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Background
People are aging. In the Netherlands, in 2013, 1.8 million out of the 16.4 million
people, are above 70 years of age, and it is to be expected that this number will
increase to 2.6 million in 2025 (1). This aging population necessitates substantial
health care improvements to achieve sufficient quality and cost-effectiveness to
reach sustainable healthcare for all. Therefore, healthcare improvements today
should be more focused on preventive strategies in healthcare, resulting in a
limited growth in the volume of health problems presented by older people, and
on realizing health services with a primary focus on targeting patient-reported
goals and outcomes.
Falling in the elderly is a common health problem with a high prevalence. A fall is
defined as “an unexpected event in which a person comes to rest on the ground,
floor or lower level” (2). One third of all community-dwelling elderly above 65 years
of age, fall at least once a year (3, 4). Within this group of fallers about 25% falls
recurrently. As a population ages, the absolute number of people who sustain a fall
and concomitant injury will increase. The consequences of falls are multiple,
leading to physical injuries, including 10% of major injuries (such as fractures),
mental distress, and important loss of wellbeing, at a high societal cost. In the
Netherlands, 99.000 people above 55 years of age, yearly visit the emergency
department because of fall-related injuries (5). Thus, in a population as large as a
middle-sized town each year fall-related injuries negatively affect functional
capacity, independence and quality of life.
The causal pathway of falling among older people is dominantly multifactorial (6).
Thus, the individual risk of falling is mostly associated with several risk factors
and increases as the number of risk factors increases (7, 8). Risk factors are
commonly divided in intrinsic (patient-related) and extrinsic (environment-related) risk factors of falls. This distinction is important for evaluating the recurrence
risk and to develop strategies for secondary fall prevention.
The guidelines of the American Geriatrics Society and British Geriatrics Society,
recommend that primary care physicians screen for fall risks in all elderly people
aged 75 and over, and that a comprehensive geriatric fall risk assessment should be
performed in those patients who have fallen (9). Although these guidelines have
been developed for the prevention of falls in elderly, most general practitioners
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currently do not provide standardized multidisciplinary fall risk assessment.
Additionally, in the emergency department, determinants of falls are mostly not
assessed directly. A lot of screening tools are developed to identify people at risk
for falling. Most of these screening tools are complex by combining mobility
measures or performing a comprehensive geriatric assessment and thereby time
consuming. In the Netherlands, general practitioners often refer people who fall
to a falls-clinic for a comprehensive geriatric assessment. Furthermore, both
treatment and prevention of fall risk is difficult and complex, leading to variable
success (10). The most successful prevention of falls in reducing rate of falls and
risk of falling consists of complex (multi-facetted) group and home-based exercise
programs, and home safety interventions (10). The right selection of older subjects
(not too frail, nor too vigorous) is crucial in realizing a positive outcome and not
reductions of fall risk (11).
Nowadays, we are challenged with a couple of problems in our geriatric practice.
One problem concerns the heterogeneity of the population of fallers. For
example an older person with cognitive impairment and normal physical function
versus an older person with physical disabilities due to a cerebrovascular accident
and diabetes. It is important to understand the underlying pathophysiological
mechanisms and the component causes in the individual faller to be able to start
the right treatment program. Therefore screening of elderly fallers in primary
care and selection of the right subjects for referral, and similarly screening and
selection in secondary care for starting the right training program is the key to
effective and cost-effective treatment. Targeting interventions towards the
optimal case-mix is an essential part of geriatric practice and the answer for the
increasing heterogeneity among the elderly (12). However, despite the huge body of
literature that has been published about falls in the elderly, the targeting strategy
is often only vaguely described in clinical trials on falls interventions. In this field
publication bias is an important barrier for efficient implementation of new
innovations. Negative trials often are not published. Positive trials are published,
but are hard to replicate often because of the difficulty in addressing the same
populations Therefore, studying the characteristics of different referral strategies
is highly relevant.
In society, policymakers want to focus more at self-management, which is
defined according to the chronic care model, as the process in which patients
largely take responsibility for their own health, well-being, disease monitoring
and for minimizing the impact of impairments on their way of living. Increased
self-management of falling by elderly can be realized by self-monitoring of fall
risk, and by improving gait and balance. Self-management contributes to the
quality of life, the reduced use of health care due to less fall-incidents, and cost
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savings (13). The medical professional must be well equipped and trained to fulfill
his role as self-management coach, thereby improving fall prevention, fall
assessment and fall follow-up. To realize this, correct equipment and effective
education methods are required both for professionals in primary and secondary
care. The EASYcare instrument, an abbreviation of the Elderly Assessment
Instrument, is a generic screening tool which reveals the health care problems of
older subjects, including falls, in a general practitioner’s practice (14). EASYcare
can be administered as a single assessment instrument, but cannot be used as
follow-up tool during falls and fall risk interventions. The elderly needs a tool
which is, next to screening, also suitable for self-monitoring of falls risks by
themselves at home. To fulfill this goal, it should be a simple, reliable and feasible
measure of mobility with a good sensitivity for predicting falls.

Aims and outline of the thesis
This thesis deals with targeting elderly fallers towards interventions that fit them,
and with studying special characteristics of elderly fallers referred to a falls and
syncope outpatient clinic. First of all, we wanted to compare the characteristics of
the elderly who fall at home and are investigated in primary care with the patients
visiting the falls-clinic.
Chapter 2 compares two different methods of referral to a falls-clinic; direct referral
by general practitioners versus referral by selection by hospital professionals after
attending the emergency department because of a fall. The risk profiles of both
populations (emergency department and falls-clinic) are described and compared
with each other.
Chapter 3a studies a new phenomenon in falling elderly; head-turning induced
hypotension. Blood pressure reactions following small perturbations, such as
standing following 10 minutes of rest in supine condition or firm head-tuning,
may have high predictive value for recurrent falls. The later manoeuvre is
particularly interesting because carotid sinus hypersensitivity is thought to be a
relevant contributing or causal factor in unexplained falls. In this chapter we
studied blood-pressure following standardized head-turning movements with
continuous blood pressure measurements in a cohort of falling elderly visiting the
falls-clinic, and in a small group of healthy elderly.
The prevalence of both, hypotensive syndromes and cognitive impairment, is high
under falling elderly, though the interactions are not yet studied. Therefore we
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examined the correlation between hypotensive syndromes and cognitive impairment
in a cohort of falling elderly visiting the falls-clinic in Chapter 3b.
Chapter 4a describes a study on the diagnostic value of three simple mobility tests
that may assess the phenotype of frailty in a large cohort of community-dwelling
elderly. Simplicity was required because finally we wanted to select and develop a
clinical test feasible for self-assessment at home, and valid in predicting future
falls. The hypothesis for this study was that maximum step length, gait speed, and
repeated chair stand test would reflect fall risk and the individuals’ overall state of
health, and therefore also frailty. Monitoring changes in these tests could alert
patients and professionals to potential problems and thereby facilitate interventions
and optimise healthcare for the elderly, primarily by self-management.
Chapter 4b presents a simple mobility test; the maximum step length test. The
maximum step length is a potential screening tool for fall risk. The feasibility, the
concurrent validity and the test-retest reliability of the maximum step length test
was studied in a geriatric population aged 70 and older.
Chapter 4c provides information about gait variability in relation to walking
speed by comparing carefully selected subgroups of community-dwelling elderly
with no impairments, physical and/or cognitive impairment. The research question
was whether gait variability might be a causal factor in falling or a way to
compensate for disability.
Chapter 4d examines the predictive value of the maximum step length and gait
speed for fall risk in a community-dwelling older population. The study population
had a follow up period of 12 months. The follow up was performed by using a
computerized fall telephone system.
Chapter 5 provides a summary of the main findings of this thesis and discusses the
clinical and scientific implications of the results.
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Abstract
Objective: To study the potential differences in patient characteristics between
two referral methods to a fall clinic, specifically: case-finding of patients admitted
to an emergency department because of a fall, compared to direct referral to the
fall clinic via the general practitioner.
Design: Cross-sectional study.
Setting: Fall clinics in two university teaching hospitals in the Netherlands.
Participants: Three hundred community-dwelling older people aged 65 years or
over currently attending the fall clinics in Nijmegen (Group 1, n=154) and in
Amsterdam (Group 2, n=146).
Measurements: Patients were referred by a general practitioner (Group 1) or were
selected using the Carefall Triage Instrument (CTI) after visiting the emergency
department (Group 2). In all patients, modifiable risk factors for recurrent falls
were assessed.
Results: Group 1 had less modifiable risk factors for falling (a mean of 4 (SD 1.6) vs.
a mean of 5 (SD 1.5) in Group 2, p<0.001). Compared to Group 2, Group 1 had more
prevalent ‘recurrent falling (≥2 falls)’ (p=0.001) and ‘assisted living in homes for
the aged’ (p=0.037). ‘Fear of falling’, ‘mobility and balance problems’, ‘home
hazards’ and ‘osteoporosis’ were significantly less prevalent in Group 1.
Conclusion: This study suggests that patients referred to a multidisciplinary fall
prevention clinic by their general practitioner have a different risk profile than
those selected by case finding using the CTI. These differences have consequences
for the reach of secondary care for fall-preventive interventions and will probably
influence the effectiveness and efficiency of a fall prevention program.
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Introduction
Falling in the elderly is an important health problem that has a high prevalence
and can potentially result in functional decline. Between 22 and 40% of all community-dwelling people aged 65 years or older fall at least once a year (1-3). With an
aging population, the absolute number of people who sustain a fall and concomitant
injury will increase. In the Netherlands, 3% of all yearly visitors to the emergency
department (ED) above 65 years of age visit because of fall-related injuries, which
equals, 66,000 people out of over 2 million in total (4).
The causal pathway of falling among older people is dominantly multifactorial
(5). Thus, the risk of falling is associated with many risk factors and increases as the
number of risk factors increases (6, 7). Risk factors are commonly divided in intrinsic
(patient-related) and extrinsic (situated in the environment) factors of falls. This
distinction is important for evaluating the recurrence risk and to develop strategies
for secondary prevention. Both general practitioners (GPs) and geriatricians are involved
in case finding and (secondary) prevention of falls and fall-related injuries in older
individuals. Although several guidelines have been developed for the prevention
of falls in older people (8), most general practitioners currently do not provide
standardized multidisciplinary risk factor assessment. Additionally, (modifiable)
determinants of falls are mostly not assessed directly in the ED.
In the 23 fall prevention clinics in the Netherlands, referrals are usually from
GPs or the patients are selected after attending an ED. Both recruitment strategies
may be efficient because multiple risk factor assessment and subsequent
interventions may reduce monthly falls by 30% (9, 10). However, trials show
conflicting outcomes when the effect of multifactorial prevention strategies is
studied (11-15). These differences are probably directly related to the casemix
included in these trials and thus are dependent on the system of recruitment and
referral. In the UK, many different methods of entry into a fall service are used
and only a minority of services (22%) is using a validated screening tool (16). In the
successful PROFET study community living older people presenting to a hospital
emergency department after a fall were recruited by systematic identification by a
geriatrician, excluding patients with cognitive impairment (11). An unsuccessful
Dutch trial was different in the selection method by including participants
attending the GP-Cooperative instead of only the ED and lacking the systematic
identification by a geriatrician (14). For instance, the percentage of recurrent falls
was only 27% in the PROFET study versus 49% in the Dutch trial, pointing out the
difference in the target population. Controversial outcomes of fall-clinics suggest
that selection of the optimal target population is essential for the realization of a
reduction of falling after a visit to the fall-clinic. This population should probably
have a considerable risk (not too high or low) of recurrent falling and sufficient
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modifiable risk factors in order to realize a cost-effective intervention (17, 18). In
contrast, triage on specific single risk factors (e.g. balance problems causing falls)
may allow for selection of a population that might benefit most from a single
component intervention, such as Tai Chi training (10, 19, 20). Therefore, the
translation of effective recruitment strategies in clinical trials to efficient referral
methods in clinical practice probably holds the key to cost-effectiveness of health
services for prevention of recurrent falling and fall-related injuries in the elderly.
Therefore, we decided to study whether there are differences between patient
characteristics of two groups visiting an academic multidisciplinary fall
prevention clinic. The visits were based on two regularly applied but different
methods of referral: direct referral by general practitioners (GPs) versus referral
by selection by hospital professionals after attending the emergency department
because of a fall.

Methods
Study design and participants
We used a cross-sectional study design to compare two methods of referral to an
academic fall clinic. The study population consisted of a convenience sample of
300 community-dwelling older people ≥ 65 years of age, who were referred to the
fall clinic of the Radboud University Medical Center in Nijmegen (Group 1,
consecutive referrals from March 2006 - August 2008, n=154) and to the Academic
Medical Center in Amsterdam (Group 2, consecutive (self)-referrals January 2005 July 2008, n=146; see table 1).
In Group 1, the patients were referred based on the clinical judgment of their
GP about whether treatment of modifiable risk factors for falling would be feasible.
The GPs received no education or training. The GPs were only informed about the
clinical work-up to be expected from the fall clinic and its referral indication: age
65 and over and a minimum of one unexplained fall in the past year. Before
visiting the fall clinic, patients completed the CAREFALL Triage Instrument (CTI),
a self-administered fall-history questionnaire used to determine modifiable risk
factors for falling and fractures (21). Patients with cognitive impairment were not
excluded from visiting the fall clinic in this group. All patients were included
regardless the number of risk factors by the CTI.
In Group 2, the patients were sent the CTI within two weeks after visiting the
emergency department (ED) for a fall or fall-related injury. Response rate of the
CTI rate was 60%, and 70% after an extra reminder by telephone. Patients with
sufficient modifiable risk factors were identified, meaning that when a person had
three or more risk factors, he was invited to the multidisciplinary fall prevention
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Table 1 B
 aseline Characteristics of Group 1 (Nijmegen, referral by general
practitioner) and Group 2 (Amsterdam, emergency ward triage)
Variable

Group 1
(n=154)

Number of persons
above 65 years (%)
Female, n (%)
Male, n (%)

General
population
Nijmegen

Group 2
(n=146)

13.1

General
population
Amsterdam

P-Value

12.4

112 (72.7)

59.5

112 (76.7)

59.7

42 (27.3)

40.5

34 (23.3)

40.3

Age, mean ±SD

79.3 (8.6)

78.5 (8.5)

0.33

BMI, mean ±SD

26.1 (5.2)

26.5 (5.1)

0.95

85.8

77.4

0.10

Education, lower
level,%
Marital status,%
- married
- single
- widowed

32.5
15.5
52.0

50.2
49.8
31.3

40.4
19.2
40.4

42.9
57.1
31.3

Institutionalised, %

18.2

27.2
(80+year)

8.2

26.8
(80+year)

Katz ratio ±SD

2

0.51

0.08

0.037

0.32 (0.2)

0.32 (0.2)

0.87

Polypharmacy, %

85.7

79.3

0.14

Experienced falls
<2, %

9.7

24.8

0.001

Physical activity
daily, %

29.4

34.2

0.51

Cognitive
impairment, %

31.2

0

-

clinic. Patients with known dementia were not invited because fall prevention
interventions were not considered to be evidence-based in this group (22).

The CTI
The CTI is a 44-item fall history questionnaire proven to be reliable and valid in
assessing (modifiable) risk factors associated with recurrent falls (21), though not
specifically validated in subjects with cognitive decline. Modifiable risk factors
were defined as risk factors that can be improved or removed by an intervention.
However, international definitions and consensus on which risk factors should be
regarded as modifiable are currently lacking. The CTI specifically identifies nine
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modifiable risk factors for falls or fall-related injuries: polypharmacy, osteoporosis,
balance and mobility disorders, mood disorders, fear of falling, impaired vision,
urinary incontinence, orthostatic hypotension and reporting hazards at home.
The definitions of the nine modifiable risk factors are listed below.
1. Polypharmacy: using 3 or more drugs, independent of the type of medication. 2.
Orthostatic hypotension: one or more of the 9 CTI questions on orthostatic
hypotension was positive. 3. Mobility and balance problems: difficulties walking
and/or use of an aid for walking and/or a lack of balance and/or pain in feet or legs
and/or reduced feeling in feet or legs and/or reduced strength in one or both feet
and/or stiffness of the joints. 4. Fear of falling: a score of 5 or more on a scale from
1 (no fear of falling) to 10 (severe fear of falling) on the CTI question: “Are you afraid
to fall?”. 5. Visual disturbance: unable to read the newspaper, even with
(magnifying) glasses or a loupe and/or substantially reduced eyesight since the last
6 months. 6. Urinary incontinence: daily problems with urinary continence and/or
need to get out of bed twice or more per night to visit the toilet. 7. Home hazards:
positive when fall was due to tripping at home and one or more of the three CTI
questions on home hazards was positive. 8. Mood disorder: feeling down or
depressed and/or reporting loss of interest. 9.Osteoporosis: high risk of osteoporosis;
patients with a fracture after the age of 50 years and/or a fracture of the vertebra
and/or having 2 or more of the following risk factors: a mother with a hip fracture,
low body weight (men <67 kg; women <60 kg) and severe immobility.

Multidisciplinary fall risk assessment
In both groups the geriatric assessment was performed according to the Dutch
National Fall Clinics guideline; all of the patients visiting the fall prevention
clinics underwent a comprehensive geriatric assessment (CGA), including an
assessment by a geriatrician (or a registrar in geriatrics supervised by a consultant
geriatrician), an experienced nurse specialist and a physical therapist. Global
cognitive assessment was standard for and performed in Group 1, but was optional
in Group 2, as determined by a Mini Mental State Examination (MMSE). A MMSE
score of less than 24 out of 30 was considered as confirming the presence of
cognitive impairment.
Functional status was measured differently in the two groups: the Groningen
Activity Restriction Scale (GARS) was used in Group 1 and the modified Katz ADL
index score was used in Group 2 (23). To compare the groups, the GARS scores were
converted into KATZ scores. Out of all 15 items of the Katz ADL index score, a total
of nine matched with the GARS. The six non-matching items were completed by
reviewing the patient files. Because of some missing items in both groups, we
computed a Katz ADL index ratio, the total score divided by the total number of
items completed (range 0-1; 0= totally independent and 1=totally dependent), to
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make comparison of both groups feasible. Furthermore, between group comparisons
were made for: mean age, gender, level of education, marital status, place of
residence (institutionalized is defined as living in a home for the elderly), body
mass index (BMI), presence of polypharmacy (using 3 or more drugs), experienced
number of falls < 2 (defined as having only one sustained fall in the past 12 months).

Comparability of the two regions
The fall clinics in Amsterdam and Nijmegen are known to have similar aims: both
sites serve GPs as well as other medical specialists, and primarily act as a secondary
referral center for fall patients. To be able to compare elderly demographics in the
regions surrounding both university hospitals, key characteristics of the entire
older population in Regions 1 and 2 were acquired from Statistics Netherlands (24).

Statistical Analysis
Both populations were compared using a Chi-square test for categorical variables
and an independent two-sample t-test for continuous variables. Differences in the
characteristics between the two groups were considered significant at a p-level
below 0.05. SPSS (version 16.0.01 for Windows, SPSS Inc., Chicago, IL, USA) was
used to analyze the data.

Results
Of 204 consecutive patients visiting the fall clinic of the Radboud University
Nijmegen Medical Center, 154 patients (75%) were included in this study (Group 1).
Twenty-four patients were excluded because they attended the fall clinic without
a fall history (but with syncope or dizziness) and 26 patients were excluded because
too many data were missing. Missing data were primarily resulting from patient
refusal or the absence of assistance of proxies in the data collection.
Of a total 2,720 patients aged 65 years and over, visiting the emergency
department of the Academic Medical Center Amsterdam following a fall, all 2,149
patients living in Amsterdam (79%) received the CTI, of which 68% (n=1,461) was
returned. The non-responders group was significantly older (mean age 79.7 (SD 9.5
yr) years versus 77.4 (SD 8.1 yr) (p=0.001), with slightly more females in the
non-responders group (68.5% versus 66.4%) (p=0.06), without differences place of
residence. Half of the responders (n=788, 53%) met the inclusion criteria (≥3
modifiable risk factors) and were invited to the fall prevention clinic. Of these 788
patients, 338 refused the optional full geriatric assessment for various reasons.
Exact data about the frequency of these reasons are not collected. Of the 450
patients willing to have a CGA, one third (n=150) finally attended the multi
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disciplinary fall prevention clinic and could be included. From these 150 patients,
four patients had to be excluded because of missing data.
The mean age of the 154 participants in Group 1 was 79.3 (range 65-96; SD 8.6
yr) years; 73% was female, and this was similar to the 146 patients in Group 2, with
a mean age of 78.5 (range 65-95; SD 8.5 yr) years and 77% female. Other characteristics are shown in Table 1.
In Group 1 ‘recurrent falling (≥2 falls)’ was more prevalent when compared to
Group 2 (90.3% vs. 75.2%, p=0.001). Additionally, the participants of Group 1 were more
likely to live in ‘homes for the aged’ (18.2% vs. 8.2%, p=0.037) compared to Group 2.
In Group 1, the mean number of modifiable risk factors per patient was 4 (SD 1.6),
compared to 5 (SD 1.5) in Group 2 (p<0.001). Figure 1 presents the distribution of
identified modifiable risk factors in both groups. The prevalence of distinctive
modifiable risk factors in each group is shown in Table 2.

Figure 1 T he distribution of modifiable risk factors in Group 1 referred
by general practitioners and Group 2 identified by selection after
attending an emergency department
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Table 2 C
 omparison of modifiable risk factors in two different referral
groups for an academic falls clinic, based on referral by general
practitioner (1) vs. selected by triage of the population that visited
the emergency department (2)

Polypharmacy, n (%)
Orthostatic hypotension, n (%)
Mobility and balance problems, n (%)
Fear of falling, n (%)
Visual disturbance, n (%)

Group 1
(n=154)

Group 2
(n=146)

P-value

132 (85.7)

112 (76.7)

0.14

77 (50)

74 (51)

0.59

103 (66.9)

128 (88.3)

0.000

91 (59.1)

116 (80)

0.000

40 (26)

36 (24.8)

0.57

Urinary incontinence, n (%)

85 (55.2)

69 (47.6)

0.25

Home hazards, n (%)

50 (32.5)

77 (53.1)

0.002

Mood disorder, n (%)

45 (29.2)

51 (35.2)

0.38

Osteoporosis, n (%)

52 (33.8)

90 (62.1)

0.000

2

Overall, four modifiable risk factors were less prevalent in Group 1: ‘fear of
falling’ (59.1% vs. 80%, p<0.001), ‘mobility and balance problems’ (66.9% vs. 88.3%,
p<0.001), ‘home hazards’ (32.5% vs. 53.1%, p=0.002) and ‘osteoporosis’ (33.8% vs.
62.1%, p<0.001).
Importantly, re-analysis after exclusion of the cognitively impaired people
(N=49, 31.2%) in Group 1 did not change the comparison between the groups. In
particular, the mean number of risk factors in Group 1 did not change and
remained 4 (SD 1.7). The difference between the two groups in number of people
living in ‘homes for the aged’ was no longer significant (11.4% in Group 1 vs. 8.2%
Group 2; p=0.33). All other characteristics remained comparable, for instance the
Katz ratio was 0.26 (SD 0.2) in group 1, excluding dementia patients (p=0.87). The
mean age of the 105 non-cognitively impaired participants in Group 1 was 77.8
(range 65-95, SD 7.7 yr) years; 77% was female. Recurrently falling (≥2 falls)
remained more prevalent in Group 1 compared to Group 2 (88.6% vs. 75.2%, p=0.01).

Discussion
This study demonstrates that the risk profile and the number of modifiable risk
factors in older patients visiting a fall clinic are associated with the method of
referral to the fall clinic.
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The effect of the referral method on patient characteristics of recurrent fallers
at a fall clinic has not been described before. We only found one study using
different recruitment strategies in primary care practices in relation to patient
characteristics in a falls prevention program (25).
In our study, we assume that more accidental fallers were included in group 2
explaining the result of a lower rate of recurrent fallers in this group. A GP referral
results in a population with less (mean 4) modifiable risk factors and a higher rate
of recurrent fallers (90.3% of those referred by a GP sustained at least 2 falls in the
past year versus 75.2% in those who visited the ED). An explanation for this
difference might be that GPs are not well trained in recognizing the risk profile of
recurrent fallers (26). Alternatively, it may be also possible that the GP has already
managed some modifiable risk factors before the fall-clinic visit. Otherwise,
case-finding based on fall risk factor scores among older patients at the ED results
in a rather lower rate of enrollment in our fall prevention program (± 7%). Other
studies also confirm that the source of referral has a significant effect on the rate
of enrollment in fall prevention programs (27). The differences in the number and
type of modifiable risk factors for falling between both groups suggest that there
may also be differences in the prevalence of frailty. Group 1 might be considered
to be frailest, because there are more frequent fallers and more people living in
‘homes for the aged’. The cognitive impaired subgroup of group 1 largely explained
this significant difference in living arrangements. However, because ‘mobility and
balance problems’ as well as ‘osteoporosis’ are actually less frequent in the GP
referral, frailty characteristics are not homogeneously spread over the two groups.
Differences in frailty between both groups most likely have consequences for the
effectiveness of fall preventive interventions. Interventions appear to be less
effective when the target population becomes too frail (i.e. having very low physical
activity, extreme muscle weakness or nearly having lost physical activities) (28, 29).
An inevitable limitation of the study is caused by the fact that the two referral
routes could not be compared within one center. Theoretically, the difference in
the number of modifiable fall risk factors may be attributed to selection bias,
because two centers in different regions are compared, and different professionals
were involved in the referral process. However, both fall clinics described are
expertise centers and work strictly according to the Dutch National Fall Clinics
Guideline. Therefore results of casemix differences probably still are highly
dependent on referral strategy and other sources of selection bias are unlikely to
explain the differences found.
The cross-sectional design of this study is another limitation, and conclusions
on causality with respect to the association between method of referral and risk profile
in elderly patients at a fall clinic in essence are not possible. However, we cannot think
of other major intermediary or confounding variables explaining the differences.
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The data collection had to be limited because of its inclusion in daily practice.
Therefore, we did not have complete information on demographics, socioeconomic
status and medical consumption, for which we used data from Statistics Netherlands to
compare the two regions (www.cbs.nl). We also could not collect detailed process
variables on the referral techniques. The CTI was used in both groups: it was used in
group 1 as part of the assessment, and as part of the referral strategy in group 2.
Part of the differences between groups is explained by the inclusion of
cognitive impaired persons in group 1. Any cognitive impairment influences
behavior and increases fall risk. Probably, there were also patients with cognitive
impairment in group 2, but another study limitation is that this group did not
have routine cognitive assessment. Subgroup analysis confirmed that the effects of
referral strategy remained significant, when patients with cognitive impairments
were excluded. Only, the number of people living in homes for the aged was not
different anymore. This is not surprising, because presence of cognitive impairment
is a major risk factor for institutionalization.
As far as we know, this is the first study that focuses specifically on subject
selection, which surprisingly still is an undervalued element of designing an
effective and efficient fall clinic. In fact, the best way to evaluate efficiency of a fall
clinic would be to regularly evaluate the responder ratio of the casemix in reducing
fall-related injuries. Unfortunately, this is probably difficult to realize in clinical
practice, especially due to methodological problems of continuously monitoring
fall rate. Reliable electronic fall detectors probably will solve this problem in the
near future. Looking at the results of our study, we advocate regular casemix
reviews. In auditing casemixes, other fall-clinics may confirm the differences
between GP referral versus ED-selection. Efficiency of fall clinics may be improved
by focusing more on case-mix characteristics. On the one hand, ED-risk profile
criteria that are used to invite people for a fall clinic assessment can be used to
directly influence the casemix. On the other hand, a different casemix may result
from training GPs on referring particular patients or developing specific referral
criteria with panels of GPs. In such a way, one can actively influence the efficiency
of a fall clinic when the responder characteristics have been carefully described.
Depending on the rest of the network of geriatric services and collaboration
between health care providers, both GP and ED referral may best fit a region.
However, as the numbers of fall clinic referrals will increase, the necessity of an
adequate entrance policy will become important everywhere. Moreover, recurrent
falling is associated with fall-related injuries concomitant with health care costs
and a functional decline (30). Intervention during the process of decline by fall
risk assessment and by fall preventive measures at an early stage may result in a
considerable gain in health, well-being of individual patients and a reduction of
health care costs, in general (31). Furthermore, early (in a pre-frail population) fall
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preventive interventions may be more effective (29). Therefore, the GP can play a
key role in selecting older persons for secondary fall prevention programs and
interventions. Next to GP referral streamlining, the ED referral method may be
improved. ED selection proved to select a fall population with first, accidental falls
in persons high at risk for recurrent falling. The postal CTI method, however,
proved to be inefficient in recruiting people. ED recruitment in the ideal situation
exists of an immediate screening following or even at presentation at the ED, and
guaranteeing follow up for fall risk assessment.
In conclusion, this study shows that the method of referral to the fall clinic
determines the risk profile and number of modifiable risk factors in older patients
presenting at a fall clinic. In clinical practice, the selection of a specific referral
method, and subsequent evaluation of the selection process will highly contribute
to efficiency of the fall clinic. Ongoing study of the effect of triage should have a
high priority and should be based on simple screening tools fit for either the general
practice or ED settings, to objectively determine which patients should be referred
to a fall clinic. Several tools for fall risk assessment are available (26, 32, 33). However,
none of them is easy to use in the setting of general practice, and those developed for
the setting of ED are not appropriate for bedside use. We recommend that defined
diagnostic procedures to determine the risk for recurrent falling become an
integrated part of clinical practice, not only at ED, but also in general practice.
As case finding is an integral part of the complex intervention performed in
fall clinics, and safeguarding the right casemix probably is the key issue for
sufficient efficiency, both should be an integral part evaluating quality of care
delivered by fall clinics.

28

falls clinic referr al

References
1.
2.
3.
4.
5.
6.
7.
8.

9.

10.

11.
12.

13.

14.

15.

16.
17.
18.
19.
20.
21.

Hausdorff JM, Rios DA, Edelberg HK. Gait variability and fall risk in community-living older adults: a
1-year prospective study. Arch Phys Med Rehabil 2001;82:1050-1056.
Shumway-Cook A, Ciol MA, Hoffman J, Dudgeon BJ, Yorkston K, Chan L. Falls in the Medicare
population: incidence, associated factors, and impact on health care. Phys Ther 2009;89:324-332.
Gribbin J, Hubbard R, Smith C, Gladman J, Lewis S. Incidence and mortality of falls amongst older
people in primary care in the United Kingdom. Q JM 2009;102:477-483.
Letsel Informatie Systeem 2002-2006. Den Haag: Consument en Veiligheid, 2008 (online) Available at:
http://www.veiligheid.nl/csi/veiligheid.nsf/wwwVwContent/valongevallen55.html. Accessed June 12,2009.
Campbell AJ, Borrie MJ, Spears G. Risk factors for falls in a community-based prospective study of
people 70 years and older. J Gerontol 1989;44:M112-117.
Graafmans WC, Ooms ME, Hofstee HMA, Bezemer PD, Bouter LM, Lips P. Falls in the elderly: a
prospective study of risk factors and risk profiles. Am J Epidemiol 1996;143:1129-1136.
Tinetti ME, Doucette J, Claus E, Marottoli R. Risk factors for serious injury during falls by older
persons in the community. JAGS 1995;43:1214-1221.
American Geriatrics Society, British Geriatrics Society and American Academy of Orthopaedic
Surgeons Panel on Falls Prevention. Guidelines for the prevention of falls in older persons. JAGS
2001;49:664-672.
Tinetti ME, Baker DI, McAvay G, Claus EB, Garrett P, Gottschalk M, Koch ML, Trainor K, Horwitz RI. A
multifactorial intervention to reduce the risk of falling among elderly people living in the community.
N Eng J Med 1994;331:821-827.
Chang JT, Morton SC, Rubenstein LZ, Mojica WA, Maglione M, Suttorp MJ, Roth EA, Shekelle PG.
Interventions for the prevention of falls in older adults: systematic review and meta-analysis of
randomised clinical trials. BMJ 2004;328:680.
Close J, Ellis M, Hooper, Glucksman E, Jackson S, Swift C. Prevention of falls in the elderly trial
(PROFET): a randomised controlled trial. Lancet 1999;353:93-97.
Hogan DB, MacDonald FA, Betts J, Bricker S, Ebly EM, Delarue B, Fung TS, Harbidge C, Hunter M,
Maxwell CJ, Metcalf B. A randomized controlled trial of a community-based consultation service to
prevent falls. CMAJ 2001;165:537-543.
Davison J, Bond J, Dawson P, Steen IN, Kenny RA. Patients with recurrent falls attending Accident &
Emergency benefit from multifactorial intervention--a randomised controlled trial. Age Ageing
2005;34:162-168.
Hendriks MR, Bleijlevens MH, van Haastregt JC, Crebolder HF, Diederiks JP, Evers SM, Mulder WJ,
Kempen GI, van Rossum E, Ruijgrok JM, Stalenhoef PA, van Eijk JT. Lack of effectiveness of a multidisciplinary fall-prevention program in elderly people at risk: a randomized, controlled trial. J Am
Geriatr Soc 2008;56:1390-1397.
Gates S, Fisher JD, Cooke MW , Carter YH, Lamb SE. Multifactorial assessment and targeted
intervention for preventing falls and injuries among older people in community and emergency care
settings: systematic review and meta-analysis. BMJ 2008;336:130-133.
Lamb SE, Fisher JD, Gates S, Potter R, Cooke M, Carter YH. A national survey of services for the
prevention and management of falls in the UK. BMC Health Serv Res 2008;8:233.
Tinetti ME. Multifactorial fall-prevention strategies: time to retreat or advance. J Am Geriatr Soc
2008;56:1563-1565.
Campbell AJ, Robertson MC. Not a retreat, but advancing on numerous fronts. J Am Geriatr Soc
2009;57:565-566.
Gillespie LD, Robertson MC, Gillespie WJ, Lamb SE, Gates S, Cumming RG, Rowe BH. Interventions for
preventing falls in older people living in the community. Cochrane Database Syst Rev 2009;CD007146.
Li F, Harmer P, Fisher KJ, McAuley E, Chaumeton N, Eckstrom E, Wilson NL. Tai Chi and fall reductions
in older adults: a randomized controlled trial. J Gerontol A Biol Sci Med Sci 2005;60:187-194.
Boele van Hensbroek P, van Dijk N, van Breda GF, Scheffer AC, van der Cammen TJ, Lips P, Goslings JC,
de Rooij SE; Combined Amsterdam and Rotterdam Evaluation of FALLs (CAREFALL) study group. The

29

2

chapter 2

22.
23.

24.
25.

26.
27.
28.

29.

30.

31.
32.

33.

30

CAREFALL Triage Instrument identifying risk factors for recurrent falls in elderly patients. Am J
Emerg Med 2009;27:23-36.
Shaw FE. Prevention of falls in older people with dementia. J Neural Transm 2007;114:1259-1264.
Kempen GI, Miedema I, Ormel J, Molenaar W. The assessment of disability with the Groningen
Activity Restriction Scale. Conceptual framework and psychometric properties. Soc Sci Med
1996;43:1601-1610.
Statistics Netherlands 2009 (online) Available at: www.cbs.nl/nl-NL/menu/home/default.htm.
Accessed February 8, 2009.
Elley CR, Robertson MC, Kerse NM, Garrett S, McKinlay E, Lawton B, Moriarty H, Campbell AJ. Falls
Assessment Clinical Trial (FACT): design, interventions, recruitment strategies and participants characteristics. BMC Public Health 2007;7:185.
Vassallo M, Poynter L, Sharma JC, Kwan J, Allen SC. Fall risk-assessment tools compared with clinical
judgment: an evaluation in a rehabilitation ward. Age Ageing 2008;37:277-281.
Shandro JR, Spain DA and Dicker RA. Recruitment strategies for a fall prevention program: if we build
it, will they really come? J Trauma 2007;63:142-146.
Hauer K, Pfisterer M, Schuler M, Bärtsch P, Oster P. Two years later: a prospective long-term follow-up
of a training intervention in geriatric patients with a history of severe falls. Arch Phys Med Rehabil
2003;84:1426-1432.
Faber MJ, Bosscher RJ, Chin A Paw MJ, van Wieringen PC. Effects of exercise programs on falls and
mobility in frail and pre-frail older adults: A multicenter randomized controlled trial. Arch Phys Med
Rehabil 2006;87:885-896.
Russell MA, Hill KD, Blackberry I, Day LL, Dharmage SC. Falls risk and functional decline in older
fallers discharged directly from emergency departments. J Gerontol A Biol Sci Med Sci 2006;61:10901095.
Tinetti ME, Williams CS. The effect of falls and fall injuries on functioning in community-dwelling
older persons. J Gerontol A Biol Sci Med Sci 1998;53:M112-119.
Russell MA, Hill KD, Blackberry I , Day LM, Dharmage SC. The reliability and predictive accuracy of
the falls risk for older people in the community assessment (FROP-Com) tool. Age Ageing 2008;37:634639.
Scott V, Votova K, Scanlan A, Close J. Multifactorial and functional mobility assessment tools for fall
risk among older adults in community, home-support, long-term and acute care settings. Age Ageing
2007;36:130-139.

falls clinic referr al

2

31

3
Remarkable findings
in falls clinic assessments

3a
Remarkable findings
in falls clinic assessments

Accepted for publication in PLOS ONE:
Head Turning-Induced Hypotension in elderly people.
Schoon Y, Olde Rikkert M, Rongen S, Lagro J, Schalk B, Claassen J.

chapter 3a

Abstract
Carotid sinus hypersensitivity has a high prevalence in the elderly and is a possible
cause of falls. In carotid sinus hypersensitivity, external triggers cause sudden
reductions in blood pressure, leading to dizziness or syncope, resulting in falls.
Turning of the head is considered an important example of such an external
trigger in everyday life, wherein rotation of the neck is thought to manipulate the
hypersensitive carotid sinus. However, direct evidence for this is lacking. The aim
of this study was to investigate the effects of head turning in elderly with carotid
sinus hypersensitivity.
We performed a prospective, observational study in 105 elderly patients who
visited a geriatric falls clinic in a university teaching hospital and in 25 community
dwelling healthy elderly subjects.
Continuous measurements of blood pressure and heart rate (Finapres) were
performed before, during, and after head turning. Head turning-induced
hypotension was defined as a drop in systolic blood pressure of at least 20 mmHg
during head turning. Carotid sinus hypersensitivity was examined with carotid
sinus massage. We also tested for two other common geriatric hypotensive
syndromes, orthostatic hypotension and post prandial hypotension, using active
standing and a meal test. All three hypotensive syndromes were defined using
consensus definitions.
Head turning resulted in hypotension in 39% of patients (mean systolic blood
pressure drop 36 mm Hg) and in 44% of the healthy elderly, irrespective of the
direction of the head movement. Carotid sinus hypersensitivity was associated
with head-turning induced hypotension (OR= 3.5, 95% CI= 1.48 to 8.35).
We conclude that head turning is indeed an important cause of sudden drops in
blood pressure in elderly with carotid sinus hypersensitivity.
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Introduction
Falls are common in elderly people, 30% of those aged 65 years and older fall at
least once a year (1); (2). The causal pathway of falling is generally multifactorial (3).
Guidelines recommend that primary care physicians screen for fall risks in all
elderly people and that a comprehensive geriatric fall risk assessment be performed
in those patients who have fallen (4).
An important aspect of this multifactorial screening process is the evaluation
of blood pressure instability. The elderly are prone to the so-called hypotensive
syndromes (e.g. orthostatic and post prandial hypotension). During hypotensive
episodes, cerebral blood flow is temporarily reduced, which may manifest as
dizziness or syncope. Through this mechanism, hypotensive syndromes contribute
importantly to falls in the elderly (5); (6).
Among these hypotensive syndromes, carotid sinus hypersensitivity (CSH) is
thought to be an especially relevant contributing or causal factor in unexplained
falls (6); (7). In CSH, the baroreceptors in the carotid sinus are thought to be overly
irritable (e.g. to external manipulation or pressure) and as a result falsely register
hypertension, leading to baroreflex-mediated rapid reduction in blood pressure.
Although carotid sinus irritability (8) is a more appropriate term, herein we use
CSH as this is the most commonly used term.
In elderly with CSH, mechanical manipulation of the carotid, as may occur when
wearing a tight collar or during shaving, may cause a reduction in blood pressure
and/or heart rate resulting in syncope and falls (9); (10) .
An additional and even more common trigger may be turning of the head. In
case reports, clinically significant drops in blood pressure (sufficient to be
considered a plausible cause of syncope) have been demonstrated when subjects
turned their heads (11). This observation could explain the relationship between
CSH and falls (6); (7), as this hypotensive response to head turning would occur
frequently in everyday life.
The objective of this study was therefore to investigate the effect of head
turning in elderly with CSH. We have tested the hypothesis that head turning
triggers hypotensive episodes in elderly with CSH. We have investigated this
primarily in a population where this information has the highest clinical
relevance, i.e in elderly with a history of falls. In addition, to further explore the
effect of head turning on blood pressure, we also included a group of healthy
elderly, where, as indicated above, CSH is also prevalent.
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Methods
Ethics Statement
The test protocol explained below was part of the standard care for patients who
visited the Geriatric Falls Clinic and conformed to the Declaration of Helsinki,
informed consent was asked and obtained for the tests. All healthy participants
signed informed consent forms. The ethical review board (Commissie
Mensgebonden Onderzoek region Arnhem-Nijmegen) approved the study.

Study Population
This prospective, observational study was carried out in the Geriatric Falls Clinic
in a university teaching hospital. Between March 2006 and November 2008, all
ambulatory patients older than 65 years were recruited who had been referred for
falls, dizziness and/or syncope. Patients were excluded when they met any
exclusion criterion for carotid sinus massage or when hospital admission was
required.
Functional performance was evaluated with the Groningen Activity Restriction
Scale (GARS) (12); (13). Illness burden and diversity were estimated using the
Cumulative Illness Rating Scale for Geriatrics (CIRS-G) (14). Patients were asked
whether a fall or dizziness was ever preceded by shaving or head turning. This
question was used to assess the relationship between the results of the head
turning test and each patient’s fall history. In each patient, the physician stated,
before the Finapres test protocol was performed, if he expected the presence of a
hypotensive syndrome contributing to falls.
In addition to this patient sample, a group of healthy elderly volunteers was
recruited from the community. Their health status was examined including their
medical history, drug use, functional performance, and a physical examination
was performed. This group had no fall history.

Blood Pressure Measurements
A ‘clinic’ blood pressure was recorded during the outpatient clinical evaluation
using a sphygmomanometry device. During the test protocol, executed on a
different day, beat-to-beat blood pressure and heart rate were continuously
measured from the finger using the photoplethysmographic method (Finapres,
Finapres Medical Systems, Amsterdam). During the test protocol, ECG registration
was used for safety reasons. The Finapres method is a non-invasive technique that
measures beat-to-beat variations in blood pressure and heart rate that has been
validated against intra-arterial recordings as well as conventional sphygmomanometry (15). After an overnight fast, medications were stopped from 6pm the day
before testing until completion of the blood pressure measurements.
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Head-turning test
The Head turning test (HTT) was performed in all subjects that underwent the
Finapres test protocol. After at least ten minutes of active standing (until blood
pressure was stable for at least five minutes), each subject was asked to perform
three different head movements during 10-15 seconds: rotation to the right,
rotation to the left and hyperextension. Between the different head movements,
the head was at ‘rest’ in a normal position (facing forward) until the blood pressure
was again stable for at least one minute. Systolic blood pressure and heart rate
before the HTT were calculated as the mean of the ten beats preceding HTT. For
each head movement separately, the systolic blood pressure and heart rate during
the HTT were calculated as the mean of the three beats with the lowest systolic
blood pressure. A positive result was defined as a drop in systolic blood pressure of
at least 20 mmHg during one or more of the head movements and was called ‘head
turning-induced hypotension’ (HTIH). We considered that changes in systolic
blood pressure less than 20 mmHg can fall within the normal range of blood
pressure fluctuations (16), and therefore to attribute these changes to head turning
would promote false-positive association. This cut-off of 20 mmHg also complied
with the customary clinical cut-offs used to define orthostatic and postprandial
hypotension.

Test for hypotensive syndromes (including CSH)
The Finapres test protocol further consisted of a carotid sinus massage to assess
CSH, an active standing test to evaluate orthostatic hypotension (OH), and a meal
test to evaluate postprandial hypotension (PPH). During the tests, the subjects
were asked whether they experienced symptoms.
Patients with known significant carotid stenosis, a (recent) history of
ventricular arrhythmia, myocardial infarction or cerebral ischemia were excluded
from carotid sinus (CS) massage (9). During the CS massage procedure, the subjects
laid on a tilt table. After five minutes of rest, the right carotid artery sinus was
massaged for five seconds. One minute after normalisation of blood pressure or, in
case symptoms were present, return to a normal state, the left carotid artery sinus
was massaged. In cases yielding negative results, the test was repeated with the
subject in a 700 -tilt position (CSH in tilt). CSH was defined as an R-R interval of at
least three seconds (cardio-inhibitory type), a decrease of systolic blood pressure of
50 mmHg or more (vasodepressor type), or a combination of both (mixed type),
irrespective of whether the subject was in a supine or tilted position (17).
After a ten-minute rest period in the supine position, the subjects were asked to
stand up and to remain standing for ten minutes. OH was defined as a decrease of
at least 20 mmHg in systolic blood pressure recorded from any of the ten-minute
averages following the first 30 seconds after rising (18).
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After a ten-minute rest period, the subjects consumed a standardised fluid
meal within ten minutes. This meal consisted of 100 ml of glucose syrup (Nutrical®)
and 100 ml of lactose-free whole milk (Soy milk calcium Alpro®) with a total of 292
calories, containing two grams of fat and four grams of protein. Heart rate and
blood pressure were continuously measured from ten minutes before the start of
the meal until 75 minutes after the meal. PPH was defined as a decrease in systolic
blood pressure of 20 mmHg or more during any of these intervals (19).
The exact order of the test protocol was as follows; OH test, HTT, PPH test and
CS massage.
CS massage was performed 80 minutes after the start of the meal test and
when blood pressure had fully restored from any PPH, to ascertain that PPH did
not influence assessment of CSH.
The baroreflex index was calculated by dividing the maximal change in heart
rate by the maximal change in systolic blood pressure within the first 30 seconds
after standing.

Statistical Analyses
We used the same cut-off value for HTT as was used for OH and PPH (a drop in
systolic blood pressure of 20 mmHg). Because this cut-off value yielded relatively
mild blood pressure reductions, we performed an additional analysis with a cut-off
of 30 mmHg for HTT.
The baseline characteristics of the participants, according to HTIH status
(positive/negative, regardless which or how many positive head movements were
present), were compared using t-tests for continuous variables and Pearson’s
chi-square test for categorical variables. Two-tailed P-values of less than 0.05 were
considered significant. Each hypotensive syndrome was considered as present or
absent (dichotomous variable) in the analysis. Logistic regression analysis was
used to examine the association between HTIH status (dependent variable) and
CSH. The results were presented as odds ratio with a 95% confidence interval (CI).
The following factors were included in the model for adjustment: age, sex, body
mass index and systolic blood pressure. Because of the small size of the healthy
group, only descriptive characteristics were reported there, besides a comparison
of HTIH status between the patients and healthy elderly, using the Pearson’s
chi-square test. All data processing and analyses were done with SPSS, version
16.0.01 (SPSS, Chicago, Illinois).
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Results
During the study period, 208 patients aged over 65 years visited the Geriatric Falls
Clinic. In total, 105 patients met the enrolment criteria and were included, in
addition to 25 healthy elderly subjects.

Table 1 B
 aseline characteristics and Finapres protocol results of patients
Variable

Patients
(n=105)

Age (years)

78.7 (7)

Female

70 (67)

SBP* ‘clinic’ (mmHg)

161.6 (23.6)

DBP† ‘clinic’ (mmHg)

83.3 (11.6)

Heart rate (beats/min)

67 (13)

CIRS-G‡

11.3 (4.7)

GARS

30.2 ( 8.1)

Tinetti

21.3 (6.1)

Polypharmacy¶

68 (65)

Antihypertensive drugs

60 (57)

Stroke history

26 (25)

Diabetes mellitus

22 (21)

Parkinson’s disease

6 (6)

Dementia

6 (6)

SBP Finapres (mmHg)

169.1 (26.3)

§

Baroreflex index

0.28 (1.57)

Diagnosis OH#

50 (48)

Diagnosis PPH**

56 (53)

Diagnosis CSH††

61 (58)

3

Note. The values are the mean (SD) for normally distributed variables and n (percentages) for
categorical variables.
*
SBP, systolic blood pressure; †DBP, diastolic blood pressure; ‡CIRS-G; Cumulative Illness Rating Scale
for Geriatrics; score 0-4, higher scores reflect more comorbidity, which reflects the severity of
pathology in each of 14 categories (maximum score 56); §GARS; possible range 0-53, higher score
indicates greater impairment; ¶Polypharmacy was defined as the use of more than three drugs; #OH,
orthostatic hypotension; ** PPH, postprandial hypotension; ††CSH, carotid sinus hypersensitivity.
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A fall history was present in 96 patients, syncope in six patients (of whom
three patients also presented with additional falls) and dizziness/ near falling was
present in six patients. The healthy elderly had no fall history nor history of
syncope.
Table 1 and 2 show the baseline characteristics and the Finapres test protocol
results of patients and healthy elderly. There were more female than male patients,
and more male than female healthy elderly.
Head turning led to hypotension in 39% of patients, with a mean systolic blood
pressure drop of 36 mmHg (SD ±13; range 20-76) (Figure 1). A total of 26% patients
had HTIH with a systolic blood pressure drop of 30 mmHg or greater, and there
was a pressure drop of at least 50 mmHg in 4% of patients. Head turning led to
hypotension irrespective of the direction of the head movement (Figure 2). HTIH
was associated with a lower body mass index; p<0.01 [95%CI, 0.71 to 3.79], and a

Table 2 B
 aseline characteristics of subjects undergoing negative and positive
head-turning tests (HTT) in the healthy group
Variable

All
(n=25)

HTT-*
(n=14)

HTT+†
(n=11)

Age (years)

74.7 (4.4)

75.6 (5.1)

73.6 (3.3)

Male

20 (80)

11 (79)

9 (82)

BMI‡ (kg/m2)

25.4 (2.2)

25.4 (2.1)

25.5 (2.5)

Lawton

8 (0)

8 (0)

8 (0)

SBP Finapres (mmHg)

143.1 (17.8)

137.1 (19.4)

150.6 (12.7)

Baroreflex index

0.8 (0.74)

1.05 (0.91)

0.50 (0.30)

Diagnosis OH

7 (25)

2 (14)

5 (36)

§

¶

Diagnosis PPH

16 (64)

8 (57)

8 (73)

Diagnosis CSH**

6 (24)

1 (7)

5 (45)

OH drop (mmHg)

38 (19)

50 (28)

34 (16)

PPH drop (mmHg)

35 (14)

36 (10)

34 (18)

CSH drop (mmHg)

65 (10)

74

63 (10)

HTIH drop (mmHg)

NA

NA

35 (19)

#

††

‡‡

Note. The values are the mean (SD) for normally distributed variables and n (percentages) for
categorical variables. *HTT-, negative head-turning test; †HTT+, positive head-turning test; ‡BMI, body
mass index; §SBP, systolic blood pressure; ¶ OH, orthostatic hypotension; #PPH, postprandial
hypotension; **CSH, carotid sinus hypersensitivity; †† HTIH, head turning-induced hypotension; ‡‡ NA,
not applicable.
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Figure 1 D
 istribution of maximal systolic blood pressure drops due to head
rotation in the patient group

18
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mmHg

Notes.
X-axis; the maximal systolic blood pressure drop due to head rotation, Y-axis; the number of patients
that met the specified systolic blood pressure drop.
The systolic blood pressure drops of 20-29 mmHg are due to left head rotation in 3 patients, right
head rotation in 4 patients and hyperextension in 7 patients.
The systolic blood pressure drops of 30-39 mmHg are due to left head rotation in 5 patients, right
head rotation in 5 patients and hyperextension in 6 patients.
The systolic blood pressure drops of 40-49 mmHg are due to left head rotation in 2 patients, right
head rotation in 1 patients and hyperextension in 4 patients.
The systolic blood pressure drops >50 mmHg are due to left head rotation in 4 patients.

higher systolic blood pressure, both ‘clinic’; p<0.01 [CI, -20.62 to -2.25], and Finapres;
p<0.01 [CI, -5.87 to -4.56].
Analysis of the data using a cut-off value of 30 mm Hg for HTIH did not change
these results (Table 3).
In healthy elderly, head turning also led to hypotension in 11 individuals
(44%), with a mean systolic blood pressure drop of 35 mmHg (SD±19; range 20-85).
This prevalence did not differ from patients (p=0.65).
Carotid sinus hypersensitivity was present in 61 patients, of whom half had
hypotension that was induced by head-turning (Table 3). The prevalence of HTIH
was higher in patients with CSH (51%) than without CSH (23%); the unadjusted
odds ratio for the presence of HTIH in patients with CSH was 3.5 [CI, 1.48 to 8.35].
The adjusted odds ratio for the presence of HTIH in patients with CSH was 3.3 [CI,
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Figure 2 Venn diagram showing the distribution of head turning-induced
hypotension across the different head movements

Hyperextension
26.8% N=11

7.3%
N=3

Left rotation
17.1% N=7

7.3%
N=3
19.5%
N=8

12.2%
N=5

Right rotation
9.8% N=4

1.28 to 8.36, adjusted for age, sex, body mass index and systolic blood pressure].
The subtypes of carotid sinus hypersensitivity were similarly distributed in
patients with and without HTIH. There was no correlation between the maximal
systolic blood pressure drop in HTIH and the maximal systolic blood pressure drop
in CSH; r=0.26, p=0.10. Carotid sinus hypersensitivity was present in 6 healthy
elderly, of whom 5 had a positive head-turning test.
During the head-turning test, 26 patients and one healthy control reported
symptoms of dizziness or light-headedness, however, these symptoms were
unrelated to the presence of HTIH (present in 9 out of these 26 patients) or carotid
sinus hypersensitivity. Nine patients with HTIH had symptoms, but these
symptoms were not related to the degree of systolic blood pressure decline; p=0.95
[CI, -9.9 to 10.5]. The question of whether a fall was ever preceded by shaving or
head turning was answered affirmatively by 20 patients, but was not correlated
with carotid sinus hypersensitivity; p=0.72, or HTIH; p=0.95.
Finally, we performed a subgroup analysis of patients for whom the physician
suspected a hypotensive syndrome as the cause of falls (prior to knowing the
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Table 3 B
 aseline characteristics and results of negative and positive headturning tests (HTT) in patients

Variable

HTT-*
HTT+†
P-value HTT-*
HTT+†
P-value
(<20mmHg) (≥20mmHg)
(<30mmHg) (≥30mmHg)
(n=64)
(n=41)
(n=78)
(n=27)

Age (years)

78.2 (7.0)

79.8 (6.8)

0.26

78.3 (7.0)

80.1 (6.8)

0.25

Male

21 (32.8)

14 (34.1)

0.89

24 (30.7)

11 (40.7)

0.34

BMI (kg/m )

27.1 (4.1)

24.9 (3.5)

<0.01

26.9 (4.1)

24.4 (3.2)

<0.01

CIRS-G§

11.2 (4.9)

11.4 (4.5)

0.79

11 (4.8)

12 (4.5)

0.39

30.5 (8.5)

29.9 (7.5)

0.70

29.6 (8.3)

32.2 (7.4)

0.14

Polypharmacy

42 (65.6)

26 (63.4)

0.82

49 (62.8)

19 (70.4)

0.48

Stroke history

12

14

0.08

16

10

0.09

Diabetes mellitus

14

8

0.77

15

7

0.47

Parkinson’s disease

3

3

0.58

4

2

0.66

Dementia

1

5

0.02

3

3

0.16

Hypertension

30 (46.9)

20 (48.8)

0.85

37 (47.4)

13 (48.1)

0.95

Antihypertensives

39 (60.9)

21 (51.2)

0.33

44 (56.4)

16 (59.3)

0.80

SBP ‘clinic’ (mmHg)

157.1 (21.8)

168.6 (25)

0.02

158.5 (21.7)

170.7 (26.9)

0.02

DBP ‘clinic’ (mmHg)

82.4 (11.6)

84.5 (11.5)

0.37

82.7 (11.4)

84.8 (12.3)

0.43

Heart rate (beats/min)

66.8 (13.3)

67.4 (11.8)

0.82

67.1 (13)

67 (11.9)

0.97

SBP Finapres (mmHg) 162.7 (24.1)

177.9 (29.4)

<0.01

163.9 (23.8)

182.7 (31.8)

<0.01

Baroreflex index

0.37 (1.87)

0.16 (1.03)

0.52

0.29 (1.84)

0.27 (0.16)

0.95

Diagnosis OH‡‡

27 (42.2)

23 (56.1)

0.16

33 (42.3)

17 (63)

0.06

Diagnosis PPH

35 (54.7)

21 (51.2)

0.73

43 (55.1)

13 (48.1)

0.53

Diagnosis CSH¶¶

30 (46.9)

31 (75.6)

<0.01

40 (51.3)

21 (77.8)

0.02

‡

2

GARS

¶
#

**

††

**

§§

3

Note. The values are the mean (SD) for normally distributed variables and n (percentages) for
categorical variables. *HTT-, negative head-turning test; †HTT+, positive head-turning test; ‡BMI, body
mass index; §CIRS-G; Cumulative Illness Rating Scale for Geriatrics; score 0-4, higher scores reflect
more comorbidity, which reflects the severity of pathology in each of 14 categories (maximum score
56); ¶GARS; possible range 0-53, higher score indicates greater impairment; # Polypharmacy was
defined as the use of more than three drugs; **SBP, systolic blood pressure; ††DBP, diastolic blood
pressure; ‡‡OH, orthostatic hypotension; §§PPH, postprandial hypotension; ¶¶CSH, carotid sinus hypersensitivity.
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results of the tests) versus those patients where hypotension was not thought to
play a role. In 45 patients the physician had stated that he suspected an hypotensive
syndrome; HTIH was present in 17 of these 45 patients, whereas HTIH was present
in 13 patients out of 33 patients in whom the physician did not suspect hypotension
(p=0.89).

Discussion
The main finding of this study is that head turning triggers hypotension in nearly
40% of elderly patients referred for a fall or syncope. This head-turning induced
hypotension appears to be a manifestation of carotid sinus hypersensitivity and
can be added to the list of common hypotensive triggers in the elderly, including
orthostatic and postprandial hypotension, as it is comparable both in prevalence
and in its hypotensive effect (6); (7).
The strength of this study is that the effect of head turning on blood pressure
was investigated prospectively in consecutive patients irrespective of whether
blood pressure instability (episodic hypotension) was suspected after clinical
evaluation. Thus, patients with explanations for their fall other than hypotension
were not excluded from this study. This approach reduced selection bias.
Nonetheless, the study population was selective, as these patients were referred to
a falls clinic for falls, dizziness and/or syncope. Therefore, the probability of
finding hypotension was high and explains that more than half of this geriatric
population met the criteria for orthostatic hypotension, postprandial hypotension
or carotid sinus hypersensitivity. Nevertheless, in such a selected population there
are also other evident explanations for falls (20). Female patients were overrepresented and, as was illustrated by comorbidities, functional performance scores
and polypharmacy, the patients can be regarded as frail. Indeed, a high prevalence
of hypotensive syndromes is correlated with comorbidity (19); (21). This relationship
limits the generalisation and external validity of our findings to the general
elderly population. However, we tried to address this limitation by including a
group of healthy elderly, recruited in the community, that was predominantly
male, was not frail, and had no history of falls or syncope. Although this group
was considerably smaller, their findings were very similar to those of the patient
group, suggesting that the observation of HTIH is not a result of the selection of a
specific set of patients, and reinforces the suggestion that the phenomenon is
mechanistically related to carotid hypersensitivity.
In agreement with our hypothesis, there was an association between HTIH
and CSH, namely patients with CSH were more likely to have HTIH than patients
without CSH, and CSH was diagnosed in 75% of patients with HTIH. It was a priori
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not expected to find a 100 % association between HTIH and CSH. First, both tests
can reveal false-negative test results and second, the actual effect on the carotid
sinus during CS massage versus HTT may be different; CS massage may cause
increased pressure on the carotid sinus, while head turning may cause stretching
of the carotid sinus. It is therefore more likely that CSH was missed in some of the
subjects with HTIH than that explanations other than CSH explain the hypotensive
effect of head turning in these subjects.
The pathophysiology of CSH remains debated (8). The baroreflex sensitivity is
reduced with ageing, i.e. the baroreflex response to blood pressure changes is
reduced. In contrast, in CSH, the baroreflex response is exaggerated but is probably
mediated by external stimuli to the baroreceptors, not by blood pressure per se.
Head turning has been shown to increase cardiovagal baroreflex sensitivity, which
could lower the threshold for carotid sinus sensitivity (22). The high prevalence of
CSH is thought to underlie the increasing prevalence of syncope with advancing
age (23).
Alternative explanations for the hypotensive effect of head turning must be
considered. Active head turning causes muscle activation and stimulation of the
vestibular system. Activation of the neck afferents affects reflex autonomic
cardiovascular control (24). The vestibular system influences autonomic control
and plays a role in postural-related adjustments to blood pressure (25); (26). This
vestibulosympathetic reflex influences blood pressure by increasing muscle
sympathetic nerve activity (25); (26). This reflex, however, attenuates with ageing
(27). Moreover, the effects on blood pressure are very small (well below 10 mmHg)
and therefore this mechanism is unlikely to explain HTIH (27).
The subclavian steal syndrome can rarely lead to symptoms such as syncope,
due to arteriosclerotic occlusion of the proximal subclavian artery. Although the
physical examination findings of the subclavian steal syndrome includes a blood
pressure difference of greater than 20 mmHg between arms, subclavian steal
rarely induces a hypotensive episode. This only occurs if subclavian steal leads to
brain stem hypoperfusion and thereby affects autonomic blood pressure control
(28). Likewise, carotid artery stenosis may cause neurologic symptoms such as a
transient ischemic attack, but will not lead to hypotensive episodes.
HTIH was associated with a lower body mass index, a higher systolic blood
pressure and a diagnosis of CSH. Analysis of the data using a cut-off value of 30
mm Hg for HTIH, which created a subgroup of patients with more severe
hypotensive episodes during head turning, did not change these findings. The
association between HTIH and body mass index might suggest that increased neck
tissue fat reduces the impact of head turning on the carotid sinus (29).
The association between HTIH and high systolic blood pressure may be
explained by the effect of elevated systolic pressure on the carotid wall and thereby
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on the carotid sinus stretch receptors involved in the baroreflex. This effect may
predispose hypertensive elderly to CSH and HTIH.
Although systolic blood pressure decreased in HTIH, heart rate remained
stable. This finding suggests that head turning is associated with vasodepression
but not bradycardia. However, heart rate was only measured together with the
blood pressure nadir, and slowing of the heart rate prior to this blood pressure
nadir may have been missed.
A strength of our study is that our method of continuous blood pressure
measurement generated many assessments of blood pressure, thereby increasing
the method’s sensitivity to detect hypotension.
A drawback of the observational design is that it does not allow for conclusions
about the causal relationships among HTIH and syncope, and falls.
There is a discrepancy between occurrence of HTIH and symptoms related to
head turning, because HTIH was asymptomatic in the majority of patients. This
finding is in agreement with findings in the established hypotensive syndromes
(CSH, OH and PPH), which often fail to produce symptoms during measurements.
In addition, these hypotensive syndromes are frequently found in healthy elderly
subjects, as is also the case in this study. We found a similar occurrence of HTIH in
patients and healthy elderly. We speculate that the appearance of symptoms
during a hypotensive episode depends on the magnitude of the reduction, the
total duration of the hypotensive period, and the capacity of cerebral autoregulation
to restore cerebral blood flow before blood pressure is fully restored (16).
In conclusion, head turning may cause hypotensive episodes in the elderly.
These data provide a plausible causal link to explain the well-established
association between carotid sinus hypersensitivity and unexplained falls, and
they provide evidence to support counselling patients with CSH about the effects
of head rotation on blood pressure, with the advice to minimize extreme head
turning.
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Abstract
To investigate the association of the hypotensive syndromes orthostatic hypotension (OH), postprandial hypotension (PPH), and carotid sinus hypersensitivity
(CSH) with cognitive impairment (mild cognitive impairment/dementia).
Continuous measurements of blood pressure (Finapres) were performed during
active standing, meal test and carotid sinus massage, among 184 older patients
presenting with falls. Mild cognitive impairment and dementia were diagnosed
following a multidisciplinary assessment. Study design; a retrospective cohort
study.
OH, PPH and CSH were observed in 104 (58%), 108 (64%) and 78 (51%) patients,
respectively. Seventy-nine (43%) patients were cognitively impaired (mild cognitive
impairment n=44; dementia n=35). The prevalence of cognitive impairment varied
little across the hypotensive syndromes (32-43%) and was similar in patients with
and without hypotensive syndromes (p=0.59). In this geriatric population with a
high prevalence of both hypotensive syndromes and cognitive impairment,
patients with one or more hypotensive syndromes were not more likely to have
cognitive impairment than those without.
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Introduction
The relationship between blood pressure and dementia in older patients remains
poorly understood. Epidemiological studies link high blood pressure during
mid-life and late-life to increased dementia risk.(1,2) However, other studies failed
to replicate this association or found contrary results that suggest better cognitive
performance with high blood pressure in those over 75 years old.(3,4) An important
limitation of these studies is that associations were based on single or very few
blood pressure measurements. This is valid only if one assumes that blood pressure is a
static variable that can be extrapolated over time. However, with aging, impairments
in cardiovascular responses and hemodynamic compensatory mechanisms frequently
result in hypotensive syndromes, including orthostatic hypotension (OH, prevalence
5-50%),(5-7) postprandial hypotension (PPH, 38-69%)(8) and carotid sinus hyper
sensitivity (CSH, 30-40%).(9,10) Thus, a proportion of the elderly population has
recurrent episodes of hypotension that may induce cerebral hypoperfusion and
ischemic brain injury, resulting in cognitive decline.(11-13) These hypotensive
syndromes could confound the relationship between blood pressure (based on
extrapolation of single static measurements) and dementia. A positive correlation
has been found between the fall in systolic blood pressure and structural brain
damage (deep white matter changes) in patients with dementia.(14,15)
This study tested the hypothesis that elderly patients with hypotensive
syndromes are at increased risk of cognitive impairment (mild cognitive impairment
or dementia).

Methods
Patients and assessments
This retrospective study used a clinical database with comprehensive information
on 202 consecutive patients aged 65 years and over, referred between 2007 and
2009 to the Falls and Syncope Clinic of the Department of Geriatric Medicine . The
majority of patients (75%) were referred because of falling, other reasons were
dizziness and/or syncope. An important aspect of this database is that all patients
underwent a comprehensive evaluation of OH, PPH and CSH (details below)
regardless of whether a hypotensive syndrome was suspected.
Baseline characteristics and prescribed medication were recorded one week
prior to the testing of hypotensive syndromes. Baseline blood pressure was measured
using a mercury sphygmomanometer and will be referred to as clinic blood pressure.
Functional performance was evaluated with the Groningen Activity Restriction
Scale (GARS; range 0-53 with higher scores indicating more impairment).(16) Cognitive
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status was evaluated with the Mini Mental State Examination (MMSE; range 0-30
with higher scores indicating better cognitive status)(17) and the cognitive and
self-contained part of the Cambridge Examination for Mental Disorders of the
Elderly (CAMCOG; range 0-104 with higher scores indicating better cognitive status).
(18) Dementia was diagnosed following the guidelines for Alzheimer’s disease
(NINCDS-ADRDA criteria),(19) Lewy body dementia (criteria of the DLB consortium),(20)
frontotemporal dementia(21) and vascular dementia (NINDS-AIREN criteria).(22)
Mild cognitive impairment was diagnosed according to the criteria described by
Petersen.(23) Severity of cognitive impairment was measured with the Clinical
Dementia Rating Scale (CDR).(24) Diagnoses were determined in a weekly multi
disciplinary meeting, including the patient’s result of brain imaging.
To investigate the presence of hypotensive syndromes, three diagnostic tests
were performed: the active standing test (S) to evaluate OH, the meal test (M) to
evaluate PPH and a carotid sinus massage (C) to assess carotid sinus hypersensitivity.
These three tests will be referred to collectively as the SMC test.
After an overnight fast, medications were temporarily stopped until completion
of the SMC test. Assessments were performed in a quiet and climate-controlled
room. Beat-to-beat blood pressure and heart rate were continuously measured
from the finger with the photoplethysmographic method (Finapres). The Finapres
method is a non-invasive technique that assesses variations in blood pressure and
heart rate.(25) Patients were excluded from the SMC test in case medications could
not be temporarily interrupted or if they were unable to follow the instructions
because of delirium, psychosis or severe dementia (CDR 3).

Standing-Meal-Carotid Sinus Massage test procedure
Orthostatic test
After a ten-minute resting period in the supine position, patients were asked to
stand up and remain standing for ten minutes. Baseline values of blood pressure
and heart rate were defined as the average during the 60 seconds before standing.
During standing, the average of 20 beats (ten beats before and ten beats after each
interval of 60 seconds after standing) were used as the average value for each
minute. OH was defined as a decrease of at least 20 mmHg in systolic blood pressure
and was recorded at any of the ten minutes averages after the first 60 seconds after
rising.(26) In addition, analyses were repeated using the more stringent criterion
of a reduction of 30 mmHg. Diastolic OH, which can be defined as a decrease of at
least ten mmHg in diastolic blood pressure, was not included in this study because
such small declines are irrelevant with regard to cerebral hypoperfusion.(30)
An index of baroreflex function was calculated by dividing the maximal change
in heart rate by the maximal change in systolic blood pressure while standing up
(measured within the first 30 seconds after standing up).
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Meal test
After a ten-minute rest, patients had ten minutes to consume a standardized fluid
meal. The meal consisted of 100 ml glucose syrup (Nutrical®) and 100 ml lactose-free
full milk (Soy milk calcium Alpro®) with a total energy of 292 calories, two grams
of fat and four grams of proteins. Heart rate and blood pressure were continuously
measured from ten minutes before the start of the meal to 75 minutes after the
meal. Again, baseline values of blood pressure and heart rate were defined as the
average of the 60 seconds before starting the meal. The mean values of blood
pressure and heart rate were calculated from the average of twenty beats taken at
five minute-intervals (ten beats before and ten beats after each five minute- interval
after ending the meal). PPH was defined as at least a 20 mmHg decrease in systolic
blood pressure during any of these intervals.(6) Analyses were also repeated using
the more stringent criterion of a reduction of 30 mmHg.

Carotid massage
Because it was part of the standard diagnostic procedure, to avoid adverse events
carotid massage was not performed in patients with carotid bruits or significant
carotid stenosis, history of ventricular arrhythmia or recent history (within last
three months) of myocardial infarction or cerebral ischemia.(27) Patients lie on a
tilt table, and after five minutes rest, the right carotid artery sinus is massaged for
five seconds. One minute after blood pressure returns to normal or after symptoms
or clinical signs cease, the left carotid artery sinus is massaged. In case of a negative
result, the test is repeated with the patient in a 70-degree tilt. The heart-rate
response to carotid massage is the longest R-R interval during or promptly after
massage. The blood pressure response is the average of the three lowest, consecutive
systolic blood pressure values following massage; the ten-beat average directly
before massage is the baseline value. CSH is defined as an R-R interval of at least
three seconds (cardio-inhibitory type), a 50 mmHg or greater decrease of systolic
blood pressure (vasodepressor type) or a combination of both (mixed type).(28)

Statistical Analyses
SPSS (version 16 for Windows) was used to analyze the data. The significance level
was set at 0.05. Independent t-tests and Chi-squared tests were used for continuous
and categorical variables, respectively. Age, body mass index, GARS, baseline
systolic and diastolic blood pressure, heart rate and the baroreflex index were used
as independent variables in one-way ANOVA analysis of cognitive impairment
(dependent variable). One-way ANOVA was also used to compare the score of MMSE,
CAMCOG, in the presence of one, two or three hypotensive syndromes (independent
variable). We performed an additional analysis with a cut-off value of 30 mmHg
instead of 20 mmHg for OH and PPH.
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Results
Baseline characteristics are reported in Tables 1 and 2. From the original sample of
consecutively referred patients (n=202), 18 were excluded prior to the SMC test
because of very severe dementia (CDR=3) (n=9), acute illness requiring hospitalization
(n=8) or death (n=1). The remaining 184 patients were all included, but 6 patients
opted out of testing for OH, 14 opted out of testing for PPH, and 30 were excluded
from CSH testing because of the aforementioned contraindications. No complications
or adverse events occurred during or after the SMC testing.
Mean age was 80.2±6.8 years, 65% were female. More than half of patients met
criteria for at least one of three hypotensive syndromes; the highest prevalence
was for PPH (n=108; 64%), followed by OH (n=104; 58%) and CSH (n= 78; 51%; n=4
cardio-inhibitory, n=46 vasodepressor, n=28 mixed).
Patients with PPH were older than those without (p=0.03); patients with CSH
weighed less than those without (p=0.002).
Patients with OH and PPH had higher pre-test Finapres systolic blood pressures
(i.e., the measurements taken after overnight withholding of drugs), which was
not the case for patients with CSH (Table 1). PPH patients also had substantially
higher clinic systolic blood pressure, i.e., while taking usual medication (171±26
mmHg versus 153±19 mmHg, p=< 0.001). Antihypertensive drug use was similar
across all groups and unrelated to the presence of hypotensive syndromes. Use of
psychopharmacological medication was also similar across groups (p=0.69; data
not shown). There were no differences in the baroreflex index among groups.
Table 2 shows the comparison of patient characteristics according to cognitive
status. Mild to moderate dementia (CDR 1-2) was diagnosed in 35 patients (19%)
with the following diagnoses: probable Alzheimer dementia (n=16), Alzheimer
disease mixed with vascular pathology (n=8), probable vascular dementia (n=5),
dementia with Lewy bodies (n=3) and frontotemporal dementia (n=3). Mild
cognitive impairment (MCI, CDR=0.5) was diagnosed in 44 patients (24%). Patients
with dementia were older (p=0.01), weighed less (p=0.01), and had a higher baseline
heart rate (p=0.03) compared with MCI patients and patients without cognitive
impairment.

Hypotensive syndromes and cognitive status
Table 1 shows that patients with hypotensive syndromes did not perform worse on
cognitive tests (MMSE and CAMCOG). Table 3 indicates that a clinical diagnosis of
cognitive impairment (either dementia or MCI) was not more prevalent in patients
with hypotensive syndromes.
Figure 1 illustrates the prevalence of hypotensive syndromes in groups categorized
by cognitive status. The prevalence of the three hypotensive syndromes was not
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104 (58)
177 (29)
165 (25)
83 (13)
0.37 (0.34)
68.5 (15)
79.8 (6.7)
69 (66)
26.1 (4.5)
31 (8.2)
24.9 (4.6)
79.2 (11.8)

Number of patients (%)

Finapres pre-test systolic BP,
mmHg (SD)b

Clinic systolic BP, mmHg (SD)

Clinic diastolic BP , mmHg
(SD)

Baroreflex Index (SD)

Heart rate BPM (SD)

Age, years (SD)

Female, number (%)

Body Mass Index, kg/m (SD)

Groningen Activity
Restriction Scale (SD)

Mini-Mental State
Examination (SD)

Camcogc (SD)
80.8(12)

25.7 (3.9)

30.9 (8.3)

26.9 (3.8)

45 (61)

80.4 (6.9)

65.8 (11)

0.23 (1.74)

82 (12)

163 (26)

164 (24)

74 (42)

(n=178)

OH-

0.43

0.27

0.96

0.22

0.45

0.57

0.19

0.46

0.56

80.3 (11.8)

25.1 (4.1)

31.9 (8.6)

26.3 (4.4)

68 (64)

80.7 (6.5)

67 (14)

0.35 (1.31)

83.8 (12.8)

171 (26)

178 (28)

0.002
0.59

108 (64)

PPH+

-

P-Value

80.1(11.1)

25.6 (4.7)

29.9 (8.1)

26.7 (3.7)

40 (64)

78.3 (7)

68.6(16)

0.24 (0.87)

80.8(11.1)

153 (19)

160 (21)

62 (36)

(n=170)

PPH-

CSH+

78 (51)
174 (28)
163 (24)
84 (12)
0.31 (0.88)
67.2 (13.7)
79.4 (6.6)
47 (60)
25.5 (3.5)
30 (8.3)
25.5 (4.8)
81.7 (11.7)

P-Value

<0.001
<0.001
0.13
0.55
0.48
0.03
0.99
0.59
0.15
0.56
0.93

79.6 (12)

25.5 (3.8)

31 (7.9)

27.5 (4.2)

51 (67)

79.8 (6.8)

66.8 (12.5)

0.29 (1.47)

82 (11)

162 (24)

166 (24)

76 (49)

(n=154)

CSH-

0.30

0.98

0.47

0.002

0.38

0.72

0.87

0.9

0.3

0.71

0.052

-

P-Value

Notes. Results are comparisons within each hypotensive syndrome group. a Patients meeting criteria for OH (orthostatic hypotension), PPH (postprandial
hypotension) and CSH (carotid sinus hypersensitivity). b Medication withheld overnight. c Cambridge Examination for Mental Disorders of the Elderly. Significant
values are in boldface.
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Table 1 B
 aseline Characteristics and Cognitive Status of Patients Meeting Criteria for the Different Hypotensive
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Table 2 B
 aseline Characteristics Grouped by Cognitive Status

Age, years (SD)
Female (%)

Dementia
(n=35)

Mild Cognitive
impairment
(n=44)

No cognitive
impairment
(n=105)

P-Value

83 (6.4)

80.5 (7.1)

79.1 (6.6)

0.01

21(60)

23 (52)

75 (71)

0.07

Body Mass Index, kg/m (SD)

24.3 (3.7)

26.9 (4.6)

26.6 (4.2)

0.01

Clinic Systolic Blood Pressure,
mmHg (SD)

167 (30)

167 (27)

163 (25)

0.52

Heart rate, bpm (SD)

74 (16)

65 (15)

67 (13)

0.03

Finapres pre-test systolic BP,
mmHg (SD)a

175 (27)

168 (24)

172 (29)

0.55

Baroreflex index (SD)

0.46 (0.52)

0.31 (1.15)

0.27 (1.26)

0.71

Mini-Mental State
Examination (SD)

19.4 (5.3)

24.6 (2.9)

27.4 (2.1)

<0.001

2

Camcogb (SD)

65.2 (10)

76.1 (9.5)

86 (8.2)

<0.001

Groningen Activity
Restriction Scale (SD)

36.3 (8.2)

32.3 (7.4)

29.4 (8.1)

<0.001

Cumulative Illness Rating
Scale-Geriatrics, (SD)

11.7 (4.5)

12.8 (4.4)

10.7 (4.8)

0.04

Antihypertensive drugs, N (%)

21 (60)

24 (55)

61 (58)

0.88

Polypharmacy, N (%)

24 (69)

29 (66)

63 (60)

0.60

Notes. a Medication withheld overnight; b Cambridge Examination for Mental Disorders of the Elderly.
Significant values are in boldface.

higher in patients with dementia or MCI. Regression analysis of the relationship
between hypotensive syndromes and cognitive diagnosis, correcting for possible
confounders such as age, body mass index, MMSE, CAMCOG and GARS scores, did
not alter the results.
The data were re-analyzed using the clinically more relevant cut-off of 30
mmHg instead of 20 mmHg decrease in blood pressure for OH and PPH. This
reduced the number of patients with OH from 104 to 76 and the number of
patients with PPH from 108 to 72; prevalence 42% for each syndrome. In these
patients with more severe OH and PPH, the prevalence of cognitive impairment
was identical to patients without these hypotensive syndromes. Patients with
more severe OH and PPH were older (OH 81.5±6 years, PPH 81.8±6.3 years) than
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Note. a Patients meeting criteria for OH (orthostatic hypotension), PPH (postprandial hypotension) and CSH (carotid sinus hypersensitivity).

0.11
25 (32)
45 (43)
Cognitive impairment (%)

29 (39)

0.59

41(38)

28 (44)

0.43

34 (45)

0.11
53 (68)
66 (61)
0.59
59 (57)
Normal cognition (%)

45 (61)

104
Number of patients

74

35 (56)

0.43

42 (55)

76
78
108

62

-

(n=154)

CSH+
P-Value
(n=170)

PPHPPH+
P-Value

(n=178)

OHOH+

Table 3 C
 ognitive status of Patients Meeting Criteria for the Different Hypotensive Syndromesa

CSH-

P-Value
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patients without OH or PPH (78.9±7.1
and 78.4±6.8 years, p=0.001). They had
higher pre-test Finapres systolic blood
pressures (p<0.001), and PPH patients
again had substantially higher clinic
systolic blood pressure (175±25 mmHg
vs 156±22 mmHg, p<0.001) and worse
functional performance (GARS 32.8±9
versus 30±7.8, p=0.04).
Of all 184 patients, 73 patients had two
hypotensive syndromes (OH and PPH in
34, OH and CSH in 23, and PPH and CSH
in 16), and 27 patients had all three. The
prevalence of cognitive impairment did
not differ among patients with none,
one, two or three hypotensive syndromes.
During testing hypotensive symptoms
were reported by 40% of the patients
with OH, 62% with PPH and 14% with
CSH. Cognitive impairment/dementia
did not influence the report of hypotensive
symptoms.
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Figure 1 P revalence of Hypotensive Syndromes* in Relation to Cognitive
Status
80
70
60
50

Dementia
40

MCI

30

No cognitive impairment

20
10
0

OH

PPH

CSH

Notes. OH n=178; PPH n=170; CSH n=154. Y-as Prevalence in percentage. *Patients meeting criteria for
OH (orthostatic hypotension), PPH (postprandial hypotension) and CSH (carotid sinus hypersensitivity).
MCI= mild cognitive impairment. P-values not significant.

Discussion
The main finding of this study is that patients with recurrent episodes of low
blood pressure (hypotensive syndromes) were not more likely to have cognitive
impairment. More than half of this geriatric population, referred to a Falls and
Syncope clinic, met the criteria for orthostatic hypotension, postprandial
hypotension or carotid sinus hypersensitivity. Forty-two percent of patients had
cognitive impairment, and half of those patients had dementia. However, the
prevalence of cognitive impairment was unrelated to whether patients had one,
more than one, or no hypotensive syndrome.
The study population was a selected group of patients. As was illustrated by
the comorbidity and functional performance scores and polypharmacy, patients
were frail. A high prevalence of hypotensive syndromes is correlated with
comorbidity.(6,7) The prevalence rate of 58% for OH was slightly higher in a
comparable population,(6) whereas the prevalence for PPH and CSH was in line
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with other studies.(9-11) In contrast with the limited measurements of cuff blood
pressure in most OH prevalence studies, this study used continuous measurements
of beat-to-beat blood pressure and heart rate. Thus, our study had increased
sensitivity to detect hypotensive syndromes. Nevertheless, even with a less sensitive
but more specific threshold for the diagnosis of OH and PPH (a reduction of 30
mmHg instead of 20 mmHg), the prevalence of both syndromes remained high.
The blood pressure measurements were performed in all patients, even if
there was no clinical suspicion for a hypotensive syndrome, (less than 25% of
patients were referred for syncope, e.g. patients with a clear alternative explanation
for a fall). In line with previous work, the high prevalence rate of hypotensive
syndromes in this study is probably an accurate reflection of a high prevalence of
blood pressure instability in elderly patients. This study adds to previous reports
because it combined assessments of the three most common hypotensive
syndromes in conjunction with a highly sensitive method of continuous blood
pressure registration.
The selection of this study population led to an enriched sample with regard
to prevalence of hypotensive syndromes and cognitive impairment, increasing the
power to detect an association between the two. However, no such association was
found. We will discuss possible explanations for our findings.
A cut-off value of 20 mmHg for OH and PPH may lead to inclusion of patients
with insignificant reductions in brain perfusion pressure. In this population with
an average systolic pressure between 160 and 170 mmHg, a 20 mmHg reduction in
blood pressure may not lead to a critical reduction in brain perfusion that could
lead to cognitive impairment.(29,30) However, using a cut-off of 30 mmHg, which
creates a subgroup of patients with more severe hypotensive episodes, did not
change results.
The impact of a hypotensive episode on the brain depends on its magnitude
and duration. The three syndromes cover a spectrum from short (CSH, three to ten
seconds) to long duration (PPH, several minutes). Also, the frequency of the episodes
may determine the effect on the brain. OH may occur several times a day, each
time a patient stands up; PPH frequency depends on the number and type of meals
per day. CSH-induced hypotension may be related to head rotation, but the
frequency of these episodes can only be speculated.(31) Despite their potential
differences in impact on the brain, there was no difference in the prevalence of
cognitive impairment among the syndromes, nor was there evidence for a
dose-effect relationship, i.e. having more than one syndrome had no effect on
cognitive status.
Given the gradual onset of most cases of dementia, the noticeable effects of
episodic hypotension on the brain may be delayed. The cross-sectional design of
the study is limited because the duration of the hypotensive syndromes is
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unknown. Referral to a Falls and Syncope clinic could suggest a recent onset of the
syndromes. However, the high prevalence of these syndromes with aging, even in
random samples of asymptomatic elderly, suggests otherwise.(7,10) In addition, in
a large proportion of patients in this study, dizziness or syncope was not the reason
for referral, and the hypotensive syndromes were considered a chance finding in
many patients with clear alternative explanations for their fall. Therefore, we
argue that the hypotensive syndromes will have been present for months or years.
Cognitive impairment, especially if mild, may have been missed. However, all
patients underwent a standardized comprehensive diagnostic evaluation of
cognitive function; it is improbable that cognitive impairment was selectively
missed in patients with hypotensive syndromes. On the other hand, patient s with
more severe cognitive impairment may not have been referred for fall or syncope
analysis, thereby limiting this study to patients with mild cognitive impairment
and mild to moderate dementia.
Our findings confirm an earlier observation that orthostatic hypotension was
unrelated to cognitive function in home dwelling and institutionalized elderly
(>70 years).(32) Using the MMSE, these authors found that orthostatic hypotension
(systolic or diastolic) did not predict cognitive decline.(32) The present study adds a
more rigorous assessment of both blood pressure and cognitive function. In
patients with Parkinson’s disease, who due to autonomic failure may have frequent
exposure to hypotensive episodes, there was no association between orthostatic
hypotension or postprandial hypotension and cognitive impairment.(33)
The apparent absence of a relationship between hypotensive syndromes and
cognitive impairment could indicate, even in frail elderly, that the brain is able to
sustain periods of low blood pressure. The mechanism that stabilizes brain
perfusion following a change in blood pressure is known as cerebral auto
regulation.(30) Despite the commonly held opposite view,(4) a recent review found
no evidence that cerebral autoregulation is impaired in elderly subjects over 75
years old,(30) and autoregulation was also not impaired in older patients with
dementia.(29)
A potential limitation of this study is that advanced neuro-imaging, such as
volumetric analyses of white-matter lesions or diffusion tensor imaging using
MRI, were not used as indicators of cerebrovascular damage from hypotensive
episodes or balance deficits. However, our outcome measure of a clinical diagnosis
of dementia or mild cognitive impairment can be regarded as more clinically
relevant. Though, subanalysis was not possible because of the low number of
diagnosed vascular dementia.
Many of our patients had hypertension, and we found that patients with
hypotensive syndromes had higher blood pressure. This supports evidence that
hypertension predisposes patients to hypotensive syndromes.(34,35) We temporarily
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stopped all overnight medication prior to the blood pressure tests to disentangle
drug-related hypotensive effects from hypotensive syndromes and inherent blood
pressure regulation disorders.
Use of antihypertensive medication may affect dementia risk(36) and could have
affected results, however, excluding patients on anti-hypertensive drugs did not
affect the outcome of our study.
In conclusion, this study adds for the first time a report of three common
hypotensive syndromes together, in conjunction with a highly sensitive method of
continuous blood pressure registration. We found no evidence that episodic
hypotension increases cognitive impairment in a group of frail elderly. Our data
do not support the suggestion that geriatric patients may be more harmed by
episodic hypotension than by high blood pressure. The high prevalence of
hypotensive syndromes further indicates that blood pressure should not be
considered to be a static phenomenon in this population. Episodic hypotension
from hypotensive syndromes and visit-to-visit variability(37) in blood pressure
should be taken into account when trying to elucidate the effects of blood pressure
on the brain.
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Abstract
Background: Frailty reflects a state of increased risk of negative health outcomes,
such as falls and mortality. Impairments in mobility may represent an individual’s
health status and frailty level more dynamically. Mobility may be self-monitored
with simple reliable tests, such as maximum step length (MSL) test, gait speed (GS)
test, or chair rise test (CR). The aim was to investigate the correlations between
these mobility tests and frailty status as a prerequisite for self-monitoring of
frailty.
Methods: This was an observational, cross-sectional cohort study, performed in an
outpatient clinic. The study subjects were community-dwelling older people aged
70 years or older; frailty status was assessed using a standardised geriatric
assessment that included Fried’s frailty phenotype and the Frailty Index (FI).
Mobility was assessed with the MSL, GS and CR.
Results: A total of 593 subjects with mean age of 76.8 years (±4.8 [SD]), 56% female,
participated in the study. GS showed a correlation of r=-0.60 with both the Fried
score and the FI. The MSL correlated best with the Fried score: r=-0.52, and the CR
correlated best with the FI: r=0.51. The GS had an area under the curve of 0.92 for
assessing the dichotomised frailty state.
Conclusion: Compared with step length and chair rise time, gait speed has the
strongest correlation with frailty, the highest diagnostic value, and it is the
simplest single measure for prospective validation as a self-test for monitoring
frailty at home.
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Introduction
To reach sustainable and good quality health care systems in most of our aging
societies, substantial improvements have to be made. One of the options often
mentioned is that self-management should be promoted. Self-management,
according to the chronic care model, is defined as the process in which patients
largely take responsibility for their own health, well-being, and disease monitoring
and minimise the impact of their impairments on their lives.
Self-management in old age most often has to be directed at the consequences
of multiple diseases, multiple disabilities especially in mobility and cognition, and
frailty, of which frailty is a rather new construct. Although there are numerous
definitions of frailty, it may be characterised as a health status with limited
compensation for external stressors, and frailty predicts poor health outcomes,
such as falls, hospital admissions, and mortality (1). Impairments in mobility and
balance are common in older people, generally reflect an individuals’ overall state
of health, and are crucial for autonomy together with cognitive function (2-4).
Therefore, mobility measures also reflect and are part of the frailty construct (3).
The option to enable older subjects themselves to identify and monitor their frailty
status by measuring a single mobility measure at home would imply an excellent
innovation for older persons resulting in increased empowerment and self-management. Therefore, it is valuable to study the overlap between the multidimensional construct of frailty and a single measure of frailty, which is suitable for a
repeated self-test. The complementary question is how much information the
frailty items add that are not based on mobility measures. To meet this goal, this
mobility assessment should be simple, reliable and feasible with sufficient
diagnostic accuracy for frailty. Maximum step length (MSL) is a simple, reliable,
responsive, and feasible measure of mobility in frail older people (5-7). Gait speed
(GS) also has demonstrated validity for predicting future adverse effects, such as
disability, hospitalisation, institutionalisation, falls, and death (8, 9), and thereby
seems to have a similar prognostic value as frailty. The chair rise test (CR), which
is part of the Short Physical Performance Battery (SPPB) (4, 10), predicts all the
disabilities that affect activities of daily living (ADL) (11). The current study
investigated whether the MSL, GS, and CR were sufficiently correlated with, and
explain the variability in, frailty status in community-dwelling older people to be
potentially useful for the self-monitoring of frailty.
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Methods
Study Population
As part of the Validation Study of the Two-step Older persons Screening (TOS-study)
(12), six general practitioners recruited older subjects from their practices, which
were located in urban (two practices), suburban (one practice), and rural (three
practices) areas in and around Nijmegen (The Netherlands). The local ethics
committee approved the study (approval number 2009/223). Patients who were too
ill to be screened and patients who were either receiving treatment from a
geriatrician or who had received a comprehensive geriatric assessment in the past
three months were excluded. A total of 1100 older patients were asked for their
informed consent, and 593 of these subjects were willing to participate in the
study. All the mobility, frailty, and performance tests were administered by a
specialised geriatric nurse and a geriatrician as part of a strictly standardised
geriatric assessment at the geriatric outpatient clinic. Patients were excluded from
a specific test if they could not perform it independently or safely, based on the
judgment of the geriatric nurse or the patients themselves. While administering
the mobility tests, the geriatric team was not aware of the outcome of the frailty
measures.

Patient Assessment Measures
Disability was evaluated with the Katz-15 index (which measures basic and
instrumental activities of daily living [ADL], with a score range of 0-15, with lower
scores indicating better functional performance). Disease burden and diversity
were determined using the Cumulative Illness Rating Scale for Geriatrics (CIRS-G;
scored on a scale from 0-4 for each of 14 categories [maximum score 56], with
higher scores reflecting a larger number of comorbidities) (13). Cognitive status
was evaluated with the Mini Mental State Examination (MMSE, with a score range
of 0-30, with higher scores indicating better cognitive status) (14) and the Frontal
Assessment Battery (FAB, with a score range of 0-6, with higher scores indicating
better cognitive status) (15). Mood was evaluated with the Geriatric Depression
Scale (GDS, with a score range of 0-15, with higher scores indicating depression)
(16). Each subject was asked about his or her level of activity (maximum walking
distance in metres). The subjects were also asked to state the number of falls they
had experienced during the 12 months prior to the study.

Mobility Measures
For the MSL test, the subjects were instructed to step forward with one leg as far as
possible and then to bring the other leg up to the first leg in one step (6). A trial was
successful when the subject stepped in one fluid movement and was unsuccessful
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when more than one step was needed to maintain balance or when balance was
lost. After two practice trials, the procedure was repeated at least three times,
with a maximum of five trials to obtain three successful trials. The step length was
measured, with a mark on the floor, as the distance between the starting position
and the final position of the leg that stepped first; the length was later normalised
with respect to leg length (the distance between the spina iliaca anterior superior
and the lateral malleolus). The MSL was calculated as the maximum step length
(the maximum MSL) and the mean of the three successful step lengths (the mean
MSL).
The GS test was performed on an electronic walkway that was 5.6 m long and
0.89 m wide (GAITRite®). The subjects walked on the walkway twice at their
preferred velocity, and their GS was recorded over 4 m. The mean GS was calculated
as the mean speed of the two separate walks.
The SPPB (4) included gait speed (time to walk 4 m), five chair stands (time to
rise from a chair and return to a seated position without using the arms five times),
and a balance test (the ability to stand with the feet together in the side-by-side,
semi-tandem, and tandem positions). A summary performance score (range 0-12)
for the three tasks was created for each subject, with higher scores indicating
better lower body function. For the CR, the subjects were asked to stand up from a
chair five times consecutively as rapidly as possible, with their arms folded across
their chest. The time between the first and fifth times the subject achieved a
complete standing position was recorded, and the test was performed only once.

Frailty
Frailty was assessed using both the Fried criteria (1), with the subjects scored on
each criterion (range 0-5; 0: not frail; 1 or 2: pre-frail; 3 or higher: frail), and the
Frailty Index (FI) (17). The Fried criteria included self-reported unintentional
weight loss (defined as 4.5 kg or 5% of body weight over the previous year),
self-reported exhaustion (defined as an affirmative answer to two questions), low
energy expenditure (measured with the LASA Physical Activity Questionnaire and
defined as <393 kcal/week for males and <280 kcal/week for females), slow gait
speed (defined as <0.76 m/s), and weak handgrip strength (defined as <30 kg for
males and <18 kg for females). Handgrip strength was measured with a JAMAR™
hand dynamometer. The GS measurement from the SPPB was used to evaluate the
Fried criterion of slow GS.
The FI (score range 0-1) was measured as the ratio of the number of deficits
present to the total number of items on a 45-item deficit list included in the
Comprehensive Geriatric Assessment, with higher FI scores indicating a higher
degree of frailty (17-19). A subject with an FI score ≥0.25 was considered frail. For
the 45-item deficit list, see Supplementary data, Appendix 1.

75

4

chapter 4a

Statistical Analyses
Correlations were determined by calculating the Pearson correlation coefficients
between mobility and the frailty measures. The percentage of explained variance
for GS was compared with the other frailty factors by multiple linear regression
analysis with the Fried categories as dependent continuous variable. Measures
with correlations with frailty status of at least r=0.5 were considered potentially
useful as self-tests for frailty. The diagnostic value of the mobility tests for
distinguishing between frailty states, using the dichotomous Fried categorisation
(frail versus non-frail), or the dichotomous FI as the dependent variable, was
calculated as the area under the curve (AUC) of the receiver operating characteristics. A multiple linear regression analysis was performed to evaluate the
relationship between frailty status, as measured with the FI or the Fried categories
(as the dependent continuous variable), and the three potential self-tests.

Results
Of the study cohort (n=593), 462 subjects could perform all of the assessed mobility
and frailty tests.
The MSL test was successfully performed by 547 subjects (16 performed the
MSL test incorrectly, and 30 were excluded from performing the MSL test because
it was unsafe). The leg length measurements of three subjects were missing; those
values were imputed by using the mean leg lengths of ten individuals of the same
gender and height.
The GS test was performed for 518 subjects. For five subjects, walking was
either impossible or unsafe. In another three subjects, GS was measured during
one walk instead of two separate walks. Technical problems with the GAITRite
caused missing values for 70 subjects (a random sample).
The CR was completed by 540 subjects. The CR was not attempted by 25
subjects: it was deemed unsafe for 10 subjects, 1 subject refused, and 14 subjects
were unable to stand up. The CR was attempted but not completed by 28 subjects:
6 subjects fell backwards in the chair, and 22 subjects used their arms while
standing up.
Overall, the MSL test was feasible for 95% of the study sample (563/593), the GS
test for 99% (588/593, not including the GAITRite technical problems), and the CR
for 91% (540/593).
The baseline characteristics of the subjects are reported in Table 1. The mean
age of the study participants was 76.8 years (standard deviation [SD]±4.8; range
70-92), and 56% were female. A fall during the past 12 months was reported by
35%, and a walking aid was used by 21%. The mean MMSE score was 27.3 (±2.8), the
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Table 1 T he baseline characteristics of the study population (n=593)
Characteristic

Mean±SD or %

Age (years)

76.8±4.8

Female

56%

Fall history

35%

Walking aid
- none
- cane
- walker
- wheelchair

78.8%
7.9%
13.2%
0.2%

Systolic blood pressure (mmHg)

151±18

Diastolic blood pressure (mmHg)

83±10

Heart rate (beats/min)

68±11

Body mass index (kg/m )

27.6±4.3

Number of (I)ADL disabilities Katz (0-15)

1.4±1.9

CIRS-G (0-56)

8±4.4

MMSE (0-30)

27.3±2.8

FAB (0-6)

15.6±2.2

GDS (0-15)

2.1±2.2

Handgrip strength (kg)

24.8±10.1

TUG (sec)

9.5±4.6

SPPB, balance (0-4)

3.4±1

SPPB, GS (0-4)

3.6±0.8

SPPB, chair rise (0-4)

2.3±1.3

SPPB, total score (0-12)

9.3±2.6

FI

0.22±0.12

Fried category
- not frail (score of 0)
- pre-frail (score of 1 or 2)
- frail (score of 3, 4, or 5)

47%
43%
10%

2

4

Note: Numbers between parentheses are score ranges.

mean Katz score was 1.4 (±1.9), and the mean CIRS-G score was 8 (±4.4). The mean
FI score was 0.22 (±0.12), and 10% of the study population was frail according to the
Fried criteria.
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The overall variance in frailty phenotype explained by each of the frailty
phenotype items are reported in Table 2. GS explained 42% of the variance, which
is lower than the variance explained by the energy expenditure-item (45%).
Adding the exhaustion frailty phenotype item to GS, this percentage increased to
a maximum of 68%.

Table 2 U
 nivariate and multivariate linear regression models for each
frailty phenotype item, and for gait speed combined with another
Frailty item, for the presence of the frailty phenotype
Each frailty phenotype item

B

Standard
Error B

β

P-value

95% CI

R2

Weight

1.872

0.191 0.373

0.000

1.496 to 2.248

0.14

Gait speed

2.434

0.119 0.646

0.000

2.2 to 2.667

0.42

Exhaustion

1.615

0.079 0.645

0.000

1.461 to 1.77

0.42

Energy expenditure

1.933

0.088 0.672

0.000

1.761 to 2.105

0.45

Handgrip strength

1.552

0.078 0.641

0.000

1.4 to 1.704

0.41

2.22

0.117 0.589

0.000

1.99 to 2.451

Weight

1.156

0.155 0.232

0.000

0.851 to 1.461

Gait speed

1.986

0.091 0.527

0.000

1.807 to 2.165

Exhaustion

1.308

0.061 0.522

0.000

1.189 to 1.427

Gait speed

1.656

0.108 0.439

0.000

1.443 to 1.869

Energy expenditure

1.387

0.083 0.481

0.000

1.224 to 1.549

2.01

0.092 0.534

0.000

1.83 to 2.19

1.261

0.059 0.521

0.000

1.145 to 1.376

Combined frailty phenotype items
Gait speed

Gait speed
Handgrip strength

0.47

0.68

0.61

0.68

The correlation between the Fried frailty score and the CR score was moderate
(r=0.47), and the correlations between the Fried frailty score and MSL (r=-0.52) and
GS (r=-0.60) were good (all p-values <0.001). The correlation between the FI and MSL
was moderate (r=-0.49), and the correlations between the FI and the CR (r=0.51) and
GS (r=-0.60) were good (all p-values <0.001). Thus, GS was most highly correlated
with frailty status (both r=-0.60). The mean scores on the mobility tests differed
significantly among participants belonging to different Fried’s frailty categories
(p-values <0.001; see Table 3). GS also had the highest diagnostic value for detecting
the dichotomised frailty phenotype, with an AUC of 0.92 (see Table 4). Adding age
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Table 3 T he maximum step length (MSL), gait speed (GS), and chair rise (CR)
test results for the subjects with the three frailty phenotypes (not
frail, pre-frail and frail)
Test

Type
of result

Total group

Not frail

Pre-frail

Frail

MSL max
(cm/cm)

N

547

275

234

38

Mean±SD

1.06±0.23

1.17±0.2

0.99±0.21

0.8±0.2

95% CI

1.04-1.08

1.14-1.19

0.96-1.02

0.73-0.86

N

518

257

216

45

Mean±SD

1.01±0.26

1.13±0.2

0.96±0.22

0.59±0.24

95% CI

0.99-1.04

1.1-1.16

0.93-0.99

0.51-0.66

N

540

270

234

36

Mean±SD

15.1±6.7

12.9±3.6

16.5±7.7

23.1±9.6

95% CI

14.6-15.8

12.5-13.4

15.5-17.5

19.8-26.3

GS (m/sec)

CR (sec)

Note: The overall statistics (Anova) was significant, with p-value 0.000. The contrasts of MSL, GS, and
CR results between the frailty states were all significant, with p-values ≤0.002, except for MSL
between pre-frail and frail was not significant (p=0.32).

Table 4 T he AUC (diagnostic accuracy or c-statistic) derived from the ROC of
the maximum step length (MSL), gait speed (GS), and chair rise (CR)
tests for detecting frailty versus non-frailty, according to the frailty
phenotype (Fried) and frailty assessed by using the Frailty Index
Frailty phenotype
n

AUC
95% CI
valuea

AUC
valueb

Frailty Index
95% CI

AUC
95% CI
valuea

AUC
95% CI
valueb

MSL

547

0.84

0.77-0.90 0.86

0.80-0.91 0.77

0.72-0.81 0.79

0.75-0.83

GS

518

0.92

0.87-0.96 0.92

0.88-0.97 0.81

0.76-0.85 0.82

0.78-0.87

CR

540

0.81

0.75-0.88 0.83

0.76-0.89

0.71-0.80 0.79

0.75-0.83

0.76

Notes: AUC: Area under the curve of receiver operating characteristics (ROC) of mobility measures for
the frail versus non-frail condition; 95% CI: 95% confidence interval.
a
AUC value for the mobility test alone; b AUC value for the mobility test, age, and gender.
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and gender to the logistic regression model did not change the results. There were
similar results from the linear regression of the mobility measures with the FI as
the dependent outcome measure. For the linear regression model results, see
Supplementary data, Appendix 2.

Discussion
In this study, we showed that all three single mobility measures exhibited
moderate to good correlations with the frailty phenotype and the FI, though GS
was superior to CR and MSL, indicating that GS might be an appropriate self-test
for monitoring frailty. Because there is no gold standard for assessing frailty, we
used two different measures of frailty: the Fried concept, which defines frailty as
a physical phenotype or syndrome that can be assessed using five distinct criteria
(a categorical variable), and Rockwood’s “accumulation of deficits” concept of
frailty, which posits that a person with more deficits is frailer and has a greater
risk of adverse health outcomes (a continuous variable) (20). The Fried items
separately explained a substantial fraction of variance in the overall frailty
phenotype. The diagnostic accuracy of all mobility tests were good, and slightly
improved by adding age and gender.
A strength of this study is that it was conducted in a large, community-based
sample of older subjects with sufficient numbers of frail and non-frail subjects to
produce baseline characteristics that are representative of the entire population
(21). The percentage of subjects exhibiting a frailty phenotype was highly
comparable to that in the original sample in which this frailty measure was first
validated (1). Therefore, the findings are likely to have high external validity. In
addition, mobility and frailty were measured using high-quality, standardised
geriatric assessments, and the individuals conducting the mobility assessments
were blinded to the individual frailty outcomes, which strengthens the internal
validity of the results. The most important limitation of this study it the use of
cross-sectional data collection. Second, the GS data were collected at a geriatric
outpatient clinic and not at the subjects’ homes; thus, the ecological validity of the
study’s GS data is uncertain. However, this methodology did increase the quality
of the data collection, which justifies the procedure in this first step towards the
self-monitoring of frailty. The electronic problems with the GAITRite limited the
collection of GS measurements; nonetheless, it is likely that the missing
measurements occurred completely at random and therefore only decreased the
power of the analyses. The device was carefully checked before the measurements
were recommenced to ensure that these technical problems did not influence the
other measurements.
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Frailty measurement cannot be performed by older individuals themselves, as
it is a multidimensional construct requiring several measurements. Therefore we
tried to determine the proportion of GS for the diagnostic value of frailty status,
being well aware that GS was also part of the original frailty phenotype assessment.
The results demonstrate that a simple GS measurement may be sufficient for
diagnosing whether a person is frail (22). A GS assessment is usually safe and easy
to perform, even with frailer subjects, because it is based on normal walking.
Walking aids may also be used during longitudinal monitoring. The MSL and the
CR test the maximum performance, challenging older individuals to do their best.
In our experience, all three tests can be safely performed if the proper instructions
are provided. However, their safety in a self-assessment setting should be evaluated.
The equipment necessary for performing the three mobility tests is limited to a
ruler for measuring MSL and a stopwatch for the GS and CR tests. In contrast, the
SPPB require more equipment and professional supervision (4).
To our knowledge, there are no other published reports concerning instruments
for self-monitoring frailty, mobility, or other geriatric measures. Although this lack
of data limits our ability to compare our results to those of other studies, it also
underlines the importance of our study. In many countries, ageing is predicted to
cause a sharp reduction in the health care workforce; thus, the self-monitoring and
prevention of frailty and frailty-related health crises will be critical for supporting
sustainable health care, especially for the frail elderly. We have shown that the selfmonitoring of frailty is likely to be possible with GS, which may be a valuable tool for
empowering older individuals. However, further investigations are strongly needed
to establish the validity of GS in older people’s home environments, to assess its
predictive value, and to study the options for interventions that are partially or
completely directed by older individuals themselves.
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Supplementary data
Appendix 1 T he 45 items of the Frailty Index. A score of 0 indicates that
the item was not present; a score of 1 indicates that the item was
present
Number

Item

Measured during

1

Exhaustion

Geriatrician interview

2

Weight loss

Geriatrician interview

3

Inactivity

Geriatrician interview

4

Unconsciousness

Geriatrician interview

5

Dizziness

Geriatrician interview

6

Problems with physical exercise

Geriatrician interview

7

Urinary incontinence

Geriatrician interview

8

Cardiac problems

CIRS-G + Geriatrician interview

9

Vascular problems

CIRS-G + Geriatrician interview

10

Haematopoietic problems

CIRS-G + Geriatrician interview

11

Respiratory problems

CIRS-G + Geriatrician interview

12

Upper digestive tract problems

CIRS-G + Geriatrician interview

13

Lower digestive tract problems

CIRS-G + Geriatrician interview

14

Endocrine problems

CIRS-G + Geriatrician interview

15

Liver problems

CIRS-G + Geriatrician interview

16

Kidney problems

CIRS-G + Geriatrician interview

17

Urogenital problems (not
including incontinence)

CIRS-G + Geriatrician interview

18

Musculoskeletal problems

CIRS-G + Geriatrician interview

19

Neurological problems

CIRS-G + Geriatrician interview

20

Loss of appetite

Geriatric nurse interview

21

Sleeping problems

Geriatric nurse interview

22

Polypharmacy

Geriatric nurse interview

23

Memory problems

MMSE + Geriatrician interview

24

Vision problems

Geriatrician interview + physical
examination

25

Hearing problems

Geriatrician interview + physical
examination

26

Help with bathing

Katz + Geriatric nurse interview

4
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Appendix 1 C
 ontinued

84

Number

Item

Measured during

27

Help with dressing

Katz + Geriatric nurse interview

28

Help with personal appearance

Katz + Geriatric nurse interview

29

Help with using the toilet

Katz + Geriatric nurse interview

30

Help with rising from a chair

Katz + Geriatric nurse interview

31

Help with eating

Katz + Geriatric nurse interview

32

Help with using a telephone

Katz + Geriatric nurse interview

33

Help with travelling

Katz + Geriatric nurse interview

34

Help with shopping

Katz + Geriatric nurse interview

35

Help with preparing a meal

Katz + Geriatric nurse interview

36

Help with housework

Katz + Geriatric nurse interview

37

Help with taking medication

Katz + Geriatric nurse interview

38

Help with dealing with money

Katz + Geriatric nurse interview

39

Walking problems

Geriatrician interview

40

Falling

Geriatrician interview

41

Depression

GDS + Geriatrician interview

42

Anxiety

HADS-A + Geriatrician interview

43

Lack of meaningful daily
activities

Geriatric nurse interview

44

Loneliness

Geriatric nurse interview

45

Social isolation

Geriatric nurse interview

gait speed and fr ailt y assessment

Appendix 2 U
 nivariate and multivariate linear regression models for the
maximum step length (MSL), gait speed (GS), and chair rise (CR)
tests of frailty as measured by the frailty phenotype (Fried) and
Frailty Index (FI)
Frailty
phenotype

B

SE Ba

β

P-value

95% CI

R2

Adjusted R2

MSL max

-2.3

0.164

-0.515

0.000

-2.625 to -1.98

0.27

Na

MSL max
Age
Gender

-1.977

0.802

-0.443

0.000

-2.63 to -1.594

0.30

0.30

0.042

0.009

0.195

0.000

0.025 to 0.060

-0.067

0.081

-0.033

0.408

-0.227 to 0.092

GS

-2.539

0.148

-0.604

0.000

-2.829 to -2.249

0.36

Na

GS
Age
Gender

-2.138

0.167

-0.508

0.000

-2.465 to -1.81

0.39

0.39

0.042

0.009

0.179

0.000

0.024 to 0.059

0.152

0.077

0.068

0.049

0.000 to 0.304

CR

0.072

0.006

0.469

0.000

0.061 to 0.084

0.22

Na

CR
Age
Gender

0.06
0.065
0.141

0.006
0.008
0.075

0.39
0.3
0.068

0.000
0.000
0.061

0.049 to 0.071
0.049 to 0.081
-0.007 to 0.289

0.31

0.31

B

SE Ba

β

P-value

95% CI

R2

Adjusted R2

Frailty Index
MSL max

-0.229

0.017

-.0489

0.000

-0.263 to -0.194

0.24

Na

MSL max
Age
Gender

-0.204
0.004
-0.011

0.021
0.001
0.009

-0.437
0.163
-0.051

0.000
0.000
0.203

-0.246 to -0.163
0.002 to 0.006
-0.028 to 0.006

0.27

0.26

GS

-0.255

0.015

-0.595

0.000

-0.285 to -0.226

0.35

Na

GS
Age
Gender

-0.221
0.004
0.006

0.017
0.001
0.008

-0.516
0.156
0.027

0.000
0.000
0.443

-0.255 to -0.187
0.002 to 0.006
-0.010 to 0.022

0.37

0.37

CR

0.008

0.001

0.505

0.000

0.007 to 0.009

0.26

Na

CR
Age
Gender

0.007
0.006
0.006

0.001
0.001
0.008

0.443
0.251
0.027

0.000
0.000
0.449

0.006 to 0.008
0.004 to 0.007
-0.010 to 0.022

0.32

0.31

4

Notes: a = Standard Error of B. Na= not applicable.
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maximum step length

To the Editor: Many prediction tools have been developed to identify people at risk
for falls, but most of these are complex, difficult to perform, and time consuming.
(1,2) One exception to this is maximum step length (MSL), which has been reported
to decrease with aging(3) and to predict future falls in healthy older adults (mean
age 67.7 ± 6).(4) In this population, MSL has been proven to have a good test-retest
reliability and to be correlated with other balance and gait measurements such as
tandem stance, unipedal stance, Timed Up and Go (TUG), and the PerformanceOriented mobility Assessment (POMA),(5,6) but MSL has not been studied in very
old and frail older adults, although they fall most often and have the most serious
consequences. Therefore, the feasibility, the concurrent validity and the test-retest
reliability of the MSL were studied in a geriatric population aged 70 and older.

Methods
Thirty patients were recruited from the Geriatric Diagnostic Day Clinic, to which
they were referred because of falls or rapid functional decline. Inclusion criteria
were aged 70 and older, able to stand independently (without a walking aid), and
sufficient vision to see a marked line on the floor. Comorbidity was measured using
the Cumulative Illness Rating Scale- Geriatric (CIRS-G), activities of daily living
(ADLs) with the Barthel Index, and instrumental activities of daily living (IADLs)
with the Lawton questionnaire. The POMA and the TUG were administered. Each
subject was tested for MSL in two ways. First, according to a simplified protocol,(4)
the subject was instructed to step maximally forward with one leg while maintaining
the stance leg in the initial position. Next, the stepping foot was allowed to step back
in one step or in several small steps while returning to the initial position (MSL1).
Second, the subject was instructed to step maximally forward with one leg and then
close up with the other leg in one step (MSL2). This second version was hypothesized
to be simpler and more feasible. MSL was determined for both legs, whereas the
MSL1 and MSL2 sequence was varied between and within subjects. After three
practice trials of stepping, the procedure was repeated a maximum of five times to
obtain three successful trials. For both MSL versions, the number of failed attempts,
when subjects lost their balance during the maximum of five times stepping, was
noted. Outcome variables for each MSL version were maximum MSL and the mean of
the three successful step lengths (mean MSL). Step lengths were normalized with
respect to leg length. Correlations between MSL, TUG, and POMA were assessed
using the Pearson correlation coefficient. The number of failed attempts was
compared using the Wilcoxon paired signed-ranks test. In the first 20 patients, the
MSL1 and MSL2 procedures were repeated within 1 week. Pearson correlation
coefficients and absolute differences were calculated for repeatability of MSL.
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Results
Thirty subjects (73.3% women, mean age 82 ± 4.1, Mini-Mental State Examination
score 24.6 ± 4.8, CIRS-G score 1.9 ± 0.3, Barthel score 17.8 ± 2.6, Lawton score 4.3 ±
2.4) were included. The mean POMA score was 23 ± 4, and the mean TUG score was
13.6 ± 4.5 seconds. Results for MSL are shown in Table 1. The MSL2 version was
easier to perform, as illustrated by fewer failed attempts (0.27 ± 0.52 vs 1.63 ± 1.59
for MSL1, P < .001). The MSL demonstrated moderate correlations with TUG and
POMA and good repeatability, with similar values for the two MSL versions, both
MSL outcome variables, and the left and right leg.

Discussion
This study provides evidence of the feasibility of MSL as a clinical mobility test in
the geriatric population. The MSL1 scores were much lower than in a previous
study, demonstrating the frailty in this population.(4) Based on the number of
failed attempts, the newly introduced version of the test (MSL2) showed improved
feasibility for frail older persons while yielding similar values for concurrent
validity and repeatability as in the previous study.(4) Because of its acceptable
correlation with TUG and POMA and its good feasibility and within-subject
repeatability, MSL could be an appropriate tool for fall risk assessment in a geriatric
population. It is recommended that the MSL2 method (with right or left leg and
maximum MSL or mean MSL) to be used in the geriatric population.
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63.3±17.7

59.5±16.5

60.2±17.5

Max left leg

Mean right leg

Mean left leg

70.9±20

71.8±19.9

73.5±20.2

75.3±19.7

0.88

-0.65

-0.62
*

0.53

0.54
†

†

†

†

0.84*

-0.63†

-0.52†

0.84

-0.64

-0.61

0.54†

0.53

0.52†

0.55
*

†

†

†

†

0.84*

-0.63†

-0.53†

0.56†

0.55†

6.6±5.9

7.6±5.1

8.0±5.5

7.8±6.1

ΔMSL1

0.87

*

0.84*

0.84
*

0.84*

1st MSL2 *
2nd MSL2

6.6±7.3

7.2±7.3

7.5±7.5

5.7±6.3

ΔMSL2

Means ± SD for Maximum Step Length (MSL1 and MSL2; normalized to leg length) and Pearson’s correlation coefficients between MSL, POMA and TUG. For the
repeatability of the MSL, Pearson’s correlation coefficients as well as the absolute differences (ΔMSL±SD) are included.

62.4±16.8

Max right leg

MSL2*
TUG

MSL1*
TUG

1st MSL1*
2nd MSL1

Repeatability
(n=20)

MSL2*
POMA

MSL1*
POMA

MSL1

MSL2

Concurrent validity
(n=30)

Overall scores
(n=30)

Table 1 C
 oncurrent validity and within subject reliability of two versions of the Maximum Step Length

maximum step length
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gait variabilit y

To the Editor: The causes and consequences of gait variability in the elderly
population are still unclear, because studies on this topic have yielded inconsistent
results. Some studies show that higher gait variability is related to greater fall
risk,(1–3) whereas other studies interpret variability as a compensatory mechanism
that reduces fall risk.(4, 5) One limitation of previous research on gait variability
is that it focused mainly on the role of cognitive impairment while ignoring the
potential confounding effects of physical impairments. The aim of the current
study was to identify whether cognitive and physical impairments would have
different effects on gait variability by comparing four carefully selected subgroups
of community-dwelling older persons.
The groups were identified from an ongoing cohort study (Two-step Older
Screening TOS) in community-dwelling elderly adults (n=594, mean age 76.9±4.9,
43.7% male).(6) Participants underwent gait analysis at preferred walking speed on
a 6.1-m electronic walkway (GAITrite, CIR Systems, Inc., Sparta, NJ). Subgroups of
participants were defined according to their scores on clinical tests of cognitive
and physical functioning. Cognitive functioning was measured using the
Mini-Mental State Examination (MMSE) and Frontal Assessment Battery (FAB).
Physical functioning was measured using the Timed Up and Go Test (TUG), Short
Physical Performance Battery (SPPB), and handgrip strength. Group I (n=12)
comprised participants who scored in the lowest quartile of all physical tests but
had no cognitive problems, as indicated by scores above the median on the
cognitive tests. Group II (n=9) scored in the lowest quartile of both cognitive tests
but in the better half on the physical tests. Group III (n=12) scored in the lowest
quartile on the cognitive and physical tests. For comparison, Group IV (n=78)
consisted of participants whose scores were above the median on all cognitive and
physical tests. Gait variability outcomes were represented as the standard
deviations (SDs) of stride width, time, and length. Walking speed was also recorded.
Statistical analysis was conducted using analysis of variance with post hoc t-tests
(alpha=.05).
The results of the SD of stride width, time, and length and walking speed are
presented in table 1. The groups differed significantly on the variability measures
for stride length and time (main group effect, p<.001) but not stride width (p=.31).
Further analysis showed that Groups I (p=.03), II (p=.002), and III (p<.001) had more
variability in stride time than comparison Group IV. Group III also had more
variability in stride time than Group II (p=.003) and more variability in stride
length than comparison Group IV (p=.03). There were no differences in stride
variability between Groups I and III.
Walking speed also differed significantly between the groups (p<.001), with
Groups I (p<.001), II (p=.009), and III (p<.001) walking more slowly than Group IV.
Group II walked faster than Groups I and III (both p<.001). Because previous studies
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have demonstrated gait variability to increase with slower walking speeds (7, 8),
walking speed was subsequently controlled for in the analyses. These analyses
yielded similar results for stride width, but only the main group effect for stride
length was no longer significant (p=.63). For stride time variability, there was a
main effect of group (p=.04) but also a significant group-by–walking speed
interaction effect (p=.04). Variability in stride time increased with decreasing
velocity but more so in the group with physical impairments (Group I). When
physical and cognitive impairments were present (Group III), this became even
more apparent, whereas the group (II) with cognitive impairments alone was not
different from comparison Group IV.
In conclusion, these results demonstrate greater gait variability, particularly
for stride time, in all three subgroups with poor physical or cognitive functioning
or both but most prominently in persons with both. Their slower walking speed
could not explain the greater stride time variability in both groups with poor
physical functioning. Many studies have focused on gait variability in persons
with cognitive problems, but the increase in variability in the, albeit small, Group
II after controlling for gait speed could not be confirmed. These findings highlight
the need for further research, including persons with physical impairments, on
the causes of gait variability and, in turn, its role in the risk of falling.

Table 1 G
 ait Analysis Results on Variability and Walking Speed of the Four
Groups
Group

SD Stride
Width, cm

SD Stride
Time, ms

SD Stride
Length, cm

Walking
Speed, m/s

I: Physical impairments (n=12)

1.83±1.03

41.5±32.0a

2.82±1.78

0.72±0.15a,b

II: Cognitive impairments (n=9)

2.52±1.58

20.4±7.2

2.74±1.44

1.07±0.15a

III: Physical and cognitive
impairments (n=12)

2.22±0.67

42.3±19.3a,b

4.53±1.35a

0.62±0.18a,b

IV: Comparison (n=78)

1.85±1.15

18.2±9.9

2.42±1.35

1.23±0.16

p<.05 compared with aGroup IV, bGroup II.
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Abstract
Background: Simple but reliable mobility tests, such as maximum step length
(MSL) or gait speed (GS), fulfil the prerequisites for use as self-monitoring tests to
follow personal fall risk.
Objective: This study investigated the predictive value for falls of two potential
self-monitor tests (MSL and GS).
Methods: This study was a prospective cohort study of community-dwelling older
individuals. The MSL and GS were obtained by comprehensive geriatric assessment.
One year follow-up was performed using the fall telephone system.
Results: A total of 352 subjects with a mean age of 76.2 years (standard deviation
± 4.3) and 55% of whom were female participated in the study. 136 (39%) subjects
fell at least once of whom 96 fallers with injuries. The predictive values for falls of
both MSL and GS were low (area under the curve [AUC]: 0.53 and 0.50) but were
slightly better for recurrent falls (MSL AUC: 0.64 and GS AUC: 0.59). After age,
gender and fall history were added to the prediction model for falls, the AUC was
0.63 for MSL and 0.64 for GS; for recurrent falls, the AUC was 0.69 both for MSL and
GS. A higher MSL score indicated a lower likelihood for falls (HR 0.36; 95% CI
0.17-0.78).
Conclusion: Although the MSL and GS are simple and reliable mobility tests that
enable self-monitoring of changes in mobility, the predictive value of a single
baseline measurement does not have sufficient power to predict future falls. The
predictive value of individual changes in GS and MSL over time for future falls is
still worthwhile studying.
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Introduction
Advanced age is frequently accompanied by comorbidities, multiple disabilities,
and frailty. Frailty is characterised as a health state in which there is limited
compensation for external stressors and predicts poor health outcomes, such as
falls, hospital admission, and mortality (1). Mobility and balance disorders are
strongly correlated with an individual’s function and fall risk, and the prevalences
of these disorders increase for higher levels of frailty (2). Changes in mobility are
most likely early warning signals for an individual’s deterioration in health status
and for falls in the near future (3). The early identification of these mobility-related
warning signals by patients, informal caregivers, or family members might be the
most efficient alarm signals. If necessary, professionals might be consulted at an
early stage to diagnose incident causes of changes in mobility and if possible, begin
interventions to prevent future falls and optimise health care for the elderly. The
ability to identify changes in mobility at home by patients themselves would offer
an excellent opportunity for older persons to increase their empowerment and
self-management. Such self-management would mean a concrete application of
the chronic care model to the highly prevalent problem of recurrent falling, as it
would help patients to take responsibility for their own mobility related health
and well-being, and minimise the impact of their fall tendency on their lives.
Moreover, it might also mean a significant step in reaching more sustainable and
improved quality of our health care services for fall related problems in our aging
societies.
To meet these goals and allow monitoring of mobility performances by older
persons themselves, this mobility assessment should be simple, reliable and
feasible with sufficient predictive value for falls.
Maximum step length (MSL) has been proven to be a simple, reliable, and
feasible measure of balance and mobility in both community-dwelling older
individuals and frail older individuals (4-7). In a cohort of 56 community-dwelling,
non-disabled elderly persons (mean age 67.7 ± 6 years), MSL proved to be moderately
sensitive for future falls, with a sensitivity of 62% and specificity of 69% (8).
Combining the MSL test results with fall history increased the sensitivity to 90%
but decreased the specificity to 58% (8). Gait speed (GS) has been shown in previous
research to be feasible and valid for the assessment of frailty status and to predict
future adverse effects, such as falls, in community-dwelling older individuals in
the US, Canada, and China (9-13). In these studies, follow-up for one or two years
was performed by asking participants if they had fallen in the past few months. It
would be valuable and appears promising to investigate whether a one-item tool
can predict falls and assess changes in the day-to-day risk of falls, thus potentially
improving self-management by older subjects. The current study investigated
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whether baseline measures of MSL and GS, as simple mobility tests, are able to
predict falls in community-dwelling older individuals.

Methods
Study Population
This study was a pre-planned part of the Validation Study of the Two-step Older
persons Screening (TOS study), in which six general practitioners (GPs) began to
screen all subjects aged over 70 years seen at their practices (14). The local ethics
committee approved the study (approval number 2009/223). Patients judged to be
too ill to be screened by the GPs, and patients who were either currently receiving
treatment from a geriatrician or who had received a comprehensive geriatric
assessment in the past three months were excluded. A total of 1100 older patients
were asked to provide informed consent, and 593 of these subjects were included
in the TOS study. All mobility and performance tests were administered by a
specialised geriatric nurse and geriatrician as part of a strictly standardised
geriatric assessment at the geriatric outpatient clinic, which is part of the Radboud
University Nijmegen Medical Centre. Patients were excluded from a specific test if
they could not perform it independently or safely based on the judgment of the
geriatric nurse or patients themselves.

Comprehensive Geriatric Assessment
Disability was evaluated with the Katz scale (Katz-15 item scale, which measures
basic and instrumental activities of daily living, with a score range of 0-15, with
lower scores indicating better functional performance) (15). Disease burden was
assessed with the Cumulative Illness Rating Scale for Geriatrics (CIRS-G; scored on
a scale from 0-4 for each of 14 categories [maximum score 56], with higher scores
reflecting a higher number of diseases) (16). Cognitive status was evaluated with
the Mini Mental State Examination (MMSE, with a score of 0-30, with higher scores
indicating better cognitive status) (17). Mood was evaluated with the Geriatric
Depression Scale (GDS, with a score range of 0-15, with higher scores indicating
more depressive symptoms) (18). The Short Physical Performance Battery (SPPB) (19)
included gait speed (time to walk four meters) measured by hand using a stopwatch,
five chair stands (time to rise from a chair and return to a seated position without
using arms), and a balance test (the ability to stand with the feet together in the
side-by-side, semi-tandem, and tandem positions) . A summary performance score
(range 0-12) for the three tasks was created for each subject, with higher scores
indicating better lower body function (19). For the Timed Up and Go test (TUG), the
subjects, when seated with their backs against their chairs, were instructed to
stand up, walk 3 meters past a line on the floor as quickly as possible, turn around,
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walk back to the chair, and sit down again with their backs against the chairs (20).
The number of seconds needed to complete this task was measured using a
stopwatch, and the quickest performance from two trials was used.
Frailty was assessed using the Fried criteria (range 0-5, with score 0: not frail;
score 1+2: pre-frail; score of 3 or more: frail) (1). The Fried criteria included
unintentional weight loss (defined as 4.5 kg or 5% of body weight over the previous
year), self-reported exhaustion (defined as an affirmative answer to two questions),
low energy expenditure (assessed with the Minnesota Leisure Time Physical
Activity Questionnaire (21) and defined as <393 kcal/week for males and <280 kcal/
week for females), slow gait speed (defined as <0.76 m/s), and weak grip strength
(defined as <30 kg force for males and <18 kg for females). Hand grip strength was
measured with a JAMARTM hand dynamometer. The GS measurement from the
SPPB was used to evaluate the Fried criterion of slow GS.

Maximum Step Length Test
For the MSL test, the subjects were instructed to step forward with one leg as far as
possible and then to bring the other leg up to the first leg in one step (6). A trial was
successful when the subject stepped in one fluid movement and unsuccessful
when more than one step was needed to maintain balance or when balance was
lost. After two instruction trials, the procedure was repeated at least three times,
with a maximum of five trials to obtain three successful trials. The step length was
measured as the distance between the starting position and final position of the
leg that stepped first; the length was later normalised with respect to leg length by
dividing the step length by the distance between the spina iliaca anterior superior
and lateral malleolus. The MSL was calculated as the maximum step length among
the three successful step lengths.

Gait Speed Test
The GS of the SPPB was used (19). The subjects walked twice a distance of four
meters, and the time to walk was measured by hand using a stopwatch. The mean
GS was calculated as the mean speed of the two separate walks.

Falls
Falls were defined as “an unexpected event in which the subject comes to rest on
the ground, floor, or lower level” (22). At the baseline assessment, the subjects were
asked to state the number of falls they had experienced during the 12 months
prior to the study. After completing the comprehensive geriatric assessment at
baseline, the subjects were instructed about the fall telephone (FT) system and
followed accordingly. The FT system is a computerised system that automatically
contacts subjects by telephone using pre-recorded messages. This FT system (ASK
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Community Systems, Rotterdam, the Netherlands) has been shown to be a feasible,
reliable, and valid method of assessing falls in older persons (23,24). The FT system
automatically telephoned subjects once per week on their day of preference, and
the subjects reported the number of falls in the past week twice (in case a wrong
number was entered the first time). If the call was not answered, the system called
back up to a maximum of four times per day and then tried again the following
day. The research assistant called participants to verify each registered fall and
called participants with no reply to the FT system (missing FT data). The follow-up
period with the FT ranged between 12 and 18 months, depending on whether the
subjects wanted to participate longer than one year of follow-up.

Statistical Analyses
The study population was divided into three fall groups based on whether they fell
zero, one, or two or more times during the one year of follow-up; these groups are
referred to as the No-Fall group, One-Fall group, and Recurrent-Falls group,
respectively. The baseline characteristics of the participants in these groups were
compared using one-way ANOVA. The predictive values of the absolute cut-offs of
baseline measures of MSL and GS for one or more future falls and recurrent (>1)
falls were calculated as the areas under the curve (AUCs) of the receiver operating
characteristic curves for GS and MSL. The logistic regression models for fall risk
included MSL and GS, along with the following characteristics: age, gender and
fall history. Additional analysis was performed with logistic regression for GS and
MSL for predicting any injury and serious injury, and falls at one month of
follow-up, three months of follow-up, and six months of follow-up, respectively.
Cox proportional hazards models were determined for GS and MSL separately as
both continuous variables, and categorical values based on the tertiles. Two-tailed
P-values of less than 0.05 were considered significant. All data processing and
analyses were done with SPSS, version 20.0.01 (SPSS, Chicago, Illinois).

Results
Of the TOS study cohort (n=593), 401 subjects (67.6%) consented to participate in
this prospective study of falls. Of the 401 subjects, 13 individuals had to be
excluded or dropped out at the beginning (within two weeks) of the study follow-up
period: four due to technical problems with their own phone system, three due to
cognitive problems related to interacting with the system, three due to refusal
after the start of the study, one due to death within one week after the start of the
study, and two due to missing too many FT calls. Later during the follow-up period,
28 additional individuals were lost to follow-up because of death (n=5), severe
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Figure 1 T he flow of participants from the number of source population to
the number of analyzed participants

6 GP practices (n=1100)

Informed consent and
baseline measures (n=593)
- Refusals to participate (n=192)
Participation in Follow-up
Study (n=401)

Completed Follow-up
Study (n=388)

MSL performed (n=360)
GS performed (n=368)

-

Refusals after informed consent (n=3)
Death (n=1)
Technical problems phone system (n=4)
Missing too much phone calls (n=2)
Cognitive problems (n=3)

4

- MSL unsafe to perform (n=17)
- MSL incorrectly performed (n=11)
- GS unsafe to perform without walking
aid (n=20)

Analyzed all subjects
with MSL and GS
performed (n=352)

illnesses (n=10) or refusal to participate (n=13). A flow diagram shows the flow of
participants from the number of subjects in the source population to the number
of participants with complete follow-up (Figure 1).
The MSL test was successfully performed by 360 subjects (11 performed the
MSL test incorrectly, and 17 were excluded from performing the MSL test because
it was unsafe). The GS test was performed by 368 subjects. Twenty subjects had to
be excluded because they walked unsafely without a walking aid.
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We analysed the results of all subjects who successfully performed both the
MSL and GS tests (n=352). The median follow-up time was 53 weeks.
In the study group, 136 (39%) subjects fell at least once, and among these
subjects, 52 (15%) subjects recurrently fell during the follow-up period. In total,
285 falls were reported for 136 subjects (median 1.0 ±3.6 falls). In the Recurrent-

Table 1 C
 omparison of community-dwelling elderly subjects who did not fall
with those who fell once and those who fell more than once during
the follow-up period
Total group
(n=352)

No Fall
(n=216)

One Fall
(n=84)

Recurrent
Falls
(n=52)

Overall
P-value

Age (years)

76.2±4.3

75.9±4.3

76.3±4.2

77.6±4.4

0.04

Gender (m/f)

159/193

104/112

38/46

17/35

0.13

Fall history

34%

25%

43%

52%

0.000

Fried frailty categories
- not frail (score 0)
- pre-frail (score 1,2)
- frail (score 3,4,5)

-49.7%
-45.5%
-4.8%

-52%
-42.5%
-5.5%

-52.5%
-44%
-3.5%

-36%
-60%
-4%

Walking aid
- none
- cane
- walker

-84%
-7%
-9%

-85%
-6%
-9%

-88%
-6%
-6%

-69%
-15.5%
-15.5%

MMSE (0-30)

27.8±2

27.7±2.1

28.1±1.5

27.6±2.1

0.21

GDS (0-15)

2.0±2.2

1.9±2.1

1.7±1.8

2.9±2.6

0.007

Katz (0-15)

1.0±1.2

0.9±1.2

1.1±1.2

1.3±1.2

0.09

CIRS-G (0-56)

7.7±4.2

7.6±4.3

7.4±3.8

8.6±4.6

0.25

Hand grip strength (kg)

25.5±9.7

26.8±10.0

25.2±9.4

20.9±7.9

0.000

TUG (sec)

8.8±3.3

8.6±3.0

8.7±3.4

10.0±4.1

0.03

SPPB (0-12)

9.7±2.0

9.8±1.9

10.0±1.9

9.0±2.3

0.01

Gait speed (m/s)

1.13±0.34

1.13±0.32

1.20±0.38

1.03±0.32

0.02

MSL

1.08±0.22

1.10±0.22

1.12±0.18

0.98±0.25

0.001

No injury/ Injury

na

na

30/52

8/44

0.000

0.24

0.04

Notes: Overall p-value of the ANOVA between the groups. The results are presented as the means ±
standard deviation. The numbers between parentheses are the score ranges. MMSE=Mini Mental
State Examination; GDS=Geriatric Depression Scale; CIRS-G=Cumulative Illness Rating Scale for
Geriatrics; TUG=Timed Up and Go test; SPPB=Short Physical Performance Battery; MSL=Maximum
Step Length corrected for leg length. Na= not applicable.
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Falls group, the median number of falls was 2.0 with a range of 1 to 38. Of all
reported falls, 95.8% could be verified by the research assistant, and 4.2% could not
be verified due to problems reaching with the subject. The mean time to the first
fall was 142 ±114 days, with a median of 119 days. There were 38 fallers without
injury, 73 fallers with minor injuries, 23 fallers with serious injuries and 2 fallers
with unknown injury.
The baseline characteristics of the total study group, the No-Fall group,
One-Fall group, and Recurrent-Falls group are reported in Table 1. The mean age of
the study group was 76.2 (±4.3) years; 55% were female, and 34% reported at least
one fall during the previous year. The Recurrent-Falls group was significantly
older than the No-Fall and One-Fall groups (77.6 years versus 76.3 and 75.9 years,
respectively, P=0.04; see Table 2). A positive fall history was significantly more
common in the One-Fall (43%) and Recurrent-Falls groups (52%) than in the No-Fall
group (25%, P<0.001). A walking aid (cane or walker) was used significantly more
often in the Recurrent-Falls group. The Recurrent-Falls group had a lower hand
grip strength, and all the mobility measures (TUG, SPPB, GS and MSL) of the Recurrent-Falls group were worse than those for the No-Fall and One-Fall groups.
Unexpectedly functional performance (Katz), cognition (MMSE), comorbidity
(CIRS-G) and frailty level did not differ between the three falls groups, while the
recurrent falls group had a higher, but still low mood score (GDS; P= 0.007). The
time to the first fall differed significantly between the One-Fall group and Recurrent-Falls group (166±120 days versus 102±93 days; P<0.001).
MSL and GS had low predictive values for any future fall (AUC 0.53 and AUC
0.50, respectively) (Table 2). MSL was slightly superior to GS for recurrent falls (AUC
0.64 compared to AUC 0.59, respectively) . The model that combined GS with age,
gender and fall history achieved better predictive values for any future fall (AUC
0.64) and recurrent falls (AUC 0.69). The predictive value of MSL combined with
age, gender and fall history was slightly less predictive than the complete model
based on GS, the latter having an AUC 0.63 for any future falls and AUC 0.69 for
recurrent falls. The prediction of falls at one, three, and six months of follow-up
did not show an improved predictive value for either test (data not shown). The
predictive value of MSL and GS for any future fall resembles the predictive value
for any injury, and ditto the predictive value for recurrent falls resembles the
predictive value for a serious injury.
MSL as a continuous predictor had a hazard ratio of 0.36 (95%CI 0.17-0.78,
P=0.01) per unit (1 meter) increase in MSL. When the MSL scores were divided into
categories based on tertiles, subjects with an MSL greater than 1.18 m showed a
lower chance for falling, with a hazard ratio of 0.65 (95%CI 0.44-0.96, P=0.03)
relative to a reference group of people with a MSL between 1 and 1.18 m. (middle
tertile). The HR of 1.02 (p=0.94) for participants with a MSL of less than 1 (lowest
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0.47-0.59
0.51-0.63
0.57-0.69
0.43-0.56
0.52-0.64
0.58-0.70

0.53

0.57

0.63

0.50

0.58

0.64

c

a

GS b

c

GS

GS

MSL

MSL

MSLb

0.69

0.65

0.59

0.69

0.66

0.64

AUC* value

0.61-0.77

0.57-0.72

0.50-0.68

0.61-0.77

0.57-0.75

0.55-0.72

95% CI

Prediction of recurrent
falls (n=52/352)

0.62

0.60

0.52

0.62

0.60

0.54

AUC* value

0.56-0.69

0.54-0.67

0.46-0.59

0.56-0.69

0.54-0.67

0.47-0.61

95% CI

Prediction of any injury
(n=96/350)

0.67

0.66

0.57

0.69

0.68

0.65

AUC* value

0.56-0.77

0.55-0.76

0.45-0.70

0.58-0.79

0.58-0.79

0.54-0.76

95% CI

Prediction of serious injury (n=23/350)

Notes: 95% CI= 95% confidence interval.
*AUC=Area under the curve of the receiver operating characteristic (ROC) curves for the Maximum Step Length (MSL) and Gait Speed (GS) measures for fallers
versus non-fallers and for recurrent fallers versus non-fallers, and for any injury versus non-injury and for serious injury versus non-injury.
a
Model for MSL or GS alone
b
Model including age and gender
c
Model including age, gender, and fall history

GS

MSL

95% CI

AUC* value

a

Model

Prediction of any fall
(n=136/352)

of baseline Gait Speed (GS) and Maximum Step Length (MSL) measures for predicting falls and recurrent falls, and
any injury and serious injury.

Table 2 A
 reas Under the Curve (AUC) of the Receiver Operating Characteristics (ROC) figure showing the diagnostic value
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tertile) was not significantly increased compared with the reference group was. GS
was not significantly related to the time to the first fall in a Cox regression analysis.

Discussion
This study showed that the predictive values of the absolute values of MSL and GS
as single measures for incident falls within 12 months were low and that they
were only moderately predictive for recurrent falls. The full prediction model,
which included age, gender and fall history, had the best predictive value for
single and recurrent fall risks, but this predictive value was still too low for this
model to be very useful for the (self-)monitoring of fall risk. No significant
differences were found between the predictive values of MSL and GS for the
prediction of early falls (at one, three, or six months) and late falls (at 12 months).
Furthermore, we showed that a higher MSL distance is associated with a later first
fall.
A major strength of this study is that it was a prospective study of a large,
community-based sample of older subjects. In addition, all measurements at
baseline were assessed using high-quality, standardised geriatric assessments.
Furthermore, 93% of the subjects participating in the study group successfully
completed the follow-up. An another strength of this study was the use of the FT
system, which is a reliable and valid tool to prospectively record falls resulted in
only few missing data because of the verification of falls by the research assistant
(23,24).
The study also has some limitations. First, there is selection bias due to
selection based on informed consent refusal, and, more importantly, not being
able to safely carry out both MSL and GS tests, and using the FT system. Because of
this attrition of the frailest subjects (probably with the lowest GS and MSL) the
predictive value of MSL and GS may be underestimated. The baseline characteristics of our study group still showed lower frailty levels than those from other community-dwelling populations reported in the literature (1), but the percentages of
a positive fall history (34%) and percentage of fallers (39%) are comparable (25).
External validity therefore should be confirmed. Second, we collected the baseline
characteristics at a geriatric outpatient clinic and not at the subjects’ homes.
However, this methodology did increase the quality of the data collection and is
appropriate given our desire to test the precondition of sufficient predictive
validity as proof of principle before studying the performances of these tools as
home-based measurements. Third, we prospectively studied only fall risk as a
negative health outcome and did not study other negative health outcomes. GS has
been demonstrated to be valid for predicting future adverse effects, such as
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disability, hospitalisation, institutionalisation, and death (12,13). Next, we still did
not examine changes in mobility, which should be the topic of a future study.
The results demonstrate that a simple mobility measurement, such as MSL or
GS alone, is insufficient to predict fall risk. Only when MSL or GS was used in a
prediction model together with age, gender and fall history did the predictive
value for future falls increase to a clinically relevant level. Moreover, the complete
prediction model was better for the prediction of recurrent falls than a first fall,
which parallels higher clinical relevance of recurrent falling (25).
Changes in mobility can serve as signals to the older persons themselves,
providing older persons the ability to track their health status and thereby manage
their own individual health status by contacting a professional or addressing the
problem on their own. To our knowledge, there are no other publications on selfmonitoring of fall risk or other geriatric measures. This study showed that a single
measurement of MSL or GS is insufficiently predictive. However, individual
monitoring of changes in MSL or GS over time, during a period of illness, following
mobility training efforts or new drug prescriptions, is still worthwhile studying.
Further investigation is needed to determine the responsiveness of serial MSL and
GS measurements in older individuals’ own environments, and their predictive
value for falls, and important positive health outcomes. Sufficient responsiveness
of simple measures such as repeated MSL and GS for seniors’ related outcome
measures probably will motivate people to increase self-management in this
crucial domain of balance and mobility.
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Appendix B
 aseline characteristics of the community-dwelling subjects
who did and did not participate in this prospective fall prediction
study
Characteristic

Participation
(n=401)

No participation
(n=192)

P-value

Age (years)

76.5±4.5

77.4±5.4

0.05

Gender (m/f)

176/225

83/109

0.88

Fall history

36%

34%

0.67

Three Fried categories
- not frail (score 0)
- pre-frail (score 1,2)
- frail (score 3,4,5)

46%
46%
8%

48%
38%
14%

Walking aid
- none
- cane
- walker
- wheelchair

80%
9%
11%
0%

76%
6%
18%
1%

MMSE (0-30)

27.8±2.0

26.2±3.7

0.000

GDS (0-15)

2.1±2.2

2.1±2.2

0.90

Katz (0-15)

1.2±1.5

1.9±2.5

0.000

CIRS-G (0-56)

7.9±4.3

8.1±4.5

0.61

Hand grip strength (kg)

25.0±9.9

24.4±10.5

0.56

TUG (sec)

9.2±4.3

10.0±5.1

0.06

SPPB (0-12)

9.4±2.4

9.1±2.8

0.25

Gait speed (m/s)

1.03±0.26

0.98±0.27

0.06

MSL (cm/cm)

1.08±0.22

1.03±0.25

0.03

0.03

0.02

4

Notes: The results are presented as the means ± standard deviation; the numbers between the
parentheses are the score ranges. MMSE=Mini Mental State Examination; GDS=Geriatric Depression
Scale; CIRS-G=Cumulative Illness Rating Scale for Geriatrics; TUG=Timed Up and Go test; SPPB=Short
Physical Performance Battery; MSL=Maximum Step Length.
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The studies described in this thesis addressed several issues related to the
characteristics and diagnostic possibilities of elderly fallers. This chapter begins
by summarising the major findings of each study, followed by a general discussion
of these findings. It ends with recommendations for future research and clinical
practice.

Summary of the major findings
The referral method is important to the falls clinic
Chapter 2 examined the patient characteristics and fall-risk profiles of two groups
visiting an academic multidisciplinary falls clinic. These visits were based on two
common types of referral: direct referral by general practitioners and referral by
hospital professional selection after attending the emergency department due to a fall.
General practitioner referrals resulted in a population with fewer (mean = 4 ±
1.6) modifiable risk factors and a higher rate of recurrent fallers; 90.3% of those
referred by a general practitioner sustained at least two falls over the past year
versus 75.2% of those who visited the emergency department. The general
practitioner group was considered to be the most frail because there were more
frequent fallers and people were more likely to live in ‘homes for the aged’.
Between-group differences in frailty most likely influence the effectiveness of fall
preventive interventions. Interventions are less effective when the target
population becomes too frail. This study suggests that, in clinical practice, the
selection of a specific referral method and subsequent evaluation of the selection
process strongly contributes to the effectiveness and efficiency of a falls clinic.

Remarkable findings in falls clinic assessments
Carotid sinus hypersensitivity is highly prevalent in the elderly and might result
in falls. In carotid sinus hypersensitivity, external triggers cause sudden reductions
in blood pressure, which leads to dizziness or syncope, thereby resulting in falls.
Head turning is an example of a common external trigger, and neck rotation
might manipulate the hypersensitive carotid sinus. Chapter 3a examined the
effects of head turning on blood pressure and heart rate using a continuous blood
pressure measurement (Finapres) among 105 elderly patients who visited our
geriatric falls clinic and 25 community-dwelling healthy elderly participants.
Head turning caused hypotension in 39% of patients (with a mean systolic blood
pressure drop of 36 mmHg) and 44% of healthy controls, regardless of head
movement direction. Head-turning-induced hypotension was associated with
carotid sinus hypersensitivity with an odds ratio of 3.5 (95% CI = 1.48-8.35). This
new phenomenon, head-turning-induced hypotension, should be added to the list
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of common hypotensive syndromes (e.g., orthostatic hypotension and postprandial
hypotension) in the elderly. The relationship between this symptom and falls in
the elderly must continue to be investigated.
Chapter 3b described a retrospective study among a falls clinic population that
examined the correlation between hypotensive syndromes and cognitive impairments.
The prevalence of hypotensive syndromes and cognitive impairments are high in
falling elderly patients. Using continuous blood pressure measurements (Finapres),
we established that 58%, 64%, and 51% of the sample had orthostatic hypotension,
postprandial hypotension, and carotid sinus hypersensitivity, respectively. Cognitive
impairments were present in 43% of the sample but unrelated to whether patients
had one, more than one, or no hypotensive syndromes. Episodic hypotension does
not appear to increase cognitive impairments in falling (i.e., frail) elderly.

Towards gait and falls self-management
Chapter 4a examined the diagnostic value of three simple mobility tests that may
assess the phenotype frailty in 593 community-dwelling elderly people. The
maximum step length test, the gait speed test, and the chair rise test were all
sufficiently correlated with frailty status in community-dwelling older people;
thus, these tests might be useful for frailty self-monitoring. The gait speed test was
the best mobility assessment of frailty with a correlation of r= -0.60 both with the
Fried score and the Frailty Index score. In addition, the gait speed test had the best
diagnostic value (with an area under the curve of 0.92) to assess the dichotomised
state of frailty. The feasibility of all three tests was high, ranging from 91% to 99%,
and they could be safely performed when the proper instructions were provided.
However, the safety of performing these tests in a self-assessment setting (i.e., the
homes of the elderly) was not assessed in this study and must be evaluated. We
found that frailty self-monitoring may be possible using the gait speed test, which
could be a valuable tool to empower older individuals.
Chapter 4b examined the feasibility, concurrent validity and test-retest reliability
of the maximum step length test as a potential predictor of fall risk in old and frail
elderly people. This test was performed among 30 patients from the Geriatric
Diagnostic Day Clinic; patients had been referred to this clinic due to falls or rapid
functional decline. We developed the most reliable method of performing the
maximum step length test in this population. This test was moderately correlated
with other mobility tests such as the Timed Up and Go test as well as the Performance-Oriented Mobility Assessment, and it showed acceptable test-retest reliability.
The maximum step length test could be an appropriate fall-risk assessment for a
geriatric population.
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Chapter 4c examined gait variability in the same cohort observed in Chapter 4a.
Increased gait variability might cause falling, compensate for disability, or both.
All participants underwent a gait analysis at their preferred walking speed using
an electronic walkway (the GAITrite). Gait variability was examined with regard
to walking speed across four subgroups: patients with physical impairments only,
those with cognitive impairments only, those with both physical and cognitive
impairments, and those without impairments. Our results demonstrated greater
stride time variability among the groups with poor physical functioning, and
their reduced walking speed could not explain this finding. The small group of
people with cognitive problems did not show an increase in gait variability after
controlling for gait speed. Thus, we were unable to confirm the literature that
suggests cognitive problems increase gait variability. This finding raises the
questions: What are the causes of gait variability and what role does physical
impairment play in the risk of falling?
Chapter 4d examined the predictive value of two potential self-monitoring tools in
the same cohort of community-dwelling elderly described in Chapter 4a: the
maximum step length test and the gait speed test for fall risk. A one-year follow-up
assessment was performed using the fall telephone system. Of the 352 participants,
39% reported falling 285 times. The predictive values for falls using the maximum
step length and gait speed tests were low and slightly better for recurrent falls. A
higher maximum step length score indicated a lower likelihood of an older
participant falling, with a hazard ratio of 0.36 (95% CI = 0.17-0.78). We concluded
that individual tests are not sufficiently valid to predict future falls in community-dwelling elderly people.

General discussion
Triage: Characteristics of the elderly at the falls clinic
Falling in the elderly is a highly prevalent and important health problem that
might result in functional decline. In general, the heterogeneity among the elderly
is high, as is the case among those who fall. Rarely are falls the result of one cause.
Rather, falls are a geriatric syndrome that fulfil the multi-causality criteria (1, 2).
Therefore, we must understand the underlying pathophysiological mechanisms
and assess their component causes in each faller to begin the appropriate treatment
program. Therefore, our outpatient falls clinic regularly performs a comprehensive
geriatric assessment (3, 4).
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Blood pressure dysregulation syndromes
Cardiovascular response impairments and hemodynamic compensatory mechanisms,
which are mediated by several forms of comorbidity, frequently result in
hypotensive syndromes including orthostatic hypotension (prevalence = 5%-50%)
(5-7), postprandial hypotension (prevalence = 38%-69%) (8) and carotid sinus hypersensitivity (prevalence = 30%-40%) (9). Carotid sinus hypersensitivity might be a
relevant component and a sufficient cause of unexplained falls in some cases (9,
10). Therefore, we searched for the presence of all three hypotensive syndromes in
all patients referred to us using the active standing test, the meal test and a carotid
sinus massage to evaluate orthostatic hypotension, postprandial hypotension, and
carotid sinus hypersensitivity, respectively. We used a sensitive continuous blood
pressure measurement (Finapres) to generate a detailed time series of blood
pressure values during subtle stressors (e.g., standing, eating, head turning, and so
on), thereby increasing the method’s sensitivity to detect hypotension (11). This
method might explain why we found a high prevalence of all three hypotensive
syndromes in our outpatient falls clinic population. Other studies have shown
that hypotensive syndromes are also prevalent in healthy elderly people, although
these conditions result in fewer symptoms of dizziness and falls in this population
(10, 12, 13). Thus, the presence of any hypotensive syndrome among the elderly,
fortunately, does not always result in falling. We believe that the individual’s fall
history and the circumstances of each sustained fall should best direct the search
for the possible underlying causes of falling. Only after someone’s fall history has
been confirmed by the presence of a hypotensive syndrome resulting in symptoms
identical to the fall-related complaints of the participant should the treatment
program include interventions to prevent hypotensive periods (e.g., lifestyle
modifications such as increased water intake (rehydration) and consuming more
frequent but smaller meals each day, compression bandage use and drug therapy)
(14, 15). Increased awareness of hypotensive syndromes might decrease falls and
injuries as well as improve quality of life.
In our detailed follow-up study of the patient groups, we found a new
phenomenon of blood pressure dysregulation among the elderly: head-turning-induced hypotension. This condition was strongly associated with carotid sinus hypersensitivity. In everyday life, head turning might be an external trigger that
induces hypotension. When this hypotension is severe, it might lead to falls,
syncope, or both. When an individual’s history of falls reveals complaints such as
dizziness or light-headedness or a fall after turning their head, the medical
professional should consider the possibility of head-turning-induced hypotension.
In patients with contraindications against performing carotid sinus massage to
confirm the diagnosis of carotid sinus hypersensitivity, blood pressure measurements
during head turning movements might be sufficient to diagnose and begin a
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treatment, although the strict cardio-inhibitory type of this condition (best treated
via an external pacemaker) might be missed. Larger samples of patients should
seek to confirm the safety of head turning, especially in high-risk patients (e.g.,
following a stroke).

Cognitive impairments
In addition to the high prevalence of hypotensive syndromes, we found a high
prevalence of cognitive impairments in our falls clinic population (43%). Elderly
people with moderate to severe cognitive impairments are twice as likely to fall
(annual incidence 60% to 80%) as elderly people without such impairments (16).
Mobility decline and gait-slowing is a continuum that coexists with or precedes
decline in cognition (see Figure 1). It is not always clear how cognitive impairments
contribute to falling; however, fall prevention programs are less successful among

Figure 1 C
 ognition predicts mobility decline and falls, and mobility
decline and slow gait speed predict cognitive deterioration.
Dementia causes blood pressure dysregulation, and blood pressure
dysregulation (cerebral hypoperfussion) causes cognitive decline
(adapted from Reference 20).
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elderly patients with cognitive impairments (17-19). Therefore, cognitive
assessment should be a regular part of geriatric assessments in patients with a
history of falls. Possible explanations for unsuccessful interventions in fallers with
cognitive impairments include their risky behaviours due to an inability to
recognise dangerous situations, a reduced capability of learning and adapting to
new circumstances, and insufficient supportive care in their environments.
Future fall interventions among elderly people with cognitive impairments should
focus on improving certain domains of cognition, especially attention and
executive functioning, to complement treatments of mobility decline and fall risk
reduction (20). Reaction time variability is negatively associated with white matter
brain volume (21), and the latter is associated with poorer gait performance and a
higher risk of falling. In addition, measures of specific cognitive domains,
especially lower executive functioning, are associated with an increased risk of
falling (22). We did not find an association between the presence of hypotensive
syndromes and cognitive impairments in our falls clinic population, perhaps due
to our cross-sectional design and small sample. A door-to-door survey on fall risks
would be a better method to study this association. Furthermore, advanced
neuroimaging techniques, such as volumetric analyses of white-matter lesions or
diffusion tensor MRI, would be of great interest to indicate small vessel disease
possibly caused by hypotensive episodes (which are related to blood pressure
dysregulation syndromes) or recurrent falling due to balance deficits.

Screening tools and participant selection
Screening elderly people who fall in primary care and selection of the right
subjects for referral, and similarly screening and selection in secondary care for
starting the appropriate training program is the key to effective and cost-effective
treatments. The effectiveness and outcomes of falls clinics are disappointing (23,
24). When assessing the effectiveness of a falls clinic, the heterogeneity of the falls
population is often not carefully considered, as is the subject selection for
intervention programs and studies. Our study revealed that the general practitioner
often refers recurrent fallers to the falls clinic. In addition, we found that recurrent
fallers in the prospective study were frailer than non-fallers and one-time fallers
because they were older, and had reduced hand grip strength and worse mobility
outcome measures. Thus, we must consider that patients referred to the falls clinic
by their general practitioner are frail and therefore have less chance to have a
successful fall intervention treatment.
We investigated a large cohort of community-dwelling elderly people who
were willing to visit an outpatient clinic to undergo a comprehensive geriatric
assessment (Chapters 4a, 4c and 4d). The participants in the prospective follow-up
study were a selective group: they were in better health according to their Katz
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scores, MMSE scores, maximum step length scores, and frailty statuses, and they
used fewer walking aids. We recognise that frail elderly people often decline to
participate in studies and interventions, which reduces external validity (25, 26).
In general, studies with elderly participants may have greater internal validity at
the cost of lower external validity by excluding (for instance) elderly with specific

Figure 2 T he annual incidence of community-dwelling elderly people who
fall is approximately 30%. GP-Fallers: Approximately 15% of the
elderly visit their general practitioner due to falls; ED-Fallers:
Another 15% of the elderly attend the emergency department due
to falls. Our falls clinic is primarily visited by recurrent fallers
referred by their general practitioners.

Elderly

Falling Elderly
GP-Fallers
ED-Fallers

Falls
Clinic

5
co-morbidities. The population of the falls clinic is a highly selected population,
but also the falls population attending the general practitioner or visiting the
emergency department are already selected populations, which only partially
reflects the total population of fallers (see Figure 2).
Thus, by targeting the entire population who are at risk for falling, we selected a
simple fall-risk assessment that can be used by older people at home. Many
screening tools for fall-risk assessment exist; however, a self-monitoring fall-risk
tool is still lacking (27-29). The accuracy of single-screening tools to predict the fall
risk of community-dwelling elderly people is poor (30). For instance, the Timed Up
and Go test is, at best, moderately accurate and have more value for less healthy,
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lower functioning elderly people (31). Although we found a high diagnostic value
with regard to gait speed for assessing frailty status, the predictive value of gait
speed for future falls was disappointingly low and only moderate. The predictive
value improved when gait speed measurements were only used to predict recurrent
falls. Moreover, predicting a single fall, and possible accidental fall, is less of interest
than predicting which individuals are recurrent fallers because this information
implicates more risk at fall-related consequences such as injuries and other negative
outcomes. The gait speed test is simple and should be easy to fit into individuals’
daily lives. Future research should examine individual changes in gait speed, which
might be relevant for predicting future falls. This still has to be studied.
Second best, the maximum step length test is a promising self-monitoring
tool. This test is slightly more complex and less feasible than the gait speed test;
however, our research revealed that people with higher maximum step length
scores were less likely to fall. In addition, the elderly may be more challenged
performing the maximum step length test due to its complexity.

Self-management and self-screening
The self-management of falling might improve quality of life, reduce the use of
healthcare due to fewer falls, and therefore result in cost savings. Societal
policymakers want to focus more on self-management; however, the scientific
evidence regarding this concept remains scarce. First, only a few intervention
studies have focused on self-management in the elderly; usually, older participants
comprise only a small portion of these samples. Second, self-management
intervention studies are typically performed with regard to specific diseases such
as diabetes, heart failure, asthma, depression or thrombosis; therefore, they do not
provide evidence with regard to elderly people with comorbid chronic diseases,
especially among those who are frail. The following studies are successful examples
of interventions. A Dutch study of 165 patients with chronic obstructive pulmonary
disease at a general practice found that those in the self-management group were
more capable of managing exacerbations than those in the usual care group,
although no improvements in quality of life were found (32). A study in Canada
examined 100 patients with heart failure and demonstrated improvements in
quality of life via enhancements in self-care and clinical management using a
mobile-phone-based telemonitoring system of daily weight and blood pressure
measures and weekly ECGs (33). Two important factors with regard to successful
interventions might be that elderly patients must first be willing to integrate selfmonitoring into their daily (or weekly) lives, demanding to use an easy and quick
system (tool), and second, patients must receive immediate feedback via automated
messages or professional advice.
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Increased self-management of falling by elderly can be realised via self-monitoring of fall risk through gait and balance measurements; however, this is still a
scientifically and socially challenging road to go. The gait speed or maximum step
length tests are simple tools, and they could be used for weekly self-monitoring
with an automated system. Immediate feedback can include recommendations for
gait and balance exercises or, in case of an abrupt decline in performance, can
advise patients to meet with their general practitioner.

Clinician in the role of investigator
As a geriatrician, my daily work is dominated by patient care, and this work
demands to apply available evidence-based treatments. Although falling is a
geriatric syndrome, and thus the core business of a geriatrician, the negative
health outcomes that result from falling generate the need to optimise fall
prevention in the elderly. As a clinician with high levels of enthusiasm and passion
for my older patients, I am met with highly relevant medical questions every day.
The investigator is best able to bend these clinical medical questions into relevant
research questions. On the other hand, the clinician is best able to estimate
whether research questions are of clinical importance to their patients.
Furthermore, the investigator is best able to determine study designs, whereas the
clinician is best able to estimate the feasibility of the study as well as determine
the inclusion and exclusion criteria for the study participants. The investigator’s
work is characterised by an attitude that is analytical, critical and precise, whereas
the clinician must be flexible, pragmatic and adaptable to the needs and wishes of
their older patients. The roles of the clinician and investigator are strongly
complementary. In conclusion, combining the role of clinician with that of the
investigator, thereby obtaining the best properties of both, can enrich both the
quality of care and the quality of research for elderly patients. With regard to the
studies performed for this thesis, I noted both the advantages and disadvantages
of combining these roles. The disadvantages include the continuous lack of time
for research and the high commitment with the patients, which might create a
barrier to deliver a research based question and intervention to a patient, rather
than the combined intervention with the best chance for success.

Recommendations for future research and clinical practice
Looking at the data acquired in this thesis as a researcher and clinician, I conclude
with recommendations for both professions.
For clinicians, I recommend cognitive screenings for all older participants at
falls clinics. Because underlying pathological mechanisms are often different,
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people with cognitive impairments need an individually tailored fall intervention
program.
Because case findings are an integral portion of the complex intervention
performed at falls clinics and safeguarding the appropriate mix of cases is most
likely the key issue to maintain efficiency, investing time and effort in accurate
case finding should be an integral part of the job. Furthermore, it should be a part
of the quality of care evaluation delivered by falls clinics. The existing tools for
fall-risk assessments are not easy to use in the setting of general practice, and
those that have been developed for the setting of the emergency departments are
not appropriate for bedside use. The clinician should most likely be in contact with
the researcher to discuss the next generation of triage instruments for falls clinics.
Currently, aiming at an efficient and effective healthcare environment, we must
undergo a transition from triage by the professional to triage by the patients
themselves. This change will also require that the clinician migrate from his or
her sole role as an interventionist to a mixed role that includes self-management
coaching and delivering societal improvements, which might provide new and
challenging aspects to his or her work.
For researchers, whether increased gait variability causes falls or acts as a
compensatory mechanism to avoid falling remains to be seen. Additional research
is warranted on the causes of gait variability and its role in the risk of falling, not
only among people with cognitive impairments, but also in people with physical
impairments.
The effect of triage on participant selection for interventions deserves
additional study and attention in clinical practice because it is crucial to reach
efficacy in specific patients, and the implications for the adequate application of
interventionists’ efforts and resources. Ideally, triage should be based on simple
screening tools designed for either general practice or emergency department
settings that are able to objectively determine which patients should be referred to
falls clinics.
Additional investigation is necessary to define suitable diagnostic procedures
to determine the risk of recurrent falling as an integrated part of clinical practice,
both in emergency departments and general practice. Most likely, smart tools that
measure data across time and are calibrated to an individual’s balance and
mobility will provide an important step forward with regard to prognostic validity
of these risk screening tools.
In addition to the existing tools for fall risk assessments, we investigated the
first steps in developing a simple tool for self-monitoring of fall risk. Additional
investigation is urgently needed to establish the validity of gait speed in older
people’s homes and to study the intervention options that are partially or
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completely directed by older individuals themselves. Moreover, additional study is
needed to observe changes in maximum step length and gait speed after periods
of illness or the beginning of therapy to assess their ability to predict negative
health outcomes other than falls.
In conclusion, the greatest challenge for both clinicians and researchers will be to
select a valid and simple self-screening test to help elderly participants identify
their own elevated fall risks and tailor intervention programs to these individuals’
needs (34). Positioning specialised falls clinics somewhere in health services where
they are clearly visible to the elderly might be less important, but it is still needed.
Physicians should support elderly self-management, thereby contributing to the
sufficient quality and cost effectiveness of these individuals’ healthcare.
Researchers should study the cost effectiveness of these techniques and design selfmanagement studies for frail older adults.
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Van Valkliniek tot Zelfmanagement van Vallen
bij Kwetsbare Ouderen
Naar verwachting zal het aantal ouderen boven de 70 jaar in Nederland toenemen
van 1,8 miljoen tot 2,6 miljoen in 2025. Deze groei van ouderen noodzaakt tot
essentiële veranderingen in de gezondheidszorgorganisatie om de volumetoename
van de hiermee samenhangende gezondheidsproblematiek op te vangen. Het focus
zal hierbij enerzijds gelegd dienen te worden op het ontwikkelen van preventiestrategieën, anderzijds op het richten van de behandeling op patiëntendoelen en
gerelateerde (gezondheid)uitkomsten.
Vallen is een groot gezondheidsprobleem, waarbij ongeveer een derde van de
thuiswonende ouderen eenmaal per jaar valt. De gevolgen van vallen kunnen
leiden tot lichamelijk letsel en beperkingen, maar ook tot verminderde geestelijk
welbevinden en daarmee verlies van kwaliteit van leven. Jaarlijks bezoeken bijna
honderdduizend ouderen in Nederland een Eerste Hulp vanwege een valongeval.

Verwijzing naar Valkliniek
In hoofdstuk 2 wordt een vergelijkende studie van twee academische valklinieken
beschreven. Een vergelijking van twee verschillende verwijsmethoden; één
valkliniek ziet geselecteerde patiënten nadat deze patiënten de Eerste Hulp
bezochten naar aanleiding van een val, de andere kliniek ziet patiënten die
verwezen zijn door de huisarts met valproblematiek. De huisarts blijkt
voornamelijk meer kwetsbare patiënten te verwijzen die vaker vallen, maar die
gemiddeld minder modificeerbare valrisicofactoren (4 ±1,6) hebben. Deze studie
toont aan dat de selectiemethode bepalend is voor het profiel van de valkliniek
patiënt. Dit betekent tevens dat de selectiemethode bepalend is voor de effectiviteit
van de valkliniek, welke direct afhankelijk is van het aantal te modificeren valrisicofactoren en de kwetsbaarheid van de populatie.

Analyse van vallen
Vallen is een geriatrisch syndroom, waarbij het belangrijk is om alle bijdragende
oorzakelijke factoren te onderzoeken. Vallen wordt meestal multifactorieel
verklaard. Om het probleem vallen goed te onderzoeken, dient dan ook een
volledig geriatrisch onderzoek plaats te vinden. Bloeddrukregulatiestoornissen
(hypotensieve syndromen), zoals een bloeddrukdaling bij het opstaan of na het
gebruik van een maaltijd, komen frequent voor bij ouderen en kunnen belangrijk
bijdragen aan het probleem vallen. Draaien van het hoofd kan tevens een bloeddrukdaling geven. In hoofdstuk 3a wordt dit fenomeen beschreven. Bij 39% van de
valkliniek populatie en bij 44% gezonde ouderen geeft het hoofddraaien een bloeddrukdaling. Bij onderzoek naar de oorzaken van vallen is het belangrijk om
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rekening te houden met de mogelijkheid van bloeddrukdalingen door het draaien
van het hoofd.
Het aantal ouderen met cognitieve stoornissen neemt toe met het toenemen
van de leeftijd. In hoofdstuk 3b wordt de correlatie met cognitieve stoornissen en
hypotensieve syndromen bestudeerd. In de valkliniek populatie had 43% cognitieve
stoornissen, en daarnaast was in 51-64% één of meerdere hypotensieve syndromen
aanwezig. Een correlatie werd niet gevonden, met name geen bewijs dat patiënten
met periodieke bloeddrukdaling meer kans op de aanwezigheid van cognitieve
stoornissen hebben.

Op weg naar zelfmanagement voor vallen
Zelfmanagement van vallen kan vorm krijgen door ouderen zelf hun valrisico
oftewel hun mobiliteit te meten. Voordat het zelfmonitoren van de mobiliteit
gerealiseerd kan worden, zal er eerst een ‘looptest’ gekozen moeten worden. Deze
‘looptest’ moet aan een aantal praktische eisen en klinimetrische eigenschappen
voldoen; 1. de test moet uitvoerbaar zijn door ouderen, 2. de test moet daadwerkelijk
de mate van mobiliteit meten (= validiteit), 3. de test moet een goede betrouwbaarheid hebben bij het herhaald toepassen ervan, 4. de test moet een goede voorspellende waarde hebben om vallen of een daarmee samenhangende uitkomst te
meten, en 5. de test moet snel en eenvoudig door de oudere zelf toe te passen zijn.
De laatste eigenschap valt buiten bestek van dit proefschrift.
In hoofdstuk 4a wordt de diagnostische waarde van drie mogelijke zelftesten
(de stoeltest, de loopsnelheid test en de maximale stap lengte test) beschreven. In
totaal ondergingen 593 thuiswonende ouderen een volledig geriatrisch onderzoek
waarbij tevens deze drie zelftesten werden uitgevoerd. De uitvoerbaarheid van de
drie testen bij de thuiswonende ouderenpopulatie was goed (91-99%). Alle drie
testen hadden een goede diagnostische waarde voor kwetsbaarheid (als samenhangende uitkomst van vallen), waarvan die van de loopsnelheid test uitstekend
was.
In hoofdstuk 4b worden de uitvoerbaarheid en betrouwbaarheid van de
maximale stap lengte test in een geriatrische populatie beschreven. De best
uitvoerbare methode van de maximale stap lengte test in 30 geriatrische patiënten
werd bepaald. Daarnaast was er een matige overeenkomst met andere mobiliteitstesten en een goede test-hertest betrouwbaarheid.
In hoofdstuk 4c wordt binnen de grote thuiswonende populatie van hoofdstuk 4a
uitgebreid gekeken naar de variatie in het lopen in vier geselecteerde subgroepen.
Een toegenomen variatie in het lopen kan namelijk een oorzaak van vallen zijn.
Na correctie voor de loopsnelheid bleek dat er een toegenomen variatie in het
lopen bestond bij de twee subgroepen met lichamelijke beperkingen.
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Tenslotte wordt in hoofdstuk 4d de voorspellende waarde van twee zelftesten
(de loopsnelheid test en de maximale stap lengte test) voor vallen beschreven. Van
de studiepopulatie van hoofdstuk 4a zijn 352 ouderen één jaar lang met de
valtelefoon gevolgd. In totaal vonden er 285 valincidenten gedurende de follow-up
plaats bij 39% van de deelnemende ouderen. De voorspellende waarde van beide
testen was echter laag, en verbeterde iets voor de predictie van herhaald vallen.
Een hogere maximale stap lengte waarde gaf wel een lagere waarschijnlijkheid
om te vallen (Hazard ratio van 0,36).

Toekomst
Voordat een van bovengenoemde testen gebruikt kan gaan worden in zelfmanagement is het belangrijk om de uitvoerbaarheid en de betrouwbaarheid van
deze testen, door de ouderen zelf gemeten, in hun woonsituatie te onderzoeken.
Vervolgens zal bekeken moeten worden, wanneer er voldoende feedback aan de
ouderen wordt verstrekt, hoe de ouderen omgaan met aangeboden adviezen en
interventiemogelijkheden om hun mobiliteit te verbeteren en het valrisico te
verlagen.
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