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Background: Emergency room (ER) physicians need to face clinically suspected pneumo-
nia patients in the front line of medical care and must do to give major medical interventions
if patients show severity in pneumonia.

Methods: The data of pneumonia-related ER visit rates were categorized based on the
International Classification of Disease (ICD) Codes (480—486) between 1998 and 2012. We
use an age-period-cohort (APC) model to separate the pneumonia-related ER visit rates to
identify the effects of age, time period, and cohort for a total of 1,813,588 patients.
Results: The age effect showed high risk for pediatric and elder populations. There is
a significant increasing period effect, which increased from 1998 to 2012. The cohort effect
tended to show an oscillation from 1913 to 1988 and the reverse in a recent cohort.
Furthermore, the visit rate of pneumonia showed an increase from 1998 to 2012 for both
genders.

Conclusion: Age is a risk factor for pneumonia-related ER visits, especially for children
and adolescents and older patients. Period and cohort effects were also found to increase the
pneumonia visit rates. An APC model used to provide an advance clue for trend of
pneumonia-related ER visit rates diversified.

Keywords: age-period-cohort, age-adjusted emergency rooms visit rates, pneumonia

Background
Seasonal influenza infects millions of people worldwide annually. For example, in
the US, it infects about 5-20% of the population every year, resulting in over
200,000 hospitalizations.! There are several complications of influenza that con-
tribute to adult mortality. One of the serious complications of influenza is
pneumonia.> Moreover, pneumonia had increased the disease severity in children
hospitalized with influenza infection. For the last recorded observation, the median
pneumonia mortality rate was 19.8/100,000 and 6.9/100,000 across the European
Union (EU) for men and women, respectively.® The mortality rate of pneumonia is
much higher in the older age groups than in the younger age groups, and those aged
under 5 years also had a slightly higher mortality rate than the younger age groups.
In recent decades, both pneumonia prevalence and incidence have been increas-
ing worldwide, primarily due to the increase of aged population.* However, the
worldwide economic globalization could also have contributed to a significant
increase in pneumonia burden.’ Pneumonia remains the leading cause of death in
developing countries and is the most common reason for hospital admission.®
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Emergency room (ER) physicians need to dispose
clinically suspected pneumonia patients in the front line
of medical care and must give major medical interventions
if patients show symptoms of severe pneumonia. Several
predictive factors can aid ER physicians in the diagnosis
of pneumonia, including the presence of hypoxemia and
chest retraction score.” Pneumonia is an infection caused
by invasion of pathogens in the lower respiratory tract,
inducing a pulmonary inflammatory response. Bacteria
was still an important cause of pneumonia in many devel-
oping countries where no vaccine was introduced.® Among
the virus, the respiratory syncytial virus (RSV), influenza
virus, human parainfluenza virus (HPIV), human rhino-
virus (HRV), and human adenovirus (HAdV) are usually
detected in children suffering from pneumonia.® However,
in case of early pneumonia, the presence of certain patho-
gens including molds, bacteria, viruses, and tuberculosis
would make it difficult to diagnose the inflammatory
response. Many therapeutic innovations in treatment have
been demonstrated in experimental preclinical studies
which improved the outcome of patients with severe pneu-
monia due to loss of the innate immune system leading to
lung injury and its systemic sequelae attributed to destroy
vascular barrier function, harmful hyperinflammation, and
microcirculatory failure.” In 2016, pneumonia ranks the
third leading cause of death in men and the fifth leading
cause of death in women in Taiwan. The number of deaths
due to pneumonia increased from 3619 in 1997 to 12,212
in 2016, with an annual growth of about 6.26%.'° Based
on direct observations of the longitudinal trends in the
number of pneumonia-associated deaths from 1997 to
2016 in Taiwan, it is important for physicians to observe
a sustained trend in the hospitals’ capacity to manage
patients. In addition, the emergency physicians’ capacity
to provide medical services has not only been linked with
patients’ health status, but it has also been associated with
the labor provided for critical inflammatory diseases.

Based on our knowledge in epidemiology, the age-period
-cohort (APC) model can be used to represent the secular
trend in disease incidence or mortality.'' A three-factor
multiplicative model separates the age, period, and cohort
effects from the trends in disease incidence or rates of
a particular event. Age effects are associated with the out-
come of time, resulting in the changes in the number of
outcomes (deaths caused by cancer). Period effects can
affect all ages simultaneously over time. Birth cohort effects
involve changes across groups with the same birth year who
presented the same outcome during the same period. These

effects separated by the APC model may provide epidemiol-
ogists with important insights on identifying health determi-
nants, hypothesis testing, or potential sources of
heterogeneities in the literature. However, less effort has
been made previously to investigate these effects of rates
of ER visits due to pneumonia by the APC model.

This study estimated the longitudinal trends in the rate
of pneumonia-related ER visits by utilizing an aggregated
report obtained from a claims database of the National
Health Insurance program in Taiwan. The pneumonia-
related ER visit rates were separated to identify the age,
period, and cohort effects, and examine whether these

effects varied by sex.

Methods

Data Sources

We proposed a retrospective study. Data on pneumonia-
related ER visit rates from 1998 to 2012 among men and
women in Taiwan were collected. These data were obtained
from patients’ individual health records, which were pro-
vided by the Health Promotion Administration, Ministry of
Health and Welfare (MOHW), Taiwan. The study period
determined due to the National Health Insurance has imple-
mented the global budget system since 1998 and available
data end in 2012. Pneumonia-related ER visit rates were
categorized based on the International Classification of
Disease (ICD) Codes (480-486). The visit data included
18 5-year age groups (04, 5-9, 10-14, 15-19, 20-24,
25-29, 30-34, 35-39, 4044, 4549, 50-54, 55-59, 60-64,
65-69, 70-74, 75-79, 80-84, and 85+), three 5-year time
periods (1998-2002, 2003-2007, and 2008-2012), and 20
birth cohorts (1913, 1918, 1923, 1928, 1933, 1938, 1943,
1948, 1953, 1958, 1963, 1968, 1973, 1978, 1983, 1988,
1993, 1998, 2003, and 2008). Using the aforementioned
data, we calculated the age-specific and age-adjusted visit
rates using the 2000 World Standard Population.'? The pre-
sent study was approved by the Institutional Review Board
of Chang Gung Memorial Hospital (No. 103-6269B).
Informed consent was waived by the review board in this
study due to secondary data analysis.

Statistical Analysis
The log-linear Poisson model showed that each factor has
an additive effect on the log rate:

k=j—i+1,

where p represents the intercept, o; the age effects, f; the
period effects, and y, the cohort effects. The age, period,
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and cohort effects were satisfied as following con-
straint, Y a; = Y, = X7, = 0.

Estimates of ‘the parécmeters of the above APC model
were used to explore the pneumonia-related ER visit rates.
The maximum likelihood estimation was utilized for esti-
mates of the parameters, which were used by free
R software (version 3.4.3)"* for analysis.

Overdispersion Test

The overdispersion analysis via free R software was per-
formed to investigate the overdispersion for Poisson model
with the overdispersion test.'* The procedure can be con-
veniently tested using the R package “AER”.

Patient and Public Involvement

In this study, we confirmed that patients were not involved
in development of the study design, research questions,
and interpretation of results corresponding to be written in
the manuscript.

Results

The overdispersion analysis showed there is significance of
overdispersion (P=1.474x10""* and 1.096x107°® for males
and females, respectively), which means contain strongly
against the assumption of equidispersion. In total, there
were 1,813,588 pneumonia-related ER visits made by new-
born to older patients, more than 58% of which were men
(58.3%, Table 1). Those aged 0—19 years and middle-aged
patients (aged 40—64 years) contributed 45.1% (N=818,208)
and 14.6% (N=264,380) of these pneumonia-related ER
visits, respectively, whereas the elderly (age >65 years)
was the secondly predominant source population
(N=561,176, 30.9%, Table 1). A predominance of male

Table | Case Numbers of ER Patient Visits from Pneumonia

patients aged 0-19 years was consistently observed across
the three calendar periods (Table 1).

Figure 1 shows the age effects. The age effects are quite
notable for both sexes. In males, the age effect increased
from 3.65 (for the youngest age group: 0—4 years) to 9.46
(for the oldest age group: 85+ years), with the visit rate
exp(9.46)/ exp(3.65) = 333.62-fold. In
females, the age effect increased from 3.98 to 7.89 (visit

increasing by

rate increasing by 49.90-fold). To the age effects on pneu-
monia-related ER visit rates, it means the 0—4 years group is
333.62 (49.90) times the visit rates of the 85+ years group
for males (females).

Period effects are presented in Figure 2. In males, the
period effect increased from —0.32 (for the period of
1998-2002) to 0.39 (for the period of 2008-2012), with
the wvisit rate increasing by 2.03-fold. In females, the
period effect increased from —0.27 to 0.35 (visit rates
increasing by 1.85-fold). To the period effects on pneumo-
nia-related ER visit rates, it means the period of
2008-2012 is 2.03 (1.85) times the visit rates of the period
of 1998-2002 for males (females).

Figure 3 presents the cohort effects. In males, the cohort
effect decreased from 1.68 (for the highest-risk birth cohort:
mid-cohort year of 1933) to 0.80 (for the most recent birth
cohort: mid-cohort year of 2008), with the wvisit rates
decreasing by about two-thirds, which is 41% of the peak
value. However, in females, the increase in the recent cohort
effects was striking. The cohort effect increased from 1.37 to
1.75 (with visit rates increasing to 46% of the peak value).

Figure 4 presents the logarithms of the age-specific
5-year pneumonia-related ER visit rates (age groups of
0-4, 5-9, ..., 85+) for males and females corresponding
to patients’ birth cohorts, respectively. We also present

Characteristics Overall 1998-2002 2003-2007 2008-2012 P-value
Total (%) Total (%) Total (%) Total (%)
N=1,813,588 N=462,983 N=547,375 N=803,230
Gender
Male 1,057,418 (58.3) 269,980 (58.3) 321,978 (51.1) 465,460 (57.9) <0.000*
Female 756,170 (41.7) 193,003 (41.7) 225,397 (48.9) 337,770 (42.1)
Age
0-19 818,208 (45.1) 235,627 (50.9) 261,249 (47.7) 321,332 (40.0) <0.0001*
20-39 169,824 (9.4) 45,164 (9.7) 53,065 (9.7) 71,595 (8.9)
40-64 264,380 (14.6) 62,356 (13.5) 73,438 (13.4) 128,586 (16.0)
265 561,176 (30.9) 119,836 (25.9) 159,623 (29.2) 281,717 (35.1)
Note: *Significant at the 0.05 level for Chi-square test to test for independence between characteristics and time periods.
Risk Management and Healthcare Policy 2020:13 submit your manuscript 1461

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

Males
o .
© 4
© 4
S < A
£
)
[
(o))
< o o
o 4
(\.J -
v - 59 1519 2529 3539 4549 5550 6569 75-79 85+

T 1T T T T 1T 17 T T T T T T T T T 1
0-4 10-14 20-24 30-34 40-44 50-54 60-64 70-74 80-84

Age

Females

10

Age effect

¥.= 59 15119 2529 35-39 4549 5559 6569 7579 85+
T T 17 T T T 1T T T T T T T T T T 1

0-4 1014 20-24 30-34 40-44 50-54 60-64 70-74 80-84

Figure | The age effects of pneumonia-associated ER visits rates for males and females in Taiwan, 1998-2012.
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Figure 2 The period effects of pneumonia-associated ER visits rates for males and females in Taiwan, 1998-2012.

time period patterns for each age group with three points
(ie, three 5-year time periods: 19982002, 2003—2007, and
2008-2012) connected as a solid line.

Discussion

A birth cohort-driven increase in visit rates due to
pneumonia was observed (Figure 4), which was stron-
ger in women than in men in the recent birth cohort.
More specifically, there was reprography “N shape” of
birth the
statistical apparent exploration for pneumonia-related

cohort curves for pneumonia  while

visit rates.

Previous studies have examined the overall trends in
pneumonia-related ER visits. The visit rate for pneumonia
may have an increased trend during the longitudinal

. 115,16
period,

which has seen improvements over decades in
diagnosis and awareness.'””'® Similarly, we observed an
increasing trend in the rates of pneumonia-related ER visits
within the study period (Figure 2), which continued to
increase. With regard to age effects, children and adolescents
and older adults had higher pneumonia-related ER visit rates
(Figure 2). To shed more insight on these effects would
influence current clinical practice. We provided the estima-

tion of future visit cases and the comparison with ER
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Figure 4 Age-specific ER visit rates of pneumonia-associated in log scale by birth cohort for males and females in Taiwan, 1998-2012.

physician capacity. To simplify the prediction procedure, we
focus on the linear-extrapolated period effects for prediction
of the next 5-year time period (ie, 2013—2017). Due to age
effect is an integrated estimation from 15 years pneumonia-
related ER visit data, age effects still suit all age groups of the
next time period, 2013-2017. Perdition of the next cohort
effects (ie, 2013 birth cohort) conservatively keeps its value
as the same as the 2008 birth cohort estimated value. During
an extended time period such as 2013-2017, the average
capacity for pneumonia-related visit to ER physician is
about 82 under above prediction procedure. The increased

number of pneumonia cases may be attributed to the
increased imaging diagnosis in ER. Using the lung X-ray or
CT, if the ER physician finds an increase in infiltration with
the patients, then these patients should have carefully diag-
nosis as a case of pneumonia. Moreover, Taiwan has been an
aging society since 2018. The elderly may have more risk of
pneumonia-related visits in the ER. In the meantime, the
emergent rescuer responsive hospitals must implement rele-
vant acute care or healthcare because of requirements by the
MOHW -namely, the Grading Responsible Hospitals for
(GRHAC) audit

Acute Care program, which was

Risk Management and Healthcare Policy 2020:13
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implemented from 2007 to 2009. The number of ER
physicians had a dramatically increased trend since 2003 in
response to the GRHAC audit program. Therefore, the aver-
age capacity for pneumonia-related visits to the ER physician
had a decreased trend since 2003.

However, to our knowledge, no previous studies have
separated pneumonia visit rates into age, period, and cohort
effects or examined the influences on subsequent undis-
cussed to pneumonia in pediatric and older patients. The
age, period, and cohort effects were slightly different
between men and women. With regard to public health
perspectives on gender, the incidence of some infectious
diseases differs between men and women. For example,
female adults have a higher incidence of urinary tract infec-
tion than male adults do. However, the samples used in these
studies were too small, making it difficult to examine the
differences by sex. Generally, our study showed that pneu-
monia visit rates did not differ by sex, and this result is
somewhat consistent with that of previous studies.'>'®

Although these interesting results should be paid much
attention, there are some potential limitations that also need
to be kept in mind. First, this research is a descriptive study
and is considered an inferred phenomenon as the etiology is
based on the changes in visit rates. The three effects in the
APC model may be attributed to the differences in visit rates
between groups caused by a major event. However, APC
analysis based on longitudinal cohort information depends

Males
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4 Mr/a

— —r
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on certain development levels of countries. The approach to
patients in the ER did not involve any symptoms of possible
pneumonia in this study. Second, the APC models did not
involve the adjustment of any confounding factors from
aggregated format datasets, such as comorbidities, education
levels, or lifestyles. In addition, the risk factors (comorbid-
ities) for pneumonia were not available in aggregated format
datasets. Fourth, the age-standardized rates for pneumonia
increased during the study period (Figure 5), as reflected in
the period effects. There have been general changes in med-
ical technology and practices, specifically the improvements
in the ability to detect bacteremia,'® which likely resulted in
the increasing trends in pneumonia. The major advantage of
the APC method is that it is not necessary to assume some
systematic patterns of effects over the linear regression
model. Moreover, it would be important to perform subgroup
analyses according to the etiology of pneumonia and the
severity of the patients when they consulted in the ER.
However, the etiology and severity measurements for pneu-
monia were not available in aggregated format datasets.
The interpretation of our findings is presented in the
next paragraph. This study showed that age is a risk factor
for pneumonia, especially for children and adolescents and
older patients.”® In that case, we might have expected
similar patterns for septicemia (as an infectious disease),
which was evident.>! The case-fatality rate (CFR) was low-
est in the youngest group (birth through 9 years). According
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Figure 5 Observation of age-adjusted visit rates from pneumonia for stratified age groups (includes 0—19 years, 2064 years, and 65+ years).
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to a report on the epidemiology of invasive pneumococcal
disease among 2008-2013 from Taiwan Centers for Disease
Control, the average CFR was 18.2% and the CFR of cases
in the >75 years age group was 35.5%. Besides, CFR of
bacteremic infections increased with each decade of life,
which may attribute to a cohort effect. We also investigated
cohort effects which may affect pneumonia visit rates in the
ER for both genders. This age effect might be attributed to
the adolescent and older patients’ weak resistance to
diseases.”’ We suggest that ER physicians focus more atten-
tion to pediatric and older patients with suspected pneumo-
nia. The gender difference in pneumonia visit rates was
reported in previous studies.”> However, gender-specific
psychosocial responses at sensitive developmental disease
phases (ie, during childhood or puberty) could potentially
focus development of the immune system for a specific
gender effect.® Our findings also coincide with evidence
showing that better early life conditions may enhance
immunity against bacterial infections, especially in females.
Period effects should be treated as a serious issue on evolu-
tion of bacteremia detection.”* A more sensitive method for
detection of bacteremia was developed for infectious dis-
The cohort effect oscillates among the birth
cohort year. The recent cohort had higher pneumonia visit

€ases.

rates than the older cohort. A population-based retrospective
cohort study shows that pneumococcal polysaccharide vac-
cine can only reduce the older adults’ mortality.”> We may
also attribute this to the fact that evolving mutations of
pneumococcus seem to test the therapeutic effect of anti-
biotics. The outer layer of the pneumococcus has
a transparent capsule, which will block the phagocytosis
of human leukocytes so that it can have plenty of time to
replicate in large quantities. Bacteria only need a short time
to reproduce and generate a new generation. During the
reproduction process, mutations are non-susceptible to anti-
biotics (ie, drug-resistant strains) new generation. After
selection of antibiotics, non-resistant strains were gradually
eliminated. But drug-resistant strains gradually grew and
began to spread. This phenomenon may result in the
N shape of the cohort effect, especially as the recent cohort
had higher pneumonia visit rates than the older cohort
(Figure 3). In this study, we successfully identify age,
period, and cohort effects of pneumonia visit rates in ER
used APC analysis. This study also added to understanding
that the ER physicians’ capacity to supply respiratory dis-
eases care services over time is a key element in the process

of planning for the future.

Conclusion

In conclusion, we found that the trend in pneumonia visit
rates can be estimated by age, period, and cohort effects.
Age is a risk factor for pneumonia-related ER visits,
especially for children and adolescents and older patients.
Period and cohort effects were also found to increase the
pneumonia visit rates.
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