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ABSTRACT
Objectives: Pneumonia is one of the major causes of death in the elderly. The aim of the present study was to investigate fac-

tors related to the development of community-acquired pneumonia (CAP) as well as to evaluate the preventive effect of pneumo-
coccal vaccination on CAP in the elderly in sub-group analyses.

Methods: We performed a hospital-based case-control study. Cases were 70 patients who were newly diagnosed as having 
CAP while 146 controls were outpatients with other diseases (not pneumonia). All participants were 65 years and older.

Results: Even after controlling for age, sex and hospital, hypoalbuminemia(< 3.5 g/dl) (adjusted OR = 4.15, 95%CI = 1.76-
9.80) showed an increased risk of CAP, whereas activities of daily living (ADL) was inversely associated with a risk of CAP 
(self-supported vs. impaired: adjusted OR = 0.45, 95%CI = 0.22-0.93). In sub-group analyses, pneumococcal vaccination showed 
a decreased risk among the elderly with hypoalbuminemia (Crude OR = 0.22, 95%CI = 0.06-0.86). Even after controlling for 
age, sex, and hospital, pneumococcal vaccination showed an odds ratio lower than the unity although it failed to show statistical 
significance.

Conclusions: Hypoalbuminemia and impaired ability to perform ADL may increase the risk of CAP in the elderly, whereas 
pneumococcal vaccination may prevent CAP among the elderly with hypoalbuminemia. 
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INTRODUCTION

Pneumonia is one of the major causes of death in Japan1) and Korea2) 
as well as in North America3) and Europe3,4), and the death rate from 
pneumonia increases with age1,3,5) . Pneumonia acquired outside hospital 
is termed community-acquired pneumonia (CAP)3). Mortality and attack 
rate of CAP are influenced by underlying chronic diseases (e.g., such as 
chronic obstructive pulmonary disease, ischemic heart disease, diabetes 
mellitus, malignancy and neurologic disease)3), which may partly 
explain the rising mortality of CAP with age3).

Streptococcus pneumoniae and influenza virus are major causative 
pathogens of CAP6,7), and underlying chronic diseases are related to the 
severity of CAP6). Influenza vaccination reduces the risk of pneumonia 
in the frail elderly while pneumococcal vaccination reduces the risk of 
pneumococcal pneumonia in the elderly8). In addition, Streptococcus 
pneumoniae was one of the major causative pathogens of pneumonia 
during the influenza epidemic9). Therefore, Japanese government recom-
mends both influenza and pneumococcal vaccines for the pneumonia 
prevention of the elderly1,10). Washio et al.11) reported that an additive 
inoculation of influenza vaccine and pneumococcal vaccine reduced the 
risk of pneumonia among the elderly in a nursing home.
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We have already reported that hypoalbuminemia increased the risk 
of CAP in the elderly while influenza vaccination reduced the risk of 
CAP in the elderly in winter months12,13). However, our previous stud-
ies12,13) did not demonstrate the preventive effect of pneumococcal vac-
cine on the development of CAP in the elderly. 

The present study was conducted to investigate factors related to the 
development of CAP as well as to evaluate the preventive effect of 
pneumococcal vaccination on CAP in the elderly in sub-group analyses 
(e.g., according to the participants' serum albumin levels).

METHODS

Profile of the present study
The Kyushu Task Force for CAP Risk in the Elderly was a study 

group, who conducted a case-control study in order to evaluate factors 
related to the development of CAP in the elderly. The details of study 
methods were reported elsewhere12,13). 

Briefly, cases were newly diagnosed CAP patients at four hospitals 
in Fukuoka prefecture, Kyushu, Southern Japan. In the present study, 

pneumonia acquired outside hospital was defined as CAP3). A pneumo-
nia diagnosis was based on clinical symptoms (cough, sputum, or 
fever), increased white blood cell counts or serum C-reactive protein 
level, and the presence of new pulmonary infiltrates on a chest X-ray. 

For each case, one to three controls, who were matched by sex and 
age (within 10 years), were selected from outpatients with other diseas-
es (not pneumonia) at the same hospitals within one month at the time 
of the recruitment of cases. All participants (i.e., cases and controls) 
were 65 years old or older. Exclusion criteria were: (i) presence of aspi-
ration pneumonia due to mis-swallowing (e.g., diets); (ii) presence of 
cancer; current treatment with oral administration or injection of ste-
roids; (iii) current treatment with oral administration or injection of 
immunosuppressant; and (iv) history of splenectomy.

From October 2009 to July 2014, 70 cases and 146 controls agreed 
to participate in this study. A self-administered questionnaire was 
obtained from CAP patients and controls, along with written informed 
consent for cooperation in this study. Participants also agreed to donate 
information on medical records.

CAP patients asked to answer their status before the diagnosis of 
pneumonia, while controls asked to answer their status at the time of 
survey. All participants completed a self-administered questionnaire 
regarding the following information: sex, age , activities of daily living 
(ADL), smoking and alcohol drinking habits, pneumococcal vaccina-
tion, trivalent seasonal influenza vaccination (in the last 6 months), and 
monovalent influenza A/H1N1 pdm 09 vaccination (in the last 6 
months). The elderly persons, who could go out by themselves, were 
regarded as "self-supported ADL" while the others were regarded as 
"impaired ADL".

Since a pandemic of influenza A/H1N1 pdm 09 occurred in Japan 

Table 1. Characteristics of cases and controls
Factors  Cases  Controls  p-
  (n = 70) (n = 146) value

Age (mean years, range) 77.8(65-98) 76.9(65-97) 0.41
Age   

 Young-old (65-74 years) 26(37.1) 62(42.5) 0.46
 Old-old (75 years and over) 4462.9) 84(57.5) 

Sex   
 Male 49(70.0) 97(66.4) 0.60
 Female  21(30.0) 49(33.6) 

Pneumococcal vaccine 
within 5 years   

 Unvaccinated  61(87.1) 124(84.9) 0.67
 Vaccinated  9(12.9) 22(15.1) 

Influenza vaccine    
 Unvaccinated  37(52.9) 59(40.4) 0.09
 Vaccinated  33(47.1) 87(59.6) 

Residence    
 Nursing home  8(11.4) 14(9.6) 0.68
 Home 62(88.6) 132(90.4) 

Live with preschool 
children (0-6 years)   

 No 62(88.6) 135(92.5) 0.35
 Yes 8(11.4) 11(7.5) 

Smoking habit   
 Non-smokers 42(60.0) 93(63.7) 0.60
 Current smokers 28(40.0) 53(36.3) 

Alcohol drinking habit    
 Non-drinkers 43(61.4) 82(56.2) 0.46
 Current drinkers 27(38.6) 64(43.8) 

Activities of daily living    
 Impaired 23(32.9) 27(18.5) 0.02
 Self-supported 47(67.1) 119(81.5) 

Hypoalbuminemia 
(Alb < 3.5g/dl)   

 No 33(47.1) 129(88.4) <0.01
 Yes 37(52.9) 17(11.6) 

Anemia (Hb < 10.0 g/dl)   
 No 64(91.4) 138(94.5) 0.39
 Yes 6(8.6) 8(5.5) 

                     Data are expressed as mean (range) or number (%).

Table 2. Odds ratios for Community-acquired pneumonia in the 
elderly

  Cases Controls  Age, sex and 
  (n = 70) (n = 146) Crude OR hospital
  Number  Number  (95%CI) adjusted OR
  (%) (%)  (95%CI)

Pneumococcal 
vaccine    

 Unvaccinated  59 121 1.00 1.00
  (84.3) (82.9) (reference) (reference)
 Vaccinated  11 25 0.90 0.71
  (15.7) (17.1) (0.42-1.96) (0.29-1.73)

Pneumococcal 
vaccine within 
5 years    

 Unvaccinated  61 124 1.00 1.00
  (87.1) (84.9) (reference) (reference)
 Vaccinated  9 22 0.83 0.62
  (12.9) (15.1) (0.36-1.92) (0.23-1.64)

Influenza vaccine     
 Unvaccinated  37 59 1.00 1.00
  (52.9) (40.4) (reference) (reference)
 Vaccinated  33 87 0.61 0.60
  (47.1) (59.6) (0.34-1.07) (0.34-1.08)

Activities of daily 
living     

 Impaired 23 27 1.00 1.00
  (32.9) (18.5) (reference) (reference)
 Self-supported 47 119 0.46 0.45
  (67.1) (81.5) (0.24-0.89) (0.22-0.93)

Hypoalbuminemia 
(Alb < 3.5g/dl)    

 No 33 129 1.00 1.00
  (47.1) (88.4) (reference) (reference)
 Yes 37 17 8.51 4.15
  (52.9) (11.6) (4.27-16.96) (1.76-9.80)

OR: odds ratio, 95%CI: 95% confidence interval
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during the study period14), we asked about both TIV and H1N1 pdm vac-
cination in the present study. Subjects who had received the influenza 
vaccine (either monovalent influenza A/H1N1 pdm 09 vaccine or triva-
lent seasonal influenza vaccine) within six months were considered as 
"vaccinated," while all others were considered as "unvaccinated." 
Subjects who had received the pneumococcal vaccine within five years 
were considered as "vaccinated," while all others were considered as 
"unvaccinated." 

The physicians of each case or control completed a structured ques-
tionnaire regarding the information about laboratory data regarding 
nutritional status such as serum albumin and hemoglobin. Low hemo-
globin level (Hb < 10.0 g/dl) was defined as anemia while low serum 
albumin level (Alb < 3.5 g/dl) was defined as hypoalbuminemia. The 6 
months from November to April were defined as winter months and the 
other 6 months (i.e., from May to October) were defined as summer 
months in the present study.

Ethical Statement
Written informed consent was obtained from each participant in this 

study. The present study was approved by the institutional review 
boards of St. Mary's College (H20-32). 

Statistical analysis
Statistical analyses were performed using the Statistical Analysis 

System (SAS Institute, Cary, NC, USA) package. The Mann-Whitney 
U-test and the Chi-square test were used to compare cases with controls. 
Unconditional logistic model was applied to estimate adjusted p-value 
as well as to determine which factor was significantly related to the 
development of CAP. Odds ratios (ORs) and their 95 % confidence 
intervals (CIs) were used to show the magnitude of the risk of develop-
ment of CAP. A level of 0.05 was used as the critical level of signifi-
cance. 

RESULTS

Table 1 shows characteristics of cases and controls. Compared with 
control subjects, CAP patients were less likely to be independent 
(self-supported) in ADL while those with hypoalbuminemia were more 
common than in CAP patients. The proportion of influenza vaccination 
was smaller in CAP patients than controls, but failed to statistical signif-
icance. 

Table 2 shows OR and their 95% confidence intervals. After con-
trolling for age, sex and hospital, influenza vaccination showed a 
non-significantly decreased risk of CAP (adjusted OR = 0.60, 95%CI = 
0.34-1.08, p = 0.09) while pneumococcal vaccination failed to show any 
meaningful relation to the risk of CAP. 

After controlling for age, sex, and hospital, self-supported ADL 

(adjusted OR = 0.45, 95%CI = 0.22-0.93) showed a decreased risk of 
CAP while hypoalbuminemia (< 3.5 g/dl) (adjusted OR = 4.15, 95% CI 
= 1.76-9.80) showed an increased risk of CAP. 

Table 3 demonstrated OR of pneumococcal vaccination within 5 
years and 95% CI for the development of CAP in the elderly in sub-
group analyses. 

Among the elderly with hypoalbuminemia, pneumococcal vaccina-
tion showed a decreased risk of CAP (case = 37/controls = 17; crude OR 
= 0.22, 95%CI = 0.22-0.86). Even after controlling for age, sex and hos-
pital, pneumococcal vaccination showed an OR lower than the unity 
although it failed to show statistical significance (adjusted OR = 0.37, 
95%CI = 0.07-2.01) (not shown in the table).

DISCUSSION

Pneumonia is the third leading cause of death among the Japanese 
elderly1) and both influenza virus and Streptococcus pneumoniae are 
major causative pathogens of CAP in Japan6,7). In addition, pneumonia is 
a risk factor for hospitalization among the frail elderly with home-visit-
ing nursing service in the winter months in Japan15). Since vaccination is 
the primary preventive strategy against pneumonia and influenza infec-
tions in the elderly, both influenza vaccination and pneumococcal vacci-
nation are recommended for the elderly in Japan1).

Influenza vaccination is reported to reduce the risk of pneumonia 
and influenza hospitalization8,16,17). In the present study, influenza vacci-
nation decreased the risk of CAP only in winter months, but not in sum-
mer months, which is consistent with the result of our previous study12). 
These findings may be explained by the following way. Most respirato-
ry pathogens are more common in winter18). In addition, bacterial pneu-
monia is common at times of peak activity of the influenza virus18). In 
southern Japan, seasonal influenza epidemic occur every winter, which 
begins from late November and ends in April. 

Pneumococcal vaccination reduces the risk of pneumonia in the 
elderly4) as well. Vila-Corcoles et al.4) reported that pneumococcal vacci-
nation reduced the risk for CAP in the elderly while Maruyama et al.19) 
reported that pneumococcal vaccination reduced the risk of pneumonia 
in elderly care nursing home residents. In addition, Chiba et al.20) report-
ed that pneumococcal vaccination reduced the rates of hospitalization 
for pneumonia, even in bedridden elderly patients. 

In the present study, pneumococcal vaccination failed to show a 
decreased risk of CAP in the analysis using all participants. However, in 
sub-group analyses, pneumococcal vaccination showed a decreased risk 
of CAP among the elderly with hypoalbuminemia. These findings may 
be explained by the following way. Physicians may have recommended 
pneumococcal vaccination for the elderly with hypoalbuminemia 
because elderly patients with hypoalbuminemia are at high risk for 
pneumonia12,13). 

On the other hand, even after controlling for age, sex, and hospital, 
hypoalbuminemia increased the risk of CAP in the elderly, whereas 
self-supported ADL showed a decreased risk, which suggests that 
self-supported ADL may increase the risk of CAP in the elderly even 
after excluding aspiration pneumonia due to mis-swallowing (e.g., 
diets).

There are certain limitations in the present study. First, the elderly 
persons with severe pneumonia who died before admission to hospitals 
were not included in the present study because the present study was a 
hospital-based case-control study. Second, control subjects were elderly 
outpatients who visited hospitals. Therefore, healthy subjects who did 
not have to visit hospitals were not included in control subjects although 
81.5% of control subjects were independent in daily living (i.e., 
self-supported ADL) in the present study. Third, the presence of con-
founding factors is a difficult problem in studies of vaccine effective-
ness in the elderly21). The elderly with chronic diseases may be more 
likely to receive influenza and pneumococcal vaccination for the pneu-
monia prevention than those without chronic diseases because the for-
mer have more opportunities to consult with physicians than the latter. 
Fourth, we could not demonstrate the pneumonia preventive effect of 
pneumococcal vaccination after controlling for other factors in sub-
group analyses because of small number of participants. Last, we did 
not exclude healthcare-associated pneumonia22,23) in the present study. 

However, the present study had strengths as well. In Japan, 
home-visiting nursing service users increased from 198,839 in 
September 2007 to 265,024 in September 201324). Among them, almost 
50% of the home-visiting nursing service users needed 'medication 
administration and management' by home-visiting nurses (e.g., medical 
care for their decubitus ulcer, care for their bladder indwelling balloon 

Table 3. Odds ratios of pneumococcal vaccination within 5 
years for community-acquired pneumonia in the 
elderly in sub-analysis 

  Cases /  Number and  Crude OR
  Controls Rate of  (95%CI)
   Vaccination

All subjects  70/146 9(12.9)/22(15.1) 0.83
    (0.36-1.92)
Activities of daily living
 Self-supported 47/119 4(8.5)/10(8.4) 1.01
    (0.30-3.41)
 Impaired 23/27 5(21.7)/12(44.4) 0.35
    (0.10-1.21)
Hypoalbuminemia 

 Yes  37/17 5(13.5)/7(41.2) 0.22
    (0.06-0.86)
 No 33/129 4(12.1)/15(11.6) 1.05
    (0.32-3.40)

Data are expressed as number, number(%) or odds ratio(95% confidence intervals)
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catheter, care for gastric fistula catheters, support for home oxygen ther-
apy)24,25). In addition, Kim et al.22) reported that seasonal distributions of 
respiratory viruses were similar between CAP and healthcare-associated 
pneumonia. Therefore, we did not exclude healthcare-associated pneu-
monia22,23) in the present study. 

CONCLUSION

In conclusion, hypoalbuminemia, self-supported ADL, and not 
receiving post-autumn influenza vaccination may increase the risk of 
CAP in the elderly. Although hypoalbuminemia may increase the risk of 
CAP, pneumococcal vaccination may reduce the risk of CAP among the 
elderly with hypoalbuminemia. Further studies with a large number of 
participants are needed to confirm the findings in the present study.
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