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Background. To explore effects of a health risk appraisal for older people (HRA-O) program with reinforcement, we
conducted a randomized controlled trial in 21 general practices in Hamburg, Germany.
Methods. Overall, 2,580 older patients of 14 general practitioners trained in reinforcing recommendations related
to HRA-O-identified risk factors were randomized into intervention (n = 878) and control (n = 1,702) groups. Patients
(n = 746) of seven additional matched general practitioners who did not receive this training served as a comparison
group. Patients allocated to the intervention group, and their general practitioners, received computer-tailored written
recommendations, and patients were offered the choice between interdisciplinary group sessions (geriatrician, physiotherapist, social worker, and nutritionist) and home visits (nurse).
Results. Among the intervention group, 580 (66%) persons made use of personal reinforcement (group sessions:
503 [87%], home visits: 77 [13%]). At 1-year follow-up, persons in the intervention group had higher use of preventive
services (eg, influenza vaccinations, adjusted odds ratio 1.7; 95% confidence interval 1.4–2.1) and more favorable health
behavior (eg, high fruit/fiber intake, odds ratio 2.0; 95% confidence interval 1.6–2.6), as compared with controls. Comparisons between intervention and comparison group data revealed similar effects, suggesting that physician training
alone had no effect. Subgroup analyses indicated favorable effects for HRA-O with personal reinforcement, but not for
HRA-O without reinforcement.
Conclusions. HRA-O combined with physician training and personal reinforcement had favorable effects on preventive care use and health behavior.
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I

NCREASING life expectancy entails increased risks of
acquiring functional deficits and disabilities at advanced
ages (1). Disabilities and functional deficits have considerable consequences both for the affected individual and for
society, as they are associated with dependency and elevated
use of health and social care services (2). Therefore, promotion of health and prevention of functional impairment in
later life are major health policy priorities.
Use of multidimensional geriatric assessment (3) and of
standardized tools (4) has shown favorable effects on functional status in frail older persons. However, there is an on-

going debate on how prevention of functional status decline
in non-frail older persons can be achieved. Health risk appraisal (HRA) is a potentially promising approach for a preventive purpose in older persons, covering the multiple
domains of multidimensional geriatric assessment in a standardized tool, with a self-administered questionnaire and a
computer-based feedback system (5). A systematic review
of HRA showed benefits on behavior, physiological variables, and general health status in older persons among
studies including personalized reinforcement (6). However,
experience with HRA is limited, and the few previous studies
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of HRA-based interventions were mostly conducted in the
United States and usually included personal counseling by
a health educator, personal mailing, or monetary incentives.
The use of HRA is practically nonexistent as part of preventive health care outside the United States, probably related
to limited applicability of previous U.S. studies to settings
in other countries.
Based on the original HRA for the elderly (5), we generated a multilingual, updated, and regionally adapted version
for use in European settings, labeled HRA-O (HRA for
older persons) (7). In addition, methods of personal HRA
reinforcement with group sessions or preventive home visits adapted to the German setting were developed and implemented (8,9). Group sessions have been successfully
tested for chronic disease management purposes (10–12),
but there is little experience on the effectiveness of this approach for a preventive purpose.
The objectives of this trial were to evaluate the feasibility
and acceptance of the HRA-O instrument combined with
physician training and with group sessions or preventive
home visits, and to determine the short-term effects of this
multifaceted intervention on preventive care use and health
behavior in older persons.
Methods
The present study is one of three trials that took place in the
context of the PRO-AGE (PRevention in Older people—
Assessment in GEneralists’ practices) project in three locations (7,13). The present study was conducted in Hamburg,
Germany, and was intended to test whether HRA-O, combined with personal reinforcement and supplemented by a
quality circle (special educational program) for the involved
physicians, improves use of preventative care and health
behavior. Ethical approval was obtained from the Hamburg
General Medical Council Ethics Committee and the Albertinen-Hospital Ethics Committee.
Recruitment of General Practitioners
In Hamburg, general practitioners (GPs) registered in the
entire metropolitan area (~500 GPs) were informed via the
newsletter of their regional GP association (BDA-Landesverband Hamburg). Overall, 21 GPs (organized in solo
practices) agreed to participate. We formed seven clusters of
three GPs each, matched for physician’s age, gender, and
qualification (family practice, internal medicine). Two GPs
from each cluster were allocated to the training group (14
GPs), and one to the comparison group (7 GPs).
Recruitment of Older Persons
Each participating practice provided a complete list of
the patients 60 years and older, excluding those with need for
human help (eg, professional care) in basic activities of daily
living and/or receiving nursing care, cognitive impairment,

terminal disease, and/or inability to understand German.
Eligible patients were sent a letter of invitation by their physician, including an information sheet describing the project,
a brief questionnaire including the Pra-questionnaire (Probability of Repeated Admission) with six items measuring
baseline risk status (14), a self-reported question on need
for human help in basic activities of daily living (persons
with self-reported need for help were excluded from the
study), and an informed consent form. Patient’s age and sex
were obtained from the GP’s register. All patients were informed that they could withdraw from the project without
negative impact on their care. Recruitment took place over
a 9-month period.
Group Assignment of Older Persons
Eligible persons from the 14 practices of the trained GPs
who returned both the brief questionnaire and the consent
form were allocated to the intervention and the control
group relying on computer-based randomization at an independent center. We selected a randomization ratio of 1:2
(intervention:control) to minimize the number of persons in
the intervention group (resources for offering the intervention reinforcement services were limited). Persons living in
the same household were allocated to the same group. Eligible persons from the seven remaining practices were not
randomized and formed the comparison group. The detailed
flow diagram describing patient numbers in the recruitment
and allocation phase has been described in a separate Methods article (13). An abbreviated flow diagram with additional detailed information on the follow-up period is
depicted in Supplementary Figure 1.
Intervention
HRA-O intervention.—Intervention group members received the self-administered HRA-O questionnaire immediately after randomization. Briefly, the HRA-O questionnaire
contains the following sections (7): administrative information, chronic conditions, preventative care use, medication
use, signs and symptoms, self-perceived health, physical
activity, nutrition, injury prevention, tobacco use, alcohol
use, vision, hearing, depressive symptoms, memory, social
network, social support, basic and instrumental activities of
daily living, socioeconomic information education, occupation, living arrangement, and health measurements (weight,
height, blood pressure, and cholesterol).
Completed questionnaires were double entered at the study
center, and individualized computer-generated feedback reports were produced for participants and their GPs. Participant’s
reports included individually tailored information and recommendations based on the older persons’ responses, general
health information in the domains of the HRA-O questionnaire, and local sources of further information (7).

HEALTH RISK APPRAISAL AND GROUP SESSIONS

All 14 GPs allocated to training participated in bimonthly
2-hour training sessions (Thursday evenings 8–10 pm) led
by an experienced geriatrician during the whole intervention period. The main purpose was to train them in reinforcing recommendations related to HRA-O-identified risk
factors and to make them aware of the reinforcement program offered by the geriatric center. As a basis for these
training sessions, we used cases from GPs practices, and a
newly developed evidence-based manual with guidance
notes for GPs participating in the intervention (published as
part of reference 13). Key topics of the training included
cardiovascular risk prevention, immunizations, cancer
screening, health maintenance, specific health issues (pain,
medication use, injury, incontinence), and psychosocial
health and behavior. As an incentive, physicians participating in the training sessions received credits required for
their documentation of continuing education.
For their patients allocated to the intervention, but not for
those allocated to control (Supplementary Figure 1), the
GPs received a personal summary report with personal information on recommendations based on HRA-O-identified
risk factors. Patients were encouraged to discuss HRA-Obased recommendations with their GPs, but it was up to the
GPs and the participants to decide how the issues raised in
the reports were addressed: directly, opportunistically, or
not at all.
Additional personal reinforcement.—Patients of the intervention group having returned the HRA-O questionnaire
had the choice between two offers of reinforcement: participation in group sessions or home visits. The present
study made use of the health care structures and professions
established in Germany, and of the interdisciplinary geriatric team located at a geriatric center, trained in health promotion and motivational methods.
Group session.—Groups of 12 seniors took part in one
half-day group session at the geriatric center. Information
on healthy eating, physical activity, active social participation, and successful aging was provided in group sessions
by the geriatric team: nutritionist, physiotherapist, social
worker, and geriatrician (team leader) (8,9). First, geriatric
team members gave structured information about the selected health topics, and the complex interactions between
health topics. Second, each person was asked to complete
an individual dietary and physical activity record. Such selfreflection of participants proved helpful to the four advisors
of the geriatric team for developing individual recommendations and setting individual goals (preventive assessment). Two weeks later, all participants received a personal
report with recommendations confirming the agreements
reached during the group session, including individually selected addresses of, for example, sports clubs and senior
citizens’ organizations close to the participant’s home to
promote lasting lifestyle changes (motivation, self-efficacy,
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empowerment). Group session participants were offered a
second follow-up appointment at the geriatric center in 6
months’ time to check adherence to the recommendations.
Home visits.—A specially trained nurse conducted a first
home visit including a multidimensional assessment of mobility, functional decline, falls, pain, medication use, nutrition, cognition, vision, hearing, social contacts, housing,
and living location. Based on this assessment and the HRAO feedback report, the nurse discussed each case with the
geriatric team at the center. Recommendations were formulated, prioritized, reinforced, or modified for each participant. Nurse and geriatrician provided the participant’s GP
with a short written report containing the assessment results
and recommendations given. Intensive cooperation between
nurse, social worker, and GP resulted in finding solutions
for special needs uncovered during home visits (eg, meals
on wheels, application for nursing care). The nurse conducted a second follow-up home visit after 6 months to check
adherence to the recommendations (15,16).
Control Group
Participants randomized to control received usual care
over the study period, but GPs of control patients had received special training and were involved in care of intervention group patients, and might therefore have changed
their preventive care practice. Such a treatment contamination of control group patients might reduce the point estimate of the intervention’s effectiveness, and this might lead
to underestimation of treatment effects.
Comparison Group
Due to the concern regarding a diffusion of treatment
effects among control group patients, we recruited seven
additional practices not involved in the intervention, did
not offer special training to these GPs, and allocated all
participants from these untrained GPs to usual care. This
patient group was therefore not exposed to a possible contamination effect and was called “comparison group” in
this study. From this perspective, comparisons between intervention and comparison group patients are expected to
give more appropriate estimates of intervention effects.
However, these comparisons have a limited validity because they are based on initial matched physician allocation with subsequent invitation of patients for study
participation.
Outcome Data Collection
Survival, nursing home admission, and need for ambulatory nursing care as well as change of residence data were
obtained from the GP records and completed with participant and proxy information. At year 1, the HRA-O questionnaire was used for collecting outcome information from
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all study participants. It was sent to surviving persons in
combination with a short questionnaire on self-efficacy in
the patient–physician interaction (17). All data were double
entered by staff blinded for subject allocation.
Primary outcomes were self-reported use of preventive
care measures and self-reported health behavior at year 1
follow-up (13,18–20). Two summary scores, one each for
preventive care (preventive care use index) and for health
behavior (health behavior index), were created. The preventive care use index was calculated for each person as the
proportion of preventive care services that were used by this
person. For example, if a person reported use of six of the
nine preventive care services listed in this study, the index
was 66.7%. Similarly, the health behavior index was calculated as the proportion of favorable health behavior items
among the six items addressed in this study. For physical
activity, the five-or-more-times-per-week cutoff was used
for calculating the index.
All other measures, including HRA-O items covering
health and functional status measures (7), measures of patient–physician interaction (17), mortality, and nursing
home use at 1-year follow-up, were used for secondary outcome analyses.
Sample Size
We calculated the sample size required to detect a 30%
difference in preventive care use or health behavior between
the intervention and the control groups at year 1, using α =
.05 and a power of 80%. Prevalence of positive preventive
care use or health behavior was assumed at 20% among
controls. Assuming a 20% dropout rate during year 1, the
required sample size was 763 and 1,525 persons, respectively, in the intervention and control groups.
Statistical Methods
Main analyses were comparisons of primary outcomes
between intervention and control groups, adjusted for base
line factors (age, gender, and the individual items of the Praquestionnaire) and household membership (a variable
identifying persons living in the same household), based on
generalized estimating equations assuming an independent
correlation structure (21). To explore whether treatment effects were underestimated due to diffusion, we repeated all
analyses of primary outcome data by comparing intervention versus comparison groups. Secondary outcomes were
compared between intervention and control groups based
on the same method. For the analysis of health care use information (physician visits, hospital use), an ordinal regression model was used. All analyses were done according
to an a priori plan (13) using SAS version 9.1 and STATA
version 11.1.
To investigate potential bias introduced by missing data,
we repeated all primary outcome analyses comparing intervention, control, and comparison groups, and the secondary

outcomes of health and functional status comparing intervention and control groups, based on multiple imputation of
missing values by chained equations (22). The chosen predictor variables for the imputation model included gender,
age, individual and summary items of baseline Pra-instrument, 1-year follow-up preventive care items and summary
score, 1-year follow-up health behavior measures and summary score, 1-year follow-up health and functional status
measures, an indicator of the completion of the 1-year follow-up questionnaire (yes/no), and group affiliation (intervention, control, or comparison). Ten completed data sets
were generated.
We also conducted planned subgroup analyses. Based on
previous research, we hypothesized favorable effects for the
combination of HRA-O and personal reinforcement, but no
favorable effects for HRA-O without personal reinforcement. For this purpose, we used generalized estimation
equations, controlling for household clusters, and did these
analyses based on intervention versus control group comparisons, using the two main summary outcome measures
(preventive care index and health behavior index). The
model included categorical variables with levels denoting
(a) participation in the full intervention consisting of HRAO with personal reinforcement (group session or home
visit), (b) partial participation in the intervention with completion of HRA-O but without personal reinforcement
(HRA-O intervention alone), and (c) usual care and no intervention (corresponds to control group). The fourth category of persons (intervention group who refused to
participate in the intervention, n = 74) could not be included
in this analysis because persons refusing the intervention
also refused providing self-reported outcome data.
Results
The number of participants agreeing to participate was
2,580 among those included in the randomized study and
746 in the concurrent comparison group (Supplementary
Figure 1). At 1-year follow-up, the numbers (percent of
eligible) returning the HRA-O questionnaire were 587
(70.6%) in the intervention group, 1,376 (83.8%) in the
randomized control group, and 582 (81.4%) in the comparison group. Information regarding survival and place of
living was available for nearly all persons (missing: n = 17)
(see Supplementary Figure 1 for detailed flow diagram).
Table 1 demonstrates that all three groups had similar baseline characteristics.
Of 878 individuals in the intervention group, 74 did not
return the HRA-O instrument at baseline, and did therefore
not participate in the intervention. The remaining 804 persons received computer-generated individualized reports,
and they were invited to make use of group sessions or preventive home visits. Overall, 503 chose group sessions, 77
opted for home visits, and the remaining 224 did not participate in any reinforcement intervention.
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Table 1. Baseline Characteristics of Study Participants
Characteristic
Mean age (years)
Female
Fair/poor self-perceived health*
≥1 hospital visits in past year*,†
Ambulatory physician visits in past year*,†
0
1–6
≥7
Self-reported diabetes*
Self-reported coronary heart disease*
Caregiver available*
Mean Pra-score (14)

Intervention Group (n = 878),
Mean ± SD or n (%)

Control Group (n = 1,702),
Mean ± SD or n (%)

Comparison Group (n = 746),
Mean ± SD or n (%)

71.9 ± 7.7
540 (61.5)
339 (38.6)
186 (21.2)

71.8 ± 7.6
1,077 (63.3)
656 (38.5)
360 (21.2)

72.0 ± 8.2
509 (68.2)
295 (39.5)
168 (22.5)

6 (0.7)
434 (49.4)
438 (49.9)
83 (9.4)
165 (18.8)
722 (82.2)
0.297 ± 0.113

23 (1.4)
830 (48.8)
849 (49.9)
182 (10.7)
318 (18.7)
1,380 (81.1)
0.295 ± 0.115

13 (1.7)
405 (54.3)
328 (44.0)
91 (12.2)
164 (22.0)
597 (80.0)
0.293 ± 0.114

Notes: *Item contributing to the Pra-score.
and physician visits in the year prior to baseline, based on self-reported information.

† Hospital

Preventive Care Use at Year 1
For preventive care measures, differences were statistically significant for the three actions with the lowest uptake
among control patients (influenza vaccination, p < .001;
pneumococcal vaccination, p < .001; and hearing checks,
p = .001) (Table 2). The fraction of preventive care measures
taken up at the 1-year follow-up was 74.9% among persons

in the intervention group, versus 68.4% in the control group
(p < .001).
Differences between intervention and comparison groups
were similar compared with differences between intervention and control groups, suggesting little treatment diffusion. The only possible exception was hypertension control
(Table 2), but these data should not be overinterpreted given

Table 2. Primary Outcomes at 1-Year Follow-Up*

Preventive action
Blood pressure check in previous year
Blood glucose measurement in
previous 3 years
Cholesterol measurement in
previous 5 years†
Dental checkup in past year
Vision checkup in past year
Colon cancer screening
(fecal occult blood in past year)‡
Influenza vaccination in past year
Hearing checkup in past year
Pneumococcal vaccination (ever)
Preventive care use index (mean ± SD)§
Health behavior
Use of car safety belt
No tobacco use
No hazardous alcohol use (18)
Low fat intake (19)
Moderate or strenuous
physical activity (20)
≥3 times per week
≥5 times per week
Consumption of ≥5 fruit or fiber items
per day (19)
Health behavior index (mean ± SD)§

Intervention Group,
Cases/n (%)

Control Group,
Cases/n (%)

Intervention vs Control,
OR (95% CI)

Comparison Group,
Cases/n (%)

Intervention vs
Comparison, OR
(95% CI)

565/573 (98.6)
514/567 (90.7)

1,320/1,355 (97.4)
1,194/1,329 (89.8)

1.5 (0.7–3.3)
1.0 (0.7–1.5)

547/576 (95.0)
486/562 (86.5)

3.3 (1.5–7.3)
1.4 (1.0–2.2)

382/401 (95.3)

884/943 (93.7)

1.3 (0.7–2.2)

381/413 (92.3)

1.5 (0.8–2.8)

504/575 (87.7)
451/574 (78.6)
343/486 (70.6)

1,137/1,346 (84.5)
1,017/1,353 (75.2)
782/1,158 (67.5)

1.3 (0.9–1.7)
1.2 (0.9–1.5)
1.1 (0.9–1.4)

485/573 (84.6)
446/574 (77.7)
341/495 (68.9)

1.2 (0.8–1.8)
1.0 (0.8–1.4)
1.0 (0.8–1.4)

395/574 (68.8)
248/575 (43.1)
267/568 (47.0)
74.9 ± 18.4 (n = 570)

768/1,353 (56.8)
1.7 (1.4–2.1)
471/1,353 (34.8)
1.4 (1.2–1.8)
319/1,342 (23.8)
2.8 (2.3–3.5)
68.4 ± 17.8 (n = 1,334) ∆ = 6.1 (4.3–7.9)

321/573 (56.0)
1.7 (1.3–2.2)
176/574 (30.7)
1.7 (1.3–2.2)
167/566 (29.5)
2.0 (1.5–2.7)
68.0 ± 19.4 (n = 569) ∆ = 6.0 (3.8–8.3)

534/558 (95.7)
479/536 (89.4)
453/525 (86.3)
354/530 (66.8)

1,237/1,287 (96.1)
1,069/1,246 (85.8)
1,038/1,235 (84.0)
812/1,268 (64.0)

0.9 (0.5–1.5)
1.4 (1.0–1.9)
1.2 (0.9–1.7)
1.1 (0.9–1.4)

526/549 (95.8)
445/522 (85.2)
435/508 (85.6)
331/510 (64.9)

0.9 (0.5–1.7)
1.6 (1.1–2.3)
1.1 (0.7–1.6)
1.2 (0.9–1.6)

204/541 (37.7)
112/537 (20.9)
146/558 (26.2)

395/1,265 (31.2)
235/1,255 (18.7)
194/1,292 (15.0)

1.4 (1.1–1.7)
1.2 (0.9–1.5)
2.0 (1.6–2.6)

189/523 (36.1)
113/518 (21.8)
95/542 (17.5)

1.1 (0.9–1.5)
1.0 (0.7–1.4)
1.8 (1.3–2.4)

64.1 ± 17.1 (n = 525)

60.3 ± 16.7 (n = 1,240)

∆ = 3.7 (2.0–5.4)

61.5 ± 17.8 (n = 499) ∆ = 3.3 (1.2–5.5)

Notes: CI = confidence interval; OR = odds ratio. ∆ = difference with 95% CI. Items are listed in rank order of control group prevalence. OR >1 and ∆ >0 denote
favorable intervention effect. Results are based on general estimation equation adjusted for household clusters and baseline factors.
* Numbers are number of persons reporting action or behavior or number of persons with available response (percentage). Example: 565 persons of 573 (98.6%
of 573) persons in the intervention group reported that they had a blood pressure check in previous year.
† Reference group: persons aged <75 years.
‡ Reference group: persons aged <80 years.
§ Higher score (possible range 0–100) denotes more favorable preventive care use or health behavior.
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large confidence intervals (CIs) and high control group adherence rates.
Repetition of all analyses for preventive care outcomes
with imputed data sets revealed similar differences. For example, based on multiple imputation analyses, the preventive care index (mean ± standard deviation) was 74.7% ±
18.4% (intervention group) and 68.3% ± 17.7% (control
group), with a resulting difference of 6.0% (95% CI 4.2%–
7.7%, p < .001).
Health Behavior at Year 1
Both the intervention group and control group showed
low percentages of tobacco (10.6% vs 14.2%) and hazardous alcohol use (13.7% vs 16.0%) as well as high percentages of safety belt use (95.7% vs 96.1%) at year 1, and there
were no significant differences in these. For all health behaviors except safety belt use, the directional trend was toward improved activity in interventions versus controls.
There were significantly higher percentages in the intervention group of recommended levels of three or more times of
moderate to strenuous physical activity per week (p = .006)
and consumption of five or more fruit or vegetable items per
day (p < .001). In the intervention group, the mean health
behavior index was 64.1%, versus 60.3% in the control
group (p < .001) (Table 2).
Differences between intervention and comparison groups
were similar compared with differences between intervention and control groups (Table 2), suggesting that no treatment diffusion occurred.
Results with imputed data sets for health behavior revealed similar differences. For example, based on imputation analyses, the health behavior index (mean ± standard
deviation) was 63.6% ± 16.8% (intervention group) and
60.3% ± 16.4% (control group), with a resulting difference
of 3.3% (95% CI 1.7%–5.0%, p ≤ .001).
Subgroup Analyses
Subgroup analysis revealed a difference of the preventive
care index between persons receiving the full intervention
(completion of HRA-O combined with participation in
group sessions or home visits) and those receiving usual
care of 7.1% (95% CI 5.2%–9.0%, p < .001), and a difference of the health behavior index of 4.9% (95% CI 3.1%–
6.7%, p < .001). In contrast, the comparisons between
persons who only partially participated in the intervention
(HRA-O intervention alone without personal reinforcement)
and control groups (reference group) were statistically nonsignificant (difference in preventive care index: 2.0%, 95%
CI −2.2 to 6.3, p = .350; difference in health behavior index:
−1.8%, 95% CI −5.8 to 2.1, p = .362). These results suggest
that only the combination of HRA-O with personal reinforcement had favorable effects, with no evidence of favorable effects of interventions consisting of HRA-O alone.

Secondary Outcomes
There were no significant differences between intervention and control groups in mortality, nursing home admission, need for ambulatory nursing care, hospital admissions,
frequencies of physician visits, or patient–physician interaction scores during the first year after the intervention (for
number of deaths and nursing home admissions, see Supplementary Figure 1). Full case and imputed analyses revealed favorable effects of the intervention for several
health and functional measures at 1-year follow-up, such as
self-reported health, mobility, vision, and falls (see Supplementary Table 3 for detailed results).
Discussion
This study demonstrates consistent, moderately favorable
effects of this newly developed regionally adapted approach
of HRA-O with personal reinforcement on preventive care
uptake and health behaviors in nondisabled older persons.
This adds evidence to previous research demonstrating that
HRA-O combined with reinforcement has favorable effects
and to previous studies demonstrating that preventive programs in non-frail older persons (6,24), but not those in frail
older persons (25,26), have favorable effects.
The intervention tested in this trial was complex, consisting of three main components with tailored feedback to
older persons, involvement of GPs (training sessions for
GPs and individualized checklists for GPs with preventive
recommendations for each patient), and additional personal reinforcement (group sessions or home visits). Subgroup results of the randomized study reveal that persons
who did not receive the full intervention package (tailored
feedback and GP involvement alone, without personal reinforcement) did not benefit from the intervention. The additional observation that treatment effects did not diffuse to
control group patients suggests that the isolated training
offered to GPs does not affect preventive care use. These
findings add to the literature and are in contrast to other
studies demonstrating that intense physician training might
modify physician behavior (27), or tailored written recommendations might successfully improve patient behavior
(28). However, the majority of this previous research was
based on single and not on multiple risk factor intervention
studies.
The group session approach presented in this study is a
novel and promising method of personal reinforcement in
health promotion and preventive care in old age. The majority of older persons selected group sessions, and not preventive home visits, as a method of reinforcement. It is likely
that the favorable effects of the intervention package observed in this study were related to the additional effects of
group sessions, but due to the small number of home visits,
analyses of the distinct effects of group sessions and home
visits were not done. Further research exploring effects of
this novel approach of group sessions are likely promising.

HEALTH RISK APPRAISAL AND GROUP SESSIONS

The results of this study differ from the findings of a parallel randomized controlled study of HRA-O conducted in
London, UK (29,30). In the London study, HRA-O was
largely ineffective for improving health behavior and preventative care uptake in older people. The findings of the
present Hamburg study suggest this difference may reflect
the effects of the additional reinforcement programs offered
to intervention group persons. In the London study, HRA-O
was integrated into the electronic health care record in the
primary care system, but any reinforcement was discretionary, rather than programmed as described here.
The present study also found favorable effects of the intervention for several health and functional measures assessed. These results are promising, possibly indicating the
potential of this intervention to prevent or postpone the onset of disability over longer time periods. However, these
results should be interpreted with caution because these
were secondary outcomes, and subject to the problem of
multiple testing. As expected, no significant differences between intervention and control group in mortality, nursing
home admission, and need for ambulatory nursing care or
hospital admissions in the first year of follow-up were
found. In fact, the present study was not powered to detect
differences in these outcomes, and we hypothesized on the
basis of previous studies of multidimensional geriatric
assessment (23,24,31) that more extended follow-up be
required for impact on these outcomes.
Missing data are a potential limitation of this study. Non
response for primary outcome data was relatively high and
differed between treatment groups. We can only hypothesize about the reason for this difference between groups because outcome data were collected with mailed
questionnaires. It is likely that this difference is related to
the study design: intervention group patients, but not patients in control or comparison groups, had to complete the
full HRA-O questionnaire at baseline as the basis for the
intervention. At the time of 1-year follow-up, it was therefore the second time intervention group patients were asked
to complete the HRA-O questionnaire, resulting in an increased fraction of nonresponding persons. Despite these
missing data aspects, several aspects support the validity of
our findings. First, baseline factors were available for all
study participants (no missing data) and did not reveal differences between groups. Second, not only were favorable
treatment effects found in the comparison between intervention and control groups, but consistently in comparisons
between intervention and comparison groups as well. Third,
the results of the complete case analyses were confirmed in
state-of-the-art imputation analyses based on an extensive
database. Overall, these factors strongly suggest that observed effects are not due to missing data bias but are true
intervention effects.
This study has both research and practice implications.
Further research is needed to identify modifiable health risk
factors (32), and to test various HRA-O and group session
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approaches to attain favorable longer-term effects on health.
This research is highly relevant for practice implementation. It is consistent with research on comprehensive care
for older adults, demonstrating that multifaceted care management approaches, involving physicians and other health
professionals, and addressing patient empowerment, contribute to improved quality of preventative and medical care
(33,34). Practice implementation of the type of intervention
tested in this study might have relevant impact on the prevention of disability in older persons.
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