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Abstract

Background

Additional healthcare visits and rehospitalizations after discharge are frequent among
patients with community-acquired pneumonia (CAP) and have a major impact on health-
care costs. We aimed to determine whether the implementation of an individualized educa-
tional program for hospitalized patients with CAP would decrease subsequent healthcare
visits and readmissions within 30 days of hospital discharge.

Methods

A multicenter, randomized trial was conducted from January 1, 2011 to October 31, 2014

at three hospitals in Spain. We randomly allocated immunocompetent adults patients hospi-
talized for CAP to receive either an individualized educational program or conventional
information before discharge. The educational program included recommendations regard-
ing fluid intake, adherence to drug therapy and preventive vaccines, knowledge and man-
agement of the disease, progressive adaptive physical activity, and counseling for alcohol
and smoking cessation. The primary trial endpoint was a composite of the frequency of
additional healthcare visits and rehospitalizations within 30 days of hospital discharge.
Intention-to-treat analysis was performed.
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Results

We assigned 102 patients to receive the individualized educational program and 105 to
receive conventional information. The frequency of the composite primary end point was
23.5% following the individualized program and 42.9% following the conventional informa-
tion (difference, -19.4%; 95% confidence interval, -6.5% to -31.2%; P = 0.003).

Conclusions

The implementation of an individualized educational program for hospitalized patients with
CAP was effective in reducing subsequent healthcare visits and rehospitalizations within 30
days of discharge. Such a strategy may help optimize available healthcare resources and
identify post-acute care needs in patients with CAP.

Trial Registration
Controlled-Trials.com ISRCTN39531840

Introduction

Community-acquired pneumonia (CAP) is a major cause of death and has the highest mortal-
ity of all infectious diseases in industrialized countries [1]. In addition, CAP accounts for more
than 1 million hospitalizations annually, costing the United States more than $9.7 billion [2];
in Europe, pneumonia costs €10.1 billion annually, with inpatient care costing €5.7 billion, out-
patient care costing €0.5 billion, and medication costing €0.2 billion [3]. Currently, 30%-60%
of patients diagnosed with CAP are admitted to hospital and the high cost of treating CAP has
raised interest in the development of strategies to reduce the length of hospitalization and
increase the number of patients who receive care at home [4,5].

Recent studies have found that additional healthcare interactions within 30 days of dis-
charge are common among patients with CAP [6,7], occurring at rates of 7% to 34% [6-9]. The
risk factors associated with additional healthcare visits and rehospitalizations typically include
comorbid diseases (mainly cardiopulmonary disease), lack of proper information before dis-
charge, and lifestyle factors (mainly unemployment, low level education, and smoking and
alcohol abuse) [6,7,9,10].

In an era of increasing competition for economic resources in medical care, institutions
have an interest in developing new tools to decrease healthcare resources consumption and to
improve healthcare quality [3,11,12]. Discharge planning has been associated with improved
use of post-discharge services and fewer readmissions, and appears to prepare patients and
caregivers for post-discharge care [13]. Interestingly, it can be hypothesized that some health-
care interactions might be preventable by adequately educating patients before discharge.
However, few studies have examined the effect of educational interventions in patients with
CAP [14-16]. Moreover, those that have been performed conclude that discharge planning
effectively improved patient knowledge, increased cost-effective use of inpatient beds, and
improved patient satisfaction with their care [14-17]. Nevertheless, no trials have examined
the effects of educational programs to decrease additional healthcare visits and rehospitaliza-
tions after discharge in patients with CAP.

We designed a randomized controlled trial (EDUCAP) to test the hypothesis that imple-
menting an individualized educational program for hospitalized patients with CAP would
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decrease subsequent healthcare interactions after hospital discharge. The primary endpoint of
the trial was defined as the frequency of the composite outcome of additional healthcare visits
and rehospitalizations within 30 days of hospital discharge.

Materials and Methods
Design and Patients

The EDUCAP randomized trial was conducted at three university hospitals in Catalonia,
Spain, between January 1, 2011, and October 31, 2014. The participating hospitals were: the
Bellvitge Institute for Biomedical Research (IDIBELL)-Hospital Universitari de Bellvitge-a
700-bed university public hospital; the August Pi i Sunyer Biomedical Research Institute
(IDIBAPS)-Hospital Clinic de Barcelona—an 800-bed university public hospital; and the Bio-
medical Research Institute of Lleida (IRBLIeida)-Hospital Universitari Arnau de Vilanova-a
400-bed university public hospital. Written informed consent was obtained from patients or
relatives provided in accordance with the Declaration of Helsinki. This study was approved by
the institutional review board Ethics Committee of Hospital Universitari de Bellvitge (PR183/
09), Hospital Clinic de Barcelona (2010/6145) and Hospital Universitari Arnau de Vilanova
(1261).

All immunocompetent patients aged 18 years or older and diagnosed with CAP in the par-
ticipating hospitals were screened for eligibility at the study onset. CAP was defined as the pres-
ence of an infiltrate on chest radiograph plus one or more of the following: fever (temperature,
> 38.0°C) or hypothermia (< 35.0°C), new cough with or without sputum production, pleu-
ritic chest pain, dyspnea, and altered breath sounds on auscultation. Patients from nursing
homes or long-term care facilities were excluded, as were patients with neutropenia (<500/uL),
immunoglobulin deficiencies, HIV infection, those who had undergone transplantation or
splenectomy, and those who were receiving immunosuppressant and/or corticosteroid therapy
(>20 mg/day of prednisone or equivalent). Furthermore, patients with cognitive deficits or
those who did not understand Spanish or Catalan were excluded.

Randomization

We randomly allocated patients to receive either an individualized educational program or
conventional information before discharge. Randomization was performed in computer-gener-
ated blocks of ten and stratified by participating hospital; the randomization code was kept by
the epidemiologist in a sealed envelope. Either in the emergency department or during hospi-
talization, patients who met the study criteria and provided written informed consent were
randomized by a research nurse, who then opened a sealed, sequentially numbered opaque
envelope. Due to the nature of the trial, blinding was not possible. However, the clinical staff
managing did not know which patients had been allocated to the conventional information

group.

Outcomes

The primary endpoint of the trial was defined as the frequency of the composite outcome of
additional healthcare visits and rehospitalizations within 30 days of hospital discharge. This
variable included a) visits to a primary care centre because of questions or complications
related to CAP (scheduled follow-up visits were excluded), b) emergency department visits for
any reason, and ¢) hospital readmission for any reason. Secondary outcomes included the time
to return to activities of daily living, degree of satisfaction with the information received, and
the achievement of the educational program’s goals (i.e., patient fluid intake, adherence to drug
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therapy and preventive vaccines, knowledge and management of the disease, progressive adap-
tive physical activity, and alcohol and smoking cessation).

Educational Program, Follow-up and Outcomes Assessment

The individualized educational program was performed according to the Precede-Proceed
model for assessing patient health needs and developing discharge planning. This model pro-
vides a comprehensive structure for assessing health and quality of life needs, and for design-
ing, implementing, and evaluating health promotion and other public health programs aimed
to meet those needs [18]. The individualized educational program was created by the nurses
and physicians of the trial coordination team. Two research nurses were trained to deliver the
individualized educational program and provide additional educational material. They deliv-
ered the individualized educational program to the intervention group in each hospital during
patient admission. Patients received the educational program between 24h-72h before hospital
discharge, over two sessions of approximately 30 minutes each, and also received a patient edu-
cation handout about the self-management of CAP. Patients were accompanied by family
members and/or caregivers during the educational program. These two sessions were individu-
alized to needs of each patient to have adequate fluid intake, adhere to drug therapy and pre-
ventive vaccines, optimize knowledge and management of the disease, use progressive adaptive
physical activity, and alcohol and smoking cessation, if required. The interventions in the indi-
vidualized educational program are fully detailed in an appendix (S2 File).

The control group received conventional information before hospital discharge based on
the standard practices of the participating nurses and physicians. The information was not
standardized. However, it typically included details about special care needs to be followed at
home, information about drug treatment, counseling about smoking and alcohol cessation,
and information about healthcare visits. Nurses and physicians also provided this information
through the hospital discharge report.

Patients were seen daily by their attending physicians and by at least one of the investigators
during their hospital stay. The investigators assessed and recorded all primary and secondary
outcome measures. Data collection was conducted at three time points: during hospitalization,
at 30 days after discharge, and at 90 days after discharge.

The primary outcome was assessed by searching for hospital readmissions in the electronic
health records system (Systems, Applications & Products -SAP-, Waldorf, Germany) of the
Catalan Health Service at the three hospitals and confirmed either by asking patients at the
30-day follow-up visit or by telephone. The province of Barcelona (IDIBELL-Hospital Univer-
sitari de Bellvitge and the IDIBAPS-Hospital Clinic de Barcelona) and Lleida (IRBLleida-Hos-
pital Universitari Arnau de Vilanova) provides universal health coverage for 5.8 million people
[19]. All beneficiaries seen at hospitals in the Catalan Health Service are registered in the SAP,
with a unique lifetime personal health number. Data about all hospitalizations and primary
care centre or emergency department visits were routinely collected by a research nurse at each
centre using a standard protocol, and the process was supervised by the coordination team,
which included a qualified infectious diseases physician, who recorded clinical data in a com-
puter-assisted protocol.

The data for secondary outcomes were collected as follows. Time to return to normal activi-
ties of daily living was obtained by telephone consultation enquiring about time off work (total
number of days lost due to sickness absence) and the Barthel scale 90 days after discharge [20].
Patient satisfaction with the information received was evaluated 30 days after hospital dis-
charge via the question “Are you satisfied with the healthcare information regarding CAP
received at discharge?” Responses were recorded on a scale of 1 to 5, from “very unsatisfactory”
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to “very satisfactory.” Patients were considered satisfied with the information received if the
response recorded was 4 or 5. To evaluate the efficacy of the education programs, we assessed
patients whether the specific objectives had been achieved prior to discharge, 30 days after dis-
charge (by telephone or at a follow-up visit), and 90 days after discharge (by telephone) using
validated scales and questionnaires. Patient fluid intake was evaluated by asking daily water
intake. We evaluated drug therapy and preventive vaccine adherence with the Haynes-Sackett
test and by checking vaccination histories. Knowledge and management of the disease was
evaluated through a CAP knowledge test which was made for the study to assess patient knowl-
edge about the symptoms and complications that can occur. Details of progressive adaptive
physical activity were collected by the average daily time walking. Finally, the level of alcohol
and smoking cessation or reduction was assessed three months after hospital discharge.

Other clinical and demographic variables were collected by daily monitoring of the patient
during hospitalization. Illness severity at presentation was measured using the CURB-65 sever-
ity score [21]. Clinical stability and the Charlson comorbidity index were used as described
elsewhere [22,23]. All assessments were obtained by a research nurse using a standard protocol
with a checklist of items.

Microbiological Analysis

Samples were obtained according to a standard protocol, and consisted of two sets of blood cul-
tures, a sputum sample when available, urine for antigen detection, and paired acute and con-
valescent serum samples [24]. Streptococcus pneumoniae antigen was detected in the urine
using a rapid immunochromatographic assay (BinaxNOW; Binax Inc). Legionella pneumophila
serogroup 1 antigen was detected in the urine using an enzyme-linked immunosorbent assay
(Bartels ELISA, Trinity Biotech). Serological studies were performed by standard methods to
determine antibodies against atypical agents.

Statistical Analysis

Sample size was calculated using the results of a Spanish cohort study of patients admitted with
CAP between 2007 and 2009 in IDIBELL (Hospital Universitari de Bellvitge), in which the rate
of additional healthcare visits and rehospitalizations was documented as 34.1% [6]. We esti-
mated that a total sample size of 204 patients was needed to detect a 50% reduction in addi-
tional healthcare visits and rehospitalizations between the two treatment groups, with an 80%
of power and a 5% significance level using the chi-squared bilateral test.

Clinical trial data was summarized using descriptive statistics. Continuous variables were
presented as number, mean, standard deviation, range, and median; categorical data, as fre-
quency counts and percentage of subjects per category. We also provided the 95% confidence
intervals (CIs) if appropriate.

We compared the primary and secondary outcomes in the two groups. For categorical vari-
ables, we performed bivariate analyses using the chi-squared or the Fisher exact tests. For quan-
titative variables, we performed the Mann-Whitney U or the Student ¢ test depending on the
results of the Kolmogorov-Smirnov test for normality. Percentage differences of the outcomes
and mean differences between the two groups, with corresponding 95% confidence intervals,
were also computed and presented. Data for the primary and secondary end points were ana-
lyzed on an intention-to-treat and per-protocol basis. The intention-to-treat analysis included
all randomly assigned patients. Statistical analysis was performed using version 18.0 of the
SPSS software package (SPSS Inc., Chicago, Illinois). Statistical significance was established at
an a value of 0.05. All reported P values were based on two-tailed tests.
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This study was registered as an International Standard Randomized Controlled Trial, num-
ber ISRCTN39531840.

Results

We assessed 327 consecutive patients for eligibility, of whom 120 were excluded (Fig 1). A total
of 207 patients were randomly assigned and included in an intention-to-treat analysis for the
primary and secondary end points. Of these, 102 were assigned to receive the individualized
educational program and 105 to receive conventional information. Two participants in each
group had alternative diagnoses to CAP after enrollment.

The baseline characteristics of the patients in the two treatment groups were similar
(Table 1). No significant differences were found regarding caregiver support at home and the
CURB-65 severity score. Complications during hospitalization and rates of intensive care unit
admission were similar between the groups. In addition, no significant differences existed
between the groups regarding stability at hospital discharge and length of hospitalization. Oth-
erwise, patients in the group receiving conventional information more often were > 70 years
old and had none or primary education level (p<0.05).

Etiological diagnosis was established in 44 of the 100 patients (44%) receiving individualized
education and in 49 of the 103 patients (47.6%) receiving conventional information, excluding
patients without pneumonia. The distribution of causative organisms was not different
between groups. Streptococcus pneumoniae (19 patients receiving individualized education and
31 receiving conventional information) and Haemophilus influenzae (7 and 4 patients, respec-
tively) were the most frequently isolated pathogens, followed by Influenza A (4 and 3 patients,
respectively).

Table 2 details the outcomes for study patients. In the intention-to-treat analysis, the com-
posite outcome of additional healthcare visits and rehospitalization within 30 days of hospital
discharge was 23.5% following the individualized educational program and 42.9% following
conventional information (difference, -19.4%; 95% CI, -6.5% to -31.2%; p = 0.003) (Table 2).
Similar results were obtained in the per-protocol analysis.

Compared with the group that received the individualized educational program, the group
that received conventional information had more frequent primary care centre visits (12.7% vs
27.6% [difference, -14.9%; 95% CI, -3.9% to -25.4%; p = 0.009]), emergency department visits
(10.8% vs 25.7% [difference, -14.9%; 95% CI, -4.4% to -25.2%; p = 0.007]) and rehospitaliza-
tions (4.9% vs 17.1% [difference, -12.2%; 95% CI, -3.7% to -21%; p = 0.007]), within 30 days of
hospital discharge. One patient who received conventional information died within 30 days
after hospital discharge.

Regarding the secondary end points, the time to return to activities of daily living was simi-
lar in the two groups. The median (interquartile range) of the Barthel scale 90 days after hospi-
tal discharge was higher in the group receiving individualized education than in the group
receiving conventional information, as was patient satisfaction with the information regarding
CAP received. In addition, we found a difference in the achievement of the educational pro-
gram objectives between the groups. Patient fluid intake, knowledge and management of the
disease, and progressive adaptive physical activity were higher among those receiving individu-
alized education than among those receiving conventional information. No significant differ-
ences were found in adherence to drug therapy, influenza and pneumococcal vaccination
uptake, and alcohol cessation rates. However, smoke cessation 90 days after hospital discharge
was more frequent in the group that received individualized education (50% vs 23.1% [differ-
ence, 26.9%; 95% CI, 1.5% to 47.6%; p = 0.05]).

PLOS ONE | DOI:10.1371/journal.pone.0140202 October 13,2015 6/12



@'PLOS ‘ ONE

The EDUCAP Randomized Controlled Trial

[ N = 327 assessed for eligibility ]

m =120 excluded \

- 6 =refused consent

- 40 =immunecompromised

- 31 =from nursing homes or long-term care
facilities

- 30 = cognitive deficits
13 = not understanding of Spanish or Catalan

/

\_

v

[ N = 207 randomly assigned ]

N = 102 included in the individual
educational program group

N = 2 excluded after enrollment
because did not have pneumonia

A\ 4

N = 100 included in the individual
educational program group

N = 105 included in conventional
information group

N = 2 excluded after enrollment
because did not have pneumonia

A\ 4

N = 103 Included in conventional
information group

Fig 1. Flowchart of the trial.
doi:10.1371/journal.pone.0140202.g001

A post hoc analysis of patients aged 70-years or older was performed. The composite out-
come of additional healthcare visits and rehospitalization within 30 days of hospital discharge
was 26.8% following the individualized educational program and 47.5% following conventional
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Table 1. Baseline characteristics. Abbreviations: CAP, community-acquired pneumonia; ICU, intensive
care unit; IQR, interquartile range; CURB-65 (confusion, urea > 7 mmol/l, respiratory rate > 30/min, low sys-
tolic [<90 mm hg] or diastolic [<60 mm hg] blood pressure, age > 65 years).

Characteristic

Male sex
Age, median (IQR), years®
Age group, years
21-49
50-69
70-972
Education level
None or primary-education®
Secondary-education
Higher-education
University-education
Caregiver support home
Current smoker
Current drinker
Influenza vaccination (<1 year)
Pneumococcal vaccination (<5 years)
Previous CAP (<1 year)
Hospitalization within previous 90 days
Charlson comorbidity index, median (IQR)®
CURB-65, median (IQR)
CURB-65 0-1 points
CURB-65 2 points
CURB-65 > 3 points
Complications during hospitalization®
ICU admission
Stable on hospital discharge®

Length of hospital stay (days), median (IQR)

& P Values<0.05.
b Related to the pneumonia disease.
¢ Clinical stability was defined as Halm.

doi:10.1371/journal.pone.0140202.t001

Individual
educational

program group

No.

65
65

25
36
41

58
24
12

31

41
14
10
15

2.5

55
34
13
45
12
93
6.5

N =102

(%)
(61.9)
(50-77)

(24.5)
(35.3)
(40.2)

(56.9)
(23.5)
(11.8)
(7.8)
(2.9)
(30.4)
(4.9)
(40.2)
(13.7)
(9.8)
(14.7)
(0-5)
(0.8-2)
(53.9)
(33.3)
(12.7)
(44.1)
(11.8)
(91.2)
(4-10)

Conventional

information group

No.

59
72

17
27
61

N =105
(%)

(57.8)
(59-78)

(16.2)
(25.7)
(58.1)

(71.4)
(15.2)
(8.6)
(4.8)
(3.8)
(24.8)
(6.7)
(49.5)
(18.1)
(12.4)
(18.1)
(2-6)
(1-2)
(44.8)
(35.2)
(20)
(32.4)
(8.6)
(91.4)
(4-10.5)

information (difference, -20.7%; 95% CI, -26.8% to -47.5%; p = 0.04). Compared with the
group that received the individualized educational program, the group that received conven-
tional information had more frequent emergency department visits within 30 days of hospital
discharge (4% vs 16% [difference, -16.5%; 95% CI, -9.8% to -26.2%; p = 0.045]). However, no
differences were found regarding primary care centre visits and rehospitalizations within 30

days of hospital discharge in this group.
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Table 2. Outcomes for study patients by treatment group. Abbreviations: IQR, interquartile range.

Individual Conventional
educational program information group
group
n=102 n=105 Difference p Value®
Characteristic No. (%) No. (%) (95% CI)?
Primary end point
Additional healthcare visits and rehospitalization 24 (23.5) 45 (42.9) -19.4 (-6.5 t0 -31.2) 0.003
Visits to a primary care centre 13 (12.7) 29 (27.6) -14.9 (-3.9 to -25.4) 0.009
Emergency department visits 11 (10.8) 27 (25.7) -14.9 (-4.4 to -25.2) 0.007
Rehospitalization 5 (4.9) 18 (17.1) -12.2 (-3.7 to -21) 0.007
Secondary end point
Time to return to activities of daily living
Time off work (days), median (IQR) 30 (15-66.5) 26 (12.5-37) 4 (59.5t0 68.2) 0.48
Barthel scale, median (IQR) 100 (100-100) 100 (90-100) 0 (97.5 t0 93.6) 0.03
Patient satisfied 84 (82.4) 19 (18.4) 64 (51.5 to 73.6) <0.001
Objectives of educational program
Proper fluid intake® 97 (95.1) 53 (50.5) 44.6 (33.5 t0 54.4) <0.001
Adherence to drug therapy® 98 (96.1) 101 (92.2) -3.9 (-6.3t0 5.9) 1
Influenza vaccination® 9 (8.8) 6 (5.8) 3 (-4.31t010.8) 0.44
Pneumococcal vaccination® 11 (10.8) 8 (7.8) 3(-4.91t0 11.5) 0.48
Knowledge and management of the disease’ 100 (98) 21 (20.2) 77.8 (68.1 to0 84.7) <0.001
Progressive adaptive physical activity? 82 (80.4) 60 (57.1) 23.3(10.1 to 34.8) <0.001
Smoke cessation 15 (50) 6 (23.1) 26.9 (1.5t0 47.6) 0.05
Smoke reduction 23 (76.7) 8 (30.8) 45.9 (19.8 t0 64.2) 0.001
Alcohol cessation 2 (40) 1 (14.3) 25.7 (-20.8 to 64.5) 0.52
Alcohol reduction 2 (40) 1 (14.3) 25.7 (-20.8 to 64.5) 0.52

@ Values are percentage points for categorical variables.

P Categorical variables were compared using the Fisher exact test and continuous variable using the Mann-Whitney U test.

° Proper fluid intake includes patients who drink at least 1,5 liters daily.

9 Patients were stratified into good adherence to drug therapy according to the Haynes-Sackett test (80—110% of treatment adherence).
¢ Influenza and pneumococcal vaccination were evaluated three months after discharge.

fKnowledge and management of the disease was evaluated through CAP knowledge test (sufficient or excellent knowledge).

9 Progressive adaptive physical activity was collected by the time walking away schedule (15-30 daily minutes).

doi:10.1371/journal.pone.0140202.t002

Discussion

In the EDUCAP randomized trial, we assessed an individualized educational program for hos-
pitalized patients with CAP that focused on improving patient fluid intake, adherence to drug
therapy and preventive vaccines, knowledge and management of the disease, progressive adap-
tive physical activity, and counseling for alcohol and smoking cessation. Importantly, we found
that this educational program decreased the frequency of healthcare visits and rehospitaliza-
tions within 30 days of discharge.

Some studies have concluded that strategies to reduce the length of hospitalization, as well
as the trend toward community-based treatment, of patients with CAP should be accompanied
by an increased emphasis on the information and support required by patients when returning
home [14,15,17]. In addition, it has been documented that hospitalization for CAP is associated
with more healthcare interactions after hospital discharge and higher long-term mortality
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compared with other major medical conditions [6,7,25-28]. Therefore, some investigators
have recommended that new educational interventions are needed to improved patient under-
standing of their post-discharge care. These interventions could have important economic ben-
efits by encouraging cost-effective health service use. Discharge planning has been associated
with improved referral to and utilization of post-discharge services, and also with fewer read-
missions. Furthermore, such planning appears to prepare patients and caregivers for post-dis-
charge care [13].

Few studies have evaluated the efficacy of educational interventions in patients with CAP.
In the studies undertaken to date, the results are mixed. Some studies support the usefulness of
such programs in improving patient understanding of post-discharge care [14,15], but others
do not [16]. For example, investigators designed interventions to improve patient knowledge
that aimed to reduce the time from clinical stability to the switch to oral antibiotics. Patient
education included explaining that it takes time to recover from pneumonia, recommending
that medications be taken as prescribed, that patient eat healthy foods, and that they monitor
for warning signs. Patients were satisfied that they received the information which needed to
recover, and most reported that they were of the danger signs of relapse [14]. In the present
study, the individualized educational program results in a significant decrease in additional
healthcare visits and rehospitalizations within 30-days of hospital discharge.

The group that received the individualized educational program achieved more of the edu-
cational objectives. Patient fluid intake, knowledge and management of the disease, progressive
adaptive physical activity, and smoking cessation were higher, although no differences were
found in adherence to drug therapy, influenza and pneumococcal vaccination uptake, and alco-
hol cessation. Our findings are consistent with the findings of previous reports that educational
interventions improved patient experiences, increased their understanding of post-discharge
care, and increases the level of patient satisfaction [14,15]. Moreover, our results may help to
developed a new model of in-hospital smoking cessation intervention as suggested in a recent
review [29].

The strengths of this study are that it is the first randomized, controlled clinical trial with an
intervention arm that received individualized patient education according to the Precede-Pro-
ceed model [18]. In addition, a large number of patients were included and just one patient
who died was lost of 30-day follow-up visit. Nevertheless, there were no missing data on pri-
mary and secondary outcomes. However, some limitations should be acknowledged. First,
patients receiving conventional information tended to be older and with low educational level;
however, when we restricted the analysis to patients aged 70-years or older and none or pri-
mary-education we obtained similar results. In patients aged 70-years or older, the individual-
ized educational program results only have a significant decrease in emergency department
visits within 30 days of hospital discharge. Our finding concurs with previous reports that
patient education could optimize the use of post-discharge services in patients with CAP
[6,15]. Second, information about additional healthcare visits and rehospitalizations within 30
days of discharge were obtained by reviewing the Catalan Health Services database and checked
by asking patients or family members at the final outpatient visit or by telephone. Therefore,
patients or relatives might not have remembered some visits to private primary care centre or
hospitals. Third, we did not evaluate the long-term mortality after hospital discharge in our
study. Future studies, may need to assess the effect of individualized educational program on
long-term mortality. Finally, it should be emphasized that the EDUCAP trial was not blinded.

In summary, the implementation of an individualized educational program for hospitalized
patients with CAP was effective in reducing subsequent healthcare visits and rehospitalizations
within 30 days of discharge. Such a strategy may help optimize available healthcare resources
and identify post-acute care needs in patients with CAP.

PLOS ONE | DOI:10.1371/journal.pone.0140202 October 13,2015 10/12



@’PLOS ‘ ONE

The EDUCAP Randomized Controlled Trial

Supporting Information

S1 File. CONSORT ChecKlist.
(DOC)

S2 File. Educational program objectives.
(DOCX)

S3 File. EDUCAP study protocol.
(DOCX)

Author Contributions

Conceived and designed the experiments: JA DV AZ CGV PI JC. Performed the experiments:
JADV ASEJM EC LM MJA CH MPB EA AR PR AG. Analyzed the data: JA DV CGV JC. Con-
tributed reagents/materials/analysis tools: EC MGS EJU AZ CH PR JD. Wrote the paper: JA
DV ]JC.

References

1.

10.

1.

12

13.

14.

Musher DM, Thorner AR. Community-Acquired Pneumonia. N Engl J Med 2014; 371(17):1619-28. doi:
10.1056/NEJMra1312885 PMID: 25337751

Lave J, Lin C. The cost of treating patients with community-acquired pneumonia. Semin Respir Crit
Care Med 1999; 20(3):189-97.

Welte T, Torres A, Nathwani D. Clinical and economic burden of community-acquired pneumonia
among adults in Europe. Thorax 2012; 67(1):71-9. doi: 10.1136/thx.2009.129502 PMID: 20729232

Carratala J, Fernandez-Sabé N, Ortega L, Castellsagué X, Rosén B, Dorca J, et al. Outpatient care
compared with hospitalization for community-acquired pneumonia: a randomized trial in low-risk
patients. Ann Intern Med 2005; 142(3):165—72. PMID: 15684204

Halm EA, Fine MJ, Kapoor WN, Singer DE, Marrie TJ, Siu AL. Instability on hospital discharge and the
risk of adverse outcomes in patients with pneumonia. Arch Intern Med 2002; 162(11):1278-84. PMID:
12038946

Adamuz J, Viasus D, Campreciés-Rodriguez P, Cafavate-Jurado O, Jiménez-Martinez E, Isla P, et al.
A prospective cohort study of healthcare visits and rehospitalizations after discharge of patients with
community-acquired pneumonia. Respirology 2011; 16(7):1119-26. doi: 10.1111/j.1440-1843.2011.
02017.x PMID: 21736665

Jasti H, Mortensen EM, Obrosky DS, Kapoor WN, Fine MJ. Causes and risk factors for rehospitalization
of patients hospitalized with community-acquired pneumonia. Clin Infect Dis 2008; 46(4):550—-6. doi:
10.1086/526526 PMID: 18194099

Capelastegui A, Esparia Yandiola PP, Quintana JM, Bilbao A, Diez R, Pascual S, et al. Predictors of
short-term rehospitalization following discharge of patients hospitalized with community-acquired pneu-
monia. Chest 2009; 136(4):1079-85. doi: 10.1378/chest.08-2950 PMID: 19395580

Dagan E, Novack V, Porath A. Adverse outcomes in patients with community acquired pneumonia dis-
charged with clinical instability from Internal Medicine Department. Scand J Infect Dis 2006; 38
(10):860-6. PMID: 17008229

Torres A, Peetermans WE, Viegi G, Blasi F. Risk factors for community-acquired pneumonia in adults
in Europe: a literature review. Thorax 2013; 68(11):1057-65. doi: 10.1136/thoraxjnl-2013-204282
PMID: 24130229

Ewig S, Torres A. Community-acquired pneumonia as an emergency: time for an aggressive interven-
tion to lower mortality. Eur Respir J. 2011; 38(2):253—-60. doi: 10.1183/09031936.00199810 PMID:
21349916

Restrepo MI, Faverio P, Anzueto A. Long-term prognosis in community-acquired pneumonia. Curr
Opin Infect Dis 2013; 26(2):151-8. doi: 10.1097/QC0.0b013e32835ebc6d PMID: 23426328

Bowles KH, Hanlon A, Holland D, Potashnik SL, Topaz M. Impact of discharge planning decision sup-
port on time to readmission among older adult medical patients. Prof Case Manag 2014; 19(1):29-38.
doi: 10.1097/01.PCAMA.0000438971.79801.7a PMID: 24300427

Horowitz CR, Chassin MR. Improving the quality of pneumonia care that patients experience. Am J
Med 2002; 113(5):379-83. PMID: 12401532

PLOS ONE | DOI:10.1371/journal.pone.0140202 October 13,2015 11/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0140202.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0140202.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0140202.s003
http://dx.doi.org/10.1056/NEJMra1312885
http://www.ncbi.nlm.nih.gov/pubmed/25337751
http://dx.doi.org/10.1136/thx.2009.129502
http://www.ncbi.nlm.nih.gov/pubmed/20729232
http://www.ncbi.nlm.nih.gov/pubmed/15684204
http://www.ncbi.nlm.nih.gov/pubmed/12038946
http://dx.doi.org/10.1111/j.1440-1843.2011.02017.x
http://dx.doi.org/10.1111/j.1440-1843.2011.02017.x
http://www.ncbi.nlm.nih.gov/pubmed/21736665
http://dx.doi.org/10.1086/526526
http://www.ncbi.nlm.nih.gov/pubmed/18194099
http://dx.doi.org/10.1378/chest.08-2950
http://www.ncbi.nlm.nih.gov/pubmed/19395580
http://www.ncbi.nlm.nih.gov/pubmed/17008229
http://dx.doi.org/10.1136/thoraxjnl-2013-204282
http://www.ncbi.nlm.nih.gov/pubmed/24130229
http://dx.doi.org/10.1183/09031936.00199810
http://www.ncbi.nlm.nih.gov/pubmed/21349916
http://dx.doi.org/10.1097/QCO.0b013e32835ebc6d
http://www.ncbi.nlm.nih.gov/pubmed/23426328
http://dx.doi.org/10.1097/01.PCAMA.0000438971.79801.7a
http://www.ncbi.nlm.nih.gov/pubmed/24300427
http://www.ncbi.nlm.nih.gov/pubmed/12401532

@’PLOS ‘ ONE

The EDUCAP Randomized Controlled Trial

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

Baldie DJ, Entwistle VA, Davey PG. The information and support needs of patients discharged after a
short hospital stay for treatment of low-risk Community Acquired Pneumonia: implications for treatment
without admission. BMC Pulm Med 2008; 8:11. doi: 10.1186/1471-2466-8-11 PMID: 18664283

Halm EA, Horowitz C, Silver A, Fein A, Dlugacz YD, Hirsch B, et al. Limited impact of a multicenter inter-
vention to improve the quality and efficiency of pneumonia care. Chest 2004; 126(1):100-7. PMID:
15249449

Howard-Anderson J, Lonowski S, Vangala S, Tseng C- H, Busuttil A, Afsar-Manesh N. Readmissions
in the Era of Patient Engagement. JAMA Intern Med 2014; 174(11):1870-2. doi: 10.1001/
jamainternmed.2014.4782 PMID: 25264930

Mazloomymahmoodabad S, Masoudy G, Fallahzadeh H, Jalili Z. Education based on precede-proceed
on quality of life in elderly. Glob J Health Sci 2014; 6(6):36649.

Instituto Nacional de Estadistica website: Censo de Poblacion [Internet]. 2014 [Accesed Aug 9, 2014].
Available from: http://www.ine.es/jaxi/tabla.do

Martinez-Moragoén E, Garcia Ferrer L, Serra Sanchis B, Fernandez Fabrellas E, Gdmez Belda A, Julve
Pardo R. Community-acquired pneumonia among the elderly: differences between patients living at
home and in nursing homes. Arch Bronconeumol 2004; 40(12):547-52. PMID: 15574267

Lim WS, van der Eerden MM, Laing R, Boersma WG, Karalus N, Town Gl, et al. Defining community
acquired pneumonia severity on presentation to hospital: an international derivation and validation
study. Thorax 2003; 58(5):377—82. PMID: 12728155

Halm EA, Fine MJ, Marrie TJ, Coley CM, Kapoor WN, Obrosky DS, et al. Time to clinical stability in
patients hospitalized with community-acquired pneumonia: implications for practice guidelines. JAMA
1998; 279(18):1452—7. PMID: 9600479

Mody L, Sun R, Bradley SF. Assessment of pneumonia in older adults: effect of functional status. J Am
Geriatr Soc 2006; 54(7):1062—7. PMID: 16866676

Rosén B, Carratala J, Fernandez-Sabé N, Tubau F, Manresa F, Gudiol F. Causes and factors associ-
ated with early failure in hospitalized patients with community-acquired pneumonia. Arch Intern Med
2004; 164(5):502—-8. PMID: 15006826

Yende S, Angus DC, Ali IS, Somes G, Newman AB, Bauer D, et al. Influence of comorbid conditions on
long-term mortality after pneumonia in older people. J Am Geriatr Soc 2007; 55(4):518-25. PMID:
17397429

Johnstone J, Eurich DT, Majumdar SR, Jin Y, Marrie TJ. Long-term morbidity and mortality after hospi-
talization with community-acquired pneumonia: a population-based cohort study. Medicine (Baltimore)
2008; 87(6):329-34.

Bruns AHW, Oosterheert JJ, Cucciolillo MC, El Moussaoui R, Groenwold RHH, Prins JM, et al. Cause-
specific long-term mortality rates in patients recovered from community-acquired pneumonia as com-
pared with the general Dutch population. Clin Microbiol Infect 2011; 17(5):763-8. doi: 10.1111/j.1469-
0691.2010.03296.x PMID: 20807226

Mortensen EM, Metersky ML. Long-term mortality after pneumonia. Semin Respir Crit Care Med 2012;
33(3):319-24. doi: 10.1055/s-0032-1315644 PMID: 22718218

Rigotti NA, Clair C, Munafo MR, Stead LF. Interventions for smoking cessation in hospitalised patients.
Cochrane database Syst Rev [Internet]. 2012 Jan [Accessed Oct 9, 2014]; 5: CD001837. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/22592676. doi: 10.1002/14651858.CD001837.pub3 PMID:
22592676

PLOS ONE | DOI:10.1371/journal.pone.0140202 October 13,2015 12/12


http://dx.doi.org/10.1186/1471-2466-8-11
http://www.ncbi.nlm.nih.gov/pubmed/18664283
http://www.ncbi.nlm.nih.gov/pubmed/15249449
http://dx.doi.org/10.1001/jamainternmed.2014.4782
http://dx.doi.org/10.1001/jamainternmed.2014.4782
http://www.ncbi.nlm.nih.gov/pubmed/25264930
http://www.ine.es/jaxi/tabla.do
http://www.ncbi.nlm.nih.gov/pubmed/15574267
http://www.ncbi.nlm.nih.gov/pubmed/12728155
http://www.ncbi.nlm.nih.gov/pubmed/9600479
http://www.ncbi.nlm.nih.gov/pubmed/16866676
http://www.ncbi.nlm.nih.gov/pubmed/15006826
http://www.ncbi.nlm.nih.gov/pubmed/17397429
http://dx.doi.org/10.1111/j.1469-0691.2010.03296.x
http://dx.doi.org/10.1111/j.1469-0691.2010.03296.x
http://www.ncbi.nlm.nih.gov/pubmed/20807226
http://dx.doi.org/10.1055/s-0032-1315644
http://www.ncbi.nlm.nih.gov/pubmed/22718218
http://www.ncbi.nlm.nih.gov/pubmed/22592676
http://dx.doi.org/10.1002/14651858.CD001837.pub3
http://www.ncbi.nlm.nih.gov/pubmed/22592676

