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Abstract

Trajectories of chronic illnesses depend on patient

socioeconomic status (SES). This study examines main

and equity effects (age, gender, education, region of

residence) of a brief telephone self-management inter-

vention on self-rated health and depressive symptoms

of health insurance clients with chronic illnesses.

Randomized invitation design (n = 2628) with predom-

inantly male (82%) older individuals (modal age = 65–
74) with one or more chronic illnesses. Primary out-

comes: Self-rated health and depressive symptoms.

Intervention: Brief CBT-based telephone counseling.

Propensity score matching was used to equate interven-

tion and control groups (n = 1314 pairs). Change score

models were used to analyze changes in health-related

outcome measures. The intervention resulted in

improvements in self-rated health (d = .37) and fewer

depressive symptoms (d = .17) over 4 and 6 months.

There were comparable effects across education and

regions, but younger and female participants profited

more from the intervention compared with older and

male participants. A brief telephone-based intervention
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led to improved self-rated health and well-being in a

large sample of participants with chronic health condi-

tions. This effect was observed over and above regular

medical care. The intervention was equitable with

respect to education and region, but not age and

gender.

KEYWORD S

depression, equity effects, propensity score matching, self-rated
health, telephone counseling

INTRODUCTION

The rapid increase of chronic illnesses in industrialized and developing countries is a major
public health challenge. For example, in the United States, seven out of the 10 most common
causes of death for the entire adult population are chronic diseases (Centers for Disease Control
and Prevention, 2020): diseases of the heart, malignant neoplasms, chronic lower respiratory
disease, cerebrovascular diseases, and diabetes mellitus. A similar picture emerges globally,
with six out of 10 leading causes of death being chronic diseases (GBD 2019 Diseases and Inju-
ries Collaborators, 2020; Vos et al., 2017). In Germany, the setting of the current study, nine out
of the 10 most common causes of death, both in women and men, are chronic diseases
(Destatis, 2021). The most frequent chronic diseases include hypertension, hyperlipidemia,
chronic back pain, obesity, and osteoarthritis (Destatis, 2021). Chronic diseases are the main
factors determining illness burden in Germany in terms of reductions of disability-adjusted life
years (Plass et al., 2014).

Chronic diseases and the burden from chronic disease, however, are not equally distributed
across the population. They are more prevalent in elderly and more disadvantaged individuals.
In Germany, individuals with lower education are more than two times (men) or three times
(women) more likely to suffer from Type 2 diabetes (Heidemann et al., 2009); similar odds
occur for cardiovascular disease and arthritis (Lampert et al., 2017). In addition to differences in
the prevalence of chronic disease, there are also differences in more distal health outcomes such
as health-related quality of life. Individuals with chronic diseases are more likely to experience
worse outcomes if they come from socioeconomically disadvantaged backgrounds (Mielck
et al., 2014).

In addition to regular medical treatment, successful control of chronic diseases requires
patient self-management, that is, adhering to medication, treatment regimes, and following rec-
ommendations regarding specific lifestyle behaviors. For example, for cardiovascular diseases—
affecting 8.3% of the German adult population—increases in physical activity are recommended
(Lanier et al., 2016). Similarly, for the effective control of Type 2 diabetes, regular self-
management in the form of blood sugar monitoring, adherence to medication, dietary, and
physical activity are paramount.

Challenges in self-managing health-related behaviors are a contributing factor to the global
burden of illness (Bosworth, 2010). Fostering self-management competencies is a key element
of the chronic care model (Bodenheimer et al., 2002; Coleman et al., 2009), the current best-
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practice approach to treating chronic illness. This implies that developing effective, yet scalable,
behavioral interventions that focus on improving patient self-management of chronic disease is
a key public health task. Taxonomies such as the PRISMS taxonomy of self-management sup-
port (Pearce et al., 2015) identify components that increase the effectiveness of self-management
interventions.

In this study, we examine the effects of a telephone self-management support interven-
tion that included the following PRISMS components: (a) education about condition and
management; (b) information about available resources, in order to facilitate crucial health
literacy skills for chronic disease (Heijmans et al., 2015); (c) provision of specific and per-
sonalized action plans (e.g., Ring et al., 2011); (d) training/rehearsal for psychological
strategies; (e) social support; and (f) lifestyle advice and support. These components have
been shown to be effective in previous reviews of management of long-
term chronic conditions (e.g., Fisher et al., 2005), and they can be feasibly delivered via
telephone.

A recent umbrella review of previous systematic reviews and meta-analyses (Timpel
et al., 2020) on the effects of remotely administered self-management support programs
suggested that such programs can produce clinically relevant reductions in glycated hemo-
globin levels and lipid levels in patients with diabetes, but not with patients with high
blood pressure. Single trials have shown that telephone-based self-management support can
reduce coronary events (Lisspers et al., 2005), symptoms and impairment (Böhme
et al., 2012), as well as improve self-rated health (SRH) (Bambauer et al., 2005). Telephone-
based self-management support has also been shown to lead to improvements in quality of
life and reduced depressive symptoms in patients with chronic disease (Mons et al., 2013;
Swoboda et al., 2017). Finally, telephone-delivered self-management support programs
can be highly cost effective and are usually well tolerated by participants (Oksman
et al., 2017).

However, patients with chronic diseases from disadvantaged backgrounds may be less
likely to profit from both telephone-based and other self-management programs for a range
of reasons (Lehne et al., 2019): lower enrollment and adherence rates (e.g., Kure-Biegel
et al., 2016), barriers to participation in the health-care system (e.g., Goodridge
et al., 2019), the relative absence of programs that are tailored toward patients from more
disadvantaged backgrounds (Van Hecke et al., 2017), and a lack of programs targeted to
appropriate levels of health literacy (Berkman et al., 2011). Thus, the extent to which short
telephone-based counseling programs for the self-management of chronic diseases work
equally well for participants from different socioeconomic backgrounds remains an open
question. This is an important issue, as health promotion and prevention strategies, even if
successful on average across a population, may unintentionally increase health disparities
by benefiting educationally disadvantaged population groups less than more advantaged
population groups (equity effects of interventions or intervention-generated inequalities)
(Lorenc & Oliver, 2014).

This study therefore evaluated a telephone-based self-management support program for
patients with serious chronic health problems (e.g., chronic heart failure [CHF], diabetes,
chronic heart disease [CHD]) at high risk for future hospitalization. The aims of the present
study were (a) to evaluate the overall effectiveness of a telephone-delivered self-management
support program based on those components of the PRISMS taxonomy (Pearce et al., 2015) that
can be delivered via the telephone and (b) to investigate the robustness of any intervention
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effect across four key (demographic) indicators of social inequality in Germany (gender, age,
educational level, and state [former GDR vs. FRG prior to German reunification]). These indica-
tors are a subset of those recommended in the PROGRESS-Plus framework (O'Neill et al., 2014)
for examining equity effects of interventions.

METHODS

Design and procedure

This study was implemented within a cohort of clients of one of Germany's largest statutory
health insurance companies (Techniker Krankenkasse; tk.de/en). To accommodate standard
operating procedures of the insurance company, we used a randomized invitation design
(Holland, 1988; West et al., 2014; a.k.a. randomized consent design, Zelen, 1979). We identified
the population of all individuals insured by the health insurance company who met the criteria
of at least one severe chronic disease (e.g., CHF, diabetes, and CHD) and a high score on the
insurance company's proprietary measure of the likelihood of hospitalization during the next
year. Individuals diagnosed with dementia or severe mental disorders were excluded. From this
population of eligible individuals, a random sample of individuals were contacted by telephone
and invited to be in the intervention program (intervention group [IG]). The remaining individ-
uals served as a reservoir of eligible non-invited individuals, which then served as the control
group (CG). Participation in the intervention program was voluntary; 1927 of 2977 (64.73%) par-
ticipants participated in at least two sessions. Participants who provided written informed con-
sent at the beginning of the first session were enrolled into the study. IG participants were
matched 1:1 with members of the CG reservoir using propensity scores (see below). The insur-
ance company sent the questionnaires via mail to all eligible individuals in the IG and CG at
the same three assessment points1 (see below). De-identified data were transmitted to the
authors and analyzed independently. Figure 1 presents a participant flow chart that illustrates
the key features of the design.

The internal review board of the health insurance approved the study protocol, and the
study was conducted in accordance with the Declaration of Helsinki. Authors obtained

FIGURE 1 Participant flow chart. T1 = immediate posttest (4 months after T0), T2 = longer term posttest.

(6 months after T0) IG = intervention group (Health Coach). Sample sizes represent the number of available cases
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permission from the health insurance company to analyze the de-identified data. Further ethics
approval was not required as per German ethical guidelines at the time. All participants in both
the IG and CG received their regular medical care during the study. Thus, IG participants
received the telephone-based program plus standard medical care, whereas CG participants
received only standard medical care. The trial was registered at DRKS (German register of clini-
cal trials) DRKS00023477.

Brief telephone counseling

Participants in the IG received a brief manualized telephone intervention (Techniker
Krankenkasse, 2008). The manual consists of four main modules related to essential behaviors
that influence the conditions of chronic diseases and health: (a) physical activity, (b) nutrition,
(c) fluid intake, and (d) adherence to medication intake. Each module includes (a) a detailed
analysis of the participant's current behavior, (b) education about the relevant disease and spe-
cific health behavior, (c) the identification and setting of goals, and (d) the planning of health-
enhancing behavior in order to achieve these goals. IG participants were contacted every
2 weeks until both the participant and the coach decided active coaching on relevant modules
was completed. IG participants were contacted for one or two booster sessions 4–6 weeks after
program completion to facilitate maintenance of behavior change. Counselors were specially
trained nurses, psychologists, or other health practitioners with a background in health counsel-
ing. They received continuous supervision. In addition to providing information about symp-
toms and treatment of the addressed diseases, the manual focused on basic self-management
strategies in health care (Coulter & Ellins, 2007; Olsen & Nesbitt, 2010) and motivational inter-
viewing strategies (Miller & Rollnick, 2003). The counseling process consisted of three phases:
introduction, behavior change, and maintenance. In the initial contact session (introduction),
the intervention was outlined, the ability to participate was assured (e.g., no hearing impair-
ment), and the participant's consent to participate in the intervention was obtained. Next, par-
ticipant's symptoms and medical condition were assessed, and initial planning was undertaken.
In subsequent behavior change sessions, each module was approached in the same structured
way: First, participants' current knowledge was assessed, current health behavior was analyzed,
individual goals were set for this specific behavior, and health behavior barriers were identified.
Next, behavior change was planned with respect to the participant's motivational and behav-
ioral barriers. For each module, up to four contacts were scheduled every seven to 14 days.

After 4–6 weeks, participants were again contacted, and their health status and health
behavior were assessed. Counselors provided encouragement to continue and offered support
regarding potential problems in maintenance. Three to four months after finishing the last
module, participants were contacted one last time to consolidate behavior change and assess
health behavior status. Follow-up assessments for all participants (IG and CG) were scheduled
approximately 4 months after the beginning of the intervention in the IG (Time 1) and approxi-
mately 6 months after the beginning of the intervention in the IG (Time 2).

Measures

Diagnosis/comorbidity

The index diagnosis and the number of comorbidities were derived from de-identified insurance
data from a list of 11 chronic diseases that were diagnosed by a physician in the previous
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24 months before participation (arteriosclerosis, arthrosis, asthma, cancer, cardiac infarction,
hypertension, ischemic heart disease, stroke, CHF, COPD, diabetes).

Primary outcomes

Self-rated health
SRH was assessed using a well-established and validated single item measure (DeSalvo
et al., 2006). Participants were asked to estimate their SRH on a scale ranging from 0 (very poor)
to 10 (very good). The exact wording was: “If you were to rate your general state of health on a
scale from 0 to 10, (‘0,’ meaning couldn't be worse and ‘10,’ meaning couldn't be better), how
would you rate your current state of health?” Higher scores indicate better self-rated health.

Depressive symptoms
We used the World-Health-Organization-Five Scale (WHO-5; WHO Regional Office for
Europe, 1998), a brief, widely used screening instrument for depressive symptoms (Löwe
et al., 2004). The WHO-5 has shown excellent internal consistency (Cronbach's α = .91) and
excellent criterion validity relative to physicians' diagnoses (Löwe et al., 2004). Lower scores
indicate more depressive symptoms.

Measures used in propensity score matching
Propensity scores served as a vehicle to equate the IG and CG participants on key background
variables that might confound the results of the study. Only participants in the IG had to
actively agree to participate in the program, giving rise to potential differential selection into
the IG and CG. Overall, 89 variables from the health insurance company records and the base-
line questionnaire were used to construct propensity scores, the predicted probability of agree-
ing to participate in the intervention if invited. Areas assessed included motivation for
improving one's health, behavioral risk factors for health (e.g., cigarette smoking, lack of exer-
cise, adherence to medication, and diet), medical variables (e.g., blood pressure, number of phy-
sician contacts, and proprietary likelihood of hospitalization score), medical diagnoses
(e.g., COPD, asthma, and diabetes), psychological variables (e.g., self-efficacy, quality of life,
and well-being), and limited sociodemographic data (e.g., gender, age, and education).

ANALYSES

Data integration and propensity score matching

The logic of the current study involves the comparison of those participants whose propensity
to receive treatment could be equated in the IG and CG. A total population of 11,024 eligible
individuals were available for whom usable data were available in health insurance company
records. From this number, 459 cases were excluded because the individual died or terminated
the insurance. The resulting initial potential sample was nIG = 2977 in the IG and nCG = 7588
in the CG reservoir. All individuals in the initial potential sample were sent a baseline (Time 0)
questionnaire. Individuals who did not return the baseline questionnaire and IG individuals
with only one contact (the initial enrolment session) were excluded. These exclusion criteria
resulted in n = 1466 in IG and n = 5170 in the CG reservoir. Finally, we excluded participants
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with implausible values on self-reports of medical variables (systolic and diastolic blood pres-
sure, resting heart rate, height)2 (e.g., resting heart rate below 30 or above 180). This screening
led to a total of n = 41 individuals being excluded from the outcome analysis. Thus, the final
potential sample sizes were n = 5142 in the CG reservoir and n = 1453 in the IG3 (see
Figure 1). Using logistic regression, we then estimated each participant's propensity score (prob-
ability of agreeing to participate in the IG if invited) based on 89 covariates measured before the
intervention, 62 binary indicators of missingness, and interaction terms between key variables
(see Cham & West, 2016). Participants in the IG and CG reservoir were then matched 1:1 on
the basis of their propensity scores (see Imbens & Rubin, 2015; Rosenbaum & Rubin, 1983).
This procedure yielded identical sample sizes for the matched groups of IG and CG participants
(n = 1314 each) and resulted in well-equated propensity scores and covariates (see Figure 2).
Technical details of the propensity score estimation and matching, and evaluation of the bal-
ance achieved by propensity score matching in the IG and CG, are presented in the online sup-
plement. Given this sample size, following Cohen (1988), a power analysis showed that an
intervention effect in the population of δ¼ μIG�μCG

σ = 0.11 can be detected with desired statistical
power= .80 and α= .05, two tailed, where μIG is the mean of the IG, μCG is the mean of the CG,
and σ is the standard deviation in the population. The interaction between the intervention and

the four educational or age subgroups given desired power= .80 and α= .05 is f ¼
ffiffiffiffiffiffiffiffi
η2

1�η2

q
= .065,

where η2 is the proportion of variance accounted for by the interaction term. Cohen defined
population standardized effect sizes of δ= .2 and f = .1 as small effects, indicating that the
design was adequately powered to detect very small effects.

FIGURE 2 Histogram of standardized mean differences for all included covariates after matching
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Measurement and scoring of socioeconomic variables

The key outcomes (self-rated health and WHO-5) were measured in both IG and CG partici-
pants at baseline (Time 0), shortly after the completion of the initial intervention (Time
1, baseline + approximately 4 months) to assess immediate effects and shortly after the

TABLE 1 Baseline demographic and medical characteristics: Propensity score matched analysis sample

(a) % of participants in demographic and medical diagnosis categories

Demographic category % overall % CG % IG

Gender (male) 81.6% 81.7% 81.6%

Former East Germany 14.3% 14.3% 14.2%

Medical diagnosis

Malignant neoplasms 20.1% 20.5% 19.7%

Hypertension 93.3% 93.5% 93.0%

Ischemic heart disease 89.0% 89.5% 88.4%

Atherosclerosis 24.8% 25.0% 24.7%

Myocardial infarction 33.9% 34.3% 33.5%

Heart failure 45.0% 45.2% 44.7%

Stroke 10.1% 10.0% 10.1%

COPD 15.3% 15.7% 14.9%

Asthma 8.8% 8.3% 9.2%

Diabetes 49.0% 50.2% 47.8%

Arthrosis 36.9% 37.1% 36.8%

(b) % of participants in categories of educational level (ISCED) and age

Educational level % in category overall % in category CG % in category IG

ISCED 2 55.7% 55.9% 55.6%

ISCED 3 8.9% 9.0% 8.9%

ISCED 5 22.3% 22.1% 22.6%

ISCED 7 13.0% 13.1% 12.9%

Age category

Younger than 55 years 10.2% 9.8% 10.6%

55–64 23.5% 23.9% 23.1%

65–74 50.7% 50.9% 50.5%

75 and older 15.6% 15.4% 15.9%

Note: Total sample size for age = 2628; n = 91 individuals have missing data on the education variable (not considered in
percentages). Medical diagnosis includes primary diagnosis and all comorbid diagnoses listed in patient's record at baseline and

24 months prior to baseline. ISCED Categories 1 and 2 for educational level were combined after matching because of sparse
data in category 1.
Abbreviations: CG, control group; IG, intervention group.
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completion of the sustainability sessions (Time 2, baseline + approximately4 6 months) to
assess longer term effects of the intervention.

Four different indicators of socioeconomic status were available: gender (male vs. female),
region of residence (former East Germany, GDR, vs. former West Germany, FRG), education,
and age in years. Education was categorized according to the International Standard Classifica-
tion of Education (ISCED 2011; UNESCO, 2012). The following levels were present in the data:
ISCED 2 (some secondary education), ISCED 3 (secondary education degree providing qualifi-
cation for university entrance), ISCED 5 (college or technical training of at least 2 years), and
ISCED 7 (completed university degree). We divided the sample into four age categories (partici-
pants aged below 55 years, 55–64 years, 65–74 years, 75 plus years) to represent potential
nonlinear relationships with age. Table 1 gives an overview of the indicators of socioeconomic
status and medical diagnoses.

Statistical analyses

Three sets of analyses addressed the questions of interest. First, we examined potential baseline
socioeconomic differences between the participants prior to any intervention. Second, using
change score models (Kievit et al., 2018), we compared the mean differences in the IG and CG
on (a) change score 1 representing the shorter term (Time 1 � Time 0) and (b) change score
2 representing the longer term (Time 2 � Time 0) effects of intervention. To test the effect of
the intervention on the change scores (change score 1: Time 1 vs. Time 0; change score 2: Time
2 vs. Time 0), a saturated model was first fitted to the data, followed by models that separately
restricted, each change score to be equal in the IG and CG. Following standard model compari-
son procedures in the general linear model (Cohen et al., 2003) and structural equation model-
ing, we compared the increase in prediction from each restricted to the saturated model
(hierarchical model tests) to test the intervention effects. The intervention effects were tested
separately for change score 1 and change score 2. The R package lavaan (Rosseel, 2012) was
used to fit the change score models (see Supporting Information for lavaan code; Figure S2
shows the basic change score model). Third, we examined whether socioeconomic indicators
moderated the effects of intervention (e.g., whether the intervention effects differed between
males and females). We addressed missing data using full-information maximum likelihood
estimation (Graham, 2009; Little & Rubin, 2020). Between-group effect sizes were computed to
provide an estimate of the magnitude of the overall intervention effects. Following
Cohen (1988), standardized between-group effect sizes (Cohen's d) were estimated based on the
model based pooled standard deviation (i.e., we divided the difference in change scores between
IG and CG by the pooled standard deviation of the change scores of each group).

RESULTS

Baseline differences as a function of socioeconomic indicators

Table 2 reports means and statistical tests of baseline differences in mean SRH and WHO-5
depressive symptoms as a function of the socioeconomic indicators. Males had higher means on
the SRH and WHO-5 depressive symptoms compared with female participants indicating better
SRH and fewer depressive symptoms. Compared with residents of former West German (BRD)
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states, residents of the former DDR states had higher means on WHO-5 depressive symptoms,
but there was no difference on SRH. On average, more highly educated participants reported
fewer depressive symptoms than less educated participants, but the two groups did not differ in
SRH. Finally, there were differences between age groups, with the 67–74 age group reporting
the highest levels of SRH and the lowest levels of depressive symptoms.

Main effects of the Health Coach intervention at Waves 1 and 2

Self-rated health

We first performed a check on the extent to which propensity score matching led to balance on
baseline self-rated health prior to treatment. There were no significant differences between the

TABLE 2 Sociodemographic and socioeconomic differences at baseline (model-based estimates)

Outcome Variable and χ2-test Category Mean T0 Variance T0

SRH Gender* (χ2(1) = 6.23, p = .013) F 5.42 3.146

M 5.65 3.160

Region of residence (χ2(1) = 0.18, p = .669) E 5.57 2.503

W 5.61 3.274

Education (χ2(3) = 4.02, p = .259) ISCED 2 5.57 3.217

ISCED 3 5.52 3.588

ISCED 5 5.70 2.942

ISCED 7 5.73 3.038

Age* (χ2(3) = 19.59, p < .001) < 55 5.45 3.801

55–64 5.39 3.628

65–74 5.76 2.869

>74 5.57 2.815

WHO-5 Gender* (χ2(1) = 38.70, p < .001) F 52.83 563.438

M 60.58 509.353

Region of residence* (χ2(1) = 9.92, p = 0.002) E 62.50 432.255

W 58.66 540.887

Education* (χ2(3) = 23.02, p < .001) ISCED 2 57.77 557.436

ISCED 3 56.33 593.431

ISCED 5 61.61 460.148

ISCED 7 62.73 463.123

Age* (χ2(3) = 118.80, p < .001) < 55 47.50 542.498

55–64 54.73 627.243

65–74 62.89 440.001

>74 62.06 469.023

Abbreviations: F, female; M, male; SRH, Self-Rated Health; T0, baseline; WHO-5, World-Health-Organization-Five Scale.
*Significant χ2-test (p < .05) for baseline mean differences.
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IG and the CG at baseline in self-rated health (χ2(1) = 0.42, p = .518, d = �.03). The results
from the change score models showed that the mean gain for the IG was larger than that for
the CG for both the Time 1 vs. Time 0 (baseline) change score, χ2(1) = 50.29, p < .001, Mgain

= 0.59, d = .37, and the Time 2 vs. Time 0 change score, χ2(1) = 24.06, p < .001, Mgain = 0.40,
d = .25. The model-estimated means for each group over time are depicted in Figure 3 (top
panel). As can be seen, the gains from the initial level were larger for the IG than for the CG for
both shorter and longer term change.

WHO-5

The check on the success of the propensity score matching showed no significant differences
between the IG and the CG at baseline in the WHO-5 score (χ2(1) = 0.001, p = .974, d = .00).

FIGURE 3 Model-implied means for the control and intervention groups at each measurement wave on self-

rated health (Panel A; original scale: 0–10) and WHO-5 score (Panel B; original scale: 0–100). T0 = baseline,

T1 = immediate posttest, T2 = longer-term posttest. CG = control group, IG = intervention group
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The results from the change score models showed that the gain from the intervention was
larger than that for the control group for both the Time 1 vs. Time 0 change score, χ2(1)
= 10.21, p = .001, Mgain = 2.81, d = .17, and the Time 2 vs. Time 0 change score, χ2(1) = 5.97,
p = .015 Mgain = 2.28, d = .13. The model-estimated means for each group across the three
waves are depicted in Figure 3 (bottom panel). The results showed larger gains from the inter-
vention than the control relative to the baseline levels.

Equity effects

Self-rated health

There was no significant gender x intervention interaction for change score 1, χ2(2) = 1.16,
p = .559, nor for change score 2, χ2(2) = 0.79, p = .675. The test of the moderator effect for
region of residence (former East vs. West Germany states) also did not show a
region � intervention interaction for change score 1, χ2(2) = 1.37, p = 0.503 or for change score
2, χ2(2) = 1.29, p = .525. The test of the moderator effect for education group was also not sig-
nificant for change score 1, χ2(6) = 2.67, p = .848, nor for change score 2, χ2(6) = 7.12,
p = .310. However, age group moderated the change for both change score 1, χ2(6) = 21.74,
p = .001 and change score 2, χ2(6) = 17.13, p = .009. From baseline (Time 0) to Time 1, the
change in the IG exceeded the change in the CG for each age category: MΔ < 55 = +0.43,
MΔ 55–64 = +0.85, MΔ 65–74 = +0.50, and MΔ > 74 = +0.53. From baseline to Time 2, the longer
term change in the IG again exceeded the change from the CG for each age category: Mean
difference in change between IG and CG (MΔ) for each age category was MΔ < 55 = +0.21;
MΔ 55–64 = +0.59; MΔ 65–74 = +0.30; MΔ > 74 = +0.55, with the 55–64 age category showing the
largest positive change.

WHO-5

There were no significant moderator effects for region of residence or education. Specifically,
the test of the interaction effect with intervention for region of residence (former East vs. West
Germany states) again did not show a region x intervention interaction for change score 1, χ2

(2) = 0.33, p = .847, nor for change score 2, χ2(2) = 0.57, p = .750. The test of the moderator
effect for education group was again not significant for change score 1, χ2(6) = 11.62, p = .071,
nor for change score 2, χ2(6) = 7.73, p = .258. However, there were significant moderator
effects for gender and age. The test of the moderator effect for gender did show a significant
gender � intervention interaction for change score 1, χ2(2) = 7.05, p = .030 and for change
score 2, χ2(2) = 6.06, p = .048. Relative to the CG, females gained more from the intervention
from both Time 0 to Time 1, MΔ female = +5.39 than males, MΔ male = +2.37 and from Time
0 to Time 2, MΔ female = +5.62, MΔ male = +1.64. Age group also moderated the intervention
effect for both change score 1, χ2(6) = 17.55, p = .007 and change score 2, χ2(6) = 21.85,
p = .001. Mean differences in change between the IG and CG (MΔ) for each age category were
MΔ < 55 = �0.83, MΔ 55–64 = +5.15, MΔ 65–74 = +1.94, and MΔ > 74 = +4.26. Change in the
WHO-5 score in the IG relative to the CG from baseline to Time 1 varied with age category.
Mean difference in change between the IG and CG (MΔ) for each age category from baseline to
Time 2 was MΔ < 55 = +1.58; MΔ 55–64 = +4.06; MΔ 65–74 = +1.43; MΔ > 74 = +3.70. These
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results suggested that the longer term gains for the intervention relative to the control group
were mostly positive, but variable across the four age categories. The 55–64 age category showed
the largest positive intervention effect.

DISCUSSION

This study evaluated the effectiveness of a brief telephone-based counseling program (“Health
Coach”) for patients with chronic diseases after 4 and 6 months. It also evaluated whether inter-
vention effects differed according to participant-level indicators of social inequality (PROGRESS-
Plus [O'Neill et al., 2014] dimensions of place of residence, age, gender, and education). To the
extent such moderator effects exist, they may represent potential equity effects, that is, differen-
tial effects of the intervention according to indicators of participant socioeconomic status and
gender (Lehne et al., 2019; Lorenc & Oliver, 2014). We used a randomized invitation (sometimes
also “randomized consent”; Zelen, 1979) design to balance the IG and CG on baseline covariates.
Given a possible selection bias into the IG because of the need for consent, we augmented the
basic randomized invitation design by matching the IG and CG based on their propensity scores.
This additional design feature allowed us to contrast changes in individuals who agreed to partic-
ipate in the Health Coach program against changes in the initially similar group of nonpartici-
pants who would be expected to accept the intervention if offered. We found that participants in
the Health Coach program reported significantly increased levels of SRH and emotional well-
being over the course of 4 months and maintained these gains for another 2 months. The stan-
dardized effect sizes were between small and moderate in magnitude (Cohen, 1988). Recall that
the population studied was selected to be at high risk of hospitalization and that both groups
received regular medical care as prescribed by the German national health-care system. Conse-
quently, we regard the additional effect of the Health Coach intervention over and above stan-
dard German medical care to be sufficiently large to be of clinical significance.

Our results show that a brief telephone-based counseling program that included compo-
nents on education about the chronic disease, information on available resources, provision of
action plans, rehearsal of self-help strategies, social support, and general lifestyle advice can be
effective in improving subjective ratings of health and emotional well-being. Older adults with
chronic illnesses are at high risk for deterioration in well-being and self-rated health (Sheridan
et al., 2019); such a program, if rolled out on a broader basis, has the potential to increase well-
being in this chronic disease population.

Equity effects

These small to medium-sized effects are further supported by an absence of more than small
equity effects of the intervention with regard to the four PROGRESS-Plus dimensions that could
be examined. Consistent small differences in the effects of the intervention on SRH and depres-
sive symptoms were found with regard to age. Descriptively, the IG had more positive outcomes
than the CG in all but one of the four age categories, and females relative to males showed a
somewhat greater benefit from the intervention on the WHO-5. This latter effect could be either
due to lower WHO-5 scores at baseline—that is, more room for mitigation of depressive
symptoms—or due to women profiting more from the attention delivered by the intervention.
Note that this effect was only found on depressive symptoms, but not on self-rated health.
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The general absence of equity effects for education and place of residence are promising. As
described in Section 1, educational attainment is a dimension of socioeconomic status that has
tended to be particularly relevant for health outcomes in patients with chronic disease in
Germany. Individuals with lower educational attainment are have both a higher prevalence of
chronic diseases and suffer more consequences from chronic disease in terms of health and
depressive symptoms. Previous studies have suggested that participation and retention in self-
management trials is stratified by socioeconomic factors, in particular age and education
(e.g., Kure-Biegel et al., 2016), putting participants who are younger and who have lower educa-
tional attainment at higher risk. In addition, individuals living in the federal states that consti-
tuted the former East Germany compared with those that constituted the former West
Germany were also more likely to be affected by chronic disease, possibly due to higher poverty
and lower employment rates. As such, our finding that intervention effects were of comparable
effect size across education and place of residence is promising, because it suggests that a brief
telephone counseling program for self-management in chronic disease could contribute to an
overall improvement in SRH and emotional well-being while being unlikely to further exacer-
bate existing health inequalities.

Of importance, this study is one of the few intervention studies in chronic disease self-
management that specifically test differential effects of an intervention in individuals from dif-
ferent socioeconomic backgrounds. Previous studies have mainly controlled for the effects of
indicators of socioeconomic inequality (e.g., Contant et al., 2019). These studies reported that
the effects of interventions change in magnitude when such factors are controlled for, but such
tests remain silent about the specific differential effects of interventions according to socioeco-
nomic background. This absence of equity-specific analyses has been highlighted in some previ-
ous reviews of self-management interventions (e.g., for chronic osteoarthritis, Kroon
et al., 2014). To our knowledge, no previous published study has tested for potential equity
effects in self-management for chronic disease. This lack of tests of equity effects is potentially
problematic: If self-management interventions were to have differential effects according to par-
ticipants' socioeconomic background, existing inequalities in chronic disease health outcomes
(Mielck et al., 2014) could be further exacerbated (Lorenc & Oliver, 2014).

In this study, we based the equity dimensions on the PROGRESS-Plus framework (O'Neill
et al., 2014), which has been specifically formulated for the examination of equity effects of
interventions. Although the set of indicators suggested in the PROGRESS-Plus framework is by
no means comprehensive, it provides a viable framework for examining equity effects that
could be used in future studies. If more studies reported such information, which is often possi-
ble using already collected indicators of socioeconomic position, an evidence base for interven-
tions that are likely or unlikely to work in different socioeconomic groups could be built and
considered in health services decision-making.

This study did not use the full set of equity dimensions suggested in the PROGRESS-Plus
framework. We only considered information on place of residence (P), gender (G), age (Plus),
and education (E), as more information was not available in the data set. This implies that other
equity effects of the intervention are possible, but could not be explored here.

Design considerations: Strengths and limitations

There are particular strengths and limitations to applying a randomized invitation design. In a
conventional randomized clinical trial, participants initially agree to participate in either the IG
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or CG with IG participants typically being given incentives for full participation in the interven-
tion to maximize treatment adherence. The effect of the treatment would be evaluated using an
intention-to-treat (ITT) analysis. In contrast, in our randomized invitation design, eligible par-
ticipants in the population were randomly assigned to be invited to receive the intervention,
whereas the CG reservoir was randomly assigned to be not invited to participate and was given
treatment as usual. Thus, our starting point was a randomized invitation design in which partic-
ipants in the IG and CG were expected to be balanced at baseline on all measured and
unmeasured covariates. However, as is common in a randomized invitation design, not all par-
ticipants accepted the invitation, leading to the possibility of imbalance between IG participants
and participants in the CG reservoir. In addition, the insurance company decided to not collect
data on participants assigned to the IG who did not agree to receive the intervention program.
A number of treatment noncompliance models have been proposed (Sagarin et al., 2014) that
permit strong causal inferences in the absence of treatment compliance. These models compare
the mean outcome of participants in the treatment group who comply with the intervention
with the mean outcome of matched participants in the control group who would be expected to
comply if they had been assigned to the treatment group. The effect estimated is the average
treatment effect on the treated.

The success of this matching procedure depends on having available a rich set of covariates
that are potentially related to both the treatment received and the outcome. Here, we included
89 covariates in the propensity score model: On these measured covariates, we were able to
achieve balance similar in degree to the balance that would be achieved in a randomized clini-
cal trial with full treatment compliance. The major limitation of the approach is that there
might be other unmeasured covariates on which the two groups were not balanced, potentially
confounding the results of the study. However, given the rich set of 89 covariates, any uncon-
trolled covariate would need to have a unique relationship with both the intervention condition
and outcome over and above that of the 89 measured covariates. Previous studies (e.g., Shadish
et al., 2008; Steiner et al., 2010) that have compared the effect sizes obtained in non-randomized
and randomized studies have pointed to measures of motivation, self-efficacy, and treatment
preference as particularly important covariates that should ideally be measured. Both motiva-
tion and self-efficacy were included among our covariates,5 substantially reducing the likeli-
hood that this is a serious limitation in the present study. When a rich set of covariates are
available, comparisons of propensity score and other similar procedures for equating treatment
and control groups have shown their success in yielding an unbiased estimate of the magnitude
of the causal effect (Cook et al., 2008; Shadish et al., 2008; Steiner et al., 2010)., Indeed, it has
been argued (Imbens & Rubin, 2015) that, in contrast to the ITT effect that provides an estimate
of the average effect of treatment assignment on the outcome, treatment noncompliance models
provide unbiased estimates of the average treatment on the treated, a more informative mea-
sure of treatment effectiveness.6 In addition, the need to attain participant's permission to
receive either the IG or the CG and the use of incentives to maximize compliance in a random-
ized clinical trial can lead to limits on the generalization of the results of the trial (Diener
et al., in press; see Relton et al., 2010 for a comparison of designs). Cartwright and Hardie (2012)
have documented the many failed educational and public-health interventions based on prior
randomized clinical trials that used participants and enhanced interventions that were not rep-
resentative of the target populations and treatments of interest.

Another limitation is that there were missing data (approximately 57% complete cases) as is
common in designs in which the data are collected by government-related companies rather
than researchers. Full information maximum likelihood is expected to produce unbiased
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estimates of the intervention effect assuming that data are missing at random (Little &
Rubin, 2020). Missing at random implies that missingness can be adequately predicted by other
measured variables in the model and that other remaining sources of missingness are random.
In contrast, if missingness is predicted by would be values of the outcome variables themselves,
then estimates of intervention effects may be biased.

A final limitation lies in the broad study end points of depressive symptoms and SRH. At
the same time, measures of SRH have been shown to be valid indicators and predictors of both
morbidity and mortality (DeSalvo et al., 2006).

CONCLUSION

Despite these limitations, there are important implications that can be drawn from the current
study. A relatively brief telephone counseling program for the self-management of chronic dis-
ease resulted in sustained improvements in SRH and depressive symptoms. These effects were
of comparable size for groups of participants differing by education and place of residence, with
some tentative evidence of differences for gender and age groups. These findings point to the
potential of such interventions to be scaled up and to markedly improve broad health outcomes
in adults with chronic disease. More research is needed to further explore equity effects of self-
management interventions in chronic disease.
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ENDNOTES
1 The insurance company did not send questionnaires at the two follow-up assessments to insured individuals
who did not agree to participate in the intervention.
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2 We thank Professor Andreas Schaper, M.D., University of Göttingen Medical School for guidance in esta-
blishing plausible values for the self-reports of medical variables.

3 The implausible self-report values on the self-reports of medical variables only affect the calculation of the propensity
scores. If we correlate propensity scores based on the 595 participants available for analysis following screening of
participants for implausible self-report values and the propensity scores based on the full sample of 6636 unscreened
cases, the correlation of the propensity score is extremely high r = .976. Consequently, there are only minor differ-
ences between the screened and unscreened participants. We report the results of the screened participants.

4 Interviews took place in an approximate 1-month window.
5 Given that IG and CG participants were unaware of the existence of the other treatment condition, no measure
of treatment preference could be feasibly included.

6 According to Sheiner and Rubin (1995), the ITT effect answers the following question: “What are the expected
outcomes for the typical patient instructed, in the context of the trial, to take the treatment to which he was
assigned?” (p. 9). Given that outcome data were not collected on noncompliers, the ITT effect could not be esti-
mated in the present study.
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