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Do admission glucose levels aid in
predicting mortality associated with
community-acquired pneumonia?

To the Editor:

Diabetes mellitus increases the risk of and mortality associated with community-acquired pneumonia
(CAP) [1]. Hyperglycaemia negatively impacts both the innate and adaptive immune response, which
could lead to decreased bacterial clearance and increased mortality from infection [2]. This can be
extended to non-diabetic patients as well: hyperglycaemia on admission is an independent risk factor for
higher complication rates, longer length of stay, and higher mortality in diabetics and non-diabetics
with CAP [3-6]. Hypoglycaemia on admission has also been associated with an independent increased
risk of mortality in patients with CAP [7, 8]. Currently, two severity scoring systems are widely used
for predicting CAP mortality: the pneumonia severity index (PSI) and CURB-65 score (confusion, urea
>7 mmol-L™", respiratory rate >30 breaths-min~', blood pressure <90 mmHg (systolic) or <60 mmHg
(diastolic), age >65 years) [5, 9]. Admission glucose levels (AGL) are part of the PSI, as a categorical
variable for hyperglycaemia, but not of CURB-65. We, therefore, investigated whether AGL contributes to
these severity scores when both hypo- and hyperglycaemic states are appropriately modelled.

This study was conducted with data from the CAP-START trial, a multicentre cluster-randomised
cross-over trial designed to evaluate three empiric antibiotic strategies for patients with CAP admitted to
non-ICU wards [10].

The study population consisted of patients aged 18 years or older, admitted with a clinical diagnosis of
CAP to non-ICU wards, with evidence of a new pulmonary infiltrate on chest radiography or computed
tomography (CT). Patients or relatives provided written informed consent for review of their medical
charts. Standardised case record forms were used to extract information such as patient demographics,
comorbidities and clinical characteristics from medical records. Trained research nurses acquired all data.
Routinely measured non-fasting AGL on initial presentation were recorded when available. Multiple
imputation with 10 imputed datasets was performed for variables missing (completely) at random.

We used logistic regression to assess associations with 30-day mortality. AGL was truncated for the 1st and
99th percentile to minimise the effect of outliers. PSI and CURB-65 scores were calculated for each
individual patient; we calculated an adjusted version of the PSI, in which the dichotomised criterion for
AGL >14 mmol-L™" was not taken into account, to optimally assess the added value of AGL as a
continuous variable. We determined the appropriate modelling form for AGL in two steps. First, we
visually checked the association between AGL and 30-day mortality by plotting locally weighted regression
(LOESS) curves. As we expected a non-linear effect on our outcome, we used fractional polynomials to
estimate the most appropriate functional form. We applied the technique as proposed by Morris ef al. to
combine estimation and selection of the fractional polynomial fit with multiple imputation [11].

To determine the performance of our models we calculated the area-under-the-receiver-operating-curve
(AUC) and Brier scores. We created confidence intervals by bootstrapping with 2000 samples. Differences
in AUCs between nested models were tested using the approach of RosiN ef al. [12]. All analyses were
performed in R software for statistical computing, version 3.2.0, using the libraries MICE, pROC and mfp.
P-values <0.05 were considered statistically significant.
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Of 2283 patients included in the CAP-START study, 1737 had radiologically confirmed CAP. After exclusion
of a single hospital in which glucose levels were missing for 53% cases, 1549 patients remained for analysis.

996 patients (57.3%) were male, median age was 70 years (IQR 58-79), and 82.9% had one or more
comorbidities, particularly chronic pulmonary disease (45.2%), chronic cardiovascular disease (22%) and cancer
(16.7%). The median AGL was 7.1 mmol-L™" (IQR 6.2-8.5). The median CURB-65 score was 1 (IQR 1-2) and
mean PSI score was 88 (SD 31.3). The median length of stay in hospital was 6 days (IQR 4-9). The 30-day
mortality rate was 5.9% (n=92). When stratifying for admission glucose categories, increasing proportions of
prior diabetes, insulin use, and higher PSI and CURB-65 scores were noted in the hypo- and hyperglycaemic
states on admission. Patients with hypo- or hyperglycaemia had higher 30-day mortality rates than patients
with normoglycaemia (table 1). Fractional polynomial fits of AGLs on 30-day mortality were superior to linear
functions. The predicted risk on mortality rises with increasing (glucose levels >7 mmol-L™") as well as
decreasing AGLs (glucose levels <7 mmol-L™"). To describe estimated risks from the models, we calculated odds
ratios using 7 mmol-L™" as a reference value, and fitting centred values of other categories (table 1). AGL
significantly increased the fit of models with the PSI and CURB-65 score, with p-values of 0.001 and <0.001,
respectively. After addition of AGL to the PSI and CURB-65 model, their AUCs increased from 0.747 (95% CI:
0.695-0.792) to 0.764 (95% CI: 0.714-0.811) and from 0.697 (0.647-0.747) to 0.722 (0.666-0.772), respectively.
Yet, these models were not significantly different from the models without AGL. The Brier scores were also not
different between the models with or without AGL for both PSI, 0.053 (95% CI: 0.044-0.063) versus 0.052
(95% CI: 0.044-0.061) and CURB-65, 0.055 (95% CI: 0.045-0.065) versus 0.054 (95% CI: 0.044-0.062).

In this cohort of 1549 patients admitted to non-ICU wards with radiologically confirmed CAP, AGL
predicted 30-day mortality independently from PSI or CURB-65 scores, but when added to these widely
used scores, AGL hardly improved discriminative power.

The association between hypoglycaemia and death has been reported before in CAP patients [7, 8]. Diabetes
or insulin treatment may underlie part of this association, yet hypoglycaemia may also occur during sepsis,
in which impaired hepatic gluconeogenesis, increasing peripheral glucose utilisation, or relative adrenal
insufficiency might explain the association with adverse outcomes in non-diabetic patients [13].

Our results are concordant with previous prognostic research in which hyperglycaemia on admission has
been associated with increased mortality [3, 4, 6]. Admission hyperglycaemia might reflect chronic
hyperglycaemia in pre-existing or undiagnosed diabetes mellitus, which increases risks of adverse outcome
[14]. Naturally, other pathophysiologic mechanisms could also contribute to the observed association.
Hyperglycaemia might reflect disease severity, as a stronger inflammatory response leads to more insulin
resistance, and consequently higher serum glucose levels [15]. Still, high glucose levels have also been
linked to direct toxic effects on components of the immune system, e.g. chemotaxis, phagocytosis,
macrophage activation, and complement functions, which might impair resolution of the infection and
subsequently prognosis [2].

Although AGLs improved the model fit of the PSI and CURB-65 model, the increase in AUC was
non-significant, and the marginal changes in Brier scores indicate that the actual predicted probabilities of

TABLE 1 Model-based estimates for 30-day mortality in reference to categories of admission glucose levels

Non-fasting Patients Ref. value Bivariate analysis Adjusted for PSI Adjusted for
-1
AGL mmol-L At risk n Died n (%) (Model A) score (Model B) CURB-65 score
(Model C)

b4-<b 317 22 (6.9) 5 2.15 (1.42-3.24) 1.94 (1.25-3.02) 2.07 (1.34-3.19)
6-<8 733 38(5.2) 7 Ref.
8-<10 277 10 (3.6) 9 1.29 (1.09-1.54) 1.08 (0.91-1.27) 1.10 (0.94-1.29)
10-<12 98 8(8.2) 11 1.84 (1.33-2.54) 1.33 (0.97-1.81) 1.40 (1.04-1.90)
12-<14 52 5(9.6) 13 2.49 (1.60-3.88) 1.66 (1.06-2.59) 1.81(1.18-2.78)
=14 72 12 (16.7) 15 3.19 (1.86-5.45) 2.03 (1.15-3.56) 2.28 (1.32-3.93)

Data in the first two columns are from a single imputation dataset. Model-based estimates of ORs (95% Cls) for 30-day mortality for several
admission glucose level (AGL) categories. ORs were calculated for reference (Ref.) values in the centre of categories. Model A is for a
second-degree polynomial fit of AGL only. Models B and C are the adjusted models with pneumonia severity index (PSI) and CURB-65 scores
(confusion, urea >7 mmol-L™", respiratory rate >30 breaths-min~', blood pressure <90 mmHg (systolic) or <60 mmHg (diastolic), age >65
years), respectively. Formulas for the final logistic regression models, in which x denotes admission glucose level, B denotes model betas for
CURB-65 categories, and z denotes PSI score, were as follows. Model A: In OR=—0.64—2.07-(x/10) 2 —2.36-(x/10) *-log x/10). Model B:
1nOR:—3.15+0.03'z+1.58~[x/10]72—4.23~[x/10]71. Model C: anR:—1.23+/3+‘I.77~[x/10]72—4.79~[x/10]’1. Model C betas were 0.92(CURB
65 score 1), 1.63(CURB 65 score 2), 2.42(CURB 65 score 3), 1.88(CURB 65 score 4) and 3.17(CURB 65 score 5).
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the models with and without AGLs are virtually identical. Thus, these absolute differences had little
clinical relevance. Still, future research on prognostic modelling in CAP should preferably evaluate the
non-linear association of AGL with outcomes.

Several study limitations have to be considered. First, our analyses were limited to patients admitted to
non-ICU wards. However, as this concerns the majority of hospitalised CAP and some physicians use these
scores to guide treatment decisions, our findings remain relevant. Second, only a small number of patients
had AGLs <4 mmol-L™"; this may have hampered estimation of the best fitting model, explaining the higher
predicted OR for 9 mmol-L™" (8-10 category), while the observed mortality was actually lower in this category.

In conclusion, both hyper- and hypoglycaemia at the time of admission increase the risk of 30-day
mortality in CAP patients admitted to non-ICU wards. A model of this U-shaped association performs
significantly better than a linear association. Yet, the addition of this U-shaped association for AGLs to
both PSI- or CURB-65 scores did not increase the predictive capacity of these scores in our population.
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