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Background: The aim of the present study was to investigate the risk factors for in-hospital mortality
among patients with type 2 diabetes mellitus (T2DM) and concomitant community-acquired pneumonia
(CAP) and establish a risk prediction score.

Methods: Data from 1,360 adult patients with T2DM and concomitant CAP hospitalized in two grade 3A
hospitals between 2009 and 2019 were collected through electronic medical records. Data obtained included
the status of diabetes mellitus, comorbidities, laboratory and imaging findings, and treatment outcomes.
Statistical analysis was conducted to investigate the risk factors affecting prognosis, and a clinical risk
prediction score was designed.

Results: Based on the patients’ treatment outcomes (deceased, improved and cured), the cohort was divided
into two groups: deceased and improved; 16 parameters were significant after segmentation. However,
the following nine parameters were independent predictors of mortality: neutrophil-lymphocyte ratio
(NLR) >4, pulse rate >125 bpm, change in state of consciousness, arterial blood pH <7.35, age >65 years,
serum sodium <130 mmol/L, initial fasting blood glucose >9 mmol/L, multilobar involvement, and diabetic
nephropathy. Based on these findings, a risk prediction score was established, and bootstrap validation was
performed. The risk prediction score was significantly superior to CURB-65 [confusion, urea >7 mmol/L,
respiratory rate >30/min, low blood pressure (systolic <90 mmHg or diastolic <60 mmHg), age >65 years]
and slightly superior than the pneumonia severity index (PSI).

Conclusions: The influencing factors for in-hospital mortality among patients with T2DM and
concomitant CAP included advanced age, change in state of consciousness, increased pulse rate, acidosis,
high NLR, high platelet-lymphocyte ratio, hyponatremia, hyperglycemia, and diabetic nephropathy. These
parameters should be recognized in clinical practice, with active interventions to improve the treatment
success rate. The risk prediction score effectively differentiated the mortality risk of inpatients, thereby
providing guidance on clinical decision-making.
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Introduction

Diabetes mellitus (DM) is a metabolic disease characterized
by chronic hyperglycemia. It is caused by impaired insulin
secretion and/or impaired insulin utilization (1). Most
patients have type 2 DM (T2DM). In the past decade, the
overall prevalence of DM among Chinese adults has been
between 9.7% and 11.6% (2-4). DM has become a severe
disease and poses a significant economic burden on the
Chinese Government and its citizens (5).

Respiratory tract infection is an infectious disease
typically found in patients with DM (6); it is particularly
common in hospitalized patients aged >60 years (7).
Specifically, community-acquired pneumonia (CAP) is
an important respiratory infection. Previous studies have
shown that patients with DM exhibit impaired immune
function and lung tissue injury, and their respiratory tracts
are prone to pathogen colonization (8-10). Thus, DM is a
risk factor for CAP and can also impact its prognosis. DM
can increase the morbidity of CAP, exacerbate the disease,
and increase the rate of complications and mortality risk
(8,11-13). Furthermore, patients with DM and concomitant
CAP exhibit distinct clinical features compared with patients
without DM (11,12), they were more commonly mental
confusion and more serious imaging findings on admission,
but less likely to have clinical features such as cough and
purulent sputum. Therefore, it is crucial to search for
effective mortality predictors in DM patients with CAP,
especially those who are easily identified or tested in the
clinical setting, and to conduct mortality risk assessments
among such patients. This will facilitate the identification of
patients who require more active treatment.

There are existing clinical CAP prediction scores, such
as the pneumonia severity index (PSI) and CURB-65,
intended for the general population (14-18). There are
also clinical scores for pneumonia for specific pathogens
or specific populations, but to the best of our knowledge,
there is currently a lack of clinical prediction scores for
pneumonia in patients with DM (19,20). Therefore, the
establishment of a simple and reliable CAP prediction
score for patients with DM is of clinical significance. It will
aid clinicians in better decision-making and allow patients
with DM to receive more appropriate treatment. Based on
this, we conducted a retrospective study in two centers in
Shenyang, China. And we present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/apm-20-1489).
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Methods
Study design and data source

The study population was inpatients with a confirmed
diagnosis of CAP and concomitant T2DM in the
Shengjing Hospital of China Medical University and The
First Affiliated Hospital of China Medical University in
Shenyang, Liaoning Province, China, between September
2009 and October 2019. Case screening and data extraction
at the Shengjing Hospital of China Medical University were
performed using RealOne ISCI from Neusoft, whereas at
The First Affiliated Hospital of China Medical University,
they were performed using YIDUCLOUD. RealOne
ISCI and YIDUCLOUD are intelligent platforms for
electronic medical records, which can screen cases through
specific criteria. Extracted data were manually verified and
supplemented and did not contain any patients’ identity
information. Patients’ clinical features were retrospectively
analyzed, and an observational cohort study was conducted
(Figure ). The inclusion criterion was a confirmed diagnosis
of CAP. Diagnostic criteria were based on the Diagnosis and
Treatment of Community Acquired Pneumonia in Adults 2016,
published by the Chinese Thoracic Society, for concomitant
T2DM (21), and on the Standards of Medical Care for type 2
Diabetes in China 2019, published by the Chinese Diabetes
Society (22). The exclusion criteria were as follows: type 1
DM; admission due to non-infectious pulmonary diseases,
such as pulmonary embolism and pulmonary heart disease;
active pulmonary tuberculosis; treatment outcome not
observed; and age <18 years. All inpatients who meet the
criteria are included in this study, whose number is 1,  360.
All procedures performed in this study involving human
participants were in accordance with the Declaration
of Helsinki (as revised in 2013). The present study was
examined and approved by the ethics committee of the
institutions. Because of the retrospective nature of the
research, the requirement for informed consent was waived.

Study methods

Data of the selected cases, including personal history,
medical history, laboratory and imaging findings on
admission, and treatment outcomes, were collected. If the
data of the same variable from two hospitals has different
units, the data would be converted to the same unit.
Based on the patients’ treatment outcomes (deceased,
improved and cured), the cohort was divided into two
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Figure 1 Flow chart of study population selection and research process. *, first hospital was Shengjing Hospital of China Medical University;

*, second hospital was the First Affiliated Hospital of China Medical University. CAP, community-acquired pneumonia; ROC, receiver

operating characteristic; T2DM, type 2 diabetes mellitus.

cohorts: deceased in one cohort, improved or cured in the
other cohort. General characteristics, relevant laboratory
parameters, and treatment outcomes of the two groups were
compared. Factors affecting the prognosis of patients with
T2DM and concomitant CAP were analyzed based on the
following parameters: age; pulse rate, respiratory rate, and
blood pressure on admission; mental confusion from disease
onset to admission; duration of DM (years); DM-related
complications; history of chronic diseases; fasting glucose
on admission; glycated hemoglobin Alc (HbAlc); routine
blood test on admission; arterial blood gas analysis; serum
ion; serum albumin; and blood urea nitrogen. We selected
several common DM-related complications including
diabetic nephropathy, diabetic foot, diabetic retinopathy
and diabetic peripheral neuropathy.

The two composite parameters, neutrophil-lymphocyte
ratio (NLR) and platelet-lymphocyte ratio (PLR), can be
used to predict the severity of pneumonia (23). Thus, these
two parameters were also included in the analysis.

Statistical analysis

R Project for Statistical Computing software (version
3.6.1) was used for statistical processing. In particular,
RMS 5.1-4 software was employed for univariate and
multivariate analyses. Quantitative data were expressed
as mean + standard deviation. Qualitative and categorical
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data were expressed as count (proportion). Stochastic
single imputation was used to complete the missing
values for certain variables. Segmentation was applied to
the quantitative and qualitative data based on reference
values and clinical experience, and one-way analysis of
variance was used for the analysis. Based on the results
of the univariate analysis, a stepwise multivariate analysis
was performed on the relevant variables selected based on
clinical experience and their odds ratio (OR) values (from
high to low). Statistical significance was set at P<0.05.

Results
General patient characteristics

A total of 1,360 (males, n=850, 62.5%; females, n=510,
37.5%) patients were enrolled in the cohort. The death
cohort comprised 129 patients (9.5%), and the survival
cohort comprised 1,231 patients (90.5%). The mean length
of hospital stay of the death cohort and the survival cohort
was 16.28+27.27 and 29.35+72.28 days, respectively. The
death cohort had an older average age and men were
more likely to die seemingly. Their vital signs, such as
consciousness, pulse and diastolic blood pressure, were
worse on admission. They had higher fasting glucose, NLR
and PLR, and other worse laboratory findings on admission.
Besides, they were prone to multilobar infiltrates and
pleural effusion in imaging findings. Furthermore, they had
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more concomitant diseases such as diabetic nephropathy,
chronic renal failure, cerebrovascular disease and neoplastic
disease. The specific measurement results are listed in
Table 1.

In the above variables, the missing data in pulmonary
imaging is 0.74%, in serum albumin is 0.66%, in fasting
glucose on admission is 11.18%, in HbAlc is 35.07%, in
arterial pH and PaO, are 29.12%, in serum sodium is 0.07 %,
in blood urea nitrogen is 0.29%, and other variables have
no missing data.

Table 1 Baseline characteristics of the cohorts

Cheng et al. A predictive model for patients with T2DM and CAP

Univariate analysis on disease severity in patients with
T2DM and concomitant CAP

Univariate analysis was performed on 19 variables from
Table 1, including age, NLR, arterial blood pH, and duration
of DM, based on P values and clinical experience. The
results of the univariate analysis showed that age >65 years,
male sex, pulse rate 2125 bpm, systolic blood pressure
<90 mmHg or diastolic blood pressure <60 mmHg,
mental confusion, NLR >4, PLR >200, lymphocyte count

Variables Death cohort (n=129) Survival cohort (n=1,231) P value
Age (years) 75.80+10.35 66.25+13.53 <0.001
Duration of diabetes (years) 9.35+8.16 8.68+8.33 0.245
Maximum temperature (°C) 38.29+1.37 38.10+1.30 0.144
Respiratory rate (min) 21.31+4.81 19.32+2.78 <0.001
Pulse (min) 96.13+21.36 85.76+14.78 <0.001
Systolic blood pressure (mmHg) 132.89+24.15 134.12+19.64 0.491
Diastolic blood pressure (mmHg) 74.43+13.09 77.24+11.52 0.015
Hematocrit (%) 33.38+7.00 36.96+5.92 <0.001
White blood cells (10°/L) 11.59+4.92 8.89+4.17 <0.001
Lymphocytes (10%L) 0.93+0.57 1.54+0.72 <0.001
NLR 14.25+11.25 5.81+6.10 <0.001
Platelets (10°/L) 206.23+115.82 238.20+100.47 <0.001
PLR 268.94+173.97 188.62+121.74 <0.001
Serum albumin (g/L) 29.18+5.27 34.52+6.04 <0.001
Blood urea nitrogen (mmol/L) 12.45+9.07 6.59+4.95 <0.001
Arterial pH 7.41+0.10 7.43+0.06 0.060
PaO, (mmHg) 71.05+27.83 73.97+19.00 <0.001
Serum sodium (mmol/L) 138.58+8.00 138.96+4.70 0.081
Fasting glucose on admission (mmol/L) 11.65+4.81 9.10+3.55 <0.001
HbA1c (%) 7.56+1.59 7.92+1.74 0.013
Gender 0.014
Female 35 [27] 475 [39]
Male 94 [73] 756 [61]
Mental confusion 51 [40] 85 [7] <0.001
Chronic renal failure 39 [30] 131 [11] <0.001

Table 1 (continued)
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Table 1 (continued)
Variables Death cohort (n=129) Survival cohort (n=1,231) P value
Cerebrovascular disease 45 [57] 234[30] <0.001
Chronic liver disease® 2[2] 39 [3] 0.452
Neoplastic disease 18 [14] 90 [7] 0.013
Multilobar infiltrate” 116 [90] 856 [70] <0.001
Pleural effusion 65 [50] 338 [27] <0.001
Diabetic nephropathy 14 [11] 49 [4] <0.001
Diabetic foot 3[2] 10 [1] 0.228
Diabetic retinopathy 31[2] 17 [1] 0.643
Diabetic peripheral neuropathy 3[2] 33 [3] 1.000
Diabetes-related complications® 0.002

0 112 [87] 1,140 [93]

1 131[9] 74 [6]

2 2 2] 16 [1]

3 2[2] 11[0]

4 0[0] 01[0]

2, liver diseases, such as chronic hepatitis and cirrhosis; °, computed tomography images at admission, suggesting new multilobar
infiltrate; °, diabetes-related complications: diabetic foot, diabetic nephropathy, diabetic retinopathy, and diabetic peripheral neuropathy.
HbA1c, glycated hemoglobin Alc; NLR, neutrophil-to-lymphocyte ratio; PaO,, partial pressure of oxygen; PLR, platelet-to-lymphocyte

ratio.

<0.8x10°/L, serum sodium <130 mmol/L, arterial blood
pH <7.35, partial pressure of oxygen <60 mmHg, fasting
glucose on admission >9 mmol/L, multilobar infiltrate
confirmed by chest computed tomography (CT) on
admission, pleural effusion, chronic renal insufficiency,
diabetic nephropathy, and cerebrovascular disease were risk
factors affecting disease prognosis (1able 2).

Multivariate analysis on disease severity in patients with
T2DM and concomitant CAP

Based on the results of the univariate analysis, as well as
clinical experience, stepwise Akaike information criterion
multivariate analysis was conducted on the following 12
variables (in descending OR values): NLR, pulse rate,
mental confusion, arterial blood pH, multilobar infiltrate,
serum sodium, age, diabetic nephropathy, fasting glucose
on admission, pleural effusion, cerebrovascular disease,
and DM complications. The results showed that pulse rate
>125 bpm, arterial blood pH <7.35, age >65 years, mental
confusion, NLR >4, multilobar infiltrate, serum sodium

<130 mmol/L, diabetic nephropathy, and fasting glucose
on admission >9 mmol/L were independent predictors of
disease severity (1able 3).

Construction of a prediction model for disease severity in
patients with T2DM and concomitant CAP

Based on the results of the multivariate analysis, we
constructed a novel prediction score. The prediction rule,
which we coined T2DMCAP, was based on nine variables:
pulse rate, arterial blood pH, age, mental confusion, NLR,
multilobar infiltrate, serum sodium, diabetic nephropathy,
and fasting glucose on admission. Each item of the
T2DMCAP score was counted as one point, and the total
score was nine points. The total score was the summed
score of all items (Table 4). Sensitivity, specificity, Positive
Predictive Value (PPV) and Negative Predictive Value
(NPV) of T2DMCAP are shown in Tiable 5. In the cohort
of the present study, the area under the curve (AUC) of
T2DMCAP, CURB-65, and the PSI was 0.864, 0.788, and
0.854, respectively. After bootstrap validation (n=2,000),
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Table 2 Univariate analysis of factors related to morality in the cohort

Variables Coefficients Standard error Odds ratio (95% CI) P value
NLR >4 2.641 0.35 14.022 (7.058-27.860) <0.001
Pulse >125/min 2.24 0.368 9.396 (4.572-19.311) <0.001
Mental confusion 2177 0.212 8.815 (5.815-13.364) <0.001
Arterial pH <7.35 1.818 0.256 6.162 (3.734-10.169) <0.001
Lymphocytes <0.8x10%/L 1.675 0.197 5.338 (3.631-7.847) <0.001
Multilobar infiltrate 1.363 0.299 3.909 (2.176-7.024) <0.001
Serum sodium <130 mmol/L 1.341 0.3 3.824 (2.125-6.881) <0.001
Age =65 years 1.312 0.241 3.714 (2.316-5.956) <0.001
Chronic renal failure 1.292 0.213 3.639 (2.398-5.522) <0.001
PLR >200 1.174 0.191 3.234 (2.226-4.700) <0.001
Diabetic nephropathy 1.077 0.318 2.937 (1.573-5.481) <0.001
Fasting glucose on admission =9 mmol/L 1.061 0.197 2.890 (1.966-4.248) <0.001
Pleural effusion 0.987 0.187 2.683 (1.859-3.874) <0.001
Cerebrovascular disease 0.861 0.187 2.365 (1.639-3.412) <0.001
Diabetes-related complications =27 0.826 0.564 2.285 (0.757-6.897) 0.143

SBP <90 or DBP <60 mmHg 0.596 0.263 1.815 (1.085-3.037) 0.023

Duration of diabetes =5 years 0.143 0.192 0.457 (0.792-1.681) 0.457

Temperature <35 or =40 °C 0.163 0.349 1.178 (0.595-2.332) 0.639

Gender 0.523 0.207 1.688 (1.126-2.529) 0.011

?, diabetes-related complications: diabetic foot, diabetic nephropathy, diabetic retinopathy, and diabetic peripheral neuropathy. Cl,
confidence interval; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SBP, systolic blood pressure; DBP, diastolic
blood pressure.

Table 3 Multivariate analysis of factors related to mortality in the cohort

Variables P value Odds ratio 95% ClI

NLR =4 1.29x07° 6.807 3.340-13.870
Pulse =125/min 0.0005 4.504 1.937-10.475
Confusion 1.48x10°° 3.904 2.437-6.254
Arterial pH <7.35 9.02x10°° 3.380 1.837-6.217
Multilobar infiltrate 0.0002 3.349 1.760-6.375
Age =65 years 8.19x10™° 2.874 1.700-4.860
Serum sodium <130 mmol/L 0.0175 2.304 1.157-4.586
Diabetic nephropathy 0.0347 2.205 1.058-4.594
Fasting glucose on admission =9 mmol/L 0.0014 2.052 1.321-3.188

NLR, pulse, mental confusion, arterial pH, multilobar infiltrate, serum sodium, age, diabetic nephropathy, admission fasting glucose,
pleural effusion, cerebrovascular disease and diabetes complications were selected for the multivariate analysis. Cl, confidence interval;
NLR, neutrophil-to-lymphocyte ratio.
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Table 4 Prognostic score of mortality in T2DM inpatients with CAP

Points
n Factors

—

NLR >4
Pulse =125/min
Confusion

Arterial pH <7.35

Age =65 years
Serum sodium <130 mmol/L

Diabetic nephropathy

© 00 N o o »h O DN

0
0
0
0
Multilobar infiltrate 0 1
0
0
0
0

Fasting glucose on admission =9 mmol/L
(160 mg/dL)

Scoring is 1 point for each item, and the score is the sum
of the points. CAP, community-acquired pneumonia; NLR,
neutrophil-to-lymphocyte ratio; T2DM, type 2 diabetes mellitus.

the AUC of the above three scores was 0.858, 0.774, and
0.831, respectively (Figure 2). It was evident from the AUC
that, of the three prediction rules, the prediction ability of
T2DMCAP was significantly superior to that of CURB-65
and slightly superior to that of the PSI.

Discussion

The PSI is a commonly used prediction score for CAP in
clinical practice (14). It contains 18 items, stratifies patients
into five classes, and can effectively predict patient mortality
risk. CURB-65 is another commonly used clinical score that
stratifies patients into different groups, based on disease
severity, in a simple and effective manner (15). When
comparing the T2DMCAP score that we established with
the two aforementioned prediction scores, the CURB-65
score lacked DM-related parameters, whereas the PSI score
only included one DM-related parameter: blood glucose.
In the present study, bootstrap validation showed that the
prediction score T2DMCAP was significantly superior to
that of CURB-65 and slightly superior to that of the PSI. In
addition, T2DMCAP was able to identify the mortality risk
in different patients (Tzble 6). Compared with the PSI, which
uses 18 variables and a complex scoring method, T2DMCAP
uses only nine variables and a simple scoring method. Thus,
T2DMCAP has simpler requirements and better clinical
usability.

© Annals of Palliative Medicine. All rights reserved.
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DM is a chronic disease that can involve multiple organs.
In our clinical prediction model, T2DMCAP, the patient’s
baseline condition, pneumonia-related parameters, and DM-
related parameters were considered collectively. The patient’s
baseline condition was represented by age, mental confusion,
pulse rate and serum sodium; the patient’s inflammatory
status was represented by the NLR, arterial blood pH,
and lung CT imaging; and the status of the patient’s DM
control was represented by fasting glucose on admission
and diabetic nephropathy. The validation results showed
that patients with a score >4 warranted greater levels of
clinical monitoring, and active treatment should be provided
(Table 6). Nonetheless, further investigations are required
to determine whether these patients will benefit from active
treatment, and what type of treatment modalities would be
most effective.

In previously published studies, CAP prediction scores
have demonstrated the importance of certain parameters,
such as age, mental confusion, pulse rate, serum sodium,
arterial blood pH, and multilobar infiltrate when assessing
disease severity, supporting the findings of the present study
(14-18). However, our research focused on the T2DM
population specifically among patients with CAP. Previous
studies have shown that numerous factors might adversely
affect the prognosis of these patients. In the present study,
we attempted to analyze the factors present in patients
with T2DM that would affect the prognosis of CAP. The
results showed that hyperglycemia observed on admission,
concurrent diabetic nephropathy, and a high NLR
significantly affected patient prognosis.

HbA1lc reflects recent glycemic control in patients (1).
A high HbAlc increases the hospitalization risk of patients
with DM owing to pneumonia (13). However, in the
present study, a high HbAlc was not a risk factor for patient
prognosis. Previous clinical studies from Portugal and
Taiwan have shown that a high HbAlc is not associated
with the prognosis of infectious diseases in patients with
DM (24,25). Hyperglycemia is common among patients
with DM and concomitant CAP (11,26). In a previously
published study, hyperglycemia was reported in 67% of
hospitalized pneumonia patients and 81% of hospitalized
pneumonia patients who had a new diagnosis of DM (27).
Hyperglycemia on admission may be caused by acute stress,
chronic hyperglycemia, or both (28). HbAlc, however, only
reflects the patient’s recent blood glucose status, but not
their acute stress. Therefore, fasting blood glucose levels
on admission can reflect both baseline blood glucose levels
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Table 5 Sensitivity, specificity, PPV, and NPV for different break points according to the T2ZDMCAP score predicting mortality in the cohort

Score

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
>0 100 0 9.485 NA
=1 100 4.874 9.923 100
>2 99.225 24.695 12.133 99.672
>3 91.473 54.427 17.378 98.385
>4 81.395 77.335 27.344 97.541
>5 62.015 91.470 43.243 95.829
>6 37.209 97.482 60.759 93.677
>7 12.403 99.513 72.727 91.555

NPV, negative predictive value; PPV, positive predictive value; T2DMCAP, type 2 diabetes mellitus and community-acquired pneumonia.

A 100
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X
2
= /
3 50 /
c /
[0} /
@ {
25
l CURB-65
} + T2DMCAP
“ Ps
0
0 25 50 75 100
1-specificity %
Index T2DMCAP | CURB-65 PSI
AUC 0.864 0.788 0.854

B 100
75
X
2
Z 50
[%]
C
Q
(%]
25
[ “ CURB-65
/ + T2DMCAP
| + P
0
0 25 50 75 100
1-specificity %
Index T2DMCAP CURB-65 PSI
AUC 0.858 0.774 0.831

Figure 2 ROC curves for T2ZDMCAP score, CURB-65 score and PSI. (A) Receiver-operator curves for scoring systems in the cohort
(n=1,360) and (B) bootstrap (n=2,000). CURB-65, Confusion, Urea >7 mmol/L, Respiratory rate >30/min, low Blood pressure (systolic
<90 mmHg or diastolic <60 mmHg), age >65 years; PSI, pneumonia severity index; T2DMCAP, type 2 diabetes mellitus and community-

acquired pneumonia.

and the acute stress status of patients with DM, while
minimizing the effect of diet on blood glucose. In the
present study, we demonstrated that a high fasting blood
glucose level was an independent risk factor for patient
mortality. Furthermore, previous studies also showed that
hyperglycemia on admission significantly increased the
incidence of complications and the mortality rate of CAP
patients (28). For every 1 mmol/L increase in the blood
glucose of patients with T2DM on admission, the 30-day

© Annals of Palliative Medicine. All rights reserved.

mortality rate increased by 3.2%, and the 90-day mortality
rate increased by 1.8% (29).

In addition, infection can decrease insulin levels
and increase cortisol, catecholamine, and glucagon
concentrations in patients with DM, which result in
increased gluconeogenesis and glycogen breakdown, as
well as reduced glucose utilization by tissue. Therefore,
hyperglycemia is more common among patients with DM
and concomitant CAP, and these patients are susceptible
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Table 6 Corresponding mortality of T2ZDMCAP, PSI, and
CURB-65 for each score in the cohort

Score n Overall death Mortality (%)
T2DMCAP
0 60 0 0
1 245 1 0.408
2 376 10 2.660
3 295 13 4.407
4 199 25 12.563
5 106 32 30.189
6 57 32 56.140
>7 22 16 72.727
PSI
| 100 1 1
I 349 4 1.146
M 345 6 1.739
I\ 389 44 11.311
Vv 177 74 41.808
CURB-65
0 415 7 1.687
1 497 24 4.829
2 319 49 15.361
3 107 38 35.514
4 22 11 50
5 0 0 NA

CURB-65, confusion, urea >7 mmol/L, respiratory rate
>30/min, low blood pressure (systolic <90 mmHg or diastolic
<60 mmHg), age >65 years; NA, not available; PSI, pneumonia
severity index; T2DMCAP, type 2 diabetes mellitus and
community-acquired pneumonia.

to concurrent ketoacidosis (8). CAP may cause hypoxia
in patients, which in turn increases the risk of consequent
lactic acidosis (25). Acidosis will lower the pH of arterial
blood. A lowering of arterial blood pH results in more
severe disease conditions (14-17), an observation which was
confirmed in the present study. Thus, patients with lowered
arterial blood pH should receive active treatment to restore
acid-base homeostasis.

In the present study, we analyzed the impact of several

DM complications on the prognosis of CAP, including
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diabetic nephropathy, diabetic foot, diabetic retinopathy,
and diabetic peripheral neuropathy. The results showed that
only diabetic nephropathy was an independent risk factor
for patient prognosis. The number of DM complications
differed between the two patient groups, but the difference
was not statistically significant after segmentation. Previous
studies have also shown that diabetic nephropathy and
renal insufficiency are risk factors impacting the prognosis
of CAP in patients with DM (11,12); renal insufficiency
is also a risk factor for the prognosis of CAP patients
without DM (14). A survey on the causes of death among
patients with DM in Japan between 2001 and 2010 showed
that, among patients with poor glycemic control, the
lifespan of patients with concurrent diabetic nephropathy
was shortened the most (30). It is currently believed
that impaired renal function in patients with diabetic
nephropathy further exacerbates metabolic dysregulation,
malnutrition, and immune dysfunction. Furthermore, the
reduced secretion of erythropoietin causes anemia, which
renders the patient more susceptible to pulmonary infection
and worse prognosis (31,32). Therefore, among other
DM complications, diabetic nephropathy has a significant
adverse impact on the prognosis of CAP. Additional
attention should be paid to patients with concurrent
diabetic nephropathy, especially those undergoing dialysis.
The NLR is currently used for predicting the prognosis
of many diseases, including infections, cardiovascular
diseases, certain cancers, and diabetes complications
(33-38). The NLR is a composite marker that can be
easily measured and has a short testing time, facilitating
its use in clinical practice. Neutrophils are important
immune cells that play a crucial role in the body’s
response to infection. Neutrophil count increases
during infection and thus represents the extent of
inflammation. Lymphocytes are also important immune
cells. Studies have shown that the peripheral blood
lymphocyte count has a significant positive correlation
with the level of cellular immunity in the body (39).
The peripheral blood lymphocyte count is negatively
correlated with the level of cellular immunity during
infection or inflammation (40). Furthermore, lymphocyte
counts of deceased patients are significantly lower than those
of surviving patients (41), indicating that immune function
can be used to assess the prognosis of CAP patients. The
NLR represents the ratio of the two aforementioned
leukocyte subtypes, which effectively overcomes the
drawbacks of absolute values that may be affected by factors
such as dehydration. It also reflects both the intrinsic
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cause (immune function) and extrinsic cause (extent of
inflammation) of the disease, and exhibits a higher degree of
clinical significance when compared with the independent
parameters. A previous study showed that the NLR is
superior to other inflammation-based indices or scores
in predicting mortality in patients with pneumonia (42).
Other studies have reported that the NLR in patients with
DM is higher than that in patients without DM (43), and
that the increase in the NLR is more prominent when
DM complications and infections are present (35-38,44).
The patients included in the present study had T2DM and
concomitant CAP, and the NLR were generally higher than
normal reference values (45). This suggests the utility of the
NLR as a predictive marker for disease severity in patients
with T2DM and concomitant CAP.

Previous studies have found that platelets can trigger
an inflammatory response and affect a diverse array of
immune cells; the number of platelets decreases when
the body is undergoing infection and inflammation (33).
Thrombocytopenia is associated with disseminated
intravascular coagulation and severe sepsis, and is an
indicator of disease progression or poor prognosis in
pneumonia patients (46). Thrombocytopenia is also listed
as one of the diagnostic criteria for severe CAP in the
American CAP guidelines (47). In the present study, the
platelet count significantly differed between the two patient
groups, but it was not an independent predictor of disease
severity. In addition, although the PLR also significantly
differed between the two patient groups, the OR (3.234)
was significantly lower than that of the NLR (14.022).
Other studies have also shown that PLR is less effective
than the NLR in evaluating the severity of pneumonia (23).
Thus, the PLR was not included in the multifactor analysis
in the present study.

The data in the present study were collected from two
grade 3A hospitals in Shenyang, China; this dual-center
study design was a strength of our study. Nonetheless,
our study also had several limitations. First, most patients
had taken their own medications or received outpatient
treatment prior to admission, and the use of diabetes
medications had also been adjusted in some patients after
disease onset. Therefore, the status of blood glucose control
on admission may be different from their usual condition.
This was an inevitable influencing factor in the present
study. Second, as the present study only included inpatients,
the score should not be applied to outpatients. In addition,
we did not exclude patients who restricted treatment
escalation (e.g., refused to be rescued), nor did we consider
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the impact of such restrictions on mortality. Finally, this
was a retrospective study, and population-based data were
not used. The severity of patients’ conditions might also
vary among different tertiary hospitals in the same area,
thus leading to an inevitable selection bias. It should also be
emphasized that the applicability of the T2DMCAP score
still needs to be validated in more cohorts with T2DM
and concomitant CAP. To verify its accuracy, future studies
should utilize this score to predict patient mortality.

In summary, DM increases the risk and severity of
CAP (11-13). Multiple factors can predict disease severity;
age, change in state of consciousness, pulse rate, arterial
blood pH, serum sodium, NLR, initial fasting blood
sugar, multilobar involvement, and concurrent diabetic
nephropathy were independent predictors of patient
mortality. In addition, a simple and easy-to-use mortality
risk prediction score, T2DMCAP, was constructed for
patients with T2DM and concomitant CAP to predict the
disease severity of hospitalized patients. The score can be
used for prognostic assessment and clinical decision-making
for T2DM patients with CAP.
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