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OBJECTIVES: To determine the effectiveness of a proac-
tive primary care program on the daily functioning of
older people in primary care.

DESIGN: Single-blind, three-arm, cluster-randomized con-
trolled trial with 1-year follow-up.

SETTING: Primary care setting, 39 general practices in
the Netherlands.

PARTICIPANTS: Community-dwelling people aged 60
and older (N = 3,092).

INTERVENTIONS: A frailty screening intervention using
routine electronic medical record data to identify older
people at risk of adverse events followed by usual care
from a general practitioner; after the screening interven-
tion, a nurse-led care program consisting of a comprehen-
sive geriatric assessment, evidence-based care planning,
care coordination, and follow-up; usual care.

MEASUREMENTS: Primary outcome was daily function-
ing measured using the Katz-15 (6 activities of daily living
(ADLs), 8 instrumental activities of daily living (IADLs),
one mobility item (range 0–15)); higher scores indicate
greater dependence. Secondary outcomes included quality
of life, primary care consultations, hospital admissions,
emergency department visits, nursing home admissions,
and mortality.

RESULTS: The participants in both intervention arms had
less decline in daily functioning than those in the usual care
arm at 12 months (mean Katz-15 score: screening arm,
1.87, 95% confidence interval (CI) = 1.77–1.97; screening
and nurse-led care arm, 1.88, 95% CI = 1.80–1.96; control

group, 2.03, 95% CI = 1.92–2.13; P = .03). No differences
in quality of life were observed.

CONCLUSION: Participants in both intervention groups
had less decline than those in the control group at 1-year
follow-up. Despite the statistically significant effect, the
clinical relevance is uncertain at this point because of the
small differences. Greater customizing of the intervention
combined with prolonged follow-up may lead to more-
robust results. J Am Geriatr Soc 64:1779–1788, 2016.
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Providing optimal care for the increasing number of
older people with complex care needs is a major chal-

lenge in primary care.1,2 The average primary care consul-
tation rate for Dutch citizens increases from 4.3 to 6.2 per
year between the ages of 60 and 75 to 10 or more per year
after the age of 75.3 The current approach in primary care
is reactive and fragmented and does not meet the needs of
older people as they experience a lack of overview and
coordination when multiple care providers are involved.4

These deficits result in unnecessary losses of daily function-
ing, suboptimal quality of life, and high healthcare expen-
ditures.5 A transition toward more-proactive primary care
that focuses on maintaining independence and prevention
of functional decline in older adults has been proposed,6

but the critical components of a more-proactive primary
care system remain unknown.

The literature regarding the prevention of functional
decline in older adults suggests a stepwise identification of
people who are at risk of adverse events followed by the
provision of longitudinal personalized care.7 The opera-
tionalization of these components in daily practice is
debated, and their effectiveness in isolation and in combina-
tion remains to be determined.8 Several comprehensive care
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programs aimed at preventing declines in community-dwell-
ing older people in primary care have reached inconclusive
results.9–11 A multidisciplinary approach involving individ-
ual assessments and customized care is consistently reported
to be an important element of such interventions.12

Based on previous evidence and theoretical and practi-
cal considerations, a proactive personalized primary care
strategy for frail older people was designed and evalu-
ated.13 This strategy consists of a frailty screening inter-
vention based on routine primary care data followed by a
personalized nurse-led care program consisting of a com-
prehensive geriatric assessment of individuals considered to
be frail, evidence-based care planning, and care coordina-
tion. This strategy was evaluated in the Utrecht PROactive
Frailty Intervention Trial (U-PROFIT), with the aim of
determining its effectiveness in preserving daily functioning
of frail older adults in primary care. It was hypothesized
that the two interventions (screening and personalized care
program) would be synergistic and that the combined
intervention of screening followed by nurse-led care would
result in better outcomes than screening alone.

METHODS

Study Design

This was a single-blind, three-arm, cluster-randomized
controlled trial with 1-year follow-up. Because the inter-
vention was aimed at the general practice level, a cluster-
randomized design was used to prevent contamination
between the comparison groups. The study protocol has
been described in detail.13 Written informed consent was
obtained from all participants. The institutional review
board of the University Medical Center Utrecht approved
the U-PROFIT trial (protocol ID 10–149/O), which is reg-
istered as NTR2288.

Setting and Participants

Of the 44 invited general practices in the Utrecht region of
the Netherlands, 39 agreed to participate. Together, these
practices provide primary health care for 44,000 individuals
aged 60 and older. An age threshold of 60 was selected
because of the large numbers of elderly adults of non-Dutch
origin in these practices in whom frailty has been reported
to start at an earlier age.14 From October 2010 to March
2011, potentially frail individuals aged 60 and older were
identified by screening their electronic medical records
(EMRs) using predefined screening criteria (see Intervention
1 below). Individuals who were terminally ill, defined as
estimated life expectancy of 3 months or less, and those in
assisted-living facilities or nursing homes were excluded.

Randomization

All participating general practices were identified before
randomization. The general practices were stratified
according to practice size (small, <1,000; average, 1,000–
3,000; large, >3,000 patients). Within each stratum, prac-
tices were randomized using a computer-generated random
allocation sequence with the aim of an allocation ratio at
the individual level of 1:1:1 (Figure 1). Eligible individuals

were identified after randomization. A modified informed
consent procedure was used (individuals were not aware
of the intervention arm that they were allocated to but
were fully informed at the end of the study).15 The general
practices were instructed not to inform participants about
the aims of the study. The investigators were not blinded
for logistical reasons.

Interventions

Intervention 1: Frailty Screening Followed by Routine
Care from a General Practitioner

The frailty screening intervention aimed to identify older
adults at risk of adverse events using readily available rou-
tine care EMR data.16 Individuals aged 60 and older were
considered at risk if they were at risk for frailty, were
exposed to polypharmacy, or had not had a visit with their
general practitioner (GP) for 3 years or more (consultation
gap). A combination of the three criteria was used to exclude
older adults who did not have any health deficits. To mea-
sure risk of frailty, a frailty index (FI) was constructed based
the cumulative deficit model17,18 using routine care data
regarding 50 potential health deficits. Each of these deficits
was defined as the presence of one or more International
Classification of Primary Care coded symptoms or diseases
in the participant’s EMR. (The list is provided in the study
protocol.) A FI score was defined according to the frailty
deficit approach.17,18 A score between 0 and 1 represents the
number of deficits present divided by the total number of
deficits, and a score of 0.20 or greater indicates potential
frailty. This FI was externally validated and shown to be
associated with risk of adverse health outcomes.16 Polyphar-
macy was defined as the chronic use of five or more different
pharmacotherapeutics according to Anatomic Therapeutic
Chemical coding.19 Polypharmacy was chosen as a separate
criterion because of the high quality of medication registra-
tion in the primary care records and the strong association
with greater risk of adverse health outcomes.20 A “consulta-
tion gap” (≥3 years without a general practice consultation
(with the exception of annual influenza vaccination)) was
included to detect possible care avoiders.21 Older adults
who do not consult their GP would otherwise not be identi-
fied through the screening instrument because they have no
data registered in the EMR. Quarterly reports including
older adults at risk were generated for each of the participat-
ing practices but were sent only to the practices in the inter-
vention groups (Appendix 1). The GPs in intervention
group 1 were advised to act upon these reports according to
the current standards and guidelines.

Intervention 2: Frailty Screening Followed by
Personalized Nurse-Led Care

In the second intervention group, the personalized nurse-
led care program followed application of the screening
instrument. Twenty-one registered practice nurses delivered
this care and were extensively trained during a 6-week
training program (48 hours total). An expert panel of
older adults, nurses, and GPs participated in the develop-
ment of this program. Details regarding the development
and content are described elsewhere.22 Briefly, the inter-
vention started with a frailty assessment using the
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Groningen Frailty Indicator (GFI) questionnaire23,24 and
the Intermed Self-Assessment, which is an instrument that
assesses the biopsychosocial care needs of older
adults.25,26 Individuals identified as frail according to the
GFI (score ≥4) underwent a Comprehensive Geriatric
Assessment at home, follow-up visits, and care coordina-
tion based on their needs. To assist and guide the nurses
in proving customized care, evidence-based care plans
were developed for common geriatric conditions, such as
falls, urinary incontinence, and nutrition problems (all
available on request). All components were pretested for
feasibility and acceptability.27 The registered nurses and
GPs participated in a 3-hour workshop before initiation
of the study.

Control Arm

In the control arm, GPs were instructed to provide care as
usual, which was defined as the continuation of daily care
practice without the implementation of either intervention.

Data Collection and Measurements

Primary Outcomes

Participant and practice data were collected at baseline
and at 6 and 12 months of follow-up. The primary out-
come was daily functioning as assessed according to the
modified Katz-15 index of activities of daily living (ADLs)

Assessed for eligibility
(44 general practices) 

Randomization 
(39 general practices) 

Excluded: 
Refused to participate: 2  
Participated in pilot study: 3 

A: Frailty Screening (14 general practices) 
   Dropout: 
      - Closedown = 1  
      - Technical U-PRIM failure = 2 

11 general practices included   

B: Screening + nurse-led care program (13 
general practices) 

Dropout: 
      - Closedown = 0  
      - Technical U-PRIM failure = 0 

13 general practices included

C: Usual Care  (12 general practices) 
   Dropout: 
      - Closedown = 0 
      - Technical U-PRIM failure = 1 

11 general practices included

790 participants in Screening 1,446 participants in Screening + nurse-led care 856 participants in Usual Care 

Questionnaires returned: 
  Questionnaire 1 (T0 = baseline): 734  
  Questionnaire 2 (T1 = 6 months): 701  
  Questionnaire 3 (T2 = 12 months): 628  

Lost to follow-up: 
162 participants (20.5%) at 12months: 
    - Mortality: n = 30 

- Unable to fill in questionnaires  
  due to health problems: n = 13 

 - Other/unknown: n = 119 

Questionnaires returned:
   Questionnaire 1 (T1 = baseline): 1327  
   Questionnaire 2 (T1 = 6 months): 1282 
   Questionnaire 3 (T2 = 12 months): 1147 

Lost to follow-up: 
299 participants (20.7%) at 12months 
    - Mortality: n = 50 

- Unable to fill in questionnaires  
  due to health problems: n = 27 

    - Other/unknown: n = 222 

Questionnaires returned:
   Questionnaire 1 (T0 = baseline): 809  
   Questionnaire 2 (T1 = 6 months): 771 
   Questionnaire 3 (T2 = 12 months): 714  

Lost to follow-up: 
142 participants (16.6%) at 12months: 
    - Mortality: n = 32 

- Unable to fill in questionnaires  
  due to health problems: n = 21 

    - Other/unknown: n = 89 

2,042 eligible patients 
   154 excluded patients: 

Terminally ill = 22 
      Not independently living = 112 
      Other reason = 20 
1,888 patients approached for consent
       No consent = 1,098

3,451 eligible patients
   150 excluded patients: 

Terminally ill = 35 
      Not independently living = 75  
      Other reason = 40  
3,301 patients approached for consent 
       No consent = 1,855

2,663 eligible patients 
   214 excluded patients: 

Terminally ill = 41 
      Not independently living = 144 
      Other reason = 29 

2,449 patients approached for consent 
       No consent = 1,593

Figure 1. Flowchart of general practices and participants assigned to the intervention and control groups.
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and instrumental activities of daily living (IADLs) (range
0–15); higher scores indicate greater ADL and IADL
dependence.28,29 The Katz-6 index30 was included in the
original protocol, but it has a considerable floor effect at
low disability levels, so it was replaced with the Katz-15.
For reasons of transparency, results of both outcomes are
provided.

Secondary Outcomes

Secondary outcomes were self-reported health-related qual-
ity of life (QoL) measured according to the RAND-36
(range 0–100),31 the EuroQol-5D (EQ-5D),32 perceived
QoL score (range 0–10), satisfaction with primary care
(range 0–10), number of hospital admissions (not included
in the original protocol, post hoc analysis), admission to a
nursing home or assisted-living facility, and general prac-
tice out-of-hours consultations during follow-up. Informal
caregiver burden was specified in the study protocol as a
secondary outcome but will be addressed in a separate
article.

Information on the following secondary outcomes was
collected from the EMR of participating practices: number
of emergency department (ED) visits, number of general
practice consultations (by telephone, in the office, home
visits) during office hours, and mortality. Data quality
checks were performed for the questionnaires and the
EMR data, with the aim of identifying missing data and
irrational values.

Statistical Analysis

All outcomes were assessed at the individual level, and an
intention-to-treat analysis was performed to detect differ-
ences between the intervention groups and the control
group. The primary and secondary outcomes after 6 and
12 months of follow-up were analyzed using generalized
linear mixed models. Random intercepts were included in
all models to account for the cluster randomization. An
unstructured residual (generalized estimation equation type)
covariance matrix was included to correct for the associa-
tions between the 6- and 12-month outcomes.33,34 Linear
mixed models for continuous outcomes were applied to
the Katz-15, RAND-36, EQ-5D, satisfaction with care,
and perceived QoL. Because all outcomes had skewed dis-
tributions, the effects were estimated using robust standard
errors.35 Group means with 95% confidence intervals
(CIs) were estimated. Nursing home admissions, hospital
admissions, general practice consultations within office
hours, general practice after-hours consultations, and ED
visits were analyzed as counts and rates with 95% CIs.
Mortality was analyzed using logistic mixed models with
adjusted probabilities and 95% CIs. The analyses were
performed in three steps. The first model was a crude
model with treatment and time of measurement was esti-
mated. In the second model, baseline values were adjusted
for. In the third model, baseline values and confounders
including age, sex, socioeconomic status (SES), educational
level, indication for inclusion (FI score, polypharmacy,
consultation gap) and stratification factor (practice size)
were adjusted for. SES was determined using Netherlands
Institute for Social Research status scores, which are based

on the socioeconomic status of postal areas. Education
was measured at the individual level, based on self-report.
Low education was defined as primary school or less, aver-
age education was defined as secondary school, and high
education was defined as more than secondary school.
Because the effects of treatment on outcome may be
delayed, the interaction between the interventions and the
time of measurement was tested. The interactions between
the outcome measurements and predefined parameters
(age, sex, SES, educational level) were tested. When these
interactions were statistically significant after corrections
for confounders and indication, subgroup analyses were
performed. P < .05 was considered statistically significant.
Multiple testing was corrected for using the Holm
method.36 Statistical analyses were performed using SAS
version 9.2 (SAS Institute, Inc., Cary, NC) and SPSS ver-
sion 20.0 (IBM, Chicago, IL).

Before initiation of the study, no valid estimations of
the variances of Katz-15 results within and between gen-
eral practices were available for the elderly population,
and a power analysis for a cluster-randomized trial was
therefore not possible. It was initially assumed that, with
the inclusion of a sample of 5,000 frail older adults, statis-
tically significant differences in the primary outcome
would be observable between the three groups.

RESULTS

The 39 participating general practices were randomized
into one of three groups. Four practices withdrew shortly
after randomization because of technical EMR problems
(Figure 1). In the remaining 35 practices, the screening
intervention identified 8,156 individuals based on routine
care data as being potentially at risk of adverse health
events. Five hundred eighteen individuals were excluded,
resulting in 7,638 eligible individuals, 3,092 of whom
(40.5%) participated (Table 1). Participant characteristics
did not differ between the three groups with the exceptions
of education level and SES. The mean age of the partici-
pants was 74.2 � 8.4, 55.2% were female, 28.4% were
living alone, and 35.3% had a low level of education. Of
the 1,327 participants in the screening followed by nurse-
led care group, 835 (62.9%) were identified as frail
according to the GFI questionnaire.

Primary Outcome

After 6 months, the mean Katz-15 scores of participants in
the three groups did not differ (screening group, 1.69,
95% CI = 1.61–1.77; screening and nurse-led care group,
1.70, 95% CI = 1.60–1.79; control group, 1.74, 95%
CI = 1.67–1.82). After 12 months, participants in both of
the intervention groups had less decline in daily function-
ing than those in the control group (mean Katz scores:
screening group, 1.87, 95% CI = 1.77–1.97; screening and
nurse-led care group, 1.88, 95% CI = 1.80–1.96; control
group, 2.03, 95% CI = 1.92–2.13, P = .03 time*treat-
ment; Table 2). The intraclass correlation coefficient (ICC)
for the Katz-15 corrected for time was 0.031 (95%
CI = 0.01–0.05). The more highly educated participants in
the screening and nurse-led care group had statistically
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significant better preservation of daily functioning than all
participants in the screening and control groups (Table 2).

Secondary Outcomes

No statistically significant differences were observed
between the three groups with respect to quality of life
and satisfaction with care at 6- or 12-month follow-up
(Table 3). These participants consulted their general prac-
tice more frequently than participants in the other groups
(by telephone, P = .001; in-practice consultations and
home-visits, P = .01; Table 4). No statistically significant
differences in number of hospital admissions, number of
ED visits, or mortality were observed. Multivariate analy-
sis of nursing home admissions (n = 32) and admissions to

an assisted-living facility (n = 62) was not possible because
of the small number of events. Whether polypharmacy and
level of frailty index were modifying factors of the inter-
vention was tested, but the associations were not statisti-
cally significant, which indicated that the effect did not
differ between participants with different frailty levels
(P = .29).

DISCUSSION

In this large-scale cluster-randomized trial, a frailty screen-
ing instrument to identify older adults at risk of adverse
events based on routine primary care data and the subse-
quent application of personalized nurse-led care did not
demonstrate a clear and convincing effect on daily

Table 1. Practice and Participant Baseline Characteristics

Baseline Characteristic Screeninga
Screening Plus

Nurse-Led Carea Usual Carec P-Value

Practice
Cluster size, median (IQR) 37 (22–92) 62 (33–129) 71 (42–121)
Cluster size (number of patients), n

Small (<1,000) 5 7 5
Average (1,000–3,000) 2 3 3
Large (>3,000) 4 3 3

Full-time equivalent general practitioners
per practice, mean � SD

1.9 � 1.1 2.7 � 1.7 2.9 � 1.3

Participant
Age, mean � SD 73.5 � 8.2 74 � 8.2 74.6 � 8.8 .22
Female, n (%) 406 (55.3) 772 (58.2) 453 (56.0) .39
Living independently alone, n (%) 226 (31.7) 379 (29.3) 229 (29.1) .56
Living with another person, n (%) 411 (56.4) 766 (58.2) 465 (58.0) .93
Have children, n (%) 595 (85.0) 1,079 (85.5) 627 (81.5) .05
Native Dutch, n (%) 669 (91.8) 1,223 (93.1) 757 (94.3) .16
Education, n (%)d

Low 288 (39.5) 529 (40.2) 210 (26.2) <.001
Moderate 335 (46.0) 589 (44.8) 364 (45.4)
High 106 (14.5) 198 (14.3) 228 (28.4)

Socioeconomic status score, n (%)e

Low 403 (55) 535 (40.4) 139 (17.2) <.001
Moderate 224 (30.6) 536 (42) 295 (36.5)
High 106 (14.5) 234 (17.7) 374 (46.3)

Katz-15 score, mean � SD (range 0–15) 1.60 � 2.29 1.73 � 2.22 1.74 � 2.36 .40
EuroQol-5D questionnaire, Dutch version score,
mean � SD (range –0.59–1.00)

0.75 � 0.23 0.73 � 0.24 0.75 � 0.22 .09

Self-reported quality of life, mean � SD
(range 0–10)

7.2 � 1.3 7.1 � 1.3 7.2 � 1.3 .21

RAND-36, mean � SD (range 0–100)
Physical 58.9 � 29.6 56.8 � 29.4 59.8 � 30.0 .06
Mental 68.5 � 19.5 69.2 � 19.1 71.6 � 17.9 .002
Social 43.8 � 10.8 42.8 � 11.5 43.5 � 10.2 .09
Vitality 55.7 � 20.6 55.6 � 20.2 57.5 � 19.3 .09

Frailty Index score, median (IQR) (range 0–1) 0.06 (0.02–0.10) 0.08 (0.04–0.10) 0.08 (0.06–0.12) <.001
Number of chronically used medication during last year,
median (IQR)

6 (5–8) 7 (5–8) 6 (5–8) <.001

Consultation gap, days, median (IQR) 29 (13–64) 35 (21–64) 23 (10–50) <.001

IQR = interquartile range; SD = standard deviation.

Percentages represent valid percentages. P-values for continuous outcomes were calculated using analysis of variance. P-values for categorical variables

were calculated using Kruskal–Wallis test. P-values for dichotomous outcomes were calculated using the chi-square test.
aN = 11 practices, n = 790 participants.
bN = 13 practices, n = 1,446 participants.
cN = 11 practices, n = 856 participants.
dLow = primary school or less, moderate = secondary school, high = more than secondary school.
eBased on ZIP code.
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functioning after 1 year of follow-up. Although the partici-
pants in both of the intervention groups had statistically
significant less decline in daily functioning than control
group participants, the differences were small, and the
clinical relevance of these results is uncertain. No overall
differences in the quality of life or healthcare consumption
were observed, except that participants in the screening
followed by the nurse-led care group consulted their gen-
eral practice more often than the participants in the other
two groups. This may be because the nurses detected
undiscovered health problems.

The hypothesis that both of the interventions would
be synergistic and that the combined intervention would
result in a more-beneficial effect than screening alone did
not hold.13 The additional benefit of screening followed by
nurse-led care was observed only in a subgroup of highly
educated people, and the Katz-15 score nearly tripled
(0.39 points), whereas the benefit of screening alone
remained in the same range (0.14 points). This suggests
that the effectiveness of this intervention is related to indi-
vidual characteristics. Educational level is associated with
health-related and psychosocial factors37 in older adults.38

Furthermore, it was hypothesized that educational level is
related to health literacy and communication skills, which
affects the quality of the patient–doctor relationship,
resulting in better adherence,39 more-customized care, and
better outcomes.40 A priori, it was hypothesized that the
intervention might have a different effect on the oldest
adults or the level of frailty, but no such effects were
observed (results not shown).

The current study is unique in its robust design and
magnitude. To the best of the authors’ knowledge, this is
the largest three-arm cluster-randomized trial in primary
care to evaluate the effectiveness of a proactive personal-
ized care program for older people. In the design, recruit-
ment, and evaluation stages, the recommendations of trials
aimed at preventing or delaying functional declines in
older people were followed.7 This strategy was imple-
mented in routine primary care, and exclusion criteria
were minimized to improve generalizability. To maintain a
single-blind design, a modified informed consent procedure
was used to reduce selection bias and dropout in the

control group. An innovative frailty screening intervention
based on existing EMR primary care data was developed
following recommendations in the literature.8,18 This inter-
vention included a frailty index that predicts adverse
health outcomes in older people16 and can be implemented
in daily practice, although validation in other settings and
countries is needed. Experienced nurses and GPs and a
panel of older persons developed the nurse-led care inter-
vention, which was feasible and acceptable in daily prac-
tice.22 To enhance the delivery of the intervention, the
nurses participated in monthly training meetings during
the trial to improve fidelity.

Some methodological aspects should be considered.
First, an a priori formal power calculation was not possi-
ble, and the suggested sample size of 5,000 participants
proved unattainable. Of the 7,638 eligible participants,
only 41% participated. Although responders did not differ
from nonresponders in most aspects, selective inclusion
cannot be excluded. To reduce selective inclusion, maximal
efforts were made to include frail people (i.e., the nurses
and research assistants offered assistance when needed).
Second, a relatively independent population was included.
Approximately 60% of the participants had a baseline
Katz-15 score of 0 or 1, indicating that the majority were
(almost) fully independent. Consequently, these individuals
had little room for improvement. Although broad selection
criteria were chosen to ensure that no older people were
missed, GPs indicated that older people with poor cogni-
tive function were less likely to be included. Third, despite
the frequent use of self-report ADL and IADL scales, they
lack sensitivity for detecting small changes and have con-
siderable floor effects.41,42 Fourth, the observed effective-
ness in the screening followed by nurse-led care
intervention group may be an underestimation of the true
effect. In this group, a two-step approach was used to
identify frail elderly, as recommended previously.7 In the
first step, participants at risk for frailty were identified
using a screening procedure based on EMR data. In the
next step, the nurse performed a more-detailed frailty
assessment in this group using the GFI questionnaire.
Based on this two-step frailty assessment, 62.9% (n = 835)
of the participants in this group were identified as frail

Table 2. Estimated Katz-6 and Katz-15 Scores at 6 and 12 Months

Outcome

6-Month Follow-Up 12-Month Follow-Up

Screening

Screening Plus

Nurse-Led Care Usual Care Screening

Screening Plus

Nurse-Led Care Usual Care

Mean (95% Confidence Interval) P-Value

Katz-6 (range 0–6) 0.49 (0.46–0.53) 0.54 (0.50–0.59) 0.54 (0.50–0.59) 0.55 (0.50–0.61) 0.58 (0.53–0.62) 0.67 (0.61–0.73) .02a

Katz-15c

(range 0–15)
1.69 (1.61–1.78) 1.70 (1.59–1.80) 1.75 (1.67–1.82) 1.87 (1.76–1.97) 1.88 (1.80–1.96) 2.03 (1.93–2.13) .03a

Katz-15 2.25 (2.11–2.39) 2.22 (2.11–2�.3) 2.47 (2.29–2.65) 2.50 (2.31–2.69) 2.46 (2.34–2.58) 2.71 (2.51–2.91) .003
Education—low .03b

Education–moderate 1.54 (1.44–1.63) 1.65 (1.51–1.79) 1.60 (1.47–1.73) 1.68 (1�.4–1.81) 1.82 (1.70–1.93) 1.78 (1.63–1.93 .20b

Education–high 1.14 (0.98–1.31) 0.91 (0.78–1.05) 0.88 (0.79–0.98) 1.26 (1.04–1.47) 1.01 (0.83–1.18) 1.40 (1.19–1.61) <.001a

The highest significance level of P-values is reported: aP-value for interaction of intervention with time; bP-value for intervention. Results pairwise compar-

ison: screening vs control: P = .06; screening plus nurse-led care vs control, P = .04: screening vs screening plus nurse-led care, P = .98. cAdjusted for base-

line, age, sex, socioeconomic status, education, frailty index, polypharmacy, consultation gap, and practice size.
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and received the nurse-led care, although the total inter-
vention group was analyzed to compare these participants
with participants in the other groups. Furthermore,
because GPs in the control group were not blinded, they
may have upgraded their usual care, resulting in dimin-
ished effectiveness of the intervention. Finally, a follow-up
period of 1 year was probably too short to observe maxi-
mum benefit. Given the observed trend of increasing effect
over time, treatment effects may be more pronounced after
longer follow-up. Moreover, full and adequate implemen-
tation in daily practice requires time; the nurses reported a
learning curve in provision of the intervention and
acknowledged that it was initially difficult.27

No three-arm cluster-randomized trials in the literature
that evaluated the effectiveness of screening and a nurse-led
intervention program on daily functioning concurrently
were identified and no studies that identified individuals at
risk based on existing GP patient record data. Several sys-
tematic reviews and meta-analyses have been conducted
comparing preventive programs aimed at preventing func-
tional decline in frail older people in the community, but
the results are inconclusive.10,42 The results of the current
trial are in line with a meta-analysis that found a small but
significant change in pooled ADL outcomes favoring the
intervention and a comparable, although not statistically
significant, change in IADL outcomes in a general (unse-
lected) community-dwelling population and in individuals
at risk of decline.42 Although several two-arm trials with
comparable interventions aimed at preventing functional
decline in community-dwelling older adults were con-
ducted, variation in outcomes measures for ADLs and
IADLs and in the selection criteria for frailty are substan-
tial.10,11,42–46 Moreover, the heterogeneity of the interven-
tions and the failure of many trials to fully describe the
components of the intervention make comparison diffi-
cult.42 It has been reported that an in-home visit program
conducted by nurses reduced ADL disability in older adults
at low risk of decline, but not in those at high risk, after
3 years of follow-up.11 Another study evaluated the effec-
tiveness of an interdisciplinary primary care approach for
frail older adults in a randomized trial of 270 participants
aged 75 and older and found no beneficial effects on dis-
ability (measured using the Groningen Activity Restricted
Scale) or healthcare use after 24 months.44 The authors
proposed possible explanations for the lack of effects; the
study population may have been too frail, not all interven-
tion components were implemented as planned, and the
high level of standard health care in the Netherlands may
have created a ceiling effect.44 In the current study, a much
larger sample was included, with a relatively young age
threshold of 60, a lower frailty threshold, and a different
outcome measure on functioning, which may explain the
difference in the primary outcome. One trial was found that
used the modified Katz-15 scale as a secondary outcome.
The effectiveness of a geriatric care model for frail older
adults in primary care evaluated in that stepped-wedge clus-
ter-randomized trial demonstrated a small intervention
effect on IADLs after 18 months of follow-up.47 Despite
the fact that ADLs and IADLs are commonly used outcome
measures, different instruments are used, making small
changes over time difficult to detect.41,42 Moreover, the
minimally important differences necessary to interpret theT
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clinical significance of these outcomes, as well as for the
Katz-15, have not been identified.42 In addition, the level of
frailty was different between the studies. Although interven-
tions at an early stage of frailty are promising in preventing
further decline,7 it is unknown which cutoff may lead to a
successful intervention response.

The results indicate that the current intervention was
suboptimal for individuals with low education, who are
known to be at greater risk of adverse health outcomes.38

The intervention needs to be further customized for this
subgroup. Based on previous studies and the findings of
the current study, it is likely that interventions imple-
mented at an early stage of decline and targeted at risk
factors for specific functional difficulties are most promis-
ing.11 An integrated approach and strong multidisciplinary
collaboration between GPs, nurses, and other healthcare
professionals seem to be other important ingredients of
success. A good relationship and an understanding of the
individual’s needs are important prerequisites for the
acceptance of personalized care by older adults.48,49

In conclusion, a screening intervention that used rou-
tine primary care data and was followed by a personalized
nurse-led care intervention did not have a clear and con-
vincing effect on daily functioning after 1 year of follow-
up. Despite the statistically significant effect, the clinical
relevance is uncertain because of the small differences. Bet-
ter customizing of the intervention to the individual, com-
bined with prolonged follow-up, may lead to more-robust
outcomes. Future studies are needed to identify the target
population that will benefit most and to determine the
optimal combination and intensity of the intervention
components to match the individual needs of older people.
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Table 4. Rates of Healthcare Consumption and Mortality After 12 Months of Follow-Up

Healthcare Consumption and Mortality

Screening

Screening Plus

Nurse-Led Care Usual Care

P-Value

Corrected

P-ValueaMean Rate (95% CI)

Consultations in general practice and home visitsb 7.02 (6.20–7.94) 9.34 (8.17–10.68) 7.12 (6.00–8.46) .002 .01
Telephone consultations with general practiceb 2.76 (2.16–3.51) 4.27 (3.71–4.91) 2.66 (2.01–3.53) <.001 .001
General practice out-of-hours consultationb 0.77 (0.63–0.95) 0.96 (0.78–1.19) 0.98 (0.81–1.17) .18 .72
Number hospital admissionb 0.29 (0.25–0.35) 0.27 (0.24–0.31) 0.33 (0.29–0.39) .26 .78
Emergency department visitsc 0.12 (0.07–0.18) 0.10 (0.07–0.15) 0.14 (0.10–0.21) .49 .98
Mortality, adjusted for age 0.002 (0–0.01) 0.003 (0–0.01) 0.004 (0.001–0.2) .70 .98

aCorrected P-value for multiple testing using Holm correction.
bAdjusted for baseline, age, sex, education, socioeconomic status (SES), frailty index, polypharmacy, consultation gap, and practice size.
cAdjusted for age, sex, education, SES, frailty index, polypharmacy, consultation gap, and practice size.
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APPENDIX. POST HOC POWER CALCULATION

A scenario with a difference of 0.2 between the screening
and control group and a difference of 0.5 between the
screening and nurse-led care and control group after
12 months was hypothesized. Because the intraclass corre-
lation coefficient (ICC) for a primary care program such as
in this study is not documented, an ICC value of 0.05 was
hypothesized. With a significance level of 5%, 90% power,
and a cluster size of 60 participants, this would result in a
sample size of 4,788. The hypothesized value of the ICC
for the sample size calculation was somewhat higher than
a recently reported value of 0.01550 and the observed
value of 0.03 in this study. These values were not available
when this study was designed.

Given that all values used for this calculation were
highly speculative, it was decided not to construct a sam-
ple size based on speculative data but instead to explain
this in article and the protocol paper. Furthermore,
repeated measurements and correction for the primary out-
come at baseline were not included. With a response rate
of 41%, more than 3,000 individuals we included. The
correction for known confounders influenced the signifi-
cance of the findings. In particular, the baseline measure-
ments of the outcome reduced the sample size needed, a
phenomenon well described in the methodological litera-
ture51, although the observed effect was lower than the
effect provided in the scenario when designing the trial. To
illustrate the point of baseline correction further, sample
size calculations were performed for the presented
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outcomes after 12 months with proc power in SAS, a pro-
cedure that allows for sample size calculation with (and
without) correction for known confounders (without clus-
ter correction). In a scenario in which correction for base-
line was not included, the sample size required for a
significance level of .05 with a power of 0.80 would have
been 12,504, but after correction for baseline Katz-15, this
sample size was reduced to 170, largely because of the
high correlation of 0.83 between the Katz-15 at baseline
and after 12 months.
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online version of this article:

Table S1. Estimated Daily Functioning, Quality of
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