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SUMMARY

Background: Pneumonia is a common and potentially serious disease, with an
incidence of ca. 300 per 100 000 persons per year. Until now, there have been
only a few population-based studies of risk factors for pneumonia.

Methods: From 2000 to 2002, nearly 10 000 persons aged 50 to 75 were re-
cruited into the prospective ESTHER cohort study while visiting their family
physician for a check-up. The mean duration of follow-up was 10.6 years. Data
on newly diagnosed pneumonia were acquired from the participants and their
physicians by means of standardized questionnaires. Potential associations
with various predictors were studied in survival-time regression models.

Results: 435 participants had pneumonia at least once during follow-up. The
cumulative 10-year-incidence was 4.5% (95% confidence interval [4.0; 4.9]).
Multiple regression revealed that age (relative risk [RR]: 1.43 [1.22; 1.67] per
10 years), current cigarette smoking (RR: 1.56 [1.19; 2.05], compared with
never having smoked), and known congestive heart failure (RR: 1.65 [1.24;
2.20]) were independently associated with an elevated risk of pneumonia. The
risk was insignificantly elevated in persons with diabetes mellitus (RR: 1.29
[0.98; 1.68]). Alcohol consumption, obesity, stroke, and cancer were not associ-
ated with an elevated risk of pneumonia in age- and sex-adjusted analyses.

Conclusion: Pneumonia plays an important role in the medical care of non-in-
stitutionalized older people. With the aid of the predictors identified in this
study, primary care physicians can identify patients at risk, smokers can gain
additional motivation to quit, treatment compliance can be increased, and
patients may become more willing to be vaccinated as recommended in the
current guidelines.
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neumonia is a severe, potentially fatal disease

(1). In Germany, there are now ca. 300 hospi-
talizations for community-acquired pneumonia per
100 000 persons per year; demographic trends imply
that the incidence is likely to rise dramatically (2, 3).
Pneumonia elevates mortality both during acute hos-
pitalization and after discharge, with an in-hospital
mortality of 14% (2) and a 10-year mortality 65%
higher than that of control patients without pneu-
monia (4). The potentially ensuing long-term decline
in independence and the ability to care for oneself
adversely affect both the individual and society at
large (5).

An extensive analysis of routine insurance data
in hospitalized patients (6) and multiple research
projects in the setting of the CAPNETZ initiative
(7, 8) have recently yielded detailed information on
community-acquired pneumonia. Nonetheless,
there have been very few population-based, long-
term studies on the epidemiology of pneumonia in
the general population (i.e., including persons who
were not hospitalized). Most studies, including
those conducted outside Germany, have centered
on cases treated in the hospital (9—12). We report a
study of the incidence of pneumonia in the non-
institutionalized, older general population over a
follow-up period of 11 years, based on the
ESTHER cohort of persons in the German federal
state of Saarland (13—16). The focus of this initial
analysis lies on selected important risk factors, in
order to yield information on pneumonia that will
be of practical relevance in the primary care
setting.

Methods

Study design and baseline data acquisition

The larger epidemiological study from which the
participants in this study were drawn (the ESTHER
study) is a representative, prospective cohort study
of persons in Saarland, aged 50 to 75 at the time of
recruitment, which concerns potential opportunities
for the prevention, early detection, and optimized
treatment of chronic diseases in this age group. 9949
participants were recruited from July 2000 to De-
cember 2002 (13). The treating physicians invited
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Distribution of the predictors studied*’

Pneumoma 10-year incidence

Overall
cohort cases (%, 95% Cl)

o | 00 | el oy

female 5217 (55.4) | 232(53.3) 43[3.7;49]| 10.8[10.0; 11.8]
male 4202 (44.6) | 203 (46.7) 47[4.0;54]| 17.4[16.2;18.6]
p=0.54 p <0.0001
Age
<62 years 4731(50.2) | 181 (41.6) 36(3.1;4.2 7.8[7.0; 8.6]
>62 years 4688 (49.8) | 254 (58.4) 53[4.7;6.1]| 20.1[18.9;214]
p <0.0001 p <0.0001
Smoking
non-smoker 4607 (50.3) | 198 (47.1) 4.1[3.6;4.8] 10.2[9.3; 11.2]
ex-smoker 3046 (33.2) 134 (31.9) 41[35,49]| 15.6[14.3;17.0]
current smoker | 1510 (16.5) 88 (21.0) 57[46;7.1]| 20.2[18.1;22.5]
p=0.028 p <0.0001
Alcohol consumption
<10 resp. 20 6647 (77.9) 318 (80.5) 46[41;52]| 14.1[13.2;15.0]
g/day (?/3)
> 10 resp. 20 1890 (22.1) 77 (19.5) 3.8[3.0;4.8] 11.119.7;12.7]
g/day (?/3)
p=0.11 p =0.0021
Body weight
BMI <30 kg/m? | 7009 (74.5) 324 (74.7) 45[4.0;51]| 12.8[12.0;13.7]
BMI =30 kg/m? | 2396 (25.5) 110 (25.3) 43[35;5.2]| 16.7[15.2;18.4]
p=0.99 p <0.0001
Diabetes mellitus
no 7872 (84.6) 346 (79.9) 42[38;4.7]| 11.8[11.0; 12.6]
yes 1432 (15.4) 87 (20.1) 59[47,7.3]| 25.1[22.7;27.6]
p = 0.0034 p <0.0001
Stroke
no 8830 (96.9) | 398 (95.7) 4439,48]| 12.8]12.0;13.5]
yes 287 (3.1) 18 (4.3) 6.0[3.5,9.3]| 35.0[29.1;41.0]
p=0.13 p <0.0001
Congestive heart failure
no 7685(90.5) | 320 (83.8) 40(3.6;45]| 11.7[11.0;12.5]
yes 807 (9.5) 62 (16.2) 71106.3;9.2]| 25.7[22.5;29.0]
p <0.0001 p <0.0001
Cancer
no 8545(93.5)| 386 (92.6) 4439,49]| 129[12.2;13.7]
yes 598 (6.5) 31(74) 47[31;6.7]| 22.9[19.4;26.5]
p=0.50 p <0.0001

*! among the 9419 analyzed ESTHER participants and the 435 participants with incident pneumonia up to
11 years of follow-up, and hereafter stratified cumulative 10-year incidences with 95% Cl; missing data on

smoking (256), alcohol (882), BMI (14), diabetes mellitus (115), stroke (302), congestive heart failure
(927), and cancer (276)
*2first pneumonia during prospective follow-up; dropping out of the study because of death

BMI, Body-mass index; ESTHER, an epidemiologic study on potential opportunities for the prevention, early
detection, and improved treatement of chronic diseases among older persons in Germany; Cl, confidence

interval; n, number

608

their patients to enroll in the study during routine
outpatient check-ups. 420 community-based phy-
sicians recruited a mean of 24 participants each.
Baseline data were obtained from the record of the
check-up at the time of enrollment, and by means of
standardized questionnaires regarding health-
related behavior and the past medical history.

The following items of information were obtained
at the check-up or from the questionnaires at the
time of enrollment and used for further analysis in
this study:

® age (categorized by the median for descriptive

purposes; treated as a continuous variable in
regression models)

® scx
smoking (non-, ex-, or current smoker)

® alcohol consumption (>10 g/day in women or

>20 g/day in men, vs. lesser consumption)

® obesity (body mass index [BMI] > 30 kg/m?)

® current diabetes mellitus (physician’s diag-

nosis, antidiabetic medication, HbA . > 6.5%)
® fasting blood sugar > 126 mg/dL

® ¢lucose > 200 mg/dL

® history of stroke, congestive heart failure, and/or

cancer.
Any abnormal auscultatory finding of the lungs or
past or present lung disease was noted at the time of
check-up and designated in the baseline data as a
positive history of lung disease.

The ESTHER study (13) conforms to the ethical
standards of the Helsinki Declaration and was ap-
proved by the ethics committees of the University of
Heidelberg Medical Faculty and the Saarland
Medical Association. Written informed consent was
a precondition for inclusion.

Follow-up and the detection of pneumonia
Follow-up data were obtained from the participants
and their physicians by means of standardized
questionnaires two, five, eight, and eleven years
after enrollment. The questionnaires included a
question about pneumonia during the interval since
the last questionnaire. Episodes of pneumonia re-
ported either by the participants or their physicians
were included in the main analysis; an analysis
restricted to the episodes reported by the phy-
sicians was carried out in a sensitivity model. As a
rule, only the first episode of pneumonia during the
follow-up was considered.

The follow-up with respect to mortality (up to
April 2013) was based on data from the relevant
governmental authorities and health departments.

Statistical analysis

The participants were described with respect to the
features listed above, including the frequency of
pneumonia in each group. Cumulative pneumonia
incidence curves and 10-year-incidences were
calculated, stratified by participant features. Next,
age- and sex-adjusted associations with the

Deutsches Arzteblatt International | Dtsch Arztebl Int 201 6;113:607-14



0.30 —

male participants
female participants

0.25

0.20 —

0.15

0.10 —

cumulative incidence

0.05

0.00

0.30 —

current smokers
ex-smokers
non-smokers

0.25 —

0.20 —

0.15 —

0.10

cumulative incidence

0.05

0 2 4 6 8 10

Duration of follow-up (years)

0.30 —

>62 years old on enroliment
0.25 — < 62 years old on enrollment
0.20 —
0.15 —
0.10 —

0.30 —

known congestive heart failure

0.25 —| no known congestive heart failure

0.20 —

0.15 —

0.10

0.05

0 2 4 6 8 10

Duration of follow-up (years)

Cumulative incidence curves stratified for selected predictors, for pneumonia (solid lines: main endpoint) and dropping out of the
study because of death (dashed lines: competing event) in the prospective ESTHER cohort study.
ESTHER, an epidemiologic study on potential opportunities for the prevention, early detection, and improved treatement of chronic diseases

among older persons in Germany.

incidence of pneumonia were studied in survival-
time regression models. The analytical methods
that were used considered dropping out of the study
because of death as a competing event (eBox) (17).
Features found to have a significant (p <0.05) age-
and sex-adjusted association with the incidence of
pneumonia were included as predictors in a
multiple regression model. The preconditions for
the model were checked by an inspection of
Schoenfeld residuals. Rate advancement periods
(RAPs) were calculated for all statistically signifi-
cant predictors of incident pneumonia (eBox) (18).
RAP estimators are used to characterize risk factors
for diseases whose incidence increases with age:

Deutsches Arzteblatt International | Dtsch Arztebl Int 2016; 113: 607-14

for any given age x, the RAP is the number of years
for which persons of age x who are exposed to the
risk factor have the same incidence as unexposed
persons of age x + RAP (18).

Details on the definition of person-times for
survival-time analyses are provided in the eBox. In
the main analysis, five deaths from pneumonia were
considered as competing events, in order to enable
an unambiguous definition of person-times. In a
sensitivity analysis, these events were included
among the main endpoints; the end of the person-
times of deceased participants (main and competing
events) was defined as the date of death. Moreover,
in a sensitivity analysis, pneumonia was considered
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BMI, body-mass index; Cl, confidence interval; ESTHER, an epidemiologic study on potential opportunities
for the prevention, early detection, and improved treatement of chronic diseases among older persons in

Germany; ref, reference category; RR, relative risk

the physicians caring for the participants, while, in a
Age- and sex-adjusted relative risks of pneumonia and mortality in the further sensitivity analysis, a regression model
prospective ESTHER study . . . ..
simultaneously including all characteristics of the
participants was used for an extended, adjusted
Predictor analysis. The main model was also studied with ad-
justment for prior lung disease, as this might affect
Sex the associations of risk factors with the risk of pneu-
female 1 (ref) 1 (ref) monia.
male 1.05[0.87; 1.27] 1.71[1.53;1.91] Observations for which the values of covariables
0 =059 p <0.0001 were missing were excluded from the analyses only
if the variable in question was necessary. The
298 criterion for statistical significance was p <0.05
per 10 years 1.46 [1.26; 1.69] 2.65[2.40; 2.92] (two-tailed). The statistical analyses were performed
p <0.0001 p <0.0001 with SAS 9.3 (SAS Institute Inc., Cary, NC, USA,
Smoking 2002-2010) and R 3.0.2 (R Foundation for Statisti-
cal Computing, Vienna, Austria, 2013), with various
non-smoker 1 (ref) 1 (ref) additional functions (19-21).
ex-smoker 1.01[0.80; 1.27] 1.45[1.26; 1.67]
current smoker 155 [1.20; 1.99] 2,64 [2.26; 3.08] Results
0= 00014 b <0.0001 Fol.low-up data .w1th adequ.ate information on
incident pneumonias were available for 9419 (95%)
Alcohol consumption of the 9949 participants. The general return rates of
<10 resp. 20 g/day 1 (ref) 1 (ref) the questionnaires at two, five, eight, and eleven
(2/d) years were 96%, 88%, 81%, and 70%. With a
>10 resp. 20 g/day 0.82[0.64; 1.05] 0.76 [0.66; 0.89] median follow-up duration of 10.6 years (interquar-
ds) tile range: 5.7-10.9 years), 435 first pneumonias
p=0.11 p =0.00048 and 1229 deaths were recorded, yielding a 10-year
Body weight pneumonia incidence of 4.5% (95% confidence in-
terval: [4.0; 4.9]) and a 10-year mortality of 13.8%
B <30 kg/m* 1(reh 1 (ref) [13.1; 14.0]. Of the 435 cases of pneumonia, 128
BMI = 30 kg/m* 1.01[0.82; 1.26] 1.37[1.21;1.55] were reported only by the participant, 131 only by
p=0.90 p <0.0001 the physician, and 176 by both. The participants’
Diabetes mellitus main features and 10-year incidences are
o 1 (e 1 (e summarized in 7able 1. All of the features studied
were clearly associated with mortality; associations
yes 1.32[1.04;1.67] 1.84[1.62; 2.10] with the incidence of pneumonia were found only
p=0.022 p <0.0001 for age, smoking, diabetes mellitus, and congestive
Stroke heart failure. Selected cumulative incidence curves
are shown in the Figure.
no 1 (ref) 1 (ref) The age- and sex-adjusted regression models are
yes 1.26 [0.78; 2.03] 2.25[1.82;2.78] shown in Table 2. In these models, advanced age,
p=0.35 p <0.0001 current smoking, prevalent diabetes mellitus, and
Congestive heart failure congestive heart failure were associated with an in-
creased risk. The inspection of residuals and the
no 1 (ref) 1 {ref) corresponding smoothing curves yielded no
yes 1.68[1.28; 2.21] 1.73[1.48;2.02] evidence of model violations. The relative risk
p = 0.00021 p <0.0001 (RR) was nearly unchanged when all of the signifi-
Cancer cant predictors were included in a multiple
regression model, but the diabetes-associated RR
no 1 (re) 1(re) was no longer significant (7able 3). The RAP esti-
yes 1.060.73; 1.53] 1.61[1.34;1.94] mator for current smoking as a risk factor was 12.5
p=0.76 p <0.0001 years [3.5; 21.5], while that for congestive heart
failure as a risk factor was 14.2 years [3.1; 25.3].

The estimated RRs were moderately lower than
those found in commonly used Cox models, which
do not take competing events into account (eTables
1 and 2).

The findings of the main analysis did not differ
in any relevant way from those of the sensitivity
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model that nluded ol o the penticipany eaures 1T

There was, however, a statistically significant as-
sociation of diabetes mellitus with pneumonia
(Table 3). There was little change in the findings
when the main model was restricted to pneumonias
reported by a physician (7able 3). Moreover, the
findings were robust with respect to the alternative
definition of an event, in which, for deceased
participants, the person-time was considered as
terminating at death, and deaths from pneumonia
were counted as a main event. When an additional
control for the effect of prior lung disease (RR:
1.75 [1.35; 2.28]) was introduced into the main
model, there was a drop only in the calculated as-
sociation with current smoking (RR: 1.46 [1.11;
1.93)).

Discussion

In this prospective observational study of the older
general population in Saarland, age was the most
important independent predictor for incident pneu-
monia. Current smoking, an important modifiable
risk factor, was also associated with a markedly
elevate risk. In the adjusted regression, the associ-
ation with prevalent diabetes mellitus was not
robust, but there remained an independent associ-
ation with a history of congestive heart failure at
baseline. These associations can help the primary
care physician determine which patients are at
greater risk of pneumonia, therefore possibly
needing earlier and more intensive diagnostic ef-
forts and treatment if the clinical suspicion of
pneumonia arises. Moreover, the demonstrated
elevation of the risk of pneumonia due to smoking
and congestive heart failure may help motivate per-
sons in these two groups to quit smoking and to
comply better with medical treatment. It can be
said, on the basis of the calculated RAPs, that a
person who smokes has the same risk of pneumonia
as a nonsmoker who is about 12.5 years older, and
the comparable figure for congestive heart failure
as a risk factor is 14.2 years; this information, too,
may help motivate patients with these risk factors
to adhere to medical advice more closely (18, 22).
Overall, the findings enable a general communi-
cation of the risk, particularly when multiple risk
factors are present at once. The development of a
detailed prognosis score would have been beyond
the scope of this study.

The associations revealed by this study are bio-
logically plausible. Smoking is a major risk factor
for structural lung disease, particularly chronic
obstructive pulmonary disease (COPD), and also
impairs the immune system. Both of these
problems can raise the patient’s susceptibility to
pneumonia (23). In congestive heart failure, pul-
monary congestion with fluid presumably impairs
both the self-cleansing mechanisms of the lungs
and the physiological immune reaction. As a result,
persons with congestive heart failure are more

Deutsches Arzteblatt International | Dtsch Arztebl Int 2016; 113: 607-14

Adjusted*' relative risks (95% confidence interval) for pneumonia in the
prospective ESTHER study*?

Pradiktor Main model Completely Reported by
adjusted physician
Sex

female 1 (ref) 1 (ref) 1 (ref)
male 1.07 [0.86; 1.33] 1.06 [0.84; 1.34] 1.07[0.83; 1.37]
p=053 p=0.61 p=0.62
Age
per 10 years 1.431[1.22; 1.67] 1.41[1.19; 1.66] 1.60[1.32; 1.93]
p <0.0001 p <0.0001 p <0.0001
Smoking
non-smoker 1 (ref) 1 (ref) 1 (ref)
ex-smoker 1.0110.79; 1.29] 1.04 [0.80; 1.35] 1.0410.77; 1.39]
current smoker 1.56 [1.19; 2.05] 1.65[1.24; 2.20] 1.57 [1.13; 2.17]
p =0.0026 p=0.0012 p=0.017
Alcohol consumption
<10 resp. 20 g/day - 1 (ref) -
(%/3)
>10 resp. 20 g/day - 0.891[0.68; 1.15] -
(¥13)
- p=0.37 -
Body weight
BMI <30 kg/m? - 1 (ref) -
BMI > 30 kg/m? - 1.011[0.78; 1.30] -
- p=09% -
Diabetes mellitus
no 1 (ref) 1 (ref) 1 (ref)
yes 1.29[0.98; 1.68] 1.34[1.01; 1.78] 1.280.93; 1.75]
p =0.065 p=0.041 p=0.12
Stroke
no - 1 (ref) -
yes - 0.94 [0.50; 1.75] -
- p=0.84 -
Congestive heart failure
no 1 (ref) 1 (ref) 1 (ref)
yes 1.65[1.24; 2.20] 1.61[1.18; 2.20] 1.52[1.08; 2.13]
p = 0.00057 p =0.0027 p=0.017
Cancer
no - 1 (ref) -
yes - 1.22[0.83; 1.79] -
- p=0.32 -

*! The models were adjusted for all variables whose relative risk (RR) is given; N = 8196 (main model
and sensitivity model with pneumonia reported by physician) and N = 7450 (completely adjusted model)
because of missing values of covariables
*2 main evaluation and sensitivity models
BMI, body-mass index; ESTHER, an epidemiologic study on potential opportunities for the prevention,
early detection, and improved treatement of chronic diseases among older persons in Germany;

ref, reference category
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likely to develop pneumonia, and they recover
from it less well (11, 24). Diabetes was not robustly
associated with a higher incidence of pneumonia in
this study, but it is considered a risk factor for
infection in general, including pneumonia. The
epidemiologic data are inconsistent, however, and
the mechanisms are not yet fully understood (25).

The association of smoking with pneumonia that
is documented in the present study is entirely in
line with the findings of earlier studies. Two major
studies in the USA-—the Health Professionals
Follow-Up Study and the Nurses’ Health Study
[I—yielded a relative risk of incident pneumonia of
1.46 for male and 1.55 for female smokers. Persons
with pre-existing diseases were excluded from the
analysis (26). Another study showed that smoking
elevated the risk of hospitalization for pneumonia
by 61%, but no information was given on adjusted
analyses (12). The same study showed a somewhat
more marked association with congestive heart
failure (RR: 2.15). In two further studies that docu-
mented an association of congestive heart failure,
and heart disease in general, with both the inci-
dence of pneumonia and the rate of hospitalization
for it (RR: 1.8-1.9), no information about smoking
was available for analysis (11, 27). In the
somewhat older National Health and Nutrition
Examination Survey I, adjusted analyses revealed a
doubling of the risk of hospitalization for pneu-
monia in men who smoked or had congestive heart
failure; in women, it was only diabetes mellitus
that significantly increased the risk (9). Mor et al.
(11) pointed out that studies based on hospital-
izations may be biased, as pre-existing illnesses
would tend to increase the likelihood that a patient
with pneumonia will be referred and admitted to
the hospital. Thus, any study of that type might
overestimate the association of any pre-existing ill-
ness with pneumonia. We cannot be certain
whether the higher risk estimators found in some of
the earlier studies are best explained by this mech-
anism, by different types of adjustment (especially for
smoking behavior), or perhaps by statistical methods
that did not take account of competing events.

In this study, the consumption of more than 20
grams of alcohol per day in men, or more than 10
grams of alcohol per day in women, was associated
with lower rates of pneumonia, but only as a trend
that did not reach statistical significance. This find-
ing contrasts with those of multiple earlier studies,
in which alcohol consumption or abuse was found
to increase the risk of pneumonia, very markedly in
some studies (10, 27). Our statistically insignifi-
cant findings on this question should not be overin-
terpreted. Some studies failed to reveal any
association of alcohol use with the risk of
pneumonia (9, 12, 26). One may speculate that in-
tercultural differences in drinking behavior may
have accounted, in part, for the variation in
findings across studies.

Nor did the present study reveal any association
of obesity with the risk of pneumonia. Earlier find-
ings on this question were inconsistent. There is
evidence of sex-specific risk elevations due to
overweight on the one hand (26) and very low BMI
on the other (9); these might be studied in the
future with detailed dose-effect analyses.

Using somewhat simplistic assumptions, we can
calculate that the 10-year incidence of pneumonia
found in the ESTHER study corresponds to an inci-
dence of 4.6 cases [4.1; 5.1] per 1000 persons per
year. This value is near the lower end of the range
for pneumonia incidence (3.7 to 10.1 cases per 1000
persons per year) that was obtained in a study
comparing the findings of multiple approaches for
estimating the incidence of pneumonia in an urban
area in Germany (28). The present study ignored any
further incident episodes of pneumonia after the first
one; this may have biased the calculated incidence
rate downward. Moreover, for patients who died, the
official cause of death was the underlying illness
that led to death. Although pneumonia may also
have been marked as a prior cause on some patients’
death certificates, this information was not available
for the study and could not be used in the analysis.
This is probably the reason for the negligibly small
number of deaths attributable to pneumonia in this
study, which certainly does not reflect the overall
mortality of pneumonia. At the same time, the case
definition of pneumonia was broad, leading perhaps
to an overestimation of its incidence.

The findings of this study should be interpreted
in the light of its limitations. In particular, predic-
tors based on self-reported data on smoking and
alcohol consumption will always be affected by
some degree of misclassification, which, in turn,
may weaken the estimated associations. As for con-
gestive heart failure, a more detailed clinical and
echocardiographic characterization of the condition
might have yielded useful additional information but
was not practically possible in the setting of this
epidemiological study. The primary definition of the
main endpoint was relatively soft, including cases in
which the diagnosis was not confirmed by a
physician, yet sensitivity analyses in which only
physician-confirmed pneumonias were considered
left the findings essentially unchanged. Another
limitation of the study is that the diagnosis of
pneumonia requires, as a rule, a radiological corre-
late to the clinical findings, but this requirement is
not always met in the primary-care setting; some of
the events in this study may thus have been bronchi-
tis, rather than pneumonia. There is a certain result-
ing vagueness in the definition of the end point in
the present study, which, however, reflects everyday
diagnostic reality. The estimated associations were
otherwise plausible and robust with respect to
alternative definitions of person-time. Finally, the
evaluation in the present study was intentionally
conservative with respect to the selection of risk
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factors to be considered, and it emphasized the de-
scriptive aspect. Some of the associations pointed
out here merit more detailed characterization in the
future. For example, an analysis including consider-
ation of the duration of diabetes and the results of
treatment might shed light on the question of a
possibly higher incidence of pneumonia in some
subgroups of patients with diabetes mellitus (29).

An adequate analysis of many other potential
risk factors for pneumonia in older people would
have been beyond the scope of this study. Such
factors should be investigated separately in indi-
vidually dedicated studies. The effect of pneu-
monia on mortality should also be studied in future,
as there seems to be a substantial rise in mortality
after community-acquired pneumonia (4). Reliable
figures on these matters, in combination with the
risk elevations revealed in the present study, could
help motivate patients to be vaccinated against in-
fluenza and pneumococcus as recommended in the
current guidelines (30).

Overview

These findings document the high epidemiological
importance of pneumonia and are broadly comple-
mentary to the findings of other studies on the
causes and prognosis of community-acquired pneu-
monia leading to hospitalization (31). They may thus
be of practical use not only for risk stratification in
routine clinical practice, but also as a means of
improving treatment compliance and patients’ will-
ingness to be vaccinated.
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Further description of statistical methods

® Survival-time analyses
The cumulative pneumonia incidence curves and the 10-year incidences of pneumonia were calculated with stratification by
participant characteristics, and the raw associations were studied with Gray’s test. Dropping out of the study because of death
was considered a competing event (e1). Next, age- and sex-adjusted associations with the incidence of pneumonia were
studied with Fine-Gray regression models. The Fine-Gray method is suitable for survival-time analyses that take account of
competing events (e1). Traditional Cox models were computed as well.

The relative risks (RR) presented in the main findings are the estimators derived from the Fine-Gray models (subdistribution
relative hazard [sdRH] according to Lau et al. [e1]).

In the Results section, the competing event is sometimes simply designated as mortality. This designation for dropping out
of the study because of death is not precise because of the definition of survival time, but it seemed appropriate for the
purpose of readability.

® Rate advancement periods
The rate advancement periods (RAP) and corresponding 95% confidence intervals were calculated by application of the
general RAP equations (e2) to the regression coefficients and covariance matrix of the adjusted Fine-Gray regression model.

® Survival-time definitions
For the survival-time analyses, the person-times were defined as follows:

— time from study enroliment to the first pneumonia (reported either by the participant or by a physician) (main endpoint),

— time from study enroliment to the last filled-out participant or physician questionnaire before the patient’s death, if the
patient died (secondary endpoint; the period of observation ended with the last questionnaire, as any incident pneumonia
between the last questionnaire and the patient's death would not have been registered),

— time from study enroliment to the last filled-out participant or physician questionnaire in patients who did not die thereafter
(regular censoring due to restricted duration of follow-up).

Additional comment on findings

@ Findings of Cox models for pneumonia incidence

The relative risks estimated in Fine-Gray models (sdRH) were moderately lower than those estimated in traditional Cox
models, i.e., so-called cause-specific relative hazards (csRH) (eTables 1 and 2). This was what we had expected for predictors
that were positively associated with both the main outcome event and the competing event (e1).

The residuals of the Cox models suggested a mild violation of hazard proportionality for the association of congestive heart
failure with pneumonia, as well as for that of age with the competing event. In both cases, there was a tendency toward
stronger associations with increasing time of observation.
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eTABLE 1
Age- and sex-adjusted relative risks (with 95% confidence intervals) for pneumonia and mortality in the prospective
ESTHER study*
Sex
female 1 (ref) 1 (ref) 1 (ref) 1 (ref)
male 1.10[0.91; 1.33] 1.72[1.54; 1.93] 1.05[0.87; 1.27] 1.71[1.53; 1.91]
p=0.32 p <0.0001 p=0.59 p <0.0001
Age
per 10 years 1.59[1.37; 1.85] 2.70 [2.46; 2.97] 1.46 [1.26; 1.69] 2.65[2.40; 2.92]
p <0.0001 p <0.0001 p <0.0001 p <0.0001
Smoking
non-smoker 1 (ref) 1 (ref) 1 (ref) 1 (ref)
ex-smoker 1.04[0.82; 1.32] 1.46 [1.27; 1.68] 1.01[0.80; 1.27] 1.45[1.26; 1.67]
current smoker 1.72[1.32; 2.23] 2.70[2.31;3.15] 1.55[1.20; 1.99] 2.64 [2.26; 3.08]
p =0.00011 p <0.0001 p=0.0014 p <0.0001
Alcohol consumption
<10 resp. 20 g/day (2/3) | 1 (ref) 1 (ref) 1 (ref) 1 (ref)
>10 resp. 20 g/day (@/3) | 0.80[0.62; 1.02] 0.75[0.65; 0.87] 0.82[0.64; 1.05] 0.76 [0.66; 0.89]
p=0.076 p =0.00022 p=0.11 p =0.00048
Weight
BMI <30 kg/m? 1 (ref) 1 (ref) 1 (ref) 1 (ref)
BMI = 30 kg/m? 1.05[0.84; 1.30] 1.38[1.22; 1.56] 1.011[0.82; 1.26] 1.37[1.21; 1.55]
p=0.68 p <0.0001 p=0.90 p <0.0001
Diabetes mellitus
no 1 (ref) 1 (ref) 1 (ref) 1 (ref)
yes 1.421[1.12; 1.81] 1.89[1.66; 2.14] 1.32[1.04; 1.67] 1.84[1.62; 2.10]
p =0.0035 p <0.0001 p=0.022 p <0.0001
Stroke
no 1 (ref) 1 (ref) 1 (ref) 1 (ref)
yes 1.4710.91; 2.36] 2.32[1.87;2.87] 1.26 [0.78; 2.03] 2.25[1.82;2.78]
p=0.11 p <0.0001 p=0.35 p <0.0001
Congestive heart failure
no 1 (ref) 1 (ref) 1 (ref) 1 (ref)
yes 1.80[1.36; 2.37] 1.76 [1.50; 2.06] 1.68[1.28; 2.21] 1.73[1.48; 2.02]
p <0.0001 p <0.0001 p =0.00021 p <0.0001
Cancer
no 1 (ref) 1 (ref) 1 (ref) 1 (ref)
yes 1.1210.78; 1.62] 1.63[1.36; 1.96] 1.06 [0.73; 1.53] 1.61[1.34; 1.94]
p=0.55 p <0.0001 p=0.76 p <0.0001

*! Comparison of results of Cox regression (csRH) and Fine-Gray models (sdRH).
BMI, body-mass index; ref, reference category; ESTHER, an epidemiologic study on potential opportunities for the prevention, early detection, and improved treatement of chronic diseases
among older persons in Germany; csRH, cause-specific relative hazard; sdRH, subdistribution relative hazard (nomenclature of Lau et al.) (e1)
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eTABLE 2

Adjusted relative risks*' of pneumonia in the prospective ESTHER study

Sex

female 1 (ref) 1 (ref)

male 1.11[0.89; 1.38] 1.07 [0.86; 1.33]
p=0.36 p=0.53

Age

per 10 years 1.56 [1.32; 1.84] 1.43[1.22; 1.67]
p <0.0001 p <0.0001

Smoking

non-smoker 1 (ref) 1 (ref)

ex-smoker 1.04[0.81; 1.34] 1.01[0.79; 1.29]

current smoker 1.71[1.30; 2.26] 1.56 [1.19; 2.05]
p = 0.00030 p =0.0026

Diabetes mellitus

no 1 (ref) 1 (ref)

yes 1.37 [1.05; 1.78] 1.29[0.98; 1.68]
p=0.019 p =0.065

Congestive heart failure

no 1 (ref) 1 (ref)

yes 1.76 [1.32; 2.33] 1.65[1.24; 2.20]
p <0.0001 p =0.00057

*! Comparison of findings of Cox regression (csRH) and Fine-Gray models (sdRH); both models adjusted for
all variables in the table; N = 8196 because of missing data

Cl, confidence interval; ESTHER, an epidemiologic study on potential opportunities for the prevention, early

detection, and improved treatement of chronic diseases among older persons in Germany; csRH, cause-

specific relative hazard; sdRH, subdistribution relative hazard (nomenclature of Lau et al.) (e1)

Deutsches Arzteblatt International | Dtsch Arztebl Int 201 6; 113:607-14 | Supplementary material



