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The impact of comorbidities and their 
stacking on short‑ and long‑term prognosis 
of patients over 50 with community‑acquired 
pneumonia
E. Blanc1, G. Chaize2, S. Fievez1, C. Féger3,4, E. Herquelot2, A. Vainchtock2, J. F. Timsit5,6 and J. Gaillat7* 

Abstract 

Background:  The prognosis of patients hospitalized with community-acquired pneumonia (CAP) with regards to 
intensive care unit (ICU) admission, short- and long-term mortality is correlated with patient’s comorbidities. For 
patients hospitalized for CAP, including P-CAP, we assessed the prognostic impact of comorbidities known as at-risk 
(AR) or high-risk (HR) of pneumococcal CAP (P-CAP), and of the number of combined comorbidities.

Methods:  Data on hospitalizations for CAP among the French 50+ population were extracted from the 2014 French 
Information Systems Medicalization Program (PMSI), an exhaustive national hospital discharge database maintained 
by the French Technical Agency of Information on Hospitalization (ATIH). Their admission diagnosis, comorbidities 
(nature, risk type and number), other characteristics, and their subsequent hospital stays within the year following 
their hospitalization for CAP were analyzed. Logistic regression models were used to assess the associations between 
ICU transfer, short- and 1-year in-hospital mortality and all covariates.

Results:  From 182,858 patients, 149,555 patients aged ≥ 50 years (nonagenarians 17.8%) were hospitalized for CAP in 
2014, including 8270 with P-CAP. Overall, 33.8% and 90.5% had ≥ 1 HR and ≥ 1 AR comorbidity, respectively. Cardiac 
diseases were the most frequent AR comorbidity (all CAP: 77.4%). Transfer in ICU occurred for 5.4% of CAP patients 
and 19.4% for P-CAP. Short-term and 1-year in-hospital mortality rates were 10.9% and 23% of CAP patients, respec-
tively, significantly lower for P-CAP patients: 9.2% and 19.8% (HR 0.88 [95% CI 0.84–0.93], p < .0001). Both terms of mor-
tality increased mostly with age, and with the number of comorbidities and combination of AR and HR comorbidities, 
in addition of specific comorbidities.

Conclusions:  Not only specific comorbidities, but also the number of combined comorbidities and the combination 
of AR and HR comorbidities may impact the outcome of hospitalized CAP and P-CAP patients.

Keywords:  Community-acquired pneumonia, Pneumococcal pneumonia, At-risk comorbidities, High-risk 
comorbidities, Comorbidities stacking, Long-term mortality, Prognostic factors, Severe pneumonia, Elderly, 
Nonagenarians
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Introduction
Community-acquired pneumonia (CAP) are a major 
cause of morbidity and mortality, especially in elderly [1, 
2]. Thus, the associated burden increases with the ageing 
of population [3]. This latter is also associated with an 
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increasing prevalence of patients with comorbidity, and 
furthermore multiple comorbidities [4].

The pathogens involved in CAP remain often not iden-
tified [5]. Bacteriologically confirmed CAPs involve most 
frequently Streptococcus pneumoniae, at variable rate [2, 
5, 6]. Some comorbidities are recognized risk factors for 
pneumococcal CAP (P-CAP) occurrence and severity, 
i.e., short-term prognosis; those associated with an inter-
mediate risk, generally in immunocompetent patients, 
are termed at risk (AR) comorbidities, while those gen-
erally associated with immunosuppression or immuno-
deficiency, i.e., patients with cancer or other causes of 
immunosuppression or immunodeficiency, are termed 
high risk (HR) comorbidities [7, 8].

Many studies evaluated the risk factors for the occur-
rence of CAP and more specifically of P-CAP. Some 
studies evaluated whether these factors might also be 
prognostic factors for short-term outcomes, e.g., transfer 
in ICU or short-term mortality [9–11], while the long-
term mortality is less often evaluated [11–13]. However, 
only few studies evaluated the prognostic impact of the 
stacking of several comorbidities, although ageing is so 
often associated with multiple comorbidities [10]. This 
knowledge is instrumental to accurately target preven-
tion strategies for CAP and more specifically P-CAP 
towards at-risk and high-risk patients.

Therefore, we extracted data from an administra-
tive comprehensive database and conducted this study 
in patients aged 50 years and older and hospitalized for 
CAP, pneumococcal or not, to provide an accurate pic-
ture of comorbidities that are prognostic factors for in-
hospital mortality during the initial hospital stay and 
during subsequent stays within the following year. In 
addition, the impact of the number, type (at risk (AR) or 
high-risk (HR) comorbidity), and combination of comor-
bidities per patient were assessed. For sake of simplicity, 
we used CAP for all-cause CAP, while P-CAP is used for 
CAP of pneumococcal origin.

Material and methods
Study objectives
This study aimed at evaluating the impact of comorbidi-
ties identified as risk factors for P-CAP occurrence and 
severity, on short-term outcomes (ICU admission, mor-
tality during the initial hospital stay) and also on 1-year 
in-hospital mortality, in an exhaustive population of 
patients aged 50  years or more who are hospitalized in 
France with CAP, of pneumococcal origin or not.

Comorbidities according to the two commonly defined 
levels of risk of CAP or P-CAP occurrence, at risk (AR) 
and high risk (HR) [7, 8], i.e., comorbidities in immuno-
competent and immunocompromised patients, respec-
tively, are detailed in the Additional file 1. As one patient 

can present with several comorbidities that may belong 
to one or the other risk level, we linked the comorbidity, 
and not the patient, to its risk level.

Study population
This study was conducted using data of a French clinical 
and administrative database, the Information Systems 
Medicalization Program (Programme de Médicalisa-
tion des Systèmes d’Information, PMSI) database, which 
records all discharges of public and private hospitals 
in France. Data collected on the hospital stay were the 
month of admission, the length of stay (days), whether 
the patient was admitted in ICU, and the length of the 
ICU stay. The main diagnosis leading to hospital admis-
sion was coded using the International Statistical Clas-
sification of Diseases, 10th Revision (ICD-10) (List of 
codes: see Additional file  1). A hospital admission for 
pneumonia was defined as an admission with a princi-
pal diagnosis of pneumonia, or a secondary diagnosis 
of pneumonia if the principal diagnosis was respiratory 
failure or sepsis. Associated diagnoses might be added 
in case of concomitant disease that increased the burden 
of care, or if it was managed during the hospital stay in 
addition of the management of the main diagnosis. This 
administrative registry enables to chain all hospital stays 
of individual patients.

Patients below 50  years old and with a hospital stay 
with a diagnosis of pneumonia within the previous 
3 months were excluded.

For each initial hospital stay, the following individual 
de-identified data were obtained: demographics (age, 
gender), hospital main characteristics, patient’s comor-
bidities according to ICD-10 and recorded within the 
previous 5 years, the length of the initial hospital stay and 
in-hospital mortality. For each patient, the characteristics 
of the subsequent hospital stays within the year follow-
ing the initial stay were also collected, as were the alcohol 
and tobacco consumptions. The 1-year in-hospital mor-
tality was defined as death occurring at hospital during 
the subsequent hospital stays within the year following 
the initial admission for CAP. Patients were sorted out 
by age group: 50–69 years old, 70–89 years old, and from 
90 years old. Models used the AR or HR comorbidities.

Statistical methodology
All hospital stays were considered to be independent and 
included into the analyses. Standard descriptive statistics 
were performed for the whole cohort for the full study 
period. Described data were summarized as frequency 
and percentage for categorical variables and median and 
interquartile or mean and standard deviation for contin-
uous variables.
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With regards to comorbidities, the presence of at least 
one AR or HR comorbidities, the number of AR or HR 
comorbidities, the combination of AR and HR comor-
bidities, and the presence of each AR or HR comorbidity 
separately were considered.

The associations between P-CAP diagnosis and all 
covariates previously described, and between the trans-
fer into ICU and all covariates previously described, 
were assessed using logistic regression models adjusted 
on age and sex. The results were expressed as odd-ratios 
(OR) and their 95% confidence intervals. Interactions 
between HR comorbidities and AR comorbidities were 
tested using Wald tests in logistic models with an interac-
tion term between AR and HR comorbidities. They were 
all adjusted on age and sex. In addition, the association 
between occurrence of short-term and 1-year in-hos-
pital death and all covariates previously described were 
assessed using Cox models adjusted on sex and age.

P-values less than 0.05 were considered significant. All 
statistical analyses were performed using the SAS soft-
ware (version 9.4; Cary, NC, USA).

Results
Study population
Of a total of 182,858 patients hospitalized for CAP (i.e., 
all-cause CAP) in France in 2014 and without any hospi-
talization for pneumonia within the previous 3 months, 
those aged at least 50 years were 149,555 (81.8%). From 
these, a subset of 8270 (5.5%) patients had a P-CAP 
(Additional file  1: Fig. S1). As the French population 
over 50 years of age was 23,788,401 in 2014, the national 
incidence of the hospitalizations for CAP and P-CAP 
this year reached 629 and 34.8 per 100,000 populations, 
respectively.

The main characteristics of patients with CAP and 
more specifically P-CAP are depicted in Table  1. The 
median age of patients with P-CAP was 73.7 years while 
those with CAP were aged 78.1 years. The median length 
of stay of patients with all-causes CAP or more specifi-
cally P-CAP was 8 [4-13] and 9 [6-15] days, respectively.

Prevalence of comorbidities
Among all patients with CAP, and similarly for those 
with P-CAP, solely a small minority had no comorbid-
ity (10,847 (7.2%) and 570 (6.9%), respectively), and even 
less had solely HR comorbidities (3,349 (2.2%) and 201 
(2.4%), respectively) (Table  1). Except for the youngest 
patients, more than half of the CAP patients have at least 
one AR comorbidity; most often cardiac diseases, fol-
lowed by malnutrition and respiratory chronic diseases 
(all CAP, 77.4%, 35.0% and 30.6%, respectively). Of note, 
the cardiac diseases category included hypertension, 
essential or not. Solid tumor was the most frequent HR 

comorbidities (all CAP, 24.4%). The comorbidities profile 
of P-CAP patients was not so different, as described in 
Table 2.

Data on the comorbidities according to the age group 
are detailed in Tables  1 and 2. Patients with solely HR 
comorbidities were less frequent when age increased, 
while it was the contrary for AR comorbidities. AR 
comorbidities increased with the age of patients, both in 
terms of prevalence among the patients, and in terms of 
number per individual patients.

Outcome according to the comorbidities and age
The proportion of patients hospitalized for CAP and 
requiring to be admitted in ICU was 5.4% (8095/149,555), 
while 19.4% (1608/8270) patients with P-CAP required 
an ICU admission (adjusted odds ratio (aOR) 4.31, 95% 
CI [4.05–4.58], p < 0.0001) (Fig.  1 and Additional file  1: 
Table S2). CAP patients were less often admitted to ICU 
if they were older (Odds Ratio (OR) 0.07, 95% CI [0.06–
0.08], p < 0.0001), and with comorbidities, HR and AR, 
and even less often if they cumulated several AR comor-
bidities (Fig. 1A, and Additional file 1: Table S3).

Among patients with CAP, the in-hospital mortality 
during the initial stay reached 10.9%. It increased with 
age, from 6.0 to 11.3% and 16.8% in the three age groups 
of patients with CAP, respectively (Additional file  1: 
Table S4). The subset of patients with P-CAP had a signif-
icantly lower early mortality (9.2% vs. 11.0%, hazard ratio 
(HR) 0.650, 95%CI [0.604–0.699], p < 0.001).

The all-cause 1-year in-hospital mortality rate, i.e., 
within the year following the hospitalization including 
the initial stay, was 23.0% and 19.8% for patients hospi-
talized with CAP and P-CAP, respectively, leading to 
an annual national in-hospital mortality incidence of 
145 and 6.9 per 100,000 populations, respectively. The 
mortality rate increased with age, from 16.9 to 23.9% 
and 28.9% in the three age groups of patients with CAP, 
respectively. The subset of patients with P-CAP had a 
significantly lower 1-year in-hospital mortality rate (HR 
0.88 (95% CI [0.84–0.93], p < 0.0001) (Additional file  1: 
Table S5).

Patients with HR comorbidities had an increased 
mortality rate, for CAP as for P-CAP, and patients aged 
50–69 years had the highest risk (HR 3.89, 95% CI [3.69–
4.10], p < 0.0001) (Fig. 2). Among those patients with HR 
comorbidities, the 1-year mortality risk was significantly 
increased, and the highest risk was for those with solid 
tumor or hematological malignancies (HR 1.80, 95% CI 
[1.76–1.84], p < 0.0001, and 1.44, 95% CI [1.39–1.49], 
p < 0.0001, respectively) (Additional file 1: Table S6). The 
mortality risk increased with the number of cumulated 
HR comorbidities and with the number of AR comorbidi-
ties (Fig. 1B and Additional file 1: Table S6). The mortality 
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risk was also increased for patients with AR. Those with 
HR and AR comorbidities had a marked increase of their 
mortality rate, especially in the age group 50–69  years 
(HR 8.93, 95% CI [7.86–10.13], p < 0.0001). Among AR 
comorbidities, each of them except diabetes was associ-
ated with a significantly increased mortality rate, with 
Hazard Ratio ranging from 1.58 for malnutrition to 
1.04 for chronic respiratory diseases. Among the oldest 

patients, patients with AR comorbidities did not have a 
higher mortality risk.

Discussion
This very large study, based on a comprehensive regis-
try of all hospital admissions for CAP in France over one 
year, assessed the prognostic impact of risk factors usu-
ally more associated with the occurrence of CAP, and 

Table 1  Characteristics of patients > 50 years old hospitalized for community-acquired pneumonia all cause, overall and by age group, 
and for pneumococcal community-acquired pneumonia

CAP community-acquired pneumonia, P-CAP pneumococcal community-acquired pneumonia, HR high-risk comorbidities (immunodepression, immunodeficiency, 
cancer), AR at risk comorbidities (comorbidities at risk of pneumococcal CAP in immunocompetent patients), HIV human immunodeficiency virus, Q1–Q3 interquartile 
range. Qualitative variables are expressed as number of patients (percentages), quantitative variables as mean (SD)

Characteristics of the patients 
(n (% of overall))

CAP > 50 y.o.
(149,555 (100%))

P-CAP > 50 y.o.
(8270 (5.53%))

CAP 50–69 y.o.
(37,807(25.3%))

CAP 70–89 y.o.
(85,159 (56.9%))

CAP ≥ 90 y.o.
(26,589 (17.8%))

Male gender 78,862 (52.7%) 4794 (58.0%) 23,510 (62.2%) 45,753 (53.7%) 9599 (36.1%)

Age (years) 78.1 (12.0) 73.7 (12.4) 60.9 (5.5) 81.2 (5.4) 92.9 (2.8)

Alcohol 12,614 (8.4%) 1187 (14.4%) 6,980 (18.5%) 5234 (6.15%) 400 (1.50%)

Tobacco 18,225 (12.2%) 1912 (23.1%) 10,151 (26.8%) 7530 (8.84%) 544 (2.05%)

No comorbidity 10,847 (7.3%) 570 (6.89%) 6,333 (16.8%) 3620 (4.25%) 894 (3.36%)

HR comorbidities 50,587 (33.8%) 2962 (35.8%) 14,137 (36.8%) 29,732 (34.9%) 6718 (25.3%)

Solely HR comorbidities 3349 (2.24%) 201 (2.4%) 1898 (5.02%) 1301 (1.53%) 150 (0.56%)

No HR comorbidity 98,968 (66.2%) 5308 (64.2%) 23,670 (62.6%) 55,427 (65.1%) 19,871 (74.7%)

One HR comorbidity 42,670 (28.5%) 2423 (29.3%) 11,432 (30.2%) 25,203 (29.6%) 6035 (22.7%)

 ≥ 2 HR comorbidities 7917 (5.29%) 539 (6.5%) 2705 (7.15%) 4,529 (5.32%) 683 (2.57%)

Number of HR comorbidities 0.40 (0.62) 0.44 (0.66) 0.47 (0.69) 0.41 (0.62) 0.28 (0.51)

Solid tumor 36,540 (24.4%) 2042 (24.7%) 9885 (26.2%) 21,717 (25.5%) 4938 (18.6%)

Hematological malignancy 10,693 (7.15%) 705 (8.52%) 2491 (6.59%) 6736 (7.91%) 1466 (5.51%)

Auto-immune disorders 6731 (4.50%) 384 (4.64%) 1860 (4.92%) 4113 (4.83%) 758 (2.85%)

Primitive immune deficiency 2392 (1.60%) 187 (2.26%) 957 (2.53%) 1276 (1.50%) 159 (0.60%)

Organ transplant recipient 2298 (1.54%) 153 (1.85%) 1567 (4.14%) 654 (0.77%) 77 (0.29%)

HIV 698 (0.47%) 91 (1.10%) 578 (1.53%) 118 (0.14%) 2 (0.01%)

Asplenia—hyposplenia 636 (0.43%) 705 (8.52%) 266 (0.70%) 324 (0.38%) 46 (0.17%)

AR comorbidities 135,359 (90.5%) 7499 (90.7%) 29,576 (78.2%) 80,238 (94.2%) 25,545 (96.1%)

Solely AR comorbidities 88,121 (58.9%) 4738 (57.3%) 17,337 (45.9%) 51,807 (60.8%) 18,977 (71.4%)

No AR comorbidity 14,196 (9.5%) 771 (9.32%) 8231 (21.8%) 4921 (5.78%) 1044 (3.93%)

One AR comorbidity 32,150 (21.5%) 1819 (22.0%) 10,547 (27.9%) 16,646 (19.5%) 4957 (18.6%)

2 AR comorbidities 41,724 (27.9%) 2537 (30.7%) 9295 (24.6%) 24,531 (28.8%) 7898 (29.7%)

3 AR comorbidities 33,826 (22.6%) 1862 (22.5%) 5802 (15.3%) 20,976 (24.6%) 7048 (26.5%)

 ≥ 4 AR comorbidities 27,659 (18.5%) 1281 (15.5%) 3932 (10.4%) 18,085 (21.2%) 5642 (21.2%)

Number of AR comorbidities 2.27 (1.39) 2.19 (1.32) 1.69 (1.36) 2.45 (1.35) 2.51 (1.28)

Chronic cardiac diseases 115,702 (77.4%) 6118 (74.0%) 21,630 (57%) 70,749 (83.1%) 23,323 (87.7%)

Malnutrition 52,338 (35.0%) 2651 (32.1%) 8819 (23.3%) 30,732 (36.1%) 12,787 (48.1%)

Chronic respiratory diseases 45,696 (30.6%) 3782 (45.7%) 12,710 (33.6%) 27,124 (31.9%) 5862 (22.1%)

Diabetes mellitus 35,250 (23.6%) 1905 (23.0%) 8067 (21.3%) 22,917 (26.9%) 4266 (16.0%)

Neurodegenerative diseases 30,027 (20.1%) 848 (10.3%) 1929 (5.10%) 20,246 (23.8%) 7852 (29.5%)

Chronic kidney diseases 28,074 (18.8%) 1281 (15.5%) 3832 (10.1%) 17,271 (20.3%) 6971 (26.2%)

Stroke 24,605 (16.5%) 874 (10.6%) 3367 (8.9%) 16,187 (19.0%) 5051 (19.0%)

Chronic liver diseases 7599 (5.08%) 651 (7.87%) 3466 (9.2%) 3631 (4.26%) 502 (1.89%)

HR and AR comorbidities

 ≥ 1 HR and ≥ 1 AR 47,238 (31.6%) 2761 (33.4%) 12,239 (32.4%) 28,431 (33.4%) 6568 (24.7%)
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more specifically P-CAP, in patients aged 50 and older. 
These risk factors, sorted in at-risk (AR) comorbidities 
(generally in immunocompetent patients) and high-risk 
(HR) comorbidities (generally in immunocompromised 
patients) were frequent: overall, almost all patients had 
at least one AR comorbidity, and one out of three had at 
least one HR comorbidity. Interestingly, the short- and 
long-term prognosis in terms of in-hospital mortality 
was not only impacted by the age and by specific comor-
bidities, but also by the number of stacked comorbidities, 
and by the combination of AR and HR comorbidities.

This is of utmost importance in an ageing population, 
as comorbidities are more and more stacking with age 
increase. Of note, our population of patients with CAP 

comprised almost 18% nonagenarians and older, similar 
to that observed in other reports [14, 15]. Other stud-
ies showed the increased risk of complications and all-
cause deaths of elderly patients compared to the younger 
ones [10, 15–18], and more specifically for patients older 
than 80  years compared to younger ones [10, 15]. We 
reported a higher 1-year in-hospital mortality rate for 
CAP patients versus those with P-CAP. A recent study 
among adult US patients requiring hospitalization for 
CAP reported a higher 1-year mortality rate, 30.6%, [11] 
compared to our study, likely because it was not limited 
to the in-hospital mortality.

We observed an increase of the in-hospital mortal-
ity rate with the number of comorbidities, AR or HR 

Table 2  Comorbidity or other characteristics that are risk factors for pneumococcal pneumonia among patients > 50  years old 
hospitalized for community-acquired pneumonia, after adjustment on age and sex

CAP community-acquired pneumonia, P-CAP pneumococcal community-acquired pneumonia, HR high-risk comorbidities (immunodepression, immunodeficiency, 
cancer), AR at risk comorbidities (comorbidities at risk of pneumococcal CAP in immunocompetent patients), y.o. year old, HIV human immunodeficiency virus, OR 
odds ratio, CI confidence interval

Characteristics of the patients All patients Age group 50–69 y.o. Age group 70–89 y.o Age group ≥ 90 y.o.

OR [95% CI] p value OR [95% CI] p value OR [95% CI] p value OR [95% CI] p value

Alcohol abuse 1.48 [1.38;1.58]  < 0.0001 1.64 [1.50;1.78]  < 0.0001 1.25 [1.11;1.41] 0.0002 1.39 [0.87;2.23] 0.163

Tobacco abuse 1.83 [1.73;1.94]  < 0.0001 1.79 [1.66;1.93]  < 0.0001 1.88 [1.72;2.06]  < 0.0001 2.21 [1.58;3.10]  < 0.0001

HR comorbidities 1.03 [0.99;1.08] 0.17 0.94 [0.87;1.01] 0.1 1.11 [1.04;1.19] 0.001

No HR comorbidity 1.00 (ref ) 1.00 (ref ) 1.00 (ref ) 1.00 (ref )

N = 1 HR comorbidity 1.01 [0.96;1.06] 0.67 0.93 [0.86;1.01] 0.08 1.08 [1.01;1.16] 0.024 0.97 [0.82;1.14] 0.6855

N ≥ 2 HR comorbidities 1.15 [1.05;1.26] 0.003 0.98 [0.85;1.13] 0.76 1.30 [1.14;1.47]  < 0.0001 1.39 [0.97;2.00] 0.0766

Type of HR comorbidities

Solid tumor 0.96 [0.91;1.02] 0.16 0.90 [0.83;0.98] 0.0158 1.02 [0.95;1.10] 0.5511 0.90 [0.75;1.07] 0.2417

Hematological malignancy 1.22 [1.13;1.33]  < 0.0001 1.06 [0.92;1.22] 0.4225 1.30 [1.17;1.45]  < 0.0001 1.39 [1.08;1.79] 0.0116

Auto-immune disorders 1.01 [0.91;1.12] 0.87 0.89 [0.75;1.06] 0.1962 1.09 [0.95;1.26] 0.2381 1.10 [0.75;1.62] 0.6156

Primitive immune deficiency 1.28 [1.10;1.49] 0.001 1.15 [0.92;1.43] 0.2130 1.42 [1.13;1.77] 0.0022 1.71 [0.87;3.36] 0.1207

Organ transplant recipient 0.89 [0.75;1.05] 0.16 0.81 [0.67;0.99] 0.0391 1.20 [0.86;1.67] 0.2792 0.76 [0.19;3.11] 0.7055

HIV 1.72 [1.38;2.15]  < 0.0001 1.73 [1.36;2.19]  < 0.0001 1.77 [0.92;3.38] 0.0849 – –

Asplenia—hyposplenia 1.21 [0.90;1.63] 0.204 1.40 [0.96;2.05] 0.0766 0.82 [0.47;1.42] 0.4733 2.69 [0.96;7.53] 0.0588

AR comorbidities 1.35 [1.25;1.46]  < 0.0001 1.53 [1.39;1.69]  < 0.0001 1.06 [0.92;1.21] 0.44

No AR comorbidity 1.00 (ref ) 1.00 (ref ) 1.00 (ref ) 1.00 (ref )

N = 1 AR comorbidity 1.26 [1.15;1.38]  < 0.0001 1.33 [1.19;1.49]  < 0.0001 1.05 [0.90;1.22] 0.54 1.04 [0.72;1.52] 0.8294

N = 2 AR comorbidities 1.49 [1.36;1.62]  < 0.0001 1.62 [1.44;1.81]  < 0.0001 1.20 [1.04;1.38] 0.02 1.16 [0.81;1.67] 0.4162

N = 3 AR comorbidities 1.40 [1.28;1.53]  < 0.0001 1.75 [1.55;1.98]  < 0.0001 1.06 [0.92;1.23] 0.41 1.00 [0.69;1.44] 0.9949

N ≥ 4 AR comorbidities 1.19 [1.08;1.31]  < 0.00001 1.60 [1.39;1.84]  < 0.0001 0.87 [0.74;1.01] 0.07 0.92 [0.63;1.33] 0.6542

Type of AR comorbidities

Chronic cardiac diseases 1.03 [0.98;1.09] 0.26 1.07 [0.99;1.15] 0.0775 0.98 [0.90;1.06] 0.6197 1.09 [0.88;1.34] 0.4324

Malnutrition 0.98 [0.94;1.03] 0.54 1.29 [1.19;1.40]  < .0001 0.82 [0.77;0.88]  < 0.0001 1.03 [0.90;1.18] 0.6242

Chronic respiratory diseases 1.91 [1.83;2.00]  < 0.0001 2.04 [1.90;2.20]  < .0001 1.94 [1.82;2.06]  < 0.0001 1.38 [1.19;1.60]  < 0.0001

Diabetes mellitus 0.96 [0.91;1.02] 0.16 1.02 [0.93;1.11] 0.6883 0.96 [0.89;1.03] 0.2403 0.76 [0.63;0.93] 0.0079

Neurodegenerative diseases 0.52 [0.49;0.56]  < 0.0001 0.56 [0.46;0.69]  < 0.0001 0.48 [0.44;0.53]  < 0.0001 0.68 [0.58;0.80]  < 0.0001

Chronic kidney diseases 0.89 [0.83;0.94] 0.0001 0.88 [0.77;0.99] 0.0380 0.86 [0.79;0.93] 0.0003 1.00 [0.86;1.16] 0.9677

Stroke 0.64 [0.60;0.69]  < 0.0001 0.70 [0.61;0.81]  < 0.0001 0.60 [0.55;0.66]  < 0.0001 0.74 [0.61;0.89] 0.0012

Chronic liver diseases 1.38 [1.27;1.50]  < 0.0001 1.45 [1.30;1.62]  < 0.0001 1.35 [1.18;1.55]  < 0.0001 0.81 [0.47;1.38] 0.4372
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comorbidities. The risk was very high when AR comor-
bidities were combined with HR comorbidities. Of 
note, the prognostic impact of the number of comor-
bidities is rarely reported in the literature. In addition, 
mortality rates are different across countries and their 
respective Health systems and managements strategies, 
making any comparison delicate. While a recent Chi-
nese study did not evidence any association between 
the 60-day mortality and the number of comorbidities 
(regardless of the type of comorbidities) [15], a higher 
impact of cumulated risk factors on the 30-day mor-
tality was reported in a US study conducted among 
Veterans aged 50 and older with pneumococcal infec-
tion [19]. The Odds ratio increased from 2.01 (95%CI 
[1.47–2.75]) for patients with 2 risk factors up to 4.23 
(95% CI [2.69–6.65]) for those who stacked 6 risk fac-
tors. A study conducted in Spain in adult patients with 

CAP and using an administrative database showed an 
increase of mortality with the number of comorbidi-
ties (OR 1.35 (95% CI, 1.33–1.38) for patients with ≥ 2 
comorbidities versus those with none) [6]. In our study, 
patients with CAP, including P-CAP, have almost all at 
least one comorbidity and very often several comor-
bidities. More than half of patients had only AR comor-
bidities, and this proportion increased with age, as did 
the mean number of combined AR comorbidities per 
patient. Importantly, one patient out of three com-
bined AR and HR comorbidities, while patients with 
only HR comorbidities were rather rare, and rarer with 
age. The increased risk of mortality associated with age 
is furthermore increased by the number of comorbidi-
ties that expectedly increases with age, although less in 
nonagenarians [20, 21]. Therefore, the identification of 
comorbidities of poor prognosis for patients with CAP 

Fig. 1  Impact of the accumulation of comorbidities according to their level of associated risk (high-risk (HR) or at-risk (AR)) on the 1-year 
in-hospital mortality of patients with community-acquired pneumonia; A transfer into intensive care unit; B 1-year in-hospital mortality. CAP 
community-acquired pneumonia, P-CAP pneumococcal community-acquired pneumonia, HR high-risk comorbidities (immunodepression, 
immunodeficiency, cancer), AR at risk comorbidities (comorbidities at risk of pneumococcal CAP in immunocompetent patients), ICU intensive care 
unit, HR hazard ratio, 95% CI 95% confidence interval
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is instrumental for an improved management of these 
patients.

An increased risk of invasive pneumococcal infec-
tion was already reported in cancer patients [22, 23]. 
Our results of higher incidence of pneumococcal infec-
tion and of poorer prognosis among cancer patients are 
of utmost importance, as therapeutic advances in cancer 
management itself continue to progress and the number 
of cancer survivors is more and more increasing.

In our study, the AR comorbidities associated with the 
highest risk of 1-year in-hospital mortality were chronic 
liver diseases, in CAP and P-CAP patients, particularly 
in the youngest patients. Malnutrition had also a strong 
impact on the 1-year mortality risk, as already shown in 
other studies [13]. Malnutrition may be a complication 
of other comorbidities such as malignant diseases or 
chronic liver diseases, or ageing. Importantly, the impact 
of these comorbidities on the 1-year in-hospital mortal-
ity is the strongest for patients aged 50–69 years, an age 
group with a high incidence of malignant diseases. The 
prognosis risk specifically associated with cardiac dis-
eases in patients with CAP was already underlined in 
other studies [10, 18]. The increase of long-term mortal-
ity by cardiac complications, involved in one-third of the 

late-onset deaths, was also reported by others [17, 24]. Of 
note, our study included arterial hypertension in chronic 
cardiac diseases.

Given the high incidence of CAP and of P-CAP, their 
appropriate management, including prevention, is instru-
mental. P-CAP might be prevented by pneumococ-
cal vaccination. However, studies conducted in France 
reported a low rate of vaccinated patients among those 
aged 65  years and older, around 10 to 17% [25–27], 
increasing to 27% (95% CI 21–34) among elderly patients 
with targeted comorbidities [27]. The recommendations 
in France at the time of this study were driven by comor-
bidities, and malignant diseases are listed as HR comor-
bidity. The increased mortality risk of CAP patients 
with cancer has already been described [28]. A low rate 
of vaccinated patients was reported by few studies spe-
cifically focused on cancer patients, from 10.1 (95% CI 
4.1–16), to 39% (95% CI 33–44) [29]. Healthcare profes-
sionals and cancer societies are advocating for increas-
ing the vaccination rate, and some are initiating efficient 
targeted vaccination programs [30]. The recently revised 
French recommendations for pneumococcal vaccination 
do not make any differences anymore between AR and 
HR comorbidities, consistently with our findings on the 

Fig. 2  Impact of the accumulation of comorbidities according to their level of associated risk (high-risk or at-risk) on the 1-year in-hospital mortality 
of patients with CAP, according to their age group, A 50–69 years old, B 70–89 years old, or C 90 and more years old. CAP community-acquired 
pneumonia, P-CAP pneumococcal community-acquired pneumonia, HR comorbidity high-risk comorbidities (immunodepression, 
immunodeficiency, cancer), AR comorbidity at risk comorbidities (comorbidities at risk of pneumococcal CAP in immunocompetent patients), HR 
hazard ratio
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impact of these comorbidities on ICU admission and on 
mortality [31].

This study is unique, as it is a comprehensive collection 
of all patients hospitalized with CAP in 2014 in France, 
able to collect all subsequent hospital stays of a patient 
within the year following his hospital admission. In addi-
tion, we were able to ascertain not only the role of each 
comorbidity, but also the impact of the type of comorbid-
ities, AR or HR, and of their cumulated number, which is 
rarely assessed.

Nevertheless, this study has also some limitations. We 
worked on an administrative database, and disease cod-
ing is not always very accurate, particularly for CAP [32, 
33]. In addition, P-CAP are likely under-reported [34]. 
However, we used the ICD-10th version of the cod-
ing system, which showed more reliability for pneumo-
nia diagnosis, and we combined codes for an improved 
accuracy [35, 36]. Also, coding rules specify that events 
occurring during the hospital stay cannot be coded as 
admission diagnosis; therefore, nosocomial pneumo-
nia should not be included in our study. Second, this 
administrative database did not provide data on the mor-
tality outside of the hospital. A French study showed 
that the rate of deaths that occurred at hospital in 2008 
ranged around 60% for the patients aged between 40 and 
89 years [37]. In addition, the death occurred more fre-
quently at hospital when it was due to pneumonia. These 
rates were lower among the oldest patients: while more 
than 60% of the patients younger than 79 died at the hos-
pital, this rate was only 58% among the octogenarians, 
and dropped to 42% for the nonagenarians. With regards 
to comorbidities, essential hypertension was included in 
the cardiac and vascular comorbidities, which is not con-
sensual. In addition, some data were not available, such 
as data enabling to grade pneumonia severity, immuniza-
tion status of the patients, microbiological characteristics 
of the causative strain, or comorbidities severity. Finally, 
we did not collect data on a reference population in order 
to evaluate the over-risk of 1-year in-hospital mortality 
related to the hospitalization for CAP or P-CAP.

Conclusion
The burden of hospitalized CAP, and more specifi-
cally P-CAP, is associated to the short-term and long-
term prognosis of these patients. This study covering 
all CAPs hospitalized in France over one year showed 
that age, and also comorbidities by themselves, are 
worsening the short- and long-term prognosis of these 
patients. Importantly, the prognosis is also worsening 
according to the stacking of comorbidities, and to the 
combination of comorbidities of medium and high-risk 
level. Patients with CAP and high-risk comorbidities 

were more likely transferred to ICU, and this risk 
increased with the number of stacked comorbidities. 
Some comorbidities have a strong impact on the 1-year 
mortality, such as malnutrition, or solid tumors, par-
ticularly for those aged 50–69 years, or the stacking of 
several AR comorbidities, which pleads for increased 
consideration of these conditions in CAP patients. Of 
note, nonagenarians are an exception, as their mortal-
ity increase seems to be more related to their age itself, 
rather than to the number of comorbidities.

For optimizing the long-term outcome of patients 
with CAP, including those with P-CAP, our findings 
warrant to pay more attention to patients who have 
some specific comorbidities, such as solid tumors, mal-
nutrition, or chronic liver disease, and, importantly, 
also to patients who stack several comorbidities putting 
them at high risk of heavier long-term disease burden.
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