
BMJ Open Diab Res Care 2022;10:e002880. doi:10.1136/bmjdrc-2022-002880

Open access�

1

Open access�

In-hospital hyperglycemia but not 
diabetes mellitus alone is associated with 
increased in-hospital mortality in 
community-acquired pneumonia (CAP): a 
systematic review and meta-analysis of 
observational studies prior to COVID-19

Rahul D Barmanray  ‍ ‍ ,1,2 Nathan Cheuk,1 Spiros Fourlanos  ‍ ‍ ,1,3 
Peter B Greenberg,4 Peter G Colman,1,3 Leon J Worth2,5

For numbered affiliations see 
end of article.

Correspondence to
Dr Rahul D Barmanray;  
​rahul.​barmanray@​mh.​org.​au

To cite: Barmanray RD, 
Cheuk N, Fourlanos S, et al. 
In-hospital hyperglycemia 
but not diabetes mellitus 
alone is associated with 
increased in-hospital mortality 
in community-acquired 
pneumonia (CAP): a systematic 
review and meta-analysis of 
observational studies prior to 
COVID-19. BMJ Open Diab 
Res Care 2022;10:e002880. 
doi:10.1136/
bmjdrc-2022-002880

	► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http://​dx.​doi.​
org/​10.​1136/​bmjdrc-​2022-​
002880).

Received 4 April 2022
Accepted 8 June 2022

	► http://​dx.​doi.​org/​10.​1136/​
bmjdrc-​2022-​003011

Review

Epidemiology/Health services research

© Author(s) (or their 
employer(s)) 2022. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
The objective of this review was to quantify the association 
between diabetes, hyperglycemia, and outcomes in patients 
hospitalized for community-acquired pneumonia (CAP) prior 
to the COVID-19 pandemic by conducting a systematic review 
and meta-analysis. Two investigators independently screened 
records identified in the PubMed (MEDLINE), EMBASE, CINAHL, 
and Web of Science databases. Cohort and case–control 
studies quantitatively evaluating associations between 
diabetes and in-hospital hyperglycemia with outcomes 
in adults admitted to hospital with CAP were included. 
Quality was assessed using the Newcastle-Ottawa Quality 
Assessment Scale, effect size using random-effects models, 
and heterogeneity using I2 statistics. Thirty-eight studies met 
the inclusion criteria. Hyperglycemia was associated with 
in-hospital mortality (adjusted OR 1.28, 95% CI 1.09 to 1.50) 
and intensive care unit (ICU) admission (crude OR 1.82, 95% 
CI 1.17 to 2.84). There was no association between diabetes 
status and in-hospital mortality (adjusted OR 1.04, 95% CI 0.72 
to 1.51), 30-day mortality (adjusted OR 1.13, 95% CI 0.77 to 
1.67), or ICU admission (crude OR 1.91, 95% CI 0.74 to 4.95). 
Diabetes was associated with increased mortality in all studies 
reporting >90-day postdischarge mortality and with longer 
length of stay only for studies reporting crude (OR 1.50, 95% CI 
1.11 to 2.01) results. In adults hospitalized with CAP, in-hospital 
hyperglycemia but not diabetes alone is associated with 
increased in-hospital mortality and ICU admission. Diabetes 
status is associated with increased >90-day postdischarge 
mortality. Implications for management are that in-hospital 
hyperglycemia carries a greater risk for in-hospital morbidity 
and mortality than diabetes alone in patients admitted with 
non-COVID-19 CAP. Evaluation of strategies enabling timely and 
effective management of in-hospital hyperglycemia in CAP is 
warranted.

INTRODUCTION
Diabetes mellitus increases the risk of devel-
oping multisystem complications predomi-
nantly through hyperglycemia-mediated adverse 
effects on the vasculature, immune system, 

and end organs. Among these complications 
is an increased risk of infections1 contrib-
uting to an increased frequency of hospital-
ization for infectious diseases in people with 
diabetes.2 Community-acquired pneumonia 
(CAP) contributes significantly to the burden 
of infection-related hospitalization, with signifi-
cant consequential healthcare expenditure.3 As 
the prevalence of diabetes continues to increase, 
it is expected that hospitalizations due to CAP 
will also increase.4 Better understanding and 
quantification of the morbidity and mortality of 
patients with diabetes requiring hospitalization 
for CAP might alleviate the burden of diabetes 
on communities and healthcare systems.

While several studies have considered the 
relationship between diabetes and CAP, 
contextual and temporal heterogeneities 
prevent estimations of the contribution of 
diabetes to CAP morbidity and mortality 
in hospitalized patients. Given the marked 
discrepancies between clinical definitions 
employed in prior studies, it is also unclear 
on a prima facie basis what proportion of 
diabetes-related morbidity in CAP can be 
attributed to inpatient hyperglycemia, an 
important distinction given that this may be 
a potentially modifiable risk factor. Further-
more, hyperglycemia in the absence of 
diagnosed diabetes as a contributor to CAP 
hospital outcomes is seldom reported and 
thus incompletely understood.

Since the onset of the COVID-19 pandemic, 
multiple studies considering the relationship 
between diabetes, glycemia, COVID-19 infec-
tion, and pneumonia have been published. 
Both diabetes and new hyperglycemia have 
been associated with increased risk of adverse 
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outcomes in patients hospitalized with COVID-19 in 
international cohorts (although not universally), with 
ORs for mortality conferred by pre-existing diabetes 
ranging from 1.49 to 3.64.5–9 The increased morbidity 
and mortality conferred by hyperglycemia independent 
of the contribution of diabetes are less well characterized. 
One study found hyperglycemia in those without previ-
ously diagnosed diabetes to confer an HR of 5.38 (95% 
CI 3.46 to 8.35) for intensive care unit (ICU) admission 
compared with those without hyperglycemia or diabetes.8

During the COVID-19 pandemic, there was a reduction 
in non-COVID-19 CAP, likely through infection control 
measures such as mask wearing and social distancing 
reducing CAP of viral etiology.10 11 Bacterial etiologies 
were thought to have remained largely unaffected by these 
measures. However, as rising vaccination rates and public 
health measures begin to reduce the burden and severity 
of COVID-19 infections leading to hospitalization, and non-
vaccine infection control measures are relaxed, endemic 
causes of CAP may re-emerge as precipitants of hospitaliza-
tion for those with CAP. In this context, prepandemic data 
establishing the associations between diabetes and hypergly-
cemia with CAP outcomes will again become relevant. We 
therefore conducted a systematic review and meta-analysis to 
determine the impact of both diabetes alone and of hyper-
glycemia on outcomes in hospitalized patients with CAP.

METHODS
This review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) and the Meta-analysis of Observational Studies 
in Epidemiology (MOOSE) guidelines for design, conduct, 
and reporting.12 13 The review protocol was not registered.

Eligibility criteria
This review sought published studies that quantitatively 
assessed associations between both ‘diabetes’ and ‘in-hos-
pital hyperglycaemia’ on outcomes in adults admitted 
to hospital with CAP. Outcomes considered included 
mortality, length of stay, and ICU admission. Cohort 
studies and case-control studies were eligible while case 
reports and series were excluded. Cross-sectional studies 
also were excluded due to uncertain temporal rela-
tionships between exposures and outcomes. Included 
studies assessed participants aged 18 years or older, as 
the management of pneumonia in children and young 
adolescents differs from that in adults. Eligible studies 
were reported in English, with full text available.

Definitions
Standard definitions of CAP included either a clinical 
diagnosis comprising clinical features and consistent 
radiological findings, with onset prior to or within 48 
hours of hospitalization in the absence of recent inpa-
tient healthcare contact, or discharge coding consis-
tent with CAP. Standard definitions of diabetes mellitus 
included treatment with glucose-lowering medica-
tions, biochemical diagnosis consistent with prevalent 

guidelines, discharge coding, and patient self-report. It 
should be noted that there are issues with each of these 
definitions, for example, treatment with glucose-lowering 
medications may be instituted for conditions other than 
diabetes including pre-diabetes, while patient self-report 
is subject to recall bias. However, few studies use only 
a single definition. Given the marked heterogeneity in 
definitions of hyperglycemia, included definitions were 
glucose concentrations of 7.0 mmol/L (126 mg/dL) or 
greater. Studies of admitted patients with hyperglycemia 
were included regardless of whether participants had or 
did not have a diagnosis of diabetes.

Search strategy and data sources
The following databases were searched from incep-
tion (1950) to 4 June 2019: PubMed (MEDLINE), 
EMBASE, CINAHL, and Web of Science. MeSH 
and free-text terms were used to search PubMed. 
We searched for the MeSH headings ‘Pneumonia’, 
‘Diabetes Mellitus’, ‘Hyperglycemia’ and the text 
strings ‘pneumoni*’, ‘diabet*’, ‘hyperglyc*’. MeSH 
headings were exploded and text strings were 
searched for in titles, abstracts, subject headings, and 
keyword headings. EMTREE and free-text terms were 
used to search EMBASE. Free-text terms were used to 
search CINAHL and Web of Science. The strategies 
sought publications referring to both pneumonia and 
either diabetes mellitus or hyperglycemia, or deriva-
tions thereof.

Study selection
Title and abstract screening was performed inde-
pendently by two investigators (RDB, NC), who then 
reviewed full-text publications. Review-specific eligibility 
forms were created in PRISMA-compliant review software 
(Covidence systematic review software, Veritas Health 
Innovation, Melbourne, Australia) for each step of the 
review process with forms available on request. Discor-
dance was resolved by case review with both investiga-
tors seeking consensus and a third investigator (LJW) 
consulted when this was not achieved.

Data extraction
Publication data were extracted independently by two 
investigators (RDB, NC) who then performed simulta-
neous comparisons to verify the accuracy of extracted 
data. Extracted data included first author, journal cita-
tion, year of publication, study location, funding, study 
design, data source, duration, population characteristics, 
and study-specific data including: inclusion and exclu-
sion criteria, definitions, measures of association, and 
statistical methods.

Quality assessment
Quality was assessed using the Newcastle-Ottawa Quality 
Assessment Scale (NOS)14 according to recommended 
procedures by two investigators (RDB, NC). Discordance 
was resolved by case review with both investigators seeking 
consensus and a third investigator consulted when this 
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was not achieved. The NOS allocates a maximum of nine 
stars across three domains: participant selection (four 
stars); group comparability (two stars); and ascertain-
ment of either the exposure or outcome (three stars). 
If any item is not reported, a zero score is applied. We 
classified study quality according to the study score into 
low (score 0–3), moderate (score 4–6) and high quality 
(score 7–9).

Data synthesis and analysis
Characteristics of included studies were described in 
multiple publication and data-related domains. Where 
equivalence of measures allowed, meta-analysis was 
performed. Crude and adjusted results were pooled 
separately. Crude data meta-analyses use the Mantel-
Haenszel method and the DerSimonian-Laird random-
effects model with Hartung-Knapp adjustment. Adjusted 
measures included were the most adjusted statistical 
model from each study (covariates vary and are described 
in online supplemental tables 2 and 3). Adjusted data 
meta-analyses use the inverse variance method and the 
DerSimonian-Laird random-effects model. Summary 
measures were reported as ORs. Heterogeneity was 
assessed with Higgins and Thompson’s I2.15

To account for variability in definitions of hyper-
glycemia, published study data were categorized with 
data-derived cut-points. Category A was defined as a study-
defined hyperglycemia cut-point of ≤7.8 mmol/L, cate-
gory B as 7.9–11.0 mmol/L, category C as ≥11.1 mmol/L 
and category D as not defined. Where a study defined 
hyperglycemia as a range with an upper boundary and 
lower boundary, the lower boundary was used to define 
the category. Studies with multiple grades of definitions 

of hyperglycemia, for which outcome data were reported 
separately, were thus able to contribute data to more than 
one hyperglycemia category.

All statistical analyses were performed in R V.3.6.0 (R 
Project for Statistical Computing). Non-base packages 
used for the analyses included meta version 4.15-1 and 
metafor version 2.4-0.

RESULTS
Study selection in PRISMA format is shown in figure 1 
with 38 studies included: 36 cohort studies and 2 case–
control studies. Study characteristics including NOS 
quality assessment summary score are described in online 
supplemental table 1. Studies were conducted in a variety 
of contexts with a mean duration of 4.8 years (median: 
4.0 years, range: 0.3–15.5 years).

Diabetes studies
The relationship between diabetes status and CAP 
outcomes was reported in 31 studies. Study details are 
described in online supplemental table 2.

Mortality
Mortality was reported in various ways: in-hospital 
mortality was assessed in 14 studies, 30-day mortality in 
10 studies, 90-day mortality in 1 study, 1-year mortality in 
2 studies, and end-of-trial mortality in 4 studies.

When considering all studies reporting in-hospital 
mortality there was no association shown for diabetes 
status. The pooled crude OR for in-hospital mortality 
with diabetes was 1.17 (95% CI 0.95 to 1.44, I2=89%) 
while the adjusted OR was 0.92 (95% CI 0.91 to 0.94, 
I2=0%) (figure 2A,B). Two studies used discharge coding 
data only to establish a diagnosis of diabetes. While 
this is a valid definition of diabetes it is likely to iden-
tify fewer and a substantively different subset of patients 
to clinical definitions, especially in more contemporary 
data sets,16 17 which can affect comparisons between 
studies using coding or clinical definitions. These studies 
also contributed the largest numbers of patients to the 
analyses. To explore their contributions to the results, 
analyses were repeated with these two studies removed. 
Meta-analysis of the remaining studies yielded both an 
increased crude OR of 1.50 (95% CI 1.11 to 2.01, I2=0%) 
and an increased adjusted OR of 1.04 (95% CI 0.72 to 
1.51, I2=10%) (figure 2C,D).

Diabetes status was not associated with 30-day mortality 
(pooled crude OR 1.37, 95% CI 0.92 to 2.04, I2=41%; 
pooled adjusted OR 1.13, 95% CI 0.77 to 1.67, I2=62%) 
(online supplemental figure S1). One study reported this 
outcome as an HR of 1.29 (95% CI 1.01 to 1.65, p<0.001) 
and was not included in the meta-analysis.18

Other mortality outcomes were reported in a manner 
or with frequency unsuitable for meta-analysis. Ninety-day 
mortality was found by one study to be associated with 
diabetes (HR 2.47, 95% CI 2.05 to 2.98, p<0.001)18 as was 
1-year mortality (OR 2.13, 95% CI 1.28 to 3.54, p=0.00419 
and HR 1.3, 95% CI 1.03 to 1.65, p=0.0220). An association 

Figure 1  Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow diagram of study 
selection.
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between diabetes and end-of-trial mortality was found, 
with HR of 2.84 (95% CI 1.35 to 5.99, p=0.006),21 1.26 
(95% CI 1.04 to 1.54, p=0.02),18 and a relative risk of 1.5 
(95% CI 1.05 to 2.14, p=not reported) but was not quanti-
fied in a study that reported crude event numbers.22

ICU admission
ICU admissions were no different between those with and 
without diabetes. The pooled crude OR for this outcome 
in those with diabetes for the five studies reporting it was 
1.91 (95% CI 0.74 to 4.95, I2=84%) (online supplemental 
figure S2, panel A). The OR for ICU admission in those 
with diabetes was elevated in two studies, and not signifi-
cantly different in three studies.

Length of stay
Length of hospital stay was generally longer for those 
with diabetes. Variable reporting of summary measures 
and crude continuous data or significance testing alone 
notwithstanding, of the six studies that assessed this, five 
found a statistically significant longer length of stay in 
those with diabetes versus those without23–27 while the 
last found no difference.28 Two studies reported a test of 
difference, being an HR of 0.68 (95% CI 0.51 to 0.89) for 
discharge in patients with diabetes compared with those 
without25 and an incidence rate ratio for longer length 
of stay in patients with diabetes of 1.19 (95% CI 1.06 to 
1.33).27

Clinical outcomes
There was no association between diabetes status and 
the development of pleural effusion with a pooled crude 
OR from the three studies that assessed this outcome of 
2.91 (95% CI 0.17 to 48.5, I2=83%) (online supplemental 
figure S2, panel B).

In individual studies, diabetes was found to be associ-
ated with both cardiovascular events during follow-up 
(HR 1.92, 95% CI 1.18 to 3.14, p=0.009)22 and a lower 
likelihood of weaning from mechanical ventilation (OR 
0.23, 95% CI 0.05 to 0.92, p=0.048).29

‘Complicated hospitalization’ and a ‘severe outcome’ 
were reported by five and three studies, respectively, with 
various definitions precluding meaningful meta-analysis. 
None of these showed a statistically significant association 
between diabetes and defined study outcomes.

Hyperglycemia studies
The relationship between hyperglycemia and pneu-
monia outcomes was reported in 17 studies. Study details 
are described in online supplemental table 3. One study 
was found to be a clear outlier in terms of effect size 
and its results were removed from the primary analyses 
reported.30 Analyses retaining this study are included in 
the online supplemental figures S5, S6 and S8. Of the 
16 hyperglycemia studies, 12 included patients with and 
without diabetes, 2 were limited to patients with diabetes, 
while 2 only included patients without a diagnosis of 
diabetes.

Mortality
Similar to the studies assessing diabetes, mortality 
was reported in multiple ways: in-hospital mortality 
was assessed in seven studies, 30-day mortality in three 
studies, 90-day mortality in two studies, 1-year mortality in 
two studies, and end-of-trial mortality in one study.

Hyperglycemia was associated with in-hospital mortality 
both for those studies reporting crude ORs (pooled crude 
OR 1.42, 95% CI 1.06 to 1.88, I2=0%) and adjusted ORs 
(pooled adjusted OR 1.28, 95% CI 1.09 to 1.50, I2=36%) 

Figure 2  Meta-analyses of the association between diabetes and in-hospital mortality in hospitalized patients with 
community-acquired pneumonia. Pooled crude (A) and adjusted (B) ORs including all eligible studies. Pooled analyses after 
removal of studies that used coding data only in establishing a diagnosis of diabetes for crude (C) and adjusted (D) ORs.
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(figure  3). When stratified by hyperglycemia cut-point 
categories using the mixed-effects model, there was no 
relationship seen between any individual cut-point cate-
gory and in-hospital mortality point estimate for the 
crude OR. All but one category showed a relationship 
with in-hospital mortality for the adjusted OR; however, 
each category consisted of data from only a single study 
(online supplemental figure S3).

It is of interest to the clinician to differentiate the 
contribution of hyperglycemia to in-hospital mortality 
in patients with and without diabetes. Most studies31–35 
included patients regardless of diabetes status and did 
not report the contribution of hyperglycemia to mortality 
separately in both of these groups. When studies 
including only patients with or without diabetes were 
excluded (relevant only to the pooled crude analysis), 
results were unchanged. The two studies to consider 
just patients with diabetes found hyperglycemia to not 
be associated with increased in-hospital mortality when 
hyperglycemia was defined as glucose >14.0 mmol/L 
(OR 2.22, 95% CI 0.87 to 5.63, p=0.18)36 or when risk 
was assessed per 1 mmol/L increase in glucose (OR 1.05, 
95% CI 0.99 to 1.12, p=0.11).37 Similarly, both studies 
assessing the relationship between in-hospital mortality 
and hyperglycemia only in patients without diabetes 
found no association when hyperglycemia was defined as 
a glucose of ≥7.0 mmol/L (OR 1.98, 95% CI 0.32 to 12.4, 
p=0.46),38 or when assessing risk per 1 mmol/L increase 
in glucose (OR 1.10, 95% CI 0.99 to 1.23, p=0.09).37

Other mortality outcomes were reported in a manner 
unsuitable for meta-analysis. Hyperglycemia was not 
found to be associated with 30-day mortality in three 
studies,28 39 40 with 90-day mortality in one study,41 or with 
1-year mortality in two studies.20 41 One study, the largest 
of the hyperglycemia-reporting studies, found 90-day 
mortality to be associated with an admission glucose 
of either 6.0–10.9, 11.0–13.9, or ≥14.0 mmol/L, with a 
progressively greater OR for each group respectively.18 
Another study found new postprandial hyperglycemia 
in patients without diabetes to be associated with end-of-
trial mortality (median surveillance duration of 5 years 
and 11 months) with an adjusted HR of 2.56 (95% CI 
1.04 to 6.32).21

ICU admission
Three studies reported ICU admission, which was found 
to be associated with hyperglycemia (pooled crude OR 
1.82, 95% CI 1.17 to 2.84, I2=16%) (online supplemental 
figure S4). In general, a higher glucose was associated 
with a greater OR of ICU admission, but this was not 
universally reported. One additional study found an 
association with hyperglycemia ≥11.1 mmol/L and ICU 
admission in those without diabetes,37 while another 
found none.40

Length of stay
Length of hospital stay was either longer or no different in 
those with hyperglycemia compared with those without. 

Figure 3  Meta-analyses of the association between hyperglycemia and in-hospital mortality in hospitalized patients with 
community-acquired pneumonia. Pooled crude (A) and adjusted (B) ORs.
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Of the six studies reporting this outcome, three found a 
statistically significant longer length of stay in those with 
hyperglycemia compared with those without,32 36 42 while 
the others reported no difference.31 33 38 The combina-
tion of summary measures and crude continuous data 
precluded meta-analysis.

Clinical outcomes
‘Complicated hospitalization’ was reported by three 
studies and variably defined. One study found hyper-
glycemia ≥14.0 mmol/L in patients with diabetes to be 
associated with complicated hospitalization, defined 
as a composite of 11 outcomes including in-hospital 
mortality.36 Another showed an association with hypergly-
cemia ≥11.0 mmol/L regardless of diabetes status, where 
complicated hospitalization was defined all inclusively as 
death, any non-metabolic complications, cardiac compli-
cations, and nosocomial infections.33 A third found 
complicated hospitalization, defined as an increase in 
oxygen requirements after 24 hours of admission or 
broadened antibiotic coverage, to be associated with 
glucose values >5.7 mmol/L in those without diabetes, 
but only for participants aged ≥65 years.38

A ‘severe outcome’ of the hospitalization was reported 
by three studies, with some definitions including 
mortality. Two studies found hyperglycemia to be associ-
ated with a severe outcome regardless of diabetes status 
for glucose values ≥11.1 mmol/L.37 40 A further study only 
found hyperglycemia of 5.7–6.9 mmol/L in those without 
diabetes and aged ≥65 years to be associated with a severe 
outcome, but in that same subset there was no association 
for hyperglycemia >7.0 mmol/L.38

Study quality and publication bias
Included studies were generally of high quality (7–9 
points) on the NOS with two of moderate quality.

Funnel plots for the studies contributing data to 
the meta-analyses of in-hospital mortality, the most 
commonly reported outcome of pneumonia hospital-
ization, revealed significant publication bias for studies 
associating this outcome with both diabetes (figure  4) 

and hyperglycemia (online supplemental figure S7). 
Small studies (higher SE) with a small effect size (lower 
Hedges’ g) were missing in both cases. On the basis 
of clear outlier status in terms of effect size, one study 
reporting on hyperglycemia and pneumonia outcomes 
was removed (online supplemental figure S9).30

Inter-rater reliability
For title and abstract screening, proportionate agree-
ment between investigators was 0.94, random agree-
ment 0.87, and Cohen’s kappa 0.56. For full-text review, 
proportionate agreement was 0.89, random agreement 
0.73, and Cohen’s kappa 0.61.

CONCLUSIONS
While there is a clear pathological relationship between 
diabetes, hyperglycemia, and infection risk, patient and 
health service impacts of infection in diabetes and hyper-
glycemia are not well understood. Our review clarifies 
the nature of these relationships in a pre-COVID-19 
pandemic context and identifies hyperglycemia as a 
stronger risk factor than diabetes for poor in-hospital 
outcomes in those admitted with CAP although diabetes 
is a greater risk factor for postdischarge mortality.

Individual studies revealed length of stay to be either 
no different or longer with both the presence of diabetes 
alone and with hyperglycemia. For both ICU admission 
and in-hospital mortality, however, on meta-analysis 
there appears to be a clear increase in risk associated 
with hyperglycemia but not with diabetes status. It is thus 
probable that hyperglycemia, at least in part, mediates 
the increased in-hospital mortality seen with diabetes in 
some individual studies assessing diabetes and mortality, 
especially as in-hospital hyperglycemia was reported in 
fewer than one-third of these studies. Indeed, the one 
study that reported adjusted ORs for both diabetes and 
hyperglycemia with in-hospital mortality found hypergly-
cemia but not diabetes to carry increased risk. Similarly, 
risks for composite outcomes termed complicated hospi-
talization and severe outcome, though variably defined, 

Figure 4  Funnel plots of the association between diabetes and in-hospital mortality in hospitalized patients with community-
acquired pneumonia for studies reporting crude (A) and adjusted (B) ORs.
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were universally increased with hyperglycemia but 
unchanged with diabetes status. These findings concur 
with the long-established increased risk for in-hospital 
adverse outcomes attributable to hyperglycemia in both 
those with and without diabetes.43 44

In contrast, postdischarge mortality outcomes were 
more strongly associated with diabetes than hypergly-
cemia, although heterogeneity precluded quantifica-
tion of these effects through meta-analysis. For mortality 
reported as ≥90 days after discharge, diabetes was 
universally associated with increased risk in the six eval-
uable studies. In contrast, only two of five studies found 
hyperglycemia to increase the risk of ≥90-day mortality 
and in one of these studies it was new hyperglycemia in 
patients without previously diagnosed diabetes that was 
considered, which could thus represent diabetes newly 
detected during the admission for pneumonia. By 90 
days after discharge, it is likely that any complications 
resulting from admission have been experienced and the 
risk of adversity stemming from hospitalization, ampli-
fied by acute hyperglycemia or not, has largely returned 
to baseline. These results are consistent with the known 
contribution of diabetes to mortality risk in ambulatory 
settings.45

The clear implications of these findings to clinicians 
managing adults hospitalized with pneumonia are that 
hyperglycemia during the hospital stay is a greater risk 
factor for in-hospital morbidity and mortality than 
diabetes status alone. Hyperglycemia is mechanisti-
cally linked to infection through immune dysfunction 
at multiple levels including impaired cytokine produc-
tion,46 pathogen recognition,47 neutrophil function,48 
and macrophage function.49 There is also long-standing 
evidence that in-hospital hyperglycemia is associated with 
a greater in-hospital mortality risk than diabetes.44 Our 
findings thus suggest that the effects of acute hypergly-
cemia are more important over the course of a hospital 
admission than the non-glycemic effects of the chronic 
condition of diabetes. These effects appear limited to the 
admission, however, and following discharge there does 
not appear to be a significant legacy effect of inpatient 
hyperglycemia, with medium-term outcomes such as 
mortality at ≥90 days associated to a greater degree with 
diabetes status.

This is noteworthy as while diabetes itself is not modi-
fiable over the course of a hospital admission, hypergly-
cemia is. In patients admitted with CAP, outcomes may 
therefore potentially be improved through the identifica-
tion and timely management of elevated plasma glucose 
concentrations, consistent with general hospital glucose 
management guidelines.50 A trial published in 2019 of 
proactive care to improve inpatient glycemia in the non-
critical care setting showed reduced hyperglycemia and 
hospital-acquired infections, including pneumonia, in 
the intervention arm.51 The same intervention applied 
to adults hospitalized with pneumonia could similarly 
improve outcomes and is worthy of study, particularly 
to determine optimal glucose levels for prevention of 

CAP-related morbidity and mortality in admitted patients. 
This is especially important in our current context 
of different glycemic targets being recommended by 
different international groups.52 53

Methodological strengths of this review include a 
comprehensive search strategy and good inter-rater reli-
ability suggesting consistent application of criteria. That 
the studies meeting the inclusion criteria were predom-
inantly of high quality and represented a wide selection 
of geographic and temporal contexts is a further strength 
and confirms the reliability and broad applicability of the 
review findings. This review is limited by the observa-
tional nature of the source studies, which are by design 
necessarily susceptible to bias and confounding. Defini-
tional heterogeneity of both diabetes and hyperglycemia 
is a source of error that is partially but not completely 
accounted for using random-effects model meta-analysis. 
Similarly, the reporting of different outcomes of CAP 
hospitalization resulted in a few data points for each, 
precluding meta-analysis for some outcomes. While 
it would be of interest to clinicians to differentiate the 
contribution of hyperglycemia to in-hospital mortality 
in patients with and without diabetes, most studies 
reporting on hyperglycemia outcomes pooled patients 
with and without diabetes and did not report on these 
associations separately. The presence of publication bias, 
as evidenced by the relative paucity of small studies with 
small effect size, may also impact on the strength of any 
conclusions drawn.

Future observational studies could improve the current 
state of knowledge summarized in this review by adopting 
standardized definitions for both hyperglycemia in 
patients admitted to hospital and clinical outcomes, 
which will enable direct comparisons between published 
studies. Studies considering the contribution of hypergly-
cemia to outcomes should additionally separately report 
on the effects of hyperglycemia on risk in patients with 
and without diabetes. Findings of our review highlight the 
need to evaluate whether early identification and treat-
ment of hyperglycemia in individuals hospitalized with 
CAP can improve patient outcomes. Such an approach 
has shown promise for improved outcomes in a general 
population in a trial context.51 Future interventional 
studies, including randomized controlled trials, assessing 
the relationships between diabetes, hyperglycemia and 
CAP, offer the possibility of establishing euglycemia as a 
target for therapy, alongside appropriate antimicrobial 
therapy, as standardized treatment of CAP in hospitalized 
patients.
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