been investigated in this respect. Yende et al9 analysed two
large CAP cohorts and found that diabetes increased the
mortality rate within the first year after CAP with
unadjusted HR of 1.4–1.9. They suggested that the higher
mortality rate may be due to worsening of pre-existing car-
diovascular disease or higher risk of acute kidney injury.
However, the early and late deaths were not analysed separ-
ately and the follow-up time was relatively short.
Hyperglycaemia is associated with short-term mortality

in several acute disorders including CAP.10–14 In pneu-
monia, a newly detected hyperglycaemia among patients
without diabetes seems to increase the short-term mor-
tality rate more than hyperglycaemia among patients
with diabetes.13 The impact of new, pneumonia-
associated hyperglycaemia on long-term mortality has
not been investigated. The objective of the present study
was to assess whether diabetes or newly discovered
hyperglycaemia among patients without diabetes affects
late mortality after CAP.

METHODS
Study design and the population
This prospective, observational cohort study was carried
out at Kuopio University Hospital in Finland. From
November 2006 to May 2008, all adult patients admitted
to the pulmonology ward due to CAP were recruited.
The patients were considered to have pneumonia if they
had an acute febrile illness with a new radiographic sha-
dowing. During that time 245 patients were hospitalised
because of pneumonia (figure 1). Patients were
excluded from this study if they had severe pneumonia
requiring treatment in the intensive care unit, if they
could not give informed consent due to confusion or if
their antibiotic treatment had already been started at
another institution. Altogether 92 patients were
excluded and 153 patients included. All the 153 patients
survived at least 30 days after admission. Among them,
22 had a previous diagnosis of diabetes (table 1).

Measurements during pneumonia
During the first 24 h on the ward, the plasma glucose
was determined seven times: at 3:00, before breakfast,
before lunch, after lunch, before dinner, after dinner
and at bedtime. In addition, family history of diabetes
and the prepneumonia Karnofsky performance score
were assessed. The Karnofsky score is a general measure
of patient independence, which is most often utilised in
patients with cancer.15 16 Height, weight, waist circumfer-
ence, oxygen saturation, blood pressure, temperature
and heart rate were measured. Blood tests included gly-
cosylated haemoglobin A1c (HbA1c), N-terminal pro
B-type natriuretic peptide (NT-proBNP), C reactive
protein, leucocytes, urea and arterial blood gas analysis.
Detailed description of the methods and the baseline

results have been published.17 However, the NT-proBNP

analysis will be described here for the first time. It was
added to the present study since it has been shown to
associate with pneumonia prognosis.18 It was measured
from the blood sample collected at admission utilising a
commercially available electrochemiluminescence
immunoassay (Roche Diagnostics GmbH, Mannheim,
Germany). Elevated NT-proBNP was defined as plasma
concentration above 450 ng/L for patients younger than
50 years, above 900 ng/L for patients aged 50–75 years
and above 1800 ng/mL for patients older than 75 years.19

Definitions
Diabetes was defined as doctor’s diagnosis of diabetes,
which had been set before the current pneumonia
episode, and verified from the patient files. New hyper-
glycaemia was defined as hyperglycaemia during the first
24 h of pneumonia hospitalisation in a patient without a
doctor’s diagnosis of diabetes. Fasting hyperglycaemia
was defined as hyperglycaemia detected at 3:00 or at
7:00 in the morning before breakfast. Postprandial
hyperglycaemia was defined as hyperglycaemia detected
during the daytime or in the evening. The cut-off values
for both fasting and postprandial hyperglycaemia among
the patients without diabetes were those defined by the
receiver operator curves (ROC) analysis (see below).
The main outcome variable was mortality from 30 days
after pneumonia up to the end of follow-up. The pre-
dictor variables were diabetes, new fasting hypergly-
caemia and new postprandial hyperglycaemia. A
confounder was a variable that showed an association
with both the plasma glucose levels during pneumonia
and the late mortality. However, a potential confounder

Figure 1 Inclusion of the patients. Patients were excluded

from this study if they had severe pneumonia requiring

treatment in the intensive care unit, if they could not give

informed consent due to confusion or if their antibiotic

treatment had already been started at another institution.
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Table 1 Patient characteristics

Patients with

diabetes (N=22) p Value*

Patients without diabetes (N=131)

p Value†

Patients with

missing data

Postprandial

hyperglycaemia (n=43)

No postprandial

hyperglycaemia

(n=88)

Age, years 66 (59–73) 0.04 66 (60–71) 53 (49–58) 0.001 0

Male gender 68% 0.40 67% 54% 0.16 0

Family history of diabetes 68% 0.004 47% 30% 0.07 14

BMI, kg/m2 33 (28–37) 0.001 27 (25–29) 27 (26–29) 0.56 0

Waist circumference, cm 110 (102–118) <0.001 100 (95–104) 97 (94–100) 0.27 18

HbA1c, % 7.83 (6.97–8.69) <0.001 6.12 (5.79–6.44) 5.64 (5.53–5.76) <0.001 7

Karnofsky 80% or less 50% 0.02 44% 16% <0.001 0

Three or more comorbidities 54% <0.001 23% 14% 0.17 0

Diastolic blood pressure,

mm Hg

75 (69–81) 0.12 81 (75–86) 80 (77–84) 0.99 1

Heart rate, 1/min 99 (90–109) 0.22 100 (92–107) 91 (86–95) 0.005 1

Oxygen saturation (%) 92 (89–94) 0.35 91 (89–93) 94 (93–95) 0.004 13

Leucocytes, 109/L 11.8 (9.6–13.9) 0.46 12.4 (10.6–14.3) 11.7 (10.1–13.3) 0.10 0

Urea, mmol/L 6.88 (4.96–8.79) 0.28 8.61 (6.41–10.8) 4.72 (4.00–5.44) <0.001 11

CRP, mg/L 164 (119–209) 0.97 228 (166–289) 146 (127–165) <0.001 1

Elevated NT-proBNP 32% 0.51 29% 23% 0.47 4

Length of hospital stay, days 5.8 (4.6–7.1) 0.53 6.6 (5.7–7.5) 5.9 (5.2–6.6) 0.03 1

The data are presented either as percentage of patients showing the feature or means (95% CIs).
*p Value indicates the differences between patients with and without diabetes.
†p Value indicates the differences between the patients with and without postprandial hyperglycaemia within patients without diabetes.
BMI, body mass index; CRP, C reactive protein; HbA1c, glycosylated haemoglobin A1c expressed as percentage of total haemoglobin; NT-proBNP, plasma N-terminal proB-type natriuretic
peptide.
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with a causal relationship to the outcome variable was
not included. Furthermore, if two potential confounders
were closely interrelated, the one with a closer associ-
ation with the plasma glucose levels was included.

Follow-up after pneumonia
In September 2013, the survival status was obtained in
all patients from the National Statistical Service of
Finland. The immediate and underlying causes of death,
according to the International Classification of Diseases
V.10, were obtained from death certificates. The median
follow-up was 5 years and 11 months.

Statistical analysis
Comparative survival curves were constructed using
Kaplan-Meier methodology. The unadjusted HRs were
assessed utilising univariate Cox regression analysis.
Continuous data was divided to quartiles. The assump-
tion of proportional hazard was checked by graphically
comparing the hazard curves. To determinate the
adjusted HRs for diabetes, new fasting hyperglycaemia
and new postprandial hyperglycaemia, Cox multivariate
regression analysis with backwards directed stepwise pro-
cedure was utilised. In this analysis patients with missing
data were excluded.
The analysis of the effect of new hyperglycaemia was

restricted to the 131 patients without diabetes. Among
them, ROC curves were produced for both fasting and
postprandial plasma glucose values to define the best
cut-off values to predict death during the follow-up.
Frequency comparison was performed by χ2 test.

Student t test and Pearson correlation coefficient were uti-
lised when appropriate. Categorical data is expressed as
percentages and continuous data as means and 95% CI.
Statistical significance was defined as a p value of <0.05.
Analyses were performed using SPSS V.19.0 for the per-
sonal computer (SPSS, Inc, Chicago, Illinois, USA).

RESULTS
Univariate analysis and the ROC analysis
Table 1 shows the numbers of patients in each subgroup
and their characteristics. The following features showed
a statistically significant association with late mortality
within the whole population: Presence of diabetes (HR
3.5 (1.7–6.9), figure 2), advanced age, Karnofsky score
equal to or less than 80%, presence of three or more
comorbidities, low diastolic blood pressure, low arterial
blood oxygen saturation, high urea, NT-proBNP above
predicted value,19 high HbA1c and long hospital stay
(data not shown). The proportional hazards remained
constant over time.
Among the patients without diabetes, the ROC ana-

lysis of the fasting plasma glucose measurements
revealed that the level of 7.05 mmol/L was the best
cut-off value to predict late mortality (results not
shown). A glucose level exceeding it showed an
unadjusted HR of 2.7 (1.1–6.4; p=0.027). Fifty-two per

cent of patients without diabetes showed a fasting
glucose level exceeding 7.05 mmol/L. In one patient,
no fasting glucose values were obtained. The ROC ana-
lysis of the postprandial glucose measurements revealed
that the level of 10.75 mmol/L was the best cut-off value
(results not shown). The corresponding unadjusted HR
was 4.2 (1.9 to 9.6; p=0.001, figure 2). Thirty-three per
cent of patients without diabetes showed a postprandial
glucose level exceeding 10.75 mmol/L. Utilising these
plasma glucose cut-off values among the 22 patients with
diabetes, it could be shown that 19 of them (86%)
showed fasting hyperglycaemia and 18 (82%) showed
postprandial hyperglycaemia.

Multivariate analysis
The following confounders were included: Age,
Karnofsky score equal to or less than 80%, elevated
plasma NT-proBNP and plasma urea concentration. The
results of the multivariate Cox regression analysis are
shown in tables 2 and 3. It can be seen that a diagnosis
of diabetes among the whole population (table 2) and
new postprandial hyperglycaemia among the population
without diabetes (table 3) showed independent associa-
tions with late mortality after pneumonia. New fasting
hyperglycaemia was not a predictor of mortality when
the confounders were taken into account (p=0.74).

The mortality rates and the causes of death
The mortality rates at the end of follow-up were 54%,
37% and 10% among patients with diabetes, patients
without diabetes with new postprandial hyperglycaemia

Figure 2 Kaplan-Meier plot showing long-term survival after

community-acquired pneumonia among patients with diabetes

(N=22, the bottom line), patients without diabetes with new

postprandial hyperglycaemia (N=43, the middle line) and

patients without diabetes without postprandial hyperglycaemia

(N=88, the top line). p<0.001 between the groups.
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and patients without diabetes without postprandial
hyperglycaemia, respectively (p<0.001). The underlying
causes of death are shown in table 4. The immediate
causes of death mirrored the underlying causes.
Pneumonia was the immediate cause of death in just
three cases (8% of all deaths).

DISCUSSION
The present study confirms that both the pre-
pneumonia health status and the severity of pneumonia
are associated with the late mortality after CAP.7 In par-
ticular, the weight of low functional status was high-
lighted by the strong association between low Karnofsky
score and late mortality. These features were taken into
account in the present study. It showed that a pre-
pneumonia diagnosis of diabetes is associated with a
threefold increase in the risk of death up to 6 years after
mild-to-moderate CAP. The study thus corroborates and
extends the findings of Yende et al9, who reported of
increased mortality rates in patients with diabetes up to
1 year after pneumonia. The present study also demon-
strated that new postprandial hyperglycaemia among
patients without diabetes shows an independent associ-
ation with late mortality after pneumonia. Such an asso-
ciation has not been described earlier.
In acute illnesses, complex mechanisms involving hor-

mones and cytokines lead to hyperglycaemia, which is
mainly caused by excessive hepatic glucose production
and manifested by high-fasting glucose values.12 This
probably explains our finding that fasting hypergly-
caemia was more common than postprandial hypergly-
caemia among patients without diabetes. As fasting

hyperglycaemia was not an independent predictor of
mortality in the present study, it may be regarded as an
adequate body response to infection. Postprandial hyper-
glycaemia, in turn, is considered as the first step in the
deterioration of glucose homoeostasis.20 In the present
study, the survival curves of the patients with diabetes
and patients without diabetes with postprandial hyper-
glycaemia were almost identical up to 2.5 years. There is
evidence suggesting that postprandial hyperglycaemia is
an independent risk factor for cardiovascular disease,
stroke, retinopathy, renal failure and neurological com-
plications in individuals with as well as individuals
without diabetes.20 Excess late mortality after CAP can
now be added to that list.
One may suspect that the hyperglycaemic patients

without a previous doctor’s diagnosis of diabetes may
actually have suffered from diabetes without knowing it.
HbA1c reflects mean blood glucose levels during the
previous 2–3 months and can be used to diagnose dia-
betes.21 It is true that the HbA1c values were higher in
the patients without diabetes, but with new postprandial
hyperglycaemia than in those without it. However, the
95% CI of their HbA1c values was below 6.5%, which is
considered diagnostic for diabetes21 and also well below
the HbA1c values of patients with diabetes. In addition,
the patients with new postprandial hyperglycaemia did
not differ from the euglycaemic patients without dia-
betes with respect to family history of diabetes, body
mass index or waist circumference. On the contrary, the
patients with a doctor’s diagnosis of diabetes clearly dif-
fered from the rest of the population by showing all
these typical features of type 2 diabetes.22 Therefore,
most of the patients with CAP with new postprandial

Table 3 Cox multivariate regression analysis with backward directed stepwise procedure about the effect of new

postprandial hyperglycaemia on the risk of late death after pneumonia

Adjusted HR 95% CI p Value

New postprandial hyperglycaemia 2.56 1.04 to 6.32 0.041

Karnofsky equal or less than 80% 3.26 1.12 to 9.47 0.030

Age, years 1.97* 1.14 to 3.39 0.015

The included confounders were age, Karnofsky score equal to or less than 80%, elevated plasma NT-proBNP and plasma urea concentration.
Only factors with at least suggestive independent association (p<0.10) with the risk of late death are presented. N=131, only the patients
without diabetes were included.*HR is expressed per quartile.

Table 2 Cox multivariate regression analysis with backward directed stepwise procedure about the effect of diabetes on the

risk of late death after pneumonia

Adjusted HR 95% CI p Value

Diabetes 2.84 1.35 to 5.99 0.006

Karnofsky equal or less than 80% 4.19 1.86 to 9.46 0.001

Age, years 1.53* 1.00 to 2.34 0.048

Urea, mmol/L 1.78* 1.20 to 2.64 0.004

The included confounders were age, Karnofsky score equal or less than 80%, elevated plasma NT-proBNP, and plasma urea concentration.
Only factors with at least suggestive independent association (p<0.10) with the risk of late death are presented. N=142 (1 patient with and 10
patients without diabetes were excluded due to lack of urea measurements).
*HR is expressed per quartile.

Koskela HO, et al. BMJ Open 2014;4:e005715. doi:10.1136/bmjopen-2014-005715 5

Open Access



hyperglycaemia probably did not have an undiagnosed
diabetes before pneumonia. This supports the view that
stress hyperglycaemia and diabetes are two separate
disorders.12 17 23

The commonly used plasma glucose cut-off values for
transient hyperglycaemia during illness (stress hypergly-
caemia) have been adopted from the diabetes diagnos-
tics (fasting glucose >6.9 mmol/L or random glucose
>11.1 mmol/L).12 To our knowledge, they have not
been validated in stress hyperglycaemia. As mentioned,
diabetes and stress hyperglycaemia are two separate dis-
orders. The present material gave an opportunity to
define plasma glucose cut-off values that best predicted
late mortality among the patients without diabetes:
7.05 mmol/L for fasting glucose and 10.75 mmol/L for
postprandial glucose. Our values were surprisingly close
to those adopted from diabetes diagnostics and thus
support their use also among patients without diabetes,
but with stress hyperglycaemia. Utilising the cut-off
values from the diabetes diagnostics would not have
changed the results of the present study.
The present paper provides some new information on

how to identify patients at increased risk of death late
after CAP. However, it is not known whether the identifi-
cation of such patients can influence their long-term
prognosis. Streptococcus pneumoniae vaccination after CAP
may be of limited value since just 8% of all late deaths
were caused by pneumonia in the present study. This is in
accordance with a larger study in which just 6% of short-
term survivors from CAP finally died of pneumonia.5 The
underlying causes of death in the present population
roughly mirrored those in the Finnish general popula-
tion24 with one exception: In the general population, the
proportion of a chronic lung disease as the underlying
cause of death is 4% but in the present population it was
19%. The aforementioned Dutch study reported exactly
the same finding with much higher numbers of deaths.5

This may be due, at least partly, to patients with obstruct-
ive lung diseases being prone to catch CAP and prone to
be hospitalised in case of CAP.25

If the possibilities for secondary interventions are to
be established, the focus should perhaps be in the
primary prevention of pneumonia. The present study
suggests that Pneumococcus vaccination should be focused
on patients with diabetes, aged patients and those with
low performance status, among other groups previously

reported to show an excessive long-term mortality after
pneumonia.7 26

The main strength of the present study was the careful
method used to detect hyperglycaemia during pneumo-
nia, with seven plasma glucose measurements during the
first day on ward and also the inclusion of night-time mea-
surements. Most previous studies of the effects of hypergly-
caemia on pneumonia prognosis are handicapped by the
small number, usually one, of plasma glucose measure-
ments. Plasma glucose levels vary markedly within a day
during an acute illness and a single measurement can
easily miss the highest values.17 23 Frequent glucose mea-
surements explain the higher prevalence of new hypergly-
caemia in the present study compared with previous
ones.10 11 The prospective nature and comprehensive col-
lection of information about possible confounders may
also be considered as strengths.
The main limitation of the present study was the lack of

validated pneumonia severity scoring. The management of
the present patients was based on local guidelines. The
Finnish pneumonia guidelines did not suggest the use of a
validated severity score until autumn 2008,27 that is, after
the present patient population had been collected. The
lack of systematic recording of respiratory rate precludes
the calculation of any validated severity scores afterwards.
However, many severity-related variables like oxygen satur-
ation, temperature, blood pressure, heart rate, C reactive
protein, leucocytes, urea and arterial blood gas analysis,
were recorded. The population did not include patients
who were confused and patients who needed treatment in
intensive care unit. The present population thus consists of
patients with mild-to-moderate CAP. Therefore, the results
cannot be generalised to all hospitalised patients with
pneumonia. The relatively small number of patients and
deaths may also decrease the generalisability of the results.
In conclusion, a previous diagnosis of diabetes and

newly discovered postprandial hyperglycaemia may
increase the risk of death for several years after CAP. As
the knowledge about patient subgroups with an
increased late mortality risk is gradually gathering, more
studies are needed to evaluate the possible post-
pneumonia interventions to reduce the late mortality.
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