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Abstract

Background

Chronic diseases, like diabetes mellitus, heart disease and cancer are leading causes of

death and disability. These conditions are at least partially preventable or modifiable, e.g.

by enhancing patients’ self-management. We aimed to examine the effectiveness of tele-

phone-based health coaching (TBHC) in chronically ill patients.

Methods and Findings

This prospective, pragmatic randomized controlled trial compares an intervention group (IG)

of participants in TBHC to a control group (CG) without TBHC. Endpoints were assessed two

years after enrolment. Three different groups of insurees with 1) multiple conditions (chronic

campaign), 2) heart failure (heart failure campaign), or 3) chronic mental illness conditions

(mental health campaign) were targeted. The telephone coaching included evidence-based

information and was based on the concepts of motivational interviewing, shared decision-

making, and collaborative goal setting. Patients received an average of 12.9 calls. Primary

outcome was time from enrolment until hospital readmission within a two-year follow-up

period. Secondary outcomes comprised the probability of hospital readmission, number of

daily defined medication doses (DDD), frequency and duration of inability to work, and mor-

tality within two years. All outcomes were collected from routine data provided by the statu-

tory health insurance. As informed consent was obtained after randomization, propensity

score matching (PSM) was used to minimize selection bias introduced by decliners. For the

analysis of hospital readmission and mortality, we calculated Kaplan-Meier curves and esti-

mated hazard ratios (HR). Probability of hospital readmission and probability of death were

analysed by calculating odds ratios (OR). Quantity of health service use and inability to work
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were analysed by linear random effects regression models. PSM resulted in patient samples

of 5,309 (IG: 2,713; CG: 2,596) in the chronic campaign, of 660 (IG: 338; CG: 322) in the

heart failure campaign, and of 239 (IG: 101; KG: 138) in the mental health campaign. In none

of the three campaigns, there were significant differences between IG and CG in time until

hospital readmission. In the chronic campaign, the probability of hospital readmission was

higher in the IG than in the CG (OR = 1.13; p = 0.045); no significant differences could be

found for the other two campaigns. In the heart failure campaign, the IG showed a signifi-

cantly reduced number of hospital admissions (-0.41; p = 0.012), although the corresponding

reduction in the number of hospital days was not significant. In the chronic campaign, the IG

showed significantly increased number of DDDs. Most striking, there were significant differ-

ences in mortality between IG and CG in the chronic campaign (OR = 0.64; p = 0.005) as

well as in the heart failure campaign (OR = 0.44; p = 0.001).

Conclusions

While TBHC seems to reduce hospitalization only in specific patient groups, it may reduce

mortality in patients with chronic somatic conditions. Further research should examine inter-

vention effects in various subgroups of patients, for example for different diagnostic groups

within the chronic campaign, or duration of coaching.

Trial Registration

German Clinical Trials Register DRKS00000584

Introduction
Health care systems are faced with an increasing number of patients with chronic conditions
such as cardiovascular, respiratory, or metabolic diseases due to the increasing prevalence of
individual (e.g. unhealthy lifestyles) and environmental risk factors (e.g. air pollution), demo-
graphic changes (e.g. longer life expectancy), and medical progress. If not treated or managed
adequately, chronic conditions result in a reduction of patients’ life quality [1, 2], and a high
mortality accounting for nearly two thirds of deaths worldwide [3]. Consequently, chronic con-
ditions account for most of health care expenditures [4, 5] and lost economic productivity [4, 6].

Telephone support for self-management or disease management is a promising approach to
improve care for patients with chronic conditions [7–9]. Telephone-based health coaching
(TBHC) aims to enhance patients’ self-management abilities by providing information for a
better understanding of their conditions, to improve the ability to collaborate with health care
providers, and to use goal setting related to disease management. Through early identification
of patients with disease progressions, expensive health service use (e.g. hospital admissions)
may be avoided [10]. A narrative review by Hutchison & Breckon [11] showed that patients
receiving telephone coaching have various benefits, especially on clinical (e.g. physiological
markers), behavioural (e.g. self-care regimen, adherence), and psychosocial (self-efficacy, men-
tal health) outcomes. A subsequent review by Dennis et al. [12] came to similar conclusions,
especially when coaching calls were regularly scheduled and their content was tailored to the
patient´s individual needs, goals, and clinical situation. Both reviews also showed that the inter-
ventions were predominantly focusing on diabetes and cardiovascular diseases. A large hetero-
geneity of these interventions (e.g. several studies included tele-monitoring in addition to the
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telephone health coaching service) was observed, which makes it difficult to draw clear conclu-
sions from the literature [11, 12].

Meanwhile, several additional studies have investigated the effects of generic telephone
health coaching for patients with chronic conditions. The largest RCT in the US with 174,120
participants with various chronic conditions showed that generic telephone health coaching
with elements of shared decision-making, patient information, self-management, and commu-
nication skills reduced hospitalization rates, surgical procedures, and health care costs [13].
However, the replication of the results was not successful until now, questioning the transfer-
ability of these results into routine clinical practice in other settings [10]. For instance, no
effects on health services use were shown for participants compared with a matched compari-
son group [10, 14], or compared to a randomized control group [15].

In summary, the most coherent effects were found for telephone health coaching on psycho-
social and self-reported outcomes like perceived health and self-efficacy. Study results in a real
world setting are still ambiguous for economic effects. More research is needed to determine
the cost-effectiveness of generic telephone health coaching services for patients with various
chronic conditions [12]. Finally, evidence is needed with regard to the transferability of the
trial effects conducted in the US, UK, or Australia to other health care systems.

Objectives
The aim of this study was to evaluate the effectiveness of a telephone-based health coaching
intervention (TBHC) for patients with chronic conditions in Germany. The primary hypothe-
sis was that TBHC will extend the time period until the patient’s hospital readmission com-
pared to usual care without TBHC.

Methods

Trial design
This prospective, pragmatic randomised controlled trial compared participants of TBHC to
usual care. The rationale, study design and statistical analysis procedures have been published
[16]. The Hamburg Medical Chamber Ethics Committee approved the study protocol. The
protocol of this trial and supporting CONSORT checklist are available as supporting informa-
tion: see S1 and S2 Files. The study complies with the Helsinki Declaration (last update 2013);
written informed consent was obtained from all participants prior to enrolment. The trial was
registered nine months late due to unexpected delays in the course of contract negotiations
with the funding institution (KKH) and resulting problems with timely recruitment of scien-
tific staff.

Participants
Study participants were recruited between June 2010 and October 2011, had to be at least 18
years old, insured with the “Kaufmännische Krankenkasse (KKH)” (a nationwide statutory
health insurance company with 1.8 million insured persons in Germany), and diagnosed with
one or more of the following chronic conditions (based on the principal ICD-10 codes docu-
mented in the routine data sets recorded by the health insurance): diabetes type 2, coronary
artery disease, hypertension, heart failure, asthma, chronic obstructive pulmonary disease
(COPD), chronic depression or schizophrenia. The allocation of patients to one of the cam-
paigns was based on the principal diagnosis within the routine data set. For patients with type
2 diabetes, hypertension or coronary artery diseases a risk score for hospital readmission was
calculated based on a logistic regression model. The model was developed using stepwise
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logistic regression. The final regression model included following variables: 43 ICD-10 codes,
sex, age, annual income, living area (rural /urbanized areas), hospital stays, hospital days and
hospital costs within the last 12 months, and 13 ATC codes (Anatomical Therapeutic Chemi-
cals). This model has been validated by analyzing the receiver operating characteristic curve
(ROC) [17] and the positive predictive value [18] and showed valid predictions. If the risk
score predicted a probability of hospital readmission of more than 50%, patients were included
in the study (see S1 Table).

Based on various variables from routine data a logistic regression model was designed to
predict hospital readmission using SPSS 19. These variables comprise e.g. health care costs,
ICD-diagnoses, age and gender. This model has been validated by analyzing the receiver oper-
ating characteristic curve (ROC) [17] and the positive predictive value [18] and showed valid
predictions.

Patients were excluded if they had insufficient German language skills or were not able to
read or use a phone.

The telephone-based health coaching intervention
The TBHC was developed originally by Health Dialog Inc. for chronically ill patients to enhance
health behaviour change [13, 19]. Communication techniques like motivational interviewing,
individual and collaborative goal setting, and shared decision-making were important compo-
nents [13, 19]. This program has been adapted to the German health care system in 2007 and,
subsequently, it was widely implemented by the KKH. A first analysis regarding acceptance
indicated a generally very positive appraisal by the participants [20]. The intervention was tai-
lored to important chronic conditions that are in need of similar self-management strategies:

1. “chronic campaign” for patients with type 2 diabetes, hypertension, asthma, COPD, and/or
coronary artery disease;

2. “heart failure campaign” for patients with heart failure;

3. “mental health campaign” for patients with depression or schizophrenia.

More detailed information on the topics addressed by the intervention can be found as sup-
porting information: see S3 File.

Coaching was conducted by 20 experienced nurses in two call centres located in Munich
and Halle/Saale. They were supervised 2–4 times per year by two experienced supervisors from
the project group (MH, IB).

The coaching approach was divided in 3 phases:

• Phase 1 (“welcome call”): The first call was for getting to know each other and for gathering
information about the chronic condition, its severity, clinical parameters, health behaviour,
and medication. The most important health issues and the motivation for change were
assessed.

• Phase 2 (“orientation phase”): First goals were agreed upon, and the coach increased the
insuree’s motivation for change. More information about the patient’s knowledge about his
condition and coping with it was gathered.

• Phase 3 (“maintenance phase”): The coach recalled the agreements made in the last call, fos-
tered the motivation for change, acknowledged success and set new goals together with the
insurant. Symptoms and adherence to medication were continuously monitored, information
material was sent out. Topics were necessary and useful medical check-ups, information on
prevention, nutrition and diet, exercise, and stress management (see appendix 2).
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The minimum frequency was defined as one telephone contact every six weeks with a maxi-
mum intervention duration of one year, which was extended to a maximum of two years in
specific patients who needed further support. Specific intervention manuals for the coaches
regarding different situations (e.g. for vaccination programs), available topics and accessible
information materials provided support for the coaches. The coaches were further assisted by a
health platform (netdoktor.de) providing evidence-based and up-to-date health information.
NetDoktor is a health portal written and edited by health professionals, certified by HONcode
(www.hon.ch) and related to specific criteria (www.afgis.de), two quality certifications for reli-
able online health information. Today, NetDoktor is one of the most visited health platforms
in the German speaking world. Data on the coaching process, individual goal setting, medica-
tion, and clinical parameters (e.g. HbA1c and blood pressure) was recorded by an electronic
documentation system. Written patient information for specific conditions, medication plans
and weight-control tables could be sent to the participants. Additionally, patients in the heart
failure campaign got a booster call. This call was only used to get data on the maintenance of
actions (e.g. weighing and medication adherence), without any coaching intervention.

The control group received no coaching, but usual health care.

Study outcomes
The primary outcome was the time from enrolment until the first hospital readmission during
a two-year follow-up period. The secondary outcomes included the probability of hospital
readmission, number of hospital admissions, number of hospital days, number of daily defined
doses (DDD) of medication, frequency and duration of inability to work, as well as mortality.
Calculation of duration of inability to work is based on the individual summarized duration of
inability to work per study period (two years). Information on the frequency of inability to
work is calculated from summing up the number of single episodes of inability to work per par-
ticipant in the study period (two years).

All outcomes were analysed based on pseudonymised routine (claims) data collected and
provided by the KKH, which were available for the complete randomized sample. The data
contained information on all contacts with the health care system (including ICD-10 codes;
operations and procedure key code–OPS, the German equivalent to the American procedure
coding system—PCS), medication, and inability to work. The KKH assembled and pseudony-
mized the routine data. Disease-specific outcomes like disease-related hospital admission were
disregarded due to comparability between the campaigns and due to the high trial complexity.
Patient-reported outcomes like quality of life, depression and anxiety will be published sepa-
rately as the sample differs due to different response rates.

Randomisation
To provide the necessary comparability between intervention and control group we used a
stratified random allocation design that was based on sociodemographic values with a 4:1 allo-
cation ratio. The stratification variables differed in the campaigns: For the “heart failure cam-
paign” the allocation parameters were amount of hospital days (0 to 30, 31 to 100, more than
100) and sex, for the “chronic campaign” allocation parameters were “hospital cases” (1, 2 or
more than 2) and age (18 to 40, 41 to 60, older than 60) as previous data analyses showed that
those were the most influential parameters on hospital costs.

Yet, due to ethical reasons, randomization had to be conducted before obtaining informed
consent; thus the randomised intervention group consisted of coaching participants and
decliners. The health insurance had to avoid the fact that they would not have been able to
offer health coaching to all informed insures if informed consent would have been asked
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before. Subsequent to randomisation, members of the intervention group received a postal
invitation to participate in the TBHC and an additional acquisition call. Insurees were included
as participants, when they had sent back the informed consent and the confirmation of partici-
pation. If they did not send back the required confirmation, they were grouped as decliners.
Members of the control group did not receive an invitation, but only the informed consent
form for participating in the study.

Statistical analysis
Propensity score matching. For each of the three campaigns participants were compared

to insurees in the control group (CG). Potential selection bias was minimized by propensity
score matching (PSM), which balanced baseline characteristics of patients in the IG and CG.
Based on routine data from a 12-month pre-period, a linear propensity score was calculated
using the following matching variables: age, participation in disease management program,
employment status, marital status, federal state, early retirement, eligibility for statutory sick
pay, costs of rehabilitation, hospital costs, outpatient physician and non-physician costs, medi-
cation costs, defined daily dose (DDD), costs of non-physician outpatient services and medical
supplies, as well as the Elixhauser Index based on ICD codes [21] for days of disability, inpa-
tient and outpatient visits. The Elixhauser Index [22] was developed for application in large
administrative data sets and defines 31 conditions based on ICD-9 or ICD-10 codes [21]. For
the definition of the 31 conditions, only secured ICD diagnosis from pooled outpatient, inpa-
tient and rehabilitation data were used. The Elixhauser score is calculated by assigning specific
weights to the 31 comorbidities if present. It has a maximum range from -19 to +89 [23]. A sys-
tematic review comparing the suitability of different comorbidity measures for administrative
data found the Elixhauser to be the best available measure so far [24]. This is particularly true
for the measurement of long-term mortality (>30 days). Participants were matched exactly
according to information on sex, study centre, and study campaign (i.e. matching was not con-
ducted separately by campaign but exact matching for the study campaign variable was per-
formed instead). Nearest neighbour matching with a ratio of 1:4 was applied. The chosen
caliper was 0.1. Controls were drawn with replacement. The PSM-procedure was conducted in
R (Version 3.0.2) using the statistical package MatchIt (2.4–21) [25, 26]. Vectors indicating the
membership to one of the study groups and weights were exported to STATA 13.0, where the
analysis for inferential statistics was conducted. The balance before and after matching was
checked by means of Quantile-Quantile-Plots and the so-called Percent Balance Improvement
(PBI) [25]

Analysis. The sample was analysed using three approaches. Intention-to-Treat-I (ITT-I)
followed the initial randomisation and resulted in coaching participants and decliners in the
intervention group. In Intention to-treat-II analysis (ITT-II) the decliners were dropped from
the intervention group. Finally, a per-protocol approach was conducted. Because of likely
biased results in ITT-I due to included IG-decliners and in the per-protocol analysis because of
including only those patients who completed the treatment, we focus on the presentation of
results from the ITT-II approach. This approach can be regarded as most “realistic”. The other
approaches served as sensitivity analysis and are not presented in detail.

For the analysis of the primary outcome (time until hospital readmission) as well as mortal-
ity (time to death), we calculated Kaplan-Meier curves and estimated hazard ratios from pro-
portional hazard models. Probability of hospital readmission and probability of death were
analysed by calculating odds ratio (OR). Quantity of health service use and inability to work
was analysed by linear fixed effects regression models. As opposed to conventional PSM, the
existence of a pre-period and a follow-up allowed us to control for latent heterogeneity in
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covariates by differencing out time-invariant additive selection bias through the application of
the difference-in-difference method. The difference-in-difference (DD) is defined as follows:

tDD ¼ E½YT
1 � YT

0 jT1 ¼ 1� � E½YC
1 � YC

0 jT1 ¼ 1�

Given two-time-points with a pre-period (t = 0) and a follow-up (t = 1) the respective out-
comes for the treatment group and the controls in time t hereby are denoted by YT

t and YC
t .

This way the DD will compare the treatment group and controls in terms of outcome changes
over time in relation to the outcomes observed for the pre-period. The DD allows to compare
both study groups with respect to temporal changes under consideration of the existing base-
line differences of the respective outcomes. In regression analysis, the DD was applied by calcu-
lating the interaction term between membership to the IG and the study time (pre-period vs.
follow-up). Thereby analytical weight variables stemming from the matching ratio of 1:4 were
applied in fixed effects regression models using STATA 13.0. The level of significance was set
at α = 0.05. As the campaigns differ regarding to the target population as well as the provided
intervention, we evaluated all campaigns in one regression but separated the DDs for the spe-
cific campaigns by including additional three-way interactional effects between time, study
group and study campaign.

Results

Patient flow
Patient selection resulted in N = 10,815 patients eligible for the coaching intervention. Rando-
misation allocated to the IG: 6,434 patients in the chronic campaign, 772 in the heart failure
campaign, and 376 in the mental health campaign, of whom 2,730 (42.4%), 364 (47.2%) and
135 (35.9%), respectively, consented to participate in the intervention. PSM resulted in patient
samples of 5,309 (IG: 2,713; CG: 2,596) in the chronic campaign, 660 (IG: 338; CG: 322) in the
heart failure campaign, and 239 (IG: 101; CG: 138) in the mental health campaign to be used
for the primary analysis (Fig 1).

Patient characteristics
Within the three campaigns, participants (IG) and controls (CG) were very similar with respect
to age, sex, and comorbidity measured by the Elixhauser Index at baseline (Table 1). However,
there were marked differences between campaigns, with patients in the mental health campaign
being younger, more likely female, and more often single and less comorbid than in the other
campaigns. The frequencies of diseases as defined by the Elixhauser Index are provided as sup-
porting information (see S3 Table). Furthermore, differences between IG and CG in the number
of hospital admissions, number of hospital days, number of DDDs, as well as frequency and
duration of inability to work were small within campaigns during the 12-month pre-period. Yet,
hospital days and inability to work were more frequent in the mental health campaign, while the
mean number DDD was higher in the chronic campaign and the heart failure campaign.

Intervention
The intervention was carried out as planned. The mean amount of calls was 12.9 (SD = 7.3) for
all participants, with the lowest quartile (Q1) receiving up to 7 calls, a median of 13 calls and
an upper quartile receiving up to 18 calls. This implies an interquartile range of 11. Participants
in the chronic campaign received an average of 12.8 calls (SD = 6.5), in the heart failure cam-
paign 14.0 calls (SD = 8.4) and in the mental health campaign 13.7 calls (SD = 14.4). The calls
lasted for an average of 20.6 minutes (SD = 8.4) for all participants, 21.2 minutes (SD = 8.4) for
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the chronic campaign, 17.5 minutes (SD = 7.3) for the heart failure campaign and 17.5 minutes
(SD = 7.1) for the mental health campaign. About 7% of the participants received nutrition
counselling, (7.1% of the chronic campaign, 4.4 of the heart failure campaign and 11.3% of the
mental health campaign).

The main goals the coaches aimed at were the understanding of illness (in 58.7% of the partici-
pants), colon cancer screening (46.8%), vaccination against pneumococcae (44.7%), self-monitor-
ing of blood pressure (32.6%), preparation and discussion of physician visit (21.2%), and weight
reduction (17.6%). All goal categories are available as supporting information: see S2 Table.

Primary outcome
Time to hospital readmission. In none of the campaigns, IG and CG differed significantly

regarding the time to readmission to hospital during the two-year follow-up period (Fig 2).
The hazard ratio (HR) for the chronic campaign was HR = 1.07 (p = 0.083), for the heart failure
campaign HR = 0.94 (p = 0.558) and for the mental health campaign HR = 1.01 (p = 0.968).

Fig 1. Patient flow.

doi:10.1371/journal.pone.0161269.g001
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Secondary outcomes
Hospital use, medication and inability to work. In all groups, more than 50% of the

patients were readmitted to hospital during follow-up. In the chronic campaign, the odds of
hospital readmission during follow-up was higher in the IG (1.65) than in the CG (1.46), result-
ing in an odds ratio of 1.13 (p = 0.045). No significant differences were found for the other two
campaigns. Linear random effects difference-in-difference regression analysis of hospital use,
medication and inability to work showed a significantly reduced number of hospital admission
in the IG of the heart failure campaign (-0.41; p = 0.012); yet, the corresponding reduction in
the number of hospital days (-6.17; p = 0.249) did not reach the level of significance (Table 2).

Furthermore, the number of DDDs increased significantly by 155.03 (p = 0.001) in the IG of
the chronic campaign. All other regression results were not statistically significant which
implies that there were no differences with respect to the frequency and duration of inability to
work. The descriptives of health care utilization can be found in Table 3.

Mortality. In the chronic campaign, 75 (2.8%) patients of the IG died during follow-up
compared to 109 (4.2%) patients of the CG, resulting in an OR = 0.64 (p = 0.005) and a hazard
ratio of HR = 0.64 (p = 0.005). In the heart failure campaign, 34 (10.1%) patients of the IG died

Table 1. Sample Characteristics at Baseline, Pre- and Post-Matching.

PSMa

Chronic campaign Heart failure campaign Mental health campaign

CGb IGc CGb IGc CGb IGc

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age Pre-PSM 69.05 (8.52) 69.31 (7.89) 71.04 (10.26) 70.59 (9.91) 44.79 (11.97) 45.71 (11.18)

Post-PSM 69.25 (8.27) 69.02 (7.91) 71.27 (10.17) 70.49 (9.67) 46.60 (11.02) 46.35 (10.62)

Elixhauser
Comorbidity
Index (inpatient)

Pre-PSM 4.21 (5.79) 4.19 (5.87) 14.26 (6.68) 14.01 (6.41) -1.48 (2.87) -1.99 (2.52)

Post-PSM 4.21 (5.79) 4.15 (5.91) 13.79 (6.40) 13.68 (6.28) -1.59 (2.54) -2.34 (2.38)

Elixhauser
Comorbidity
Index
(outpatient)

Pre-PSM 6.43 (7.56) 6.55 (7.69) 12.81 (8.51) 12.40 (8.41) -1.04 (4.34) -1.11 (4.54)

Post-PSM 6.75 (7.67) 6.74 (7.67) 13.00 (8.82) 12.49 (8.26) -1.15 (4.84) -1.84 (3.91)

Elixhauser
Comorbidity
Index (inability to
work)

Pre-PSM 2.11 (3.54) 2.19 (3.81) 7.16 (3.16) 6.68 (4.41) -2.28 (1.76) -2.41 (1.62)

Post-PSM 2.16 (4.15) 2.09 (3.38) 6.37 (3.51) 7.80 (3.88) -2.39 (1.92) -3.00 (1.47)

Female (%) Pre-PSM 1558 (58.20) 3719 (57.80) 174 (49.15) 383 (49.61) 140 (69.31) 264 (70.21)

Post-PSM 1516 (58.40) 1554 (57.28) 161 (50.00) 160 (47.34) 107 (77.54) 81 (80.20)

Hospital
admissions

Pre-PSM 1.18 (1.19) 1.22 (1.19) 2.06 (1.51) 1.94 (1.18) 2.08 (0.89) 2.10 (0.90)

Post-PSM 1.19 (1.21) 1.22 (1.20) 2.00 (1.45) 1.96 (1.24) 2.04 (0.89) 2.13 (0.91)

Hospital days Pre-PSM 11.58 (53.52) 11.69 (50.76) 22.60 (22.62) 21.83 (48.07) 80.05 (40.23) 87.02 (44.65)

Post-PSM 12.50 (66.59) 11.38 (44.82) 20.94 (18.54) 19.25 (15.78) 78.13 (37.47) 85.83 (42.71)

DDDa Pre-PSM 2265.97 (1282.54) 2266.05 (1247.18) 2401.31 (1426.85) 2373.34 (1431.26) 872.38 (896.58) 853.23 (791.00)

Post-PSM 2274.35 (1274.03) 2292.56 (1225.46) 2417.49 (1446.64) 2385.14 (1397.24) 941.57 (912.29) 869.80 (667.68)

Cases of inability
to work

Pre-PSM 0.41 (1.24) 0.35 (1.09) 0.24 (0.77) 0.37 (1.11) 1.19 (1.42) 1.31 (1.96)

Post-PSM 0.37 (1.18) 0.35 (1.11) 0.20 (0.72) 0.31 (1.02) 0.96 (1.28) 1.36 (1.61)

Days of inability
to work

Pre-PSM 15.19 (69.53) 14.95 (69.09) 20.44 (83.28) 30.09 (108.08) 91.73 (143.10) 121.21 (172.54)

Post-PSM 15.95 (73.51) 16.38 (70.60) 17.36 (73.45) 23.48 (91.39) 83.20 (129.85) 106.83 (142.55)

a = Propensity score matching
b = Control group
c = Intervention group

doi:10.1371/journal.pone.0161269.t001
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Fig 2. Effects of telephone-based health coaching on time until hospital readmission. Kaplan-Meier curves showing the
proportion of individuals without hospital readmission over time (red curve = intervention group; blue curve = control group).

doi:10.1371/journal.pone.0161269.g002

Table 2. Effects of telephone-based health coaching on healthcare utilization: Results of linear fixed effects difference-in-difference regression
models (ITT-II).

Chronic campaign Heart failure campaign Mental health campaign

Diff-in-Diffb (SE) Diff-in-Diffb (SE) Diff-in-Diffb (SE)

Hospital admissions 0,10 (0,06) -0,41 (0,22)* 0,26 (0,26)

Hospital days 3,09 (2,27) -6,17 (4,18) -0,07 (10,68)

DDDa 155,03 (49,66)*** 298,68 (194,31) -162,42 (198,47)

Cases of inability to work 0,01 (0,04) -0,04 (0,07) -0,08 (0,28)

Days of inability to work -0,25 (2,57) -3,67 (7,12) -16,39 (21,30)

a = Daily defined doses of medication
b = Difference in difference

* p<0.05;

** p<0.01;

***p<0.001

doi:10.1371/journal.pone.0161269.t002
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compared to 62 (19.3%) patients of the CG, resulting in an OR = 0.44 (p = 0.001) and a hazard
ratio HR = 0.47 (p = 0.001). In the mental health campaign only 1 patient of the CG died
(Fig 3). Thus, the calculation of HR, OR and Kaplan-Meier survival curve for the mental health
campaign is impossible.

Sensitivity analysis
Results of the ITT-I-approach differ considerably from the ITT-II-analysis (Table 4). This can
be seen as an indicator for the successful balancing of the data and the validity of the results
from ITT-II.

In contrast, the per-protocol analysis differed only slightly (Table 5).
However, due to the small sample size, even very small changes in effects can result in

changed significances. For instance, within the heart failure campaign, hospital admissions are
significant in ITT-II, but not in the per-protocol analysis (vice versa in the chronic campaign).

Discussion

Statement of principal findings
Telephone health coaching is expected to improve chronic disease management, which in turn
is expected to avoid corresponding hospital admission. We compared insurees of a German
statutory health insurance selected by predictive risk modelling with various chronic condi-
tions who obtained one year of TBHC within three different campaigns (chronic conditions,
heart failure, mental health) to a randomized and matched control group using routine data.
The coaching did not result in extending the time period until the patient`s next hospital read-
mission compared with usual care during 24 months of follow-up in general as expected in our
primary study hypothesis. Probability of hospital readmission was instead found to be signifi-
cantly higher for participants in chronic campaign. However, for participants in the heart fail-
ure campaign, but not for participants of the chronic or mental health campaign, the number
of hospital admissions was significantly reduced at 24 months follow-up, but no differences

Table 3. Descriptive statistics of health care utilization (Post-Matching).

Time Chronic campaign Heart failure campaign Mental health campaign

CGb IGc CGb IGc CGb IGc

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Hospital cases T0 1,19 (1,21) 1,22 (1,20) 2,00 (1,45) 1,96 (1,24) 2,04 (0,89) 2,13 (0,91)

T2 1,54 (1,81) 1,67 (1,98) 2,35 (2,63) 1,90 (2,19) 1,34 (1,60) 1,69 (1,96)

Hospital days T0 12,50 (66,59) 11,38 (44,82) 20,94 (18,54) 19,25 (15,78) 78,13 (37,47) 85,83 (42,71)

T2 14,39 (40,25) 16,37 (44,90) 28,24 (51,13) 20,39 (44,07) 36,85 (59,27) 44,49 (74,70)

DDDa T0 2274,35 (1274,03) 2292,56 (1225,46) 2417,49 (1446,64) 2385,14 (1397,24) 941,57 (912,29) 869,80 (667,68)

T2 4613,37 (2604,22) 4786,60 (2534,59) 4896,82 (3197,76) 5163,14 (2841,91) 2287,92 (2350,35) 2053,73 (1601,67)

Cases of inability to work T0 0,37 (1,18) 0,35 (1,11) 0,20 (0,72) 0,31 (1,02) 0,96 (1,28) 1,36 (1,61)

T2 0,48 (1,75) 0,47 (1,77) 0,22 (0,90) 0,30 (1,16) 1,41 (2,30) 1,73 (2,61)

Days of inability to work T0 15,95 (73,51) 16,38 (70,60) 17,36 (73,45) 23,48 (91,39) 83,20 (129,85) 106,83 (142,55)

T2 12,22 (60,06) 12,41 (59,63) 3,94 (31,09) 6,39 (38,70) 34,85 (93,33) 42,10 (96,22)

a = Daily defined doses of medication
b = Control group
c = Intervention group

T0 = Baseline; T2 = 2 years after baseline

doi:10.1371/journal.pone.0161269.t003
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Fig 3. Effects of telephone-based health coaching onmortality. Kaplan-Meier survival curves (red curve = intervention group; blue
curve = control group).

doi:10.1371/journal.pone.0161269.g003

Table 4. Effects of telephone-based health coaching on healthcare utilization: Results of linear fixed effects difference-in-difference regression
models (ITT-I).

Chronic campaign Heart failure campaign Mental health campaign

Diff-in-Diffb (SE) Diff-in-Diffb (SE) Diff-in-Diffb (SE)

Hospital admissions -0.01 (0.05) -0.14 (0.13) -0.12 (0.18)

Hospital days 0.50 (1.54) -3.53 (4.30) -9.15 (5.85)

DDDa 43.78 (39.91) 304.42 (111.38) *** 72.15 (151.37)

Cases of inability to work -0.06 (0.03)** -0.00 (0.09) -0.15 (0.12)

Days of inability to work -2.30 (2.11) -5.19 (5.90) -29.22 (8.02)***

a = Daily defined doses of medication
b = Difference in difference

* p<0.05;

** p<0.01;

*** p<0.001

doi:10.1371/journal.pone.0161269.t004
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could be observed with regard to number of hospital days. We could not confirm the hypothe-
sis that telephone health coaching reduces hospital admissions. However, participants of the
TBHC intervention were significantly less likely to die within the 2-year follow-up period than
participants of the CG, both in the chronic and particularly the heart failure campaign, which
can be regarded as a very important patient-relevant effect of the TBHC.

Strengths and weaknesses
A strength of the study is its large sample size, as we were able to include over 2,700 insured
patients in the IG. This trial is surely one of the largest randomized controlled trials of TBHC to
date. Furthermore, we could use routine data from the statutory health insurance company for
all study participants, thus avoiding problems of non-response and potential sample or system-
atic biases [27]. The data were not influenced by non-response or recall-bias, as they were col-
lected directly at the healthcare providers. The validity of routine data in Germany is not
proven, yet studies show that the ICD diagnoses are valid in about 97% for heart failure patients
[19, 28]. A further strength of this study lies in the high treatment fidelity of the TBHC due to
the structured, manual-based approach with regular supervision and quality assurance mea-
sures. The study was conducted in routine care with a long 24-month follow-up period, which
enhances the external validity or generalizability of the results. Comparable studies [10, 13] used
only 12 months follow-up periods. Finally, important chronic disease groups were included, i.e.
patients with frequent chronic conditions, heart failure or a chronic mental illness.

There are some limitations to the work presented: diagnoses for chronic conditions like
depression, as data are documented primarily for accounting purposes, could be biased by
financial incentives. Additionally, general practitioners are not well trained in making psychiat-
ric diagnoses. Consequently, there might be a bias concerning the validity of these diagnoses.
Another limitation is the lack of insurees’ clinical data, which makes it difficult to assess disease
severity and other characteristics and risk factors that might have influenced the disease course,
thus potentially influencing results and interpretations.

A major cause for potential bias lies in the fact, that we could enrol patients only after rando-
misation due to ethical reasons of the health insurance. A selection bias could have resulted due
to the high percentage of 57% of decliners to participation. The participants of the TBHC group
could have been less impaired or may have a higher health consciousness than the control
group (“healthy user bias”), which in turn could have resulted in lower mortality rates. We tried

Table 5. Effects of telephone-based health coaching on healthcare utilization: Results of linear fixed effects difference-in-difference regression
models (per protocol).

Chronic campaign Heart failure campaign Mental health campaign

Diff-in-Diffb (SE) Diff-in-Diffb (SE) Diff-in-Diffb (SE)

Hospital admissions 0.13* (0.06) -0.35 (0.19) 0.14 (0.30)

Hospital days 1.83 (1.74) -4.56 (5.34) 1.16 (8.60)

DDDa 124.98** (48.33) 329.13* (148.01) 21.43 (238.36)

Cases of inability to work -0.01 (0.04) -0.04 (0.12) 0.00 (0.19)

Days of inability to work 0.29 (2.46) -6.89 (7.54) -19.70 (12.14)

a = Daily defined doses of medication
b = Difference in difference

* p<0.05;

** p<0.01;

*** p<0.001

doi:10.1371/journal.pone.0161269.t005
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to reduce this risk of bias by establishing a control group via propensity score matching, balanc-
ing baseline characteristics of patients in the IG and CG, and by differencing out time-invariant
additive selection bias through the application of the difference-in-difference method. As a
result of the matching process, observable differences between intervention and control group
were eliminated. However, not all potentially relevant variables were available within our rou-
tine data set, so the matching procedure may have missed out other relevant variables. For
example, information on socioeconomic status was not available from routine data, but has a
potential influence on health status and service use. Therefore, we cannot completely exclude a
healthy user bias, but we are confident that we ruled out the most significant impact. Moreover,
the chronic campaign was composed of a very heterogeneous group of patients with different
diagnoses with various health-related problems. Therefore, the coaching intervention might
have different effects for different subgroups of patients within this campaign, which should be
a focus of subsequent analysis. Another possible source of bias could result from the fact that
the population consists of insured individuals with a higher socioeconomic status than the gen-
eral population. However, for all citizens, the health care benefits of the compulsory insurance
are fundamentally equal and defined by law, and almost every citizen in Germany is insured for
health care. The German health care system is based on self-government and solidarity and is
contribution-financed. The majority of the population (approx. 89%) are mandatory members
of the public health insurance system. The remaining 11% have private health insurance [15].

Strengths and weaknesses in relation to other studies
With the exception to the number of hospital admission in the heart failure campaign, our
results did not confirm the hypothesis of TBHC reducing hospital use. This result is consistent
with two systematic reviews. In the review by Hutchinson and colleagues [11], the authors orig-
inally referenced three studies with favourable effects on hospital use. However, each of the
three studies combined TBHC with telemonitoring, so it remains unclear to which of the com-
ponents of the intervention the effect can be ascribed. Dennis and colleagues [12] included 30
studies evaluating telephone health coaching for various chronic conditions. For telephone
health coaching similar to our intervention (following a structured script with scheduled calls),
none of six identified studies showed reductions in hospital or health service use. Finally, in
two recent cohort studies with matched controls, hospital admissions did not change [14] or
even increased in the intervention group [10] which is comparable to our findings in the
chronic campaign and may be attributed to a better symptom monitoring by the coaches. Yet,
in these trials using non-randomly chosen matched comparison groups [10, 14], unobserved
confounding may have biased the results. Furthermore, these studies mainly focused on disease
management (guiding patients on medical care or social services), less on coaching patients to
manage their conditions. Additionally, often the intended dose could not be delivered, resulting
in infrequent contacts between health coach and patients and a low treatment intensity.

To our knowledge, up to date only two studies came to different conclusions. A large ran-
domized controlled trial showed decreases in hospital admissions [13], and a cohort study with
matched controls showed lower inpatient, lower outpatient, and total expenditures [29]. The
differences between these results might be explained by differences in the coaching interven-
tion and the study design. For example, a more intense use of patient decision aids for previ-
ously identified preference-sensitive treatment options, as realized in the study by Wennberg
et al. [13], could positively influence intervention effects [30]. Moreover, the study of Jonk and
colleagues did not use a randomization procedure to generate the control group, but used only
a comparison group generated by PSM, and the sample size was significantly smaller than in
our trial [29].
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Focusing only on patients with chronic heart failure, Inglis and colleagues provided a sys-
tematic review and meta-analysis including 41 studies on structured telephone support or non-
invasive home tele-monitoring [31]. Their results showed that structured telephone support
reduced all-cause mortality and heart failure-related hospitalisations. Moreover, they reported
positive effects of the interventions on health-related quality of life, heart failure knowledge
and self-care behaviours. No effect of the interventions was found on the risk of all-cause
hospitalisations.

The observed reduction of mortality in the chronic campaign was similar to that achieved in
one previous trial [32], but contradicts analysis with regard to (in-hospital) mortality within a
more recent study [10]. However, the study of Alkema and colleagues had a much smaller sam-
ple size, thus limiting validity of the results. In the study of Steventon et al [10], mortality was
not used as primary or secondary outcome, but analysed only in the context of a sensitivity
analysis.

Unanswered questions and future research
Although we tried to avoid the possible bias due to enrolment after randomization by propen-
sity score matching, differences between intervention and control group are still possible.
Therefore, future trials should incorporate a randomization strategy after obtaining informed
consent—thereby minimizing potential sources of bias—with subsequent intention-to-treat
analysis. If such a design should be difficult to realizes, a further possibility might be to use an
appropriate modification of a post-randomized consent (Zelen´s) design [33]. Furthermore,
detailed economic evaluation could estimate possible cost savings in relation to the costs of the
intervention [16]. Further analysis will also provide insight into patient-reported outcomes like
quality of life, changes in health behaviour and risk factors, as well as health literacy and patient
activation [16]., It will also be important to examine intervention effects in various subgroups
of patients, for example for different diagnostic groups within the chronic campaign, or dura-
tion of coaching. This could provide additional insight into the question, which specific patient
and condition characteristics are associated with greater benefits from the telephone coaching
intervention and thus inform decisions about how to prioritize implementation efforts. More-
over, the more pronounced effects in the heart failure campaign provide evidence that effec-
tiveness of telephone health coaching might be increased when tailored to specific target
groups. Finally, it would be interesting to find out whether the quantity of calls is associated
with better outcomes.

Conclusion
Based on the results of our study and previous research, it seems that TBHC has only limited
effects on hospital use, medication, and ability to work. Most important however, our results
show that TBHC may reduce mortality as a strong patient-relevant outcome. Possible explana-
tions include a better disease management and a higher awareness when to seek additional
medical support by the participants, thus avoiding acute exacerbations of chronic conditions.
The significant and patient-relevant reduction in mortality may be a strong argument to fur-
ther invest in the development, implementation, and evaluation of promising TBHC
interventions.
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