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Background.  Pneumonia is a common, serious illness in the elderly, with a poorly characterized long-term impact on health-
related quality of life (HRQoL). The Japanese Goto Epidemiology Study is a prospective, active, population-based surveillance study 
of adults with X-ray/CT scan–confirmed community-onset pneumonia, assessing the HRQoL outcome quality-adjusted life-years 
(QALYs). We report QALY scores and losses among a subset of participants in this study.

Methods.  QALYs were derived from responses to the Japanese version of the EuroQol-5D-5L health-state classification instru-
ment at days 0, 7, 15, 30, 90, 180, and 365 after pneumonia diagnosis from participants enrolled from June 2017 to May 2018. We 
used patients as their own controls, calculating comparison QALYs by extrapolating EuroQol-5D-5L scores for day −30, accounting 
for mortality and changes in scores with age.

Results.  Of 405 participants, 85% were aged ≥65 years, 58% were male, and 69% were hospitalized for clinically and radiologically con-
firmed pneumonia. Compliance with interviews by patients or proxies was 100%. Adjusted EuroQol-5D-5L scores were 0.759, 0.561, 0.702, 
and 0.689 at days −30, 0 (diagnosis), 180, and  365,  respectively. Average scores at all time points remained below the average day −30 scores (P 
≤ .001). Pneumonia resulted in a 1-year adjusted loss of 0.13 QALYs (~47.5 quality-adjusted days) (P < .001).

Conclusions.  Substantial QALY losses were observed among Japanese adults following pneumonia diagnosis, and scores had 
not returned to prediagnosis levels at 1 year postdiagnosis. QALY scores and cumulative losses were comparable to those in US 
adults with chronic heart failure, stroke, or renal failure.
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Pneumonia is a major cause of morbidity and mortality among older 
adults worldwide, including Japan [1]. Incidence and case fatality 
rates of pneumonia increase with age, being higher among individ-
uals with chronic comorbidities [2]. In Japan, the annual incidence of 
community-onset pneumonia (COP) has been estimated at 1690 per 
100 000 population aged 15 years or older, with estimates for adults 
65–74, 75–84, and 65  years and older at 2460, 5290, and 7930 per 
100 000 persons, respectively [1]. Approximately 1.9 million COP epi-
sodes in adults occur every year, 69% of them in adults aged 65 years 
or older [1]. With approximately 120 000 deaths per year, pneumonia 
is the third leading cause of death, only surpassed by malignancies and 
heart disease [3].

While the clinical characteristics of pneumonia are well 
known, there has been less study of associated health-related 
quality of life (HRQoL) impacts. For cost-effectiveness ana-
lyses, HRQoL is usually measured in terms of quality-adjusted 
life-years (QALYs). This combination of length of survival 
and life quality is used to support estimation of the burden of 
illness and evaluation of the potential value of interventions 
[4, 5]. For example, substantial pneumonia burden in adults 
arises from vaccine-preventable Streptococcus pneumoniae 
[1, 6, 7], which imposes major morbidity, mortality, and 
health costs [8–10].

 Dozens of cost-effectiveness analyses of adult pneumococcal 
vaccination programs have been published, yet the data under-
lying QALY estimates are generally weak. To address this know-
ledge gap, we assessed QALY scores and QALY decrements for 
1 year following pneumonia diagnosis in adults as part of the 
Goto Island, Japan, Epidemiology Study.

METHODS

Goto Epidemiology Study

The Goto Epidemiology Study is an ongoing prospective, 
active-surveillance, population-based study of adults with COP 
in Goto City, Japan, that began in December 2015. Goto City, 
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located in the southwest part of Japan, has approximately 40 000 
inhabitants, 85% of them aged 18 years or older.

As defined in Japan, COP includes patients with symptoms 
and signs of pneumonia with an onset outside a hospital set-
ting, and includes both community-acquired pneumonia 
(CAP) and healthcare-associated pneumonia (HCAP) [11, 12]. 
According to the guidelines by the American Thoracic Society 
and the Infectious Diseases Society of America, HCAP is de-
fined as pneumonia that occurs among patients who were hos-
pitalized for 2 days or more in the prior 90 days, resided in a 
nursing home or extended care institution, received infusion 
therapy (including antimicrobial drugs), received long-term di-
alysis (including hemodialysis and peritoneal dialysis) within 
30 days of entering the study, or had wound healing at home 
[11]. The Goto study enrolled all consenting adult patients with 
chest X-ray or computed tomography (CT) scan confirmation 
of pneumonia who sought medical care at either a hospital or 
clinic in Goto City [13, 14].

The study’s main goals were to estimate all-cause, pneumo-
coccal, and serotype-specific pneumococcal pneumonia in-
cidence and antimicrobial susceptibility. The study did not 
have an intervention component and all participants received 
standard-of-care treatment.

Study Sample for QALY Score/QALY Assessment

The HRQoL analysis was conducted within a subset of the Goto 
Epidemiology Study. To be included in the HRQoL analysis, 
participants had to enroll in the Goto Epidemiology Study be-
tween 1 June 2017 (HRQoL study initiation) and 13 May 2018 
and provide written informed consent. Participants’ demo-
graphic characteristics and selected underlying comorbid con-
ditions were documented. At-risk conditions included asthma, 
chronic obstructive pulmonary disease (COPD), congestive 
heart failure, chronic heart disease, autoimmune diseases (un-
less under systemic long-term steroid use or on biologics in 
which case the patient was considered high risk), and liver di-
sease. High-risk conditions included the following: end-stage 
renal disease, organ transplant, immunodeficiency, immuno-
suppressive drug therapy, cancer (for solid tumors, current or 
recent history of active treatment), generalized malignancy, and 
splenectomy.

Participants were followed for 1 year after enrollment. Using 
simulation, we identified a required sample size of 360 patients; 
we increased this to 405 patients to account for either attrition 
or death.

QALY Score Instruments

Participants were administered the Japanese Versions of the 
EuroQol-5D-5L (EQ-5D-5L), the prespecified primary QALY 
score instrument for the study, the EQ-5D visual analog scale, 
and the Short Form-36 version 2 health survey (SF-36v2) [15, 
16]. Responses from the latter instrument were used to derive 

the Short Form-6 Dimension health state classification in-
strument (SF-6D), an alternative QALY score [17]. Both the 
EQ-5D-5L and SF-6D are validated preference-weighted 
HRQoL instruments [8, 17–20]. This analysis reports the pri-
mary outcome for the study, EQ-5D-5L QALY scores and the 
QALYs derived from these scores.

The EQ-5D-5L is a 5-domain preference-weighted HRQoL 
instrument that addresses mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. Each domain is rated 
on a 1 to 5 scale, where 1 equals best functioning (eg, “no prob-
lems”) and 5 equals worst functioning (eg, “extreme problems”). 
QALY scores were derived from these ratings by use of the pub-
lished Japanese scoring rule [21].

Periodic Administration of Instruments

QALY scores were calculated for study days 0, 7, 15, 30, 90, 180, 
and 365 after diagnosis. During the day 0 interview participants 
were asked to assess both their current health and, via recall, 
their health 30  days before pneumonia diagnosis (referred to 
as day −30).

The EQ-5D-5L was administered via structured interview by 
Japanese interviewers who received training on the administra-
tion of HRQoL instruments in general as well as training on the 
3 instruments used in the study. The study aimed at enrolling a 
broad range of patients regarding severity and wanted to min-
imize missing responses. To facilitate the inclusion of severe 
patients and their potential for missing responses during crit-
ical phases of the disease, if the participant was unavailable or 
unable to respond proxies were asked to respond instead. As 
per the study protocol, when a proxy was selected, priority was 
given to the primary caregiver, who was identified on enroll-
ment in the study, followed by other proxies who were knowl-
edgeable about the participant. The interviews were conducted 
either in person or by telephone.

QALYs

QALYs represent the area under the survival-weighted QALY 
score curve [22]. Points on the curve represent the product of 
the QALY scores and survival probabilities at each time point. 
The area under this curve was calculated by use of the trap-
ezoidal method, which weights the height of the curve at the 
different measurement time points by the length of time that is 
represented by the time points [22]. Two sets of QALY estimates 
were made, one using unadjusted and a second using adjusted 
estimates of scores and survival probabilities.

Analysis

We calculated unadjusted means of the QALY scores at days 
0, 7, 15, 30, 90, 180, and 365 and estimated adjusted means 
for these same intervals by use of a multivariable generalized 
linear model that accounted for multiple responses from the 
same participants. Ordinary least-squares regression was used 
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to test if the day 0, 7, 15, 30, 90, 180, and 365 scores remained 
significantly below the initial day −30. Unadjusted survival 
probabilities were estimated by use of a Kaplan-Meier esti-
mator. Adjusted survival probabilities were estimated by use 
of a multivariable parametric failure time model.

Participants with pneumonia served as their own controls 
by extrapolation of their recalled QALY scores for day −30 (as-
sessed at day 0)  to days 0, 7, 15, 30, 90, 180, and 365. First, 
we adjusted these scores to account for naturally occurring 
age- and gender-specific changes in scores calculated from 
Japanese EQ-5D-5L QALY score norms [23]. We estimated the 
unadjusted mean of these scores and used a GLM to estimate 
the adjusted mean. Average adjusted QALY score curves were 
created for patients both when they had pneumonia and when 
they served as their own control. Second, survival probabil-
ities were derived by use of age- and gender-specific Japanese 
national mortality rates [24]. The mortality rates were ad-
justed upwards using an assumed relative risk of 2 to account 
for patients who developed pneumonia having a greater likeli-
hood of comorbidity than the general population from whom 
the national mortality rates were derived [1]. Average adjusted 
survival curves were created for patients both when they had 
pneumonia and when they served as their own control. We 
evaluated the impact of this assumption by sensitivity anal-
ysis. Finally, survival-weighted QALY score curves were also 
created for patients both when they had pneumonia and when 
they served as their own control.

QALYs lost were calculated as the difference between the 
areas under the survival-weighted QALY score curves for per-
sons with pneumonia and for the same persons when used as 
their own controls. Standard errors, P values, and 95% confi-
dence intervals (CIs) for the QALY estimates were estimated by 
use of a nonparametric bootstrap.

We also assessed if 1-year QALY losses due to pneumonia 
differed between patients with COP who had outpatient eval-
uation only and those requiring hospitalization for their initial 
COP treatment.

In sensitivity analysis, we evaluated the effects of the adjust-
ment for naturally occurring changes (typically reductions) in 
scores with age (range, no change in scores to a doubling of the 
rate of change) and Japanese national mortality rates (range, 
equal to the national mortality rates to a quadrupling of the 
mortality rates).

The Institutional Review Board of Nagasaki University ap-
proved the study. Participants provided separate informed con-
sents for the Goto Epidemiology and the HRQoL studies.

RESULTS

A total of 405 participants were enrolled. The mean age of 
study participants was 77.9 years (SD, 14.3); 84.9% were aged 
65  years or older, 41.5.% were female, 41.7% had HCAP, and 

68.9% received hospital treatment for their initial pneumonia 
diagnosis (Table 1). Sixty-four percent of participants were at 
or high risk, including 21.5% with diabetes mellitus, 20.7% 
with COPD, 16.0% with congestive heart failure, and 15.3% 
with cancer.

The 405 study participants or their proxies provided responses 
for a total of 2959 time points for days −30, 0, 7, 15, 30, 90, 180, 
and 365. Participants provided 77.9% of these responses, fol-
lowed by 11.0% from primary caregivers, and 11.1% from other 
proxies. Responses came mainly from face-to-face interviews 
(76.4%) and less frequently from telephone interviews (23.6%). 
All participants or their proxies completed all interviews if they 
were alive (ie, between patients and proxies, 100% compliance). 
A  total of 291 (71.9%) participants or proxies completed the 
1-year interview (ie, the remaining 28.1% of enrollees had died 
during the 1 year of follow-up after enrollment).

The average adjusted QALY score at day −30 was 0.759 (SE, 
.012; 95% CI, .735–.783). This declined to 0.561 (SE, .014; 95% 
CI, .534–.588) on diagnosis and increased to 0.689 (SE, .015; 
95% CI, .660–.718) by day 365 (Table 2). None of the average 
scores at days 0, 7, 15, 30, 90, 180, and 365 had returned to the 
level of the average day −30 score (P ≤ .001 for all comparisons) 
(Table 2). Significant predictors of higher QALY scores included 
interviews further from the pneumonia diagnosis (eg, at days 
90, 180, and 365 vs days 0, 7 and 15), higher day −30 EQ-5D-5L 
QALY scores, younger age, lower pneumonia severity index 
scores, and initial treatment in the outpatient setting (see 
Supplementary Tables 1 and 2, for coefficients and marginal 
effects of unit changes in the explanatory variables from the 
model predicting the scores, and Supplementary Tables 3 and 4, 
for coefficients and marginal effects for day −30 scores).

Figure 1 shows QALY curves among patients both when they 
had pneumonia and when they served as their own control 

Table 1.  Demographic and Clinical Characteristics of Patients With 
Pneumonia

Characteristics Value (N = 405)

Age ≥65 years, % 84.9

Age, mean (SD), years 77.9 (14.3)

Female, % 41.5

Healthcare-acquired pneumonia, % 41.7

Pneumonia severity index score, mean (SD) 110.5 (38.2)

Initial pneumonia episode treated in hospital, % 68.9

At or high risk, % 64.2

Selected comorbid conditions, %  

  Chronic obstructive pulmonary disease 20.7

  Diabetes mellitus 21.5

  Congestive heart failure 16.0

  Cancer 15.3

  End-stage renal disease 10.9

  Asthma 10.4

  Liver disease 10.4

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
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(Figure 1A, adjusted average QALY score curves; Figure 1B, ad-
justed pneumonia survival curve; Figure 1C, survival-weighted 
QALY score curves). See Supplemental Tables 5 and 6 for calcu-
lation of unadjusted and adjusted QALYs.

Significant predictors of elevated risks for death included 
higher pneumonia severity index scores, older age, the pres-
ence of cancer, and the presence of immunosuppressive disease. 
Hazard ratios for death are reported in Supplementary Table 
7. See Supplementary Table 8 for details of follow-up time in 
the sample.

The average adjusted 365-day QALYs equaled 0.583 and 0.713 
for participants with pneumonia and for participants when used 
as their own controls (compared to a maximum of 1 [365/365]). 
The difference was 0.13 QALYs (SE, .013; 95% CI, .105–.155; 
P < .001) equivalent to 47.5 (0.13 × 365) quality-adjusted days. 
The average adjusted QALYs through day 30 after diagnosis 
equaled 0.053 and 0.064 for participants with pneumonia and 
for participants when used as their own controls (compared 
to a maximum of 0.082 [30/365]), respectively (Table  3). The 
difference (ie, QALYs lost) between pneumonia and control 
QALYs was 0.011 (3.7 quality-adjusted days) (SE, .001; 95% CI, 
.009–.013; P < .001). The QALYs lost through days 90 and 180 
were 0.03 and 0.06, respectively (both P < .001), equivalent to 
11.0 and 22.0 quality-adjusted days.

The average adjusted 1-year QALY losses due to pneumonia 
differed significantly between patients with COP who received 
outpatient services only and those requiring hospitalization 
for their initial COP treatment (0.091 and 0.147, respectively; 
QALY losses difference, 0.056; SE, 0.015; 95% CI, .028–.884; 
P < .001).

Within the ranges analyzed, our sensitivity analyses sug-
gested that our assumptions about the relative risk (RR) for 
mortality and the natural decline of QALY scores with age for 
participants when used as their own controls had little impact 
on our results (Table 4). Varying the RR for the age- and gender-
specific mortality rates between 1 (the same mortality rates as 

in the Japanese population) and 4 (4 times the mortality rates in 
the Japanese population) yielded estimates of average adjusted 
QALY losses through day 365 between 0.094 (RR = 4) and 0.129 
(RR = 1).

The range of the QALY losses related to assuming no nat-
ural decline in QALY scores or twice the natural decline had 
even smaller effects on our estimates of QALY losses. Average 
1-year QALY loses ranged from 0.129 (doubled natural decline) 
to 0.132 (no natural decline).

DISCUSSION

This is the first prospective study measuring QALY scores and 
losses among Japanese adult patients with clinically and radi-
ographically confirmed pneumonia. The results of this study 
represent the strongest data available for the evaluation of 
pneumonia-prevention strategies in Japan. Future policy deci-
sions for pneumococcal vaccination in adults may therefore use 
our study’s estimates to model the benefit of alternative vacci-
nation strategies.

On average, adjusted QALY scores fell from 0.759 at day −30 
before diagnosis to 0.561 at diagnosis and increased to 0.689 
by day 365 after diagnosis. Estimated losses in adjusted QALYs 
were 0.011, 0.030, 0.060, and 0.130 QALYs (equivalent to 3.7, 
11.0, 22.0, and 47.5 quality-adjusted days) through days 30, 
90, 180, and 365, respectively. They represented between 16% 
(0.156/0.186) and 18% (0.0583/0.713) reductions of the QALYs 
projected for participants when they were used as their own 
controls. Differences in mortality also continued to increase 
throughout the 365  days. Thus, it is likely that greater losses 
would have been observed had there been longer follow-up.

For comparison purposes, a Japanese study reported QALY 
score losses of 0.06 for stroke and renal disease and of 0.13 for 
musculoskeletal disease among Japanese patients [25]. The 
1-year QALY losses observed in our study of Japanese adult pa-
tients with CAP were similar to those for US adults for heart 

Table 2.  Unadjusted and Adjusted EQ-5D-5L QALY Scores Among Patients With Pneumonia Through Day 365 After Diagnosis

Unadjusted Adjusted

Study Day Mean Score SD n Mean Score SE 95% Confidence Interval (CI) (Lower-Upper)

−30a 0.759 0.259 405 0.759 .012 .735–.783

0b 0.560 0.280 405 0.561 .014 .534–.588

7b 0.629 0.293 398 0.622 .015 .593–.651

15b 0.684 0.289 396 0.676 .015 .647–.705

30b 0.674 0.290 385 0.665 .014 .638–.692

90b 0.702 0.273 354 0.683 .014 .656–.710

180b 0.730 0.258 325 0.702 .014 .675–.729

365b 0.732 0.261 291 0.689 .015 .660–.718

Abbreviations: CL, confidence limit; EQ-5D-5L, EuroQol-5D-5L; QALY, quality-adjusted life-year.
aDay −30 scores were derived via recall during first (day 0) interview and are used as baseline QALY scores when QALYs are calculated for participants when they served as their own con-
trols. Skewness and kurtosis tests indicate we cannot reject that the adjusted mean scores are distributed normally.

 bDifferences between the day −30 score and the day 0, 7, 15, 30, 90, 180, and 365 scores are statistically significant, P < .0001, for each of the 7 unadjusted and adjusted contrasts.

https://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
https://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa595#supplementary-data
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Figure 1.  Construction of the QALY estimates for days 0 to 365. A, Average ad-
justed QALY score curves among patients both when they had pneumonia and when 
they served as their own control (ie, reflecting the naturally occurring gender-specific 
downward trajectory of QALY scores with aging [“natural decline”] had they not had 
pneumonia). B, Average adjusted survival curves among patients both when they had 
pneumonia and when they served as their own control. C, Average adjusted survival-
weighted QALY score curves and areas under these curves among patients both when 
they had pneumonia and when they served as their own control. The hatched area in 
panel C represents QALYs experienced by patients both when they developed pneu-
monia and when they served as their own controls. The cross-hatched area represents 
QALYS lost due to pneumonia. Abbreviation: QALY, quality-adjusted life-year. Ta
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failure, stroke, or chronic renal failure [26]. One-year QALY 
losses were significantly larger among patients with COP re-
quiring hospitalization for their initial COP treatment than 
those who received outpatient care only.

QALYs are a function of the quality and length of survival. As 
expected, lower QALY scores after pneumonia diagnosis were 
associated with lower QALY scores at day −30, interviews closer 
to the pneumonia diagnosis, higher pneumonia severity index 
scores, older age, and hospital treatment for the initial diagnosis 

of pneumonia. Similarly, lower survival probabilities were as-
sociated with older age, pre-existing diagnoses of either cancer 
or immunosuppressive disease, and higher pneumonia severity 
index scores. Therefore, pre-existing underlying heath status is 
an important determinant of QALYs after pneumonia.

Our analysis and the one by Mangen et al [27] are the first 2 
long-term prospective longitudinal studies of postpneumonia 
QALY scores in the literature, and ours is the first in Japan. 
Other studies have reported cross-sectional or longitudinal 

Table 4.  Sensitivity Analyses, Relative Risk for Mortality, and Natural Decline in QALY Scores With Aging Among Patients When They Served as Their 
Own Controls

Analysis QALY Differences QALY Differences, SE P 95% Confidence Interval (Lower-Upper)

Unadjusted results     

  Baseline 30-day QALYs 0.0101 0.0008 <.001 .0085–.0118

    Mortality relative risk = 1 0.0102 0.0008 <.001 .0086–.0119

    Mortality relative risk = 4 0.0100 0.0008 <.001 .0084–.0115

    No natural decline 0.0102 0.0008 <.001 .0086–.0118

    Doubled natural decline 0.0101 0.0008 <.001 .0085–.0117

  Baseline 90-day QALYs 0.0296 0.0027 <.001 .0244–.0349

    Mortality relative risk = 1 0.0305 0.0027 <.001 .0252–.0357

    Mortality relative risk = 4 0.0279 0.0027 <.001 .0226–.0332

    No natural decline 0.0298 0.0026 <.001 .0247–.0349

    Doubled natural decline 0.0294 0.0027 <.001 .0241–.0347

  Baseline 180-day QALYs 0.0631 0.0050 <.001 .0533–.0728

    Mortality relative risk = 1 0.0665 0.0051 <.001 .0565–.0764

    Mortality relative risk = 4 0.0564 0.0052 <.001 .0462–.0665

    No natural decline 0.0637 0.0050 <.001 .0540–.0734

    Doubled natural decline 0.0624 0.0051 <.001 .0524–.0724

  Baseline 365-day QALYs 0.1424 0.0095 <.001 .1237–.1611

    Mortality relative risk = 1 0.1561 0.0099 <.001 .1366–.1756

    Mortality relative risk = 4 0.1161 0.0102 <.001 .0961–.1361

    No natural decline 0.1447 0.0099 <.001 .1254–.1640

    Doubled natural decline 0.1401 0.0098 <.001 .1210–.1592

Adjusted results     

  Baseline 30-day QALYs 0.0108 0.0009 <.001 .0091–.0125

    Mortality relative risk = 1 0.0110 0.0009 <.001 .0093–.0127

    Mortality relative risk = 4 0.0105 0.0009 <.001 .0088–.0125

    No natural decline 0.0109 0.0008 <.001 .0092–.0125

    Doubled natural decline 0.0108 0.0009 <.001 .0091–.0125

  Baseline 90-day QALYs 0.0303 0.0027 <.001 .0250–.0356

    Mortality relative risk = 1 0.0317 0.0027 <.001 .0264–.0371

    Mortality relative risk = 4 0.0275 0.0027 <.001 .0223–.0328

    No natural decline 0.0305 0.0026 <.001 .0253–.0356

    Doubled natural decline 0.0301 0.0027 <.001 .0248–.0355

  Baseline 180-day QALYs 0.0605 0.0056 <.001 .0494–.0715

    Mortality relative risk = 1 0.0660 0.0057 <.001 .0547–.0772

    Mortality relative risk = 4 0.0502 0.0057 <.001 .0389–.0614

    No natural decline 0.0610 0.0055 <.001 .0501–.0718

    Doubled natural decline 0.0599 0.0058 <.001 .0485–.0713

  Baseline 365-day QALYs 0.1302 0.0124 <.001 .1060–.1545

    Mortality relative risk = 1 0.1512 0.0126 <.001 .1266–.1758

    Mortality relative risk = 4 0.0935 0.0128 <.001 .0684–.1186

    No natural decline 0.1319 0.0122 <.001 .1081–.1558

    Doubled natural decline 0.1285 0.0128 <.001 .1034–.1536

Abbreviation: QALY, quality-adjusted life-year.
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assessments of quality of life but did not assess QALYs [24, 
28–33]. One study used the preference-weighted EQ-5D 3-level 
instrument to assess QALY scores 1  year after diagnosis, but 
given there was no baseline assessment this study was unable 
to assess QALYs or QALY losses [34]. Another study used the 
time-tradeoff method among parents and healthy members of 
the community to assess QALY losses for moderate and severe 
pneumonia among children [35].

There were a number of difference between Mangen et  al’s 
[27] and our study: country, source of patients, treatment set-
ting, period of follow-up, and preference score administration. 
Additionally, Mangen et al used for controls a separate popula-
tion without pneumonia versus the self-control design we used. 
Nevertheless, both studies reported a 1-year QALY loss of 0.13, 
although Mangen et al’s 0.13 arose from QALY estimates of 0.81 
for subjects without disease versus a 0.68 QALY for patients 
with suspected pneumonia, whereas ours arose from QALY es-
timates of 0.71 and 0.58, respectively.

Estimates of QALY scores and QALY loses are central to the 
evaluation of the cost-effectiveness of pneumococcal vaccina-
tion. None of the cost-effectiveness studies used pneumonia-
specific scores, but rather have generally used scores based on 
perceived health status associated with limited activities of daily 
living [36]. In general, the QALY losses assumed by these and 2 
key US studies [37, 38] are much smaller than the estimates cal-
culated in the study by Mangen et al and in our study.

Given that our study was performed in Japan and used 
Japanese HRQoL instruments, our results may apply primarily 
to Japan. Outside of Japan, additional studies may well be con-
ducted in other populations and countries. Nevertheless, until 
that time, Mangen et al’s [27] and our results are the best avail-
able data for informing current models, such as burden of illness 
studies and cost-effectiveness analyses in Japan and elsewhere, 
that require estimates of QALY losses after onset of pneumonia.

Our study had several limitations. First, as study enrollment 
was triggered by the diagnosis of pneumonia, we were unable 
to assess HRQoL before pneumonia onset. We instead used a 
recalled assessment at 30 days before hospitalization, which is 
supported by several studies that have found reasonable ac-
curacy of recalled EQ-5D and SF-36 scores [39–42]. Second, 
we used adjusted Japanese lifetables for calculation of survival 
probabilities. These lifetables are reported by gender and age, 
but not by comorbidity, for the average population. However, 
within age and gender subgroups, those who develop pneu-
monia may have a different comorbidity burden than those who 
do not. Thus, the average survival probabilities for the general 
population may not be applicable to participants who developed 
pneumonia. We attempted to address this issue by assuming a 
2-fold increased mortality risk in our population and varying 
this risk in sensitivity analysis between 1 (background mortality 
rate) and 4 times.

In conclusion, our study is 1 of only 2 studies that report 
longitudinal prospective data on QALY scores and associated 
QALYs lost due to pneumonia. We found a substantial 1-year 
loss following pneumonia diagnosis equivalent to 47.5 quality-
adjusted days. By day 365, QALY scores had not yet returned 
to baseline levels and survival differences were increasing over 
time, suggesting that QALY scores may remain diminished 
and QALY losses may continue to increase beyond 1 year. We 
acknowledge that different settings may have varying QALY 
decrements, and thus that additional studies would be useful. 
Until this occurs, our results, combined with those of Mangen 
et al [27], provide the most robust results for assessing QALY 
decrements as part of a full public health evaluation of adult 
pneumonia-prevention strategies, such as pneumococcal and 
influenza vaccination programs.
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