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Objective: To assess the impact of blood glucose levels on the prognosis of patients with 
community-acquired pneumonia (CAP) who were elderly or middle-aged.
Methods: From January 1, 2018, to December 31, 2020, patients with CAP (≥45 years) 
were retrospectively enrolled in this observational study. They were stratified by age (45–64 
or ≥65 years) and blood glucose level (≥11.1 or <11.1 mmol/l). The effect of admission 
blood glucose on 28-day mortality was assessed with the Cox proportional hazards model, 
adjusted for demographic factors and comorbidity.
Results: Among 1656 patients with CAP, increased blood glucose (HR=2.08, 95% CI: 1.38– 
3.49; P<0.01) and advanced age (HR=2.76, 95% CI: 1.65–3.77; P<0.01) were significantly 
associated with a higher risk of 28-day mortality, after controlling for potential confounding 
factors. The strength of the association of blood glucose level with 28-day mortality 
decreased with age (P=0.01 for the interaction) as the adjusted HRs for death were 4.48 
(95% CI: 1.40–13.65; P<0.01) for middle-age patients 45–64 years and 1.52 (95% CI: 1.09– 
2.17; P=0.05) for elderly patients ≥65 years.
Conclusion: The association of blood glucose level upon admission for CAP with all-cause 
mortality was stronger at younger ages.
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Introduction
Community-acquired pneumonia (CAP) is a common respiratory disease that causes 
significant morbidity and mortality throughout the world.1,2 The incidence rate of CAP 
for the overall population is 7.13/1000 person-years in China, which appears to 
increase in an age-dependent manner from 2.40/1000 person-years for younger indi-
viduals (18–30 years) to 14.98/1000 person-years for oldest-old subjects (≥ 80 years).3

Hyperglycemia was reported to be independently associated with worsened clin-
ical outcomes in patients with respiratory diseases such as chronic obstructive pul-
monary disease (COPD), asthma, and respiratory failure.4 Recently, the association of 
admission blood glucose level with the prognosis of CAP has also been evaluated. 
Lepper et al5 summarized evidence from several large CAP cohorts (including patients 
with and without COVID-19) from different geographical regions and ethnic groups, 
strongly suggesting that individuals with elevated blood glucose levels required 
special attention as they represented a group at high risk for increased mortality. 
However, it is still unclear whether the impact of hyperglycemia is different across 
various age groups.
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This study aims to compare the predictive value of 
blood glucose levels in elderly patients and middle-aged 
patients with CAP.

Methods
The study population was inpatients (≥ 45 years) with 
a confirmed diagnosis of CAP at the Yangpu Hospital 
Affiliated to Tongji University from Jan. 1, 2018, to 
Dec. 31, 2020. The inclusion and exclusion criteria were 
described in Table 1.

Baseline demographics (age, gender, and smoking sta-
tus), comorbidities (ischemic heart disease, malignancy, kid-
ney disease, diabetes mellitus, cerebrovascular disease, 
congestive heart failure, asthma, chronic obstructive pul-
monary disease, bronchiectasis, and chronic liver diseases), 
physical examination (altered mental status, tachycardia, 
respiratory rate, systolic blood pressure, and temperature), 
laboratory test results (blood glucose, blood urea nitrogen, 
hematocrit, hypoxemia, and arterial pH), chest radiography 
findings (pleural effusion), and etiology at admission were 
collected from patients’ medical records. Individuals should 
be fasting until the glucose test is being performed. The 
severity of illness within 24 h after admission was deter-
mined using the CURB-65 scoring system.6

Continuous data are presented as means ± standard 
deviations (SDs) and compared using the unpaired t-test, 
categorical data are presented as numbers and percentages 
and compared using the chi-square test. Kaplan-Meier 
curves were generated for each age and blood glucose 
group to examine the probabilities of 28-day mortality 
and compared by the Log rank test. Univariate associated 
factors from Table 2 were offered for backward stepwise 
multivariable analysis with entry and exclusion limits at 

0.05 and 0.10, respectively. Multivariate Cox proportional- 
hazards regression was employed to calculate the hazard 
ratio (HR) for mortality and 95% confidence interval (CI), 
after controlling for potential confounding factors. The 
interaction between age groups and blood glucose levels 
was also tested for significance. A P value<0.05 was 
considered significant. The analyses were performed with 
the use of SPSS software v. 20.0 (IBM Corp., 
Armonk, NY).

Results
A total of 1656 subjects diagnosed with CAP aged≥ 45 
years were enrolled in this study, including 592 middle- 
aged subjects aged 45–64 years and 1064 elderly subjects 
aged ≥ 65 yrs. Patients’ demographics are displayed in 
Table 2. Most of the evaluated comorbidities (cerebrovas-
cular disease, kidney disease, diabetes mellitus, congestive 
heart failure, ischemic heart disease, and chronic obstruc-
tive pulmonary disease) and several clinical presentations 
and laboratory test results (altered mental status, abnormal 
blood urea nitrogen, and abnormal hematocrit levels) were 
less common among middle-age patients (P<0.01). The 
proportion of patients with an elevated blood glucose≥11.1 
mmol/L was 51.6% in those with known diabetes mellitus 
on admission.

The total 28-day mortality rate among all patients with 
CAP was 11.2%, while the numbers in middle-aged and 
elderly subjects were 5.6% and 14.3%, respectively. 
Figure 1 displayed the Kaplan–Meier curves categorized 
by blood glucose level and age. Figure 1A showed that 
patients with higher blood glucose levels had a lower event- 
free survival rate than those with lower blood glucose levels 
(HR=2.36, 95% CI: 1.46–3.82; P<0.01). Figure 1B indicated 

Table 1 Inclusion and Exclusion Criteria

Inclusion 

criteria

(1) Community onset; 

(2) Presence of new infiltrate on chest X-ray or computed tomography scan together with at least one of the following: 

(i) New or increased cough (productive, nonproductive or with a change in sputum characteristics) with or without dyspnea, 
chest pain or hemoptysis; 

(ii) fever; 

(iii) Rales and/or signs of consolidation; (iv) Peripheral WBC counts >10,000 cells/mm3 or <4000 cells/mm3, with or without a left 
shift toward immature forms.

Exclusion 
criteria

(1) Acquisition of pneumonia after hospital admission or patients re-admitted after hospital discharge of <28 days; 
(2) Presence of severe immunosuppression associated with a relevant risk of opportunistic infection, ie chemotherapy and/or 

neutropenia of <1000 neutrophils/mL during the last 28 days, therapy with >20 mg/day corticosteroids for >14 days, known HIV 

infection and/or immunosuppressive therapy after organ or bone marrow transplant; 
(3) Pneumonia as an expected terminal event of a severe chronic disabling comorbid condition; 

(4) An alternative diagnosis evolving during follow-up.
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Table 2 Demographic and Clinical Characteristics at Admission

Total Middle-Age (45–59 Yrs) Elderly (≥60 Yrs) P value

N 1656 592 1064

Demography
Age, yrs 67.8±9.8 54.5±9.2 75.2±10.3 <0.01
Male, n (%) 927 (56.0%) 361 (61.0%) 566 (53.2%) <0.01

Current smoker, n (%) 412 (24.9%) 255 (43.1%) 157 (14.8%) <0.01

Comorbidities, n (%)
Ischemic heart disease 374 (22.6%) 69 (11.7%) 305 (28.7%) <0.01
Malignancy 278 (16.8%) 89 (15.0%) 189 (17.8%) 0.17

Kidney disease 245 (14.8%) 61 (10.3%) 184 (17.3%) <0.01

Diabetes mellitus 215 (13.0%) 56 (9.5%) 159 (14.9%) <0.01
Cerebrovascular disease 189 (11.4%) 31 (5.2%) 158 (14.8%) <0.01

Congestive heart failure 119 (7.2%) 25 (4.2%) 94 (8.8%) <0.01

Asthma 119 (7.2%) 38 (6.4%) 81 (7.6%) 0.43
Chronic obstructive pulmonary disease 91 (5.5%) 8 (1.4%) 83 (7.8%) <0.01

Bronchiectasis 53 (3.2%) 18 (3.0%) 35 (3.3%) 0.88

Chronic liver diseases 17 (1.0%) 5 (0.8%) 12 (1.1%) 0.80

Physical examination, n (%)
Altered mental status 55 (3.3%) 6 (1.0%) 49 (4.6%) <0.01
Tachycardia (pulse rate≥125/min) 188 (11.4%) 75 (12.7%) 113 (10.6%) 0.23

Respiratory rate≥30/min 45 (2.7%) 10 (1.7%) 35 (3.3%) 0.06

Systolic blood pressure<90 mmHg 78 (4.7%) 24 (4.1%) 54 (5.1%) 0.40
Temperature<35°C or ≥40 °C 81 (4.9%) 28 (4.7%) 53 (5.0%) 0.91

Laboratory and radiologic measures, n (%)
Blood glucose≥11.1 mmol/L 172 (10.4%) 58 (9.8%) 114 (10.7%) 0.61

Blood urea nitrogen ≥7 mmol/L 340 (20.5%) 77 (13.0%) 263 (24.7%) <0.01

Hematocrit<30% 294 (17.8%) 79 (13.3%) 215 (20.2%) <0.01
Hypoxemia (PaO2<60 mmHg or SaO2 <90%) 180 (10.9%) 61 (10.3%) 119 (11.2%) 0.62

Arterial pH<7.35 102 (6.2%) 35 (5.9%) 67 (6.3%) 0.26

Pleural effusion 563 (34.0%) 209 (35.3%) 354 (33.3%) 0.65

Etiology
Mycoplasma pneumonia 127 (7.7%) 68 (11.5%) 59 (5.5%) <0.01

Streptococcus pneumonia 105 (6.3%) 38 (6.4%) 67 (6.3%) 0.92

Haemophilus influenzae 87 (5.3%) 30 (5.1%) 57 (5.4%) 0.91

Chlamydia pneumoniae 72 (4.3%) 25 (4.2%) 47 (4.4%) 0.90
Klebsiella pneumoniae 27 (1.6%) 8 (1.7%) 17 (1.6%) 0.83

Staphylococcus aureus 20 (1.2%) 6 (1.0%) 14 (1.3%) 0.65

Legionella pneumophila 14 (0.8%) 6 (1.0%) 8 (0.8%) 0.58
Escherichia coli 15 (0.9%) 6 (1.0%) 9 (0.9%) 0.79

CURB-65
0–1 500 (30.2%) 415 (70.1%) 85 (8.0%) <0.01
2 683 (41.2%) 139 (23.5%) 544 (51.1%)
3–5 473 (28.6%) 38 (6.4%) 435 (40.9%)

ICU admission 120 (7.2%) 35 (5.9%) 85 (8.0%) 0.14

Length of stay (days) 13.09 ± 9.9 12.7 ± 9.6 13.3 ± 10.3 0.71
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that elderly patients had a lower chance of survival 
(HR=2.41, 95% CI: 1.82–3.20; P<0.01). Higher blood glu-
cose levels were associated with worse event-free survival in 
both middle-aged (Figure 1C, HR=4.28, 95% CI: 1.31– 
14.03; P<0.01) and elderly (Figure 1D, HR=1.73, 95% CI: 
1.03–2.91; P=0.04) patients.

Univariate analyses (Table 3) indicated that age, gender, 
malignancy, kidney disease, diabetes mellitus, congestive 
heart failure, asthma, altered mental status, tachycardia, 
respiratory rate, systolic blood pressure, blood urea nitrogen, 
hypoxemia, arterial pH, pleural effusion, CURB-65, and 
ICU admission were significantly associated with the 28- 
day mortality (all P<0.05). Multivariate Cox proportional- 
hazards regression analyses showed that both blood glucose 
level (HR=2.08, 95% CI: 1.38–3.49; P<0.01) and age 
(HR=2.76, 95% CI: 1.65–3.77; P<0.01) were significantly 
associated with a higher risk of mortality in all patients, after 
controlling for potential confounder factors including gen-
der, malignancy, kidney disease, diabetes mellitus, conges-
tive heart failure, asthma, altered mental status, tachycardia, 
respiratory rate, systolic blood pressure, blood urea nitrogen, 
hypoxemia, arterial pH, pleural effusion, CURB-65, and 
ICU admission (Table 4). In the stratified analysis, the 
association of blood glucose level and mortality was demon-
strated to be statistically significant in both middle-age 
(HR=4.48, 95% CI: 1.40–13.65; P<0.01) and elderly 

patients (HR=1.52, 95% CI: 1.09–2.17; P=0.05); however, 
the effect of blood glucose appeared to be more pronounced 
among middle-aged patients than among elderly patients 
(P=0.01 for the interaction).

Discussion
Our research outcomes confirm the positive association of 
admission blood glucose and mortality in subjects with 
CAP. Moreover, the strength of the association decreased 
with age (P=0.01 for the interaction) as the adjusted 
hazard ratios for 28-day mortality were 4.48 (95% CI: 
1.40–13.65) in patients aged 45–64 years and 1.52 (95% 
CI: 1.09–2.17) in patients aged above ≥65 years.

People with an increased blood glucose level face 
a greater risk of infections.7 However, the biological mechan-
ism was not elaborated. It is argued that a hyperglycemic 
environment may impair the function of neutrophils and 
monocytes and increase susceptibility to certain 
organisms.8,9 A Danish retrospective study involving 1318 
adult CAP patients reported that in subjects without diabetes 
metabolism, a higher blood glucose level was an independent 
predictor for intensive care unit (ICU) admission (OR=1.25, 
95% CI 1.13–1.39).10 Multivariate logistic regression analy-
sis in a Chinese retrospective study showed that a higher 
admission blood glucose level was significantly associated 
with the 30-day all-cause mortality (OR=1.91, 95% CI: 

Figure 1 Kaplan–Meier survival curves for inpatients with community acquired pneumonia (CAP) according to blood glucose level (A), age (B), blood glucose level in 
middle-age subjects 45–64 years (C), and blood glucose level in elderly ≥65 years (D).
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1.746–2.082; P <0.001) and cardiac mortality (OR=1.97, 
95% CI: 1.774–2.191; P<0.001) after adjusting for potential 
confounding factors.11 Consistent with previous studies, our 

results confirmed that an elevated admission blood glucose 
level was significantly associated with a higher risk of all- 
cause mortality in patients with CAP.

Table 3 Univariate Analysis of Risk Factors for 28-Day Mortality in Patients with Community-Acquired Pneumonia (CAP)

OR 95% CI P value

Demography
≥60 yrs vs 45–59 yrs 2.41 1.82–3.20 <0.01

Male vs Female 1.68 1.09–2.27 0.02

Current smoker vs Non-smoker 1.45 0.87–1.95 0.18

Comorbidities
Ischemic heart disease 1.42 0.75–1.98 0.13

Malignancy 2.13 1.37–3.10 <0.01

Kidney disease 1.65 1.17–2.37 0.01
Diabetes mellitus 2.09 1.43–2.88 <0.01

Cerebrovascular disease 1.66 0.92–2.51 0.19

Congestive heart failure 2.25 1.67–3.29 <0.01
Asthma 1.47 0.97–1.89 0.09

Chronic obstructive pulmonary disease 1.31 0.77–2.01 0.45

Bronchiectasis 1.25 0.65–1.87 0.53
Chronic liver diseases 1.64 0.89–2.33 0.18

Physical examination
Altered mental status 1.72 1.32–2.43 <0.01

Tachycardia (pulse rate≥125/min) 1.88 1.41–2.75 <0.01

Respiratory rate≥30/min 1.59 1.10–2.03 0.01
Systolic blood pressure<90 mmHg 1.82 1.35–2.43 <0.01

Temperature<35°C or ≥40 °C 1.16 0.57–1.64 0.82

Laboratory and radiologic measures
Blood glucose≥11.1 mmol/L 2.36 1.46–3.82 <0.01

Blood urea nitrogen ≥7 mmol/L 2.03 1.28–3.26 <0.01
Hematocrit<30% 1.65 0.76–2.32 0.43

Hypoxemia (PaO2<60 mmHg or SaO2 <90%) 1.56 1.17–2.19 0.02

Arterial pH<7.35 1.89 1.34–2.77 <0.01
Pleural effusion 2.15 1.76–3.17 <0.01

Etiology
Mycoplasma pneumonia 1.06 0.53–1.85 0.65

Streptococcus pneumonia 0.86 0.48–1.76 0.73

Haemophilus influenzae 1.35 0.65–1.98 0.87
Chlamydia pneumoniae 0.91 0.76–1.18 0.49

Klebsiella pneumoniae 1.19 0.31–2.05 0.82

Staphylococcus aureus 0.65 0.39–1.18 0.32
Legionella pneumophila 0.88 0.65–1.08 0.20

Escherichia coli 0.92 0.71–1.32 0.90

CURB-65
0–1 Ref.

2 1.86 1.32–2.75 <0.01
3–5 2.36 1.80–3.13 <0.01

ICU admission 2.71 1.99–3.86 <0.01

Length of stay 1.32 0.81–1.76 0.25
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The most important finding of this study is that the asso-
ciation between CAP and short-term mortality was stronger at 
younger ages. A Mexico study involving 757,210 patients 
with COVID-19 indicated that the risk of death associated 
with diabetes decreased with age. The hazard ratio for death 
was 3.12 (95% CI: 2.86–3.40) for patients aged 20–39 years, 
2.33 (95% CI: 2.22–2.44) for patients aged 40–49 years, 1.74 
(95% CI: 1.68–1.79) for patients aged 50–59 years, 1.41 
(95% CI: 1.37–1.45) for patients aged 60–69 years, 1.20 
(95% CI: 1.17–1.24) for patients aged 70–79 years, and 
1.11 (95% CI: 1.06–1.16) for patients aged 80 years or older 
(trend test: P=0.004).12 Their outcomes were similar to our 
findings. However, the mechanism behind the weaker asso-
ciation of blood glucose and CAP-related mortality in older 
subjects was not clear. Several pre-existing comorbidities 
were less likely to be identified or reported in the older 
population, which may attenuate the association of blood 
glucose with mortality in these patients. In addition, ageing 
is associated with a progressively weakened immune system 
and decreased lung performance. In line with previous 
studies,13,14 our results indicate that age is one of the strongest 
independent predictors of mortality in patients with pneumo-
nia. Thus, it is assumed that elevated blood glucose may not 
further increase the risk of death in older patients as they are 
already at very high risk.

There are some limitations in the present study. As 
a retrospective study, it is not possible to conclude any 

causal inference between blood glucose and clinical out-
come as some residual confounding may not be cap-
tured. In addition, the variations in serum glucose 
during the hospitalization were not measured. The 
potential risk of mortality caused by hyperglycemia 
might be underestimated as patients with a higher 
blood glucose level may have received antihyperglyce-
mic treatments.

Conclusions
In conclusion, our study indicated that an increased blood 
glucose level at admission was significantly associated 
with an elevated risk of 28-day mortality in patients with 
CAP, and the association was stronger at younger ages.
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