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Abstract

Background: The characteristics and aetiology of pneumonia in the non-elderly population is distinct from that in
the elderly population. While a few studies have reported an inverse association between hospital case volume and
clinical outcome in elderly pneumonia patients, the evidence is lacking in a younger population. In addition, the
relationship between volume and outcome may be different in severe pneumonia cases than in mild cases. In this
context, we tested two hypotheses: 1) non-elderly pneumonia patients treated at hospitals with larger case volume
have better clinical outcome compared with those treated at lower case volume hospitals; 2) the volume-outcome
relationship differs by the severity of the pneumonia.

Methods: We conducted the study using the Japanese Diagnosis Procedure Combination database. Patients aged
18–64 years discharged from the participating hospitals between July to December 2010 were included. The
hospitals were categorized into four groups (very-low, low, medium, high) based on volume quartiles. The
association between hospital case volume and in-hospital mortality was evaluated using multivariate logistic
regression with generalized estimating equations adjusting for pneumonia severity, patient demographics and
comorbidity score, and hospital academic status. We further analyzed the relationship by modified A-DROP
pneumonia severity score calculated using the four severity indices: dehydration, low oxygen saturation, orientation
disturbance, and decreased systolic blood pressure.

Results: We identified 8,293 cases of pneumonia at 896 hospitals across Japan, with 273 in-hospital deaths (3.3%).
In the overall population, no significant association between hospital volume and in-hospital mortality was
observed. However, when stratified by pneumonia severity score, higher hospital volume was associated with lower
in-hospital mortality at the intermediate severity level (modified A-DROP score = 2) (odds ratio (OR) of very low vs.
high: 2.70; 95% confidence interval (CI): 1.12–6.55, OR of low vs. high: 2.40; 95% CI:0.99–5.83). No significant
association was observed for other severity strata.

Conclusions: Hospital case volume was inversely associated with in-hospital mortality in non-elderly pneumonia
patients with intermediate pneumonia severity. Our result suggests room for potential improvement in the quality
of care in hospitals with lower volume, to improve treatment outcomes particularly in patients admitted with
intermediate pneumonia severity.
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Background
Pneumonia remains a substantial burden in developed
countries [1,2], not only in the elderly, but also in youn-
ger patients. Pneumonia in the non-elderly population is
known to have a different aetiology from that in the eld-
erly population, and life-threatening cases usually occur
in the presence of underlying chronic illnesses [3-6].
Early diagnosis followed by early initiation of appropriate
antibiotics may improve the outcome in this population,
but heterogeneous and non-specific presentations, also a
lack of suspicion, often results in misinterpretation of
symptoms [5] and delayed treatment. A study from the
UK reported management deficiencies in younger pa-
tients dying from pneumonia, [3] suggesting there was
room for improvement in their care which might lead to
improved clinical outcome.
Many previous studies have reported that higher hos-

pital case volume was associated with better outcomes
in surgical procedures [7-10], non-surgical interventional
procedures [11-14], medical treatments [15,16], and in
pneumonia in the elderly population [16-18]. Although
the evidence is still scarce on the mechanism of the rela-
tionship, larger case volume hospital are thought to be
associated with better outcome for a number of reasons,
such as better standardized care complying with recom-
mended practice guidelines [17,19,20], increased use of
peri-procedural testing, monitoring, or preventive pro-
cesses [21], and care by physicians with greater clinical
experience and skill. We hypothesized that in non-elderly
pneumonia patients, there was also an inverse relationship
between case volume and outcome, as providers with
greater experience would likely be more aware of the risks
associated with mismanagement of the treatment in these
cases.
The relationship between hospital case volume and

clinical outcome can also be modified by disease sever-
ity. Compared with patients undergoing elective surger-
ies with specific indications for the procedure, medically
treated patients are admitted to hospital with a much
wider variety of severity levels. This leads to the in-
creased importance of severity adjustment for case mix
when examining the overall volume-outcome relation-
ship, as well as a potential for modified effect of quality
of care on outcome depending on the severity of the dis-
ease at admission. A few previous studies evaluated the
effect of disease severity on the relationship between
process of care measures and outcome for elderly pneu-
monia patients [22,23] or patients with other medically
treated diseases [24], with mixed results. It is possible
that a population of non-elderly pneumonia patients
might show a differential volume-outcome effect accord-
ing to pneumonia severity at admission, especially when
looking at mortality as an outcome, since mild cases of
pneumonia are unlikely to be fatal in this population.
Hence, the purpose of this study was: 1) to evaluate the
relationship between hospital case volume and in-hospital
mortality of non-elderly adult patients aged 18–64 years,
hospitalized for pneumonia in Japan; and 2) to evaluate
the volume-outcome relationship in groups stratified by
pneumonia severity.

Methods
Data source
We utilized the Japanese Diagnosis Procedure Combination
(DPC) database for the study. The DPC Database is a
nationwide inpatient database in Japan that contains ad-
ministrative claims and discharge data, which are collected
over 6 months (from July 1st to December 31st) each year.
All 82 university teaching hospitals are obliged to adopt
the DPC system, but adoption by community hospitals is
voluntary. Approximately 3.5 million inpatients’ discharge
data were collected between July 1st and December 31st in
2010, accounting for about 45% of all acute care inpatient
admissions in Japan.
The database includes the following information: patient

age and sex; diagnoses, comorbidities at admission, and
complications after admission recorded with the Inter-
national Classification of Disease and Related Health Prob-
lems, 10th edition (ICD-10) codes; discharge status; referral
status (presence of referral from outside clinics or hospitals
for hospitalization); admitting hospital’s academic status
(whether or not it is a university teaching hospital). There
are three types of hospitalization diagnoses recorded in the
DPC database; “admission diagnosis”, “main diagnosis” and
“the diagnosis for which the largest resource was used for
treatment during that hospitalization”. We used the last
diagnosis as our principal diagnosis to select the patients
from the database, following the common practice in stud-
ies conducted using DPC data. This seemed most appro-
pariate because having the diagnoses codes for pneumonia
in this diagnosis category was what triggered the pneumo-
nia severity to be recorded into the database. Since 2010,
DPC has recorded pneumonia severity indices for all
patients discharged with principal diagnosis (as defined
above) of pneumonia. Based on the recommendations
from the Japanese Respiratory Society [25], data on the
following five binary indices, similar to CURB65 score
indices developed by the British Thoracic Society [4],
were collected: (1) patient age ≥75 years old for females
or ≥70 years old for males; (2) Blood Urea Nitrogen
(BUN) ≥21 mg/dL or signs of dehydration present; (3)
SpO2 ≤ 90% (or PaO2 ≤ 60 Torr); (4) presence of cogni-
tive disturbance caused by pneumonia measured by the
Japan Coma Scale [26] (which is well correlated with
the Glasgow Coma Scale [27]); and (5) Systolic Blood
Pressure (SBP) ≤90 mmHg. We utilized the latter four
severity indices for this study, since all our patients were
less than 65 years old.
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This study was based on a secondary analysis of the
administrative claims data. Given the anonymous nature
of the data, the requirement for informed consent was
waived. Study approval was obtained from the Institutional
Review Board of University of Tokyo (Tokyo, Japan).

Study patients
We identified patients aged 18–64 years in the DPC data-
base in 2010 who were discharged from the hospitals with
a principal diagnosis of pneumonia. We excluded those
with a diagnosis of aspiration pneumonia and with diagno-
ses pertaining to animmunocompromised host. Specific-
ally, hospitalizations with the following ICD-10 diagnostic
codes were included: J10 (influenza due to identified influ-
enza virus), J11 (influenza, virus not identified), J12 (viral
pneumonia, not elsewhere classified), J13 (pneumonia due
to Streptococcus pneumoniae), J14 (pneumonia due to
Haemophilus influenzae), J15 (bacterial pneumonia, not
elsewhere classified, except for J15.1: pneumonia due to
Pseudomonas), J16 (pneumonia due to other infectious or-
ganisms, not elsewhere classified), J17 (pneumonia in dis-
eases classified elsewhere, except for J17.2: pneumonia in
mycoses), J18 (pneumonia, organism unspecified, except
for J18.2: hypostatic pneumonia, unspecified), and A48.1
(Legionnaires’ disease).

Hospital case volume
Hospital case volume was defined as the number of pneu-
monia patients discharged from each hospital during the
6-month period of the study. We examined the distribu-
tion of the hospitals with different case volumes, and cate-
gorized the hospitals into four groups (very low-, low-,
medium-, and high-volume) based on the total case vol-
ume quartiles.

Study outcome
The end point considered in the study was in-hospital
death.

Covariates
Patient age, sex, and comorbidities were extracted from
the database. Comorbidities were converted into Charlson
Comorbidity Index (CCI) scores based on Quan’s protocol
[28]. The information on the severity of pneumonia at
admission was also collected using the codes described
above. Information on referral from other hospitals or
clinics, and the teaching status of the hospital were also
collected from the database.
For subgroup analysis, the four binary indices of pneu-

monia severity as described above were summed to calcu-
late a modified A-DROP score (0 to 4) for each patient.
The original A-DROP score has been shown to predict
30-day mortality of community acquired pneumonia pa-
tients similar to CURB-65 [29].
Statistical analysis
We performed univariate comparisons of patient charac-
teristics and in-hospital mortality among the four hos-
pital case volume groups using the chi-squared test.
Patient age was categorized into three groups: 18–44,
45–54, and 55–64 years old. The CCI was categorized
into four levels: 0, 1–2, 3–6, and ≥7. We drew a histo-
gram of the case volume across all of the hospitals, and
described the variability of the hospital specific mortality
among all hospitals and by volume level, by reporting
the range of mortality and percentage of hospitals with
zero in-hospital deaths.
Logistic regression analyses were performed to deter-

mine the association between hospital case volume and
in-hospital mortality, adjusting for patient characteristics
and type of hospital (academic hospital or not). We con-
structed two models for the adjusted analysis: model 1
with adjustment for hospital academic status and patient
demographics and comorbidity index, but excluding pneu-
monia severity indices (i.e., age, sex, CCI, and referral sta-
tus): model 2 with further adjustment by the inclusion of
pneumonia severity indices. To account for potential
clustering at the hospital level, we used Generalized
Estimating Equations (GEEs) with a pre-specified ex-
changeable correlation structure for analysis [30], using
the PROC GENMOD procedure with repeated coding
of hospital identifiers.
For subgroup analysis, patients were stratified into five

groups of pneumonia severity according to modified A-
DROP scores. In-hospital mortality was calculated for
each hospital case volume level in each of the five groups,
and a test for trend was performed using Mantel-Haenszel
Chi-squared statistic. For the groups with a statistically
significant test result, we performed logistic regression
analysis to determine the association between case volume
and in-hospital mortality after adjusting for patient age,
sex, and CCI. Because of the small sample size in the sub-
group analysis, we included both age and CCI as continu-
ous variables in the model to maintain the event per
variable ratio above 10 [31]. All statistical tests were two-
tailed, and factors were considered statistically significant
at an α level of 0.05. All statistical analyses were performed
using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).

Results
Study patients
We identified a total of 10,936 cases of pneumonia hos-
pitalizations among the non-elderly population during
the study period. After excluding cases which did not
meet the inclusion criteria, the final study population
consisted of 8,293 cases of pneumonia at 896 hospitals.
The number of hospitals and the different case volumes
are shown in Figure 1. The number of cases of non-
elderly pneumonia at each hospital was quite limited,



Figure 1 Distribution of case volume of non-elderly pneumonia patients over 6 months among hospitals enrolled in the DPC database
2010.
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with the majority of the hospitals treating less than 10
cases during the 6-month study period. Based on the
total case volume quartiles, the hospitals were catego-
rized into very low (1–7 patients per 6 months), low (8–
11 patients per 6 months), medium (12–17 patients per
6 months), and high (18–50 patients per 6 months) vol-
ume groups.
In total, 273 in-hospital deaths (3.3%) were recorded

(Table 1). The lower case volume groups had a slightly
higher proportion of older patients and patients with
higher CCI scores, although not statistically significant.
Two of the pneumonia severity indices (BUN ≥ 21 mg/dL
or signs of dehydration, and SBP ≤ 90 mmHg) were more
prevalent in the lowest case volume group, while the pro-
portions of the other two pneumonia severity indices
(SpO2 ≤ 90% or PaO2 ≤ 60 Torr and presence of cognitive
disturbance resulting from pneumonia) were quite similar
among the four groups. When examining in-hospital mor-
tality at the hospital level, the majority of hospitals (75%
overall) had no in-hospital deaths among the non-elderly
patients, and as expected, the proportion of hospitals with
0% mortality decreased from 86 to 53% as the case volume
level increased (Table 2).

Volume-outcome relationship in the overall population
In the unadjusted logistic regression analysis in the overall
population, an inverse trend for the risk of death with
hospital case volume was observed (Table 3). However, after
adjusting for age, sex, CCI, presence of referral from other
clinics or hospital, and hospital academic status, the odds
ratios (ORs) of death in the three lower case volume groups
compared with the highest case volume groups became
statistically insignificant with point estimates very close to
1.0 (Table 3; adjusted model1). Further adjustment for
pneumonia severity indices, did not substantially change
the estimated ORs (Table 3; adjusted model2). In this final
model, all four severity indices were significantly associated
with the risk of in-hospital death, with the indicator for
cognitive impairment having the largest OR of 5.85 (95%
confidence interval (CI): 4.18–8.18).

Volume outcome relationship stratified by pneumonia
severity
When examining the relationship between hospital case
volume and in-hospital mortality stratified by A-DROP
scores, we observed a strong correlation between A-DROP
score and in-hospital mortality rate (Table 4). Among the
five severity strata, a statistically significant inverse trend
for mortality against increasing hospital case volume was
observed only at the level of A-DROP score 2. The results
of the regression analysis for this group are shown in
Table 5. After adjusting for age, CCI, and sex, the OR of
in-hospital death for very low vs. high hospital case vol-
ume was statistically significant at 2.70 (95% CI 1.12–6.55)
and for low vs. high hospital case volume was borderline
insignificant at 2.40 (95% CI 0.99–5.83).

Discussion
Contrary to our initial hypothesis, we found no statistically
significant association between hospital case volume and
in-hospital mortality in the overall population of non-
elderly pneumonia patients, after adjustments for patient
demographics, comorbidities, severity of pneumonia, pres-
ence of referral to the hospital, and hospital teaching
status. After stratifying the population by A-DROP pneu-
monia severity score, a larger casevolume was found to be



Table 1 Patient characteristics and in-hospital mortality overall and by hospital case volume level for discharges with a
principal diagnosis of pneumonia, Japanese DPC database, 2010

Total Very low (≤7) Low (8–11) Medium (12–17) High (≥18) p†

Number of patients 8293 1771 2020 2146 2356

Sex (male, %) 57.6% 59.7% 59.3% 55.5% 56.4% 0.01

Age 0.11

18–44 years 37.9% 36.8% 36.5% 40.5% 37.4%

45–54 years 15.7% 15.3% 15.6% 15.5% 16.3%

55–64 years 46.4% 47.9% 47.8% 44.0% 46.3%

Charlson comorbidity index 0.16

0 43.9% 44.0% 42.2% 43.1% 46.1%

1 or 2 42.8% 42.3% 43.3% 43.2% 42.2%

3–6 11.1% 11.2% 12.0% 11.4% 10.0%

7 and above 2.2% 2.6% 2.4% 2.2% 1.7%

Referred from clinics/other hospitals 36.9% 36.0% 35.6% 42.4% 33.5% <.001

Severity Indices

BUN ≥21 mg/dL or signs of dehydration 19.8% 22.7% 19.7% 19.3% 18.4% 0.01

SpO2 ≤ 90% (or ≤ PaO2 60 Torr) 22.1% 21.0% 22.7% 21.9% 22.5% 0.60

Presence of cognitive disturbance 8.0% 8.0% 8.0% 8.4% 7.6% 0.79

Systolic blood pressure ≤90 mmHg 7.6% 9.3% 8.2% 7.1% 6.4% 0.004

Academic hospital 12.1% 11.5% 14.9% 11.1% 10.9% <.001

In-hospital death 3.3% 3.8% 3.6% 3.4% 2.6% 0.14
†p-value from chi-squared test for independence.
BUN: blood urea nitrogen; SpO2: oxygen saturation; PaO2: arterial oxygen tension.
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associated with lower in-hospital mortality in the sub-
group with intermediate severity (A-DROP score = 2). No
trend was observed in the other subgroups with mild se-
verity (A-DROP score = 0 or 1) or high severity (A-DROP
score = 3 or 4).
Most of the previous studies in pneumonia patients

have been limited to the elderly population. To the best
of our knowledge, this is the first study that explicitly ex-
amined the volume-outcome relationship of pneumonia
patients in the non-elderly population; a population for
which we considered that the relationship could not
readily generalized from that in the elderly pneumonia
population.
Previous published studies on the volume-outcome re-

lationship in pneumonia patients have shown mixed re-
sults. In a Medicare patient population, Lindenauer and
colleagues showed that while in-hospital mortality and
Table 2 Hospital level mortality of non-elderly patients disch
and by hospital case volume level, Japanese DPC database, 2

Total Very low (≤7)

Number of patients 8293 1771

Number of hospitals 896 429

% of hospitals with zero mortality 75 86

% range of mortality rates 0-100 0-100
pneumonia case volume were inversely associated, the
risk of 30-day mortality among different hospital volume
groups were similar [17]. However, Ross and colleagues
reported a statistically significant association between
log-transformed volume and in-hospital mortality [16].
Marrie and colleagues investigated an adult population
in Alberta, Canada, and found an insignificant contri-
bution by hospital volume for prediction of in-hospital
death [18]. These inconsistencies could result from dif-
ferences in populations, methods, level of case-mix ad-
justment, and statistical modelling. However, it could
also have arisen from modification of the association by
disease severity.
Our results indicate a possible modification of hospital

volume-outcome relationship by pneumonia severity.
Few previous studies focused their analysis on identify-
ing the effect of disease severity on the relationship
arged with a principal diagnosis of pneumonia overall
010

Low (8–11) Medium (12–17) High (≥18)

2020 2146 2356

218 150 99

72 65 53

0-27 0-23 0-16



Table 3 Unadjusted and adjusted logistic regression models for the risk of in-hospital mortality for patients with a
principal diagnosis of pneumonia, Japanese DPC database, 2010

Unadjusted analysis Adjusted model 1 Adjusted model 2

OR 95% CI p OR 95% CI p OR 95% CI p

Hospital case volume (vs. high)

Very low 1.48 1.04 2.10 0.03 1.12 0.90 1.38 0.32 1.02 0.79 1.31 0.88

Low 1.39 0.98 1.96 0.06 1.03 0.83 1.27 0.80 1.13 0.88 1.46 0.34

Medium 1.32 0.92 1.90 0.13 1.06 0.85 1.33 0.59 1.03 0.80 1.32 0.83

Age (year) (vs. 55–64)

18–44 0.43 0.32 0.58 <.001 0.48 0.35 0.67 <.001

45–54 1.24 0.96 1.61 0.10 1.30 0.98 1.73 0.07

Charlson comorbidity index (vs. 0)

1 or 2 1.46 1.05 2.04 0.03 1.35 0.93 1.97 0.11

3–6 3.00 2.03 4.43 <.001 2.59 1.63 4.09 <.001

7 and above 10.37 6.49 16.57 <.001 11.04 6.25 19.49 <.001

Female (vs. male) 1.63 1.24 2.15 <.001 1.38 1.02 1.87 0.04

Referred from clinics/other hospitals (vs. not) 0.97 0.75 1.25 0.80 1.20 0.88 1.63 0.61

Academic hospital (vs. non-academic) 1.13 0.83 1.56 0.44 1.06 0.86 1.31 0.58

Severity indices

BUN ≥21 mg/dL or signs of dehydration 2.44 1.80 3.31 <.001

SpO2≤ 90% (or ≤ PaO2 60 Torr) 2.26 1.61 3.16 <.001

Presence of cognitive disturbance 5.85 4.18 8.18 <.001

Systolic blood pressure ≤90 mmHg 2.83 1.97 4.07 <.001

OR: odds ratio; CI: confidence interval.
BUN: blood urea nitrogen; SpO2: oxygen saturation; PaO2: arterial oxygen tension.

Table 4 In-hospital mortality for pneumonia patients by hospital case volume level, after stratification by A-DROP
score calculated from the Pneumonia Severity Indices at admission, Japanese DPC database, 2010

A-DROPScore Hospital case volume level

Total* Very low (≤7) Low (8–11) Medium (12–17) High (≥18) p†

0 N 4906 1027 1193 1283 1403 0.31

Deaths 29 9 6 7 7

% 0.6 0.9 0.5 0.6 0.5

1 N 1981 421 487 524 549 0.72

Deaths 61 6 22 20 13

% 3.1 1.4 4.5 3.8 2.4

2 N 701 158 184 176 183 0.01

Deaths 58 18 20 12 8

% 8.3 11.4 10.9 6.8 4.4

3 N 220 48 43 61 68 0.76

Deaths 52 14 7 15 16

% 23.6 29.2 16.3 24.6 23.5

4 N 120 34 34 28 24 0.36

Deaths 53 14 14 12 13

% 44.2 41.2 41.2 42.9 54.2
†p-value from Mantel-Haenszel chi-squared test for trend.
*365 patients had missing value in at least one of the severity markers and were excluded from the table.
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Table 5 Unadjusted and adjusted logistic regression models for the risk of in-hospital death associated with
community acquired pneumonia, Japanese DPC database, 2010

Unadjusted analysis Adjusted model*

OR 95% CI p OR 95% CI p

Hospital case volume (vs. high)

Very low 2.69 1.13 6.40 0.03 2.70 1.12 6.55 0.03

Low 2.51 1.06 5.95 0.04 2.40 0.99 5.83 0.05

Medium 1.51 0.60 3.81 0.38 1.31 0.49 3.49 0.59

Age (year) 1.02 1.00 1.05 0.10

Female (vs. male) 0.66 0.37 1.20 0.18

CCI 1.30 1.14 1.48 <.001

*Adjusted for age, sex and CCI (Age and CCI as continuous variables).
CCI: Charlson Comorbidity Index; OR: odds ratio; CI: confidence interval.
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between process of care measures and outcome in medic-
ally treated patients. Shahin and colleagues studied the as-
sociation between hospital case volume and in-hospital
death in sepsis patients [32], and Houck and colleagues
studied the association between outcome and timely ad-
ministration of antibiotics in elderly pneumonia patients
[24], both of which investigated the association stratified
by disease severity. They reported no substantial effect of
severity on the association. On the other hand, Lin and
colleagues [22], in their study on the relationship between
physician case volume and in-hospital mortality of pneu-
monia patients treated in Intensive Care Units in Taiwan,
reported an attenuated strength of association in the
severest (acute respiratory failure) patient group. Also,
Durairaj and colleagues reported an association between
hospital case volume and outcome among intensive care
patients only in the group with more severe disease
[23]. Evidence is still lacking and there are mixed re-
sults, but our results together with those of Lin and col-
leagues and Durairaj and colleagues suggest a need for
stratification by disease severity when evaluating the re-
lationship between process of care and outcome. Proper
assessment of factors modifying the association will not
only reveal the true relationship between case volume
and outcome, but will also allow identification of groups
that could most successfully benefit from intervention.
In our study, the hospital volume-outcome relationship

was only evident in the intermediate pneumonia severity
level. A possible clinical explanation for this unique pattern
is that in non-elderly patients, very severe pneumonia cases
are mostly not very responsive to the level of variations in
the treatments reflected in hospital case volume, with out-
come depending much more on the patient’s baseline sta-
tus, including comorbidities and pneumonia severity. This
is consistent with the report from Marrie and colleagues,
where deaths resulting from community-acquired pneu-
monia among young and middle aged patients were more
related to the severity of disease and less to the organisa-
tion of care management [33]. It is also possible that the
outcomes of cases of mild severity are not greatly compro-
mised by the possibly lower quality of care at lower case
volume hospitals. Thus, the impact of clinical management
would be most reflected on those who were at “intermedi-
ate” severity.
The main strengths of the present study are three-fold.

First, the study included a large number of non-elderly
pneumonia cases using a nationwide database. Second,
we focused on evaluating the specific effect of hospital
case volume on the outcomes of pneumonia treatment
explicitly in a non-elderly population. Third, because of
incorporation of pneumonia severity indices in the DPC
database, we were able to both extensively adjust for the
case mix in the overall analysis and conduct subgroup
analyses within well defined severity levels.
There are some limitations to our study which should

be noted. First, the study was based on administrative data
which are less well validated compared with well-designed
prospective cohorts or registries. Unfortunately, no valid-
ation study of pneumonia diagnoses has been conducted
in the DPC database, which may cause potential misclassi-
fication. We defined the diagnosis such that all included
patients had information on the pneumonia severity index,
minimizing the possibility of non-pneumonia cases being
included in the cohort. Second, there were some missing
data for patient level covariates. However, since this was
less than 5% (380/8493), we do not believe that it would
have grossly biased our estimates from our complete case
analysis. Third, influential comorbid conditions might not
have been completely captured in the CCI, and could have
biased our results. Adjustments or stratifications by the se-
verity indices should have alleviated this to a certain extent
because of the correspondence between the two, but re-
sidual confounding is still possible. Fourth, we lacked in-
formation on pre-hospitalization treatment. Although we
accounted for the presence of referrals from other clinics
or hospitals, no information on pre-arrival treatment was
collected, and thus could bias our estimates if different
pre-arrival treatment patterns were present among the
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different case volume groups. Fifth, no information on
hospital characteristics, other than academic status, was
available for this study. It is possible that factors such as
provider care ratios (bed-physician or bed-nurse ratio), ter-
tiary care center status, urban/rural locale, or the presence
of infection specialists or infection teams at the hospitals
may explain or enhance some of the differences observed
between the smaller case volume hospitals and larger case
volume hospitals. Finally, because participation of com-
munity hospitals in the DPC database was voluntary, the
population identified might not be completely representa-
tive of the whole population in Japan. Very small hospitals
are known to have a low participation rate in the DPC
system, and thus the overall mortality may be underesti-
mated by this. Also, since the DPC database captures
hospitalization that occurred only between July and
December, we are not fully capturing the seasonal occur-
rence of pneumonia. Lin and colleagues previously re-
ported a seasonal trend of pneumonia admissions that
starts in November and peaked through March in all adult
age groups [34]. If the seasonality of pneumonia occurs
differentially among the hospitals, misclassification of the
case volume level may bias our results.
Conclusions
Larger hospital case volume was associated with lower in-
hospital mortality in non-elderly patients with pneumonia
of intermediate severity. No significant volume-outcome
relationships were observed for the patients with mild or
high severity pneumonia. This result supports future inter-
ventions for quality of care improvements to be targeted
towards hospitals with lower case volume to improve
treatment outcomes particularly in patients admitted with
intermediate pneumonia severity.
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