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Determining mobility status is an important component of any health assessment for older adults. In order for a mobility measure
to be relevant and meaningful, normative data are required for comparison to a healthy reference population. The DEMMI
is the first mobility instrument to measure mobility across the spectrum from bed bound to functional levels of independent
mobility. In this cross-sectional observational study, normative data were obtained for the DEMMI from a population of 183
healthy, community-dwelling adults age 60+ who resided in Vancouver, Canada and Melbourne, Australia. Older age categories
had significantly lower DEMMI mobility mean scores (P < 0.05), as did individuals who walked with a mobility aid or lived in
semi-independent living (assisted living or retirement village), whereas DEMMI scores did not differ by sex (P = 0.49) or reported
falls history (P = 0.21). Normative data for the DEMMI mobility instrument provides vital reference scores to facilitate its use
across the mobility spectrum in clinical, research, and policymaking settings.

1. Introduction

The International Classification of Functioning (ICF) defines
mobility as “moving by changing body position or location
or by transferring from one place to another, by carrying,
moving or manipulating objects, by walking, running or
climbing, and by using various forms of transportation” [1].
Mobility is an important marker and predictor of physical
abilities, independence, morbidity, and mortality [2–7].
Loss of mobility can result in a decline in independence,
rendering individuals reliant on caregivers to meet their
basic needs, or being unable to remain living independently.
Such functional decline can also lead to injury and increased
hospital admissions [8].

Determining mobility status is an important component
of any medical or health assessment for older adults, whether
an individual is acutely ill, living with chronic comorbidity,
or is a healthy community dweller. Accurately measuring
mobility can help a clinician determine an individual’s abili-
ties at a single time point to identify potential impairment or
to establish a baseline for comparison following a subsequent

reassessment. Mobility measures can also (i) help determine
whether an individual’s mobility has changed, (ii) identify
early signs of decline, and (iii) assist with guiding therapeutic
intervention, goal setting, and discharge planning in both
inpatient and outpatient programs. Given the diverse func-
tional abilities and complex health status of older adults, an
ideal measure of mobility is clinimetrically sound, robust,
and spans the spectrum of functionally relevant mobility
tasks. Recent systematic reviews have revealed a plethora
of mobility instruments for both acute medical patients
and healthy community dwellers [9, 10]. Most of these
instruments have many limitations, including the tendency
to be designed for narrowly defined populations, resulting in
floor or ceiling effects; lack of external validation or reliability
testing; and/or demonstrated lack of responsiveness to
change [9, 10].

The de Morton Mobility Index (DEMMI) was rigorously
developed in response to clinical needs and has been
previously shown to be a valid, reliable, and robust mobility
instrument that can be used across the spectrum of mobility
and across clinical settings [11–15]. It is easy to use, requires
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minimal equipment, and can be administered in a very
short period of time, making uptake of this instrument into
clinical practice both simple and attractive [11]. An impor-
tant next step for improving usability of this instrument
is the development of reference intervals (or “normative
data”). Normative data regarding mobility are important for
clinicians, researchers, and policy makers. Applied to indi-
viduals, they provide a comparison of the expected mobility
levels for sex- and age-matched community-dwelling peers.
Normative data can also provide richness to interpretation
of population data, offering guidelines to help identify at
risk populations or shape public health policy; it provides
information that critically enhances interpretability.

Just as reference values are critical for the usefulness
of measuring blood pressure, having accurate benchmarks
for detecting mobility changes is essential for treatment,
goal setting, and can serve to motivate both patients and
clinicians. Given that normative data have such important,
meaningful, and broad applications, the purpose of this
study was to assess the mobility of community-dwelling
older adults using the DEMMI and to develop reference
intervals for healthy men and women over 60 years old.

2. Methods

2.1. Study Design. This was a cross-sectional observational
study.

2.2. Participants. The study population comprised commu-
nity-dwelling adults aged 60 years and older in large
cities from two countries: Vancouver, Canada; Melbourne,
Australia. We defined community dwelling as living in a
house, apartment, or assisted living (AL)/retirement village.
This decision was based on current definitions of AL
in British Columbia, Canada [16] and retirement village
in Victoria, Australia [17]. In both regions, this form
of residence provides accommodation and some services
that are distinct from the services provided in residential
care/nursing home environments, and requires that residents
are able to make decisions and otherwise live independently.
An alternative definition of “community dwelling” includes
those living in a house or apartment, but not AL (because
AL is often described as “semi-independent”). We therefore
presented our data both as a complete sample (i.e., using
our working definition of community dwelling, provided
remaining inclusion criteria were met); further separated our
data into “independent” (defined as living independently in
a house or apartment) and “semi-independent” (defined as
living in AL or a retirement village), thus satisfying both
definitions of “community dwelling” and achieving broader
applicability.

Prior to participation, interested individuals were
screened for eligibility to ensure they had no clinical condi-
tions that might affect their mobility, including neuromus-
cular, orthopaedic, or cardiovascular impairments. All par-
ticipants were required to speak English and were screened
for cognitive limitations that would preclude the provision
of informed consent. Where the ability to read was limited,

the consent form was read aloud for these participants. All
participants provided informed written consent. This study
was approved for Canadian data collection by the Clinical
Research Ethics Board at the University of British Columbia
and by Vancouver Coastal Health Authority. The Australian
portion of the study was approved by the Monash University
Human Research Ethics Committee.

2.3. Recruitment. In Canada, recruitment strategies for this
convenience sample included advertisements in local news-
papers and on bulletin boards in seniors’ centres, as well
as word-of-mouth advertising by local fitness instructors.
In Australia, a retirement village and Returned and Services
League (RSL) members were invited to participate. Fliers
were distributed to residents of the retirement village.
Interested individuals contacted researchers by telephone to
arrange an appointment for screening and participation or
signed up at a specific site on the day of the assessments.

2.4. Data Collection. In Vancouver, Canada, assessments
took place at eight different sites, including one AL residence,
community centres, seniors’ activity centres, and onsite at
the Centre for Hip Health and Mobility, University of British
Columbia. In Melbourne, Australia, assessments took place
at two sites, one retirement village and one RSL centre.
Each assessment lasted between 40–60 minutes. For the
remainder of the paper we will use the term assisted living
(AL) to include “retirement village”, since the terminology is
simply a matter of dialect, and the two terms are virtually
synonymous.

The primary outcome of interest, the DEMMI, is
a performance-based instrument that assesses mobility
through 15 hierarchical items that begin with bed mobility
and progress through chair tasks, static balance, gait, and
finally dynamic balance tasks. A raw ordinal score is con-
verted (through Rasch analysis) to an interval score out of
100, with a higher score representing greater mobility. The
DEMMI has been described in detail elsewhere [11, 18] and
copies of the instrument are available in the original DEMMI
publication [11] and at http://www.demmi.org.au/.

Demographic information gathered comprised age, sex,
use of mobility aids, living situation, and medical comorbidi-
ties/history.

Research assistants or physiotherapists screened inter-
ested individuals for eligibility, obtained written informed
consent, and conducted interviews, and administered the
questionnaires. A physiotherapist conducted the DEMMI in
Vancouver; in Melbourne, the DEMMI was administered by
either a physiotherapist or a physiotherapy undergraduate
honors student. The DEMMI was demonstrated by the test
developer (NAD) to all persons who administered the test.
A 30-minute instructional DVD (video available through
http://www.demmi.org.au/) was also provided prior to data
collection in Vancouver. The DEMMI instrument developer
(NAD) was present during data collection in Australia and
Canada to ensure procedural consistency.

2.5. Statistical Analysis. Exploratory data analysis included
graphical exploration of the data, with descriptive statistics
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Provided written consent, 
screened eligibility:
• Vancouver (n = 123)

• Melbourne (n = 85)

• Total (n = 208) 

Missing data:

Excluded:

• Vancouver (n = 20)
• 2: musculoskeletal injury
• 1: recent seizure
• 2: total joint replacements in 
past year
• 1: hypotension causing 
dizziness
• 2: fractures in past year
• 1: cancer
• 1: cerebral palsy
• 2: arrhythmia
• 2: dementia
• 4: active respiratory 
condition
• 2: hemiparesis
• Melbourne (n = 3)
• 1: too young
• 1: severe aortic stenosis
• 1: did not provide consent
• Total (n = 23)

Eligible:
• Vancouver (n = 103)

• Melbourne (n = 82)

• Total (n = 185)

• Vancouver (n = 0)
• Melbourne (n = 2)

• Total (n = 2)

Included in analysis:
• Vancouver (n = 103)
• Melbourne (n = 80)

• Total (n = 183)

Figure 1: Flow diagram.

presented in tables. The DEMMI scores were explored by
age category (60–69, 70–79, 80–89, and 90+), sex, and other
categories such as living situation and use of mobility aid
(e.g., cane, walker). The potential for a ceiling effect was
investigated by calculating the percentage of participants
achieving the maximum possible score of 100.

For normative data, reference intervals were constructed
using empirical centiles (5th, 50th, and 95th) for the
purposes of individual comparisons [19]; means and 95%
confidence intervals were presented for purposes of popula-
tion comparisons.

Visual inspection of univariate data as well as a scatter
plot of the DEMMI by age and sex with overlying LOWESS
(locally weighted scatterplot smoothing) was used to guide
analysis. Welch’s two-sampled t-tests were used to compare
groups to account for heteroscedasticity. All statistical analy-
sis was done using Stata Intercooled 12.0 (StataCorp, Texas,
USA).

3. Results

Initially, 208 individuals were screened for eligibility, and 23
were excluded, leaving 185 participants who completed the
assessment (see Figure 1 for flow chart). Two participants
had missing data for age and were therefore excluded from
the analysis (see Figure 1).

A description of the 183 participants included in the
analysis, including scores on questionnaires, is presented in
Table 1. The majority of the participants lived in Vancouver,
Canada (n = 103, 56%) with the remainder in Melbourne,
Australia (n = 80, 44%). Over half the participants were in
their 70s and approximately one-quarter were men. Twenty-
one percent of participants reported at least 1 fall during the
past year; not surprisingly, this is less than the anticipated
rate of 35% of all adults > 65 years old [20] (our sample
was limited to healthy community dwellers, and included
younger participants age 60–64).

DEMMI scores are presented visually by age categories
in 10-year increments (Figures 2 and 3). Normative data are
provided for comparing group means (Table 2) as well as
for comparing scores for individuals (Table 3). The second
column of each table provides overall group scores. The
next column labeled “independent” provides scores for those
living fully independently in the community. Scores for men
and women living independently are provided separately
in the adjacent columns (though sex was not a statistically
significant variable in this analysis, P = 0.49). Finally,
a column labeled “semi-independent” includes men and
women living in AL.

The mean DEMMI scores (Table 2) demonstrate a sig-
nificant difference between age categories, with a lower score
for each older age category (P values presented in Table 4).
Reference intervals were presented in centiles (Table 3).
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Table 1: Description of study participants (N = 183).

n %

Vancouver, Canada 103 56

Melbourne, Australia 80 44

Age mean (SD) 74.6 (6.7)

60–69 43 23

70–79 96 52

80–89 43 23

90+ 1 1

Women 136 74

≥1 fall in past year 8 21

Used mobility aid 28 (4/24)∗ 15

Lived in house or apartment# 120 (95/25)∗ 66

Assisted living/retirement village# 62 (8/54)∗ 34

Lived alone 92 50
∗
n separated by location (Vancouver/Melbourne) to illustrate that partici-

pant living arrangements varied by country due to site selection during study
design.
#Data incomplete for 1 participant, therefore n = 182.
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Figure 2: Box plot of DEMMI scores by age category with
interquartile ranges (nb in age 70–79, median is the same as the 75th
percentile; also, the oldest age category has only one observation).

The median score was maintained across each column with
the exception of a lower median score for semi-independent
in the 70–79 age category as well as semi-independent
overall. Our finding that the 95th percentile was consistently
high, with the exception of the semi-independent dwellers
(and the overall sample which includes semi-independent
dwellers), reflects the fact that 17.5% of the study sample
scored the maximum of 100.

A priori, we were interested in comparing the DEMMI
scores as a function of key variables including age category,
sex, living situation, use of a mobility aid, country of origin,
and falls history. For these categorical variables, we used
Welch’s two sampled t-tests to account for unequal variance
between groups. Unadjusted P values (Table 4) showed sta-
tistical significance for age category, country, living situation,
and mobility aid. Further exploration revealed that only 3
participants using mobility aids did not live in AL and only

4 participants using mobility aids lived in Vancouver (1 of
whom also lived in AL). In addition, we noted the difference
in DEMMI score by country (mean score in Canada 85.1
versus Australia 75.8, P = 0.00) was explained in part
by the significant age difference by country (Australia 76.8
versus Canada 72.8, P = 0.00), and also by the proportion
of individuals who resided in AL (Australia, 68.4% versus
Canada, 7.8%, P = 0.00). The living situation could
also be partly explained by age difference (AL 77.2 versus
independent 73.1, P = 0.00). DEMMI scores did not differ
by sex (P = 0.49) or reported falls history (P = 0.21).

4. Discussion

This study generates normative data for the DEMMI
mobility instrument for adults over 60 years old who live
independently or semi-independently in the community. We
found that DEMMI mean scores generally decreased across
increasing age categories, with the exception of independent-
living men, whose average scores were highest in the 70–
79 age category. Median scores on the other hand were
generally maintained in the 60–69 and 70–79 age categories,
with the exception of semi-independent 70–79-year olds,
whose median score dropped to 74. Ninety-five percent
of older adults living independently in the community
demonstrated DEMMI scores ≥67, and 95% of those living
semi-independently scored ≥48. Scores were as low as 44,
though it was more likely that these individuals were using
supports such as a mobility aid or living in AL. Overall,
17.5% of this sample scored the maximum possible of 100.

These normative data can be used either for comparing
aggregate data or for comparisons of an individual. For
example, in public health, one may wish to compare
populations within a specific region (e.g., by neighbourhood
or socioeconomic class) to inform policy makers regard-
ing community accessibility, program evaluation, or city
planning. In this case, the sample mean for a hypothetical
population of fully independent community dwellers is 81.6.
Looking at the bottom row of column 3 (“Independent”) in
Table 2, this DEMMI mean score is below the lower limit
of the 95% confidence interval of 82.5, important evidence
that this region’s older adult population overall demonstrates
lower mobility compared to a healthy peer reference group.

More commonly, normative data is referred to when
a clinician wishes to know how their patient compares to
age- and sex-matched peers. For example, a family member
may bring a 78-year-old female relative for evaluation as a
result of concerns about increasing difficulties with activities
of daily living such as managing her grocery shopping
or maintaining her home. The clinician would obtain a
DEMMI score during the initial assessment, then compare
the patient’s score of 62 to the reference intervals in row 3
(“Age 70–79”), column 4 (“Independent Women”) in Table 3
to see that a comparable healthy independent community-
dwelling woman would score a median of 85, with 95
percent of the population scoring above 67. The clinician
would then be able to use the results of this assessment to
engage in meaningful education and goal setting with the
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Figure 3: Histogram showing DEMMI scores for (a) total sample and (b) through (d) by age category (note category 90+ contained only 1
participant, therefore not represented graphically.

Table 2: DEMMI normative Scores for group comparisons: mean, 95% confidence interval, and number in each subsample.

Age category Overall Independent Independent women Independent men Semi-independent

Mean

(95% CI)

Number

86.4 86.2 87.2 82.8 87.4

60–69 (83.2, 89.6) (82.9, 89.6) (83.3, 91.1) (75.4, 90.1) (70.4, 100)

n = 43 n = 38 n = 30 n = 8 n = 5

81.4 84.3 83.4 88.4 77.2

70–79 (78.9, 83.9) (81.5, 87.1) (80.2, 86.6) (82.1, 94.6) (72.9, 81.6)

n = 96 n = 57 n = 47 n = 10 n = 39

75.3 77.9 78.6 76.0 71.9

80–89 (71.8, 78.9) (73.3, 82.5) (73.3, 83.8) (63.10, 88.9) (65.9, 77.9)

n = 43 n = 24 n = 18 n = 6 n = 18

90+
62 62 — 62 —

n = 1 n = 1 n = 1

81.0 83.5 83.7 82.6 76.5

Total (79.3, 82.8) (82.5, 85.4) (81.4, 85.9) (77.9, 87.2) (73.1, 79.9)

n = 183 n = 120 n = 95 n = 25 n = 62

patient and her family. Over the course of treatment, the
DEMMI would be periodically re-administered to evaluate
the patient’s response to treatment and to guide ongoing
treatment planning. An end goal for treatment could be set
in consultation with the patient that either targeted a certain

score (e.g., 74) or identified an item the patient would like to
achieve (e.g., pick a pen up off the floor).

In a previous study, De Morton et al. [13] revealed that
older adults with acute medical hospital admissions were dis-
charged home with mean DEMMI scores of 60. The current
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Table 3: DEMMI reference intervals for individual comparisons, median (5th, 95th percentiles). Please refer to Table 2 for subsample sizes.

Age category Overall Independent Independent women Independent men Semi-independent

Median (p5, p95)

60–69 85 (74,100) 85 (74, 100) 85 (74,100) 85 (74,100) 85 (67, 100)

70–79 85 (62,100) 85 (67, 100) 85 (67,100) 85 (74,100) 74 (48, 100)

80–89 74 (57,85) 74 (62, 100) 85(57,100) 74 (67,100) 74 (44, 85)

90+ 62∗ 62∗ — 62∗ —

Total 85 (62,100) 85 (67, 100) 85 (67,100) 85 (67,100) 74 (48, 100)
∗

Only 1 observation.

Table 4: Unadjusted P-values from Welch’s two sample t-tests
comparing DEMMI scores amongst variables of interest.

Variable P-value

Age 70–79 (versus 60–69) 0.02

Age 80–89 (versus 60–69) 0.00

Age 80–89 (versus 70–79) 0.01

Sex 0.49

Falls history 0.21

Independent versus semi-independent living 0.00

Country 0.00

Mobility aid use 0.00

study reveals higher mean scores than this, for community
dwellers aged 60+ (Table 2). However, it would be expected
that those recovering from acute illness and hospitalization
would very likely demonstrate lower mobility at the time
of discharge; mobility would be expected to improve with
ongoing recovery and rehabilitation (“rehab potential” is
an important factor in discharge planning). Therefore, the
current study supports previous findings and demonstrates
that means will likely differ between healthy community
dwellers compared to community dwellers recovering from
acute illness. The reference data obtained in this study could
be used in the hospital setting to facilitate physiotherapy
discharge planning and to support decision making for
funding expenditure for inpatient and community-based
rehabilitation services after acute hospital discharge.

We note limitations with this study. First, this was a
relatively small sample (N = 183), just 25% of whom were
men. Previous studies have developed normative data for
health instruments from sample populations as small as 32
[21], though most commonly have over 100 participants
[22, 23]. Nonetheless, a larger sample would provide greater
representation across all age groups (especially those 80–89
and 90+, given the expected shift in population demograph-
ics in the coming years) and therefore better confidence in
the reference value estimates reported in this study. Further,
our sample was one of convenience, and therefore brings
into question how well our sample represents the population
of interest. Finally, the current study demonstrated 17.5%
of community-dwelling older adults scored the maximum
possible score of 100, which raises concerns of a ceiling
effect. McHorney and Tarlov suggest that up to 15% of
participants scoring at either scale extreme is acceptable

[24]; and Barber-Westin et al. report up to one third of
participants scoring the highest or lowest-possible scores is
acceptable [25]. Recognizing this, the DEMMI was designed
to measure across a broad spectrum of abilities (acutely
hospitalized to healthy community dwellers) with a targeted
use for clinical settings, where documenting improvements
among those with excellent health is not a primary goal
[26]. During the development of the DEMMI, one of the
hardest items (standing on one leg with eyes closed) [11] was
removed as there were no participants who could complete
this item in an acutely hospitalized older population, and this
item hence negatively impacted on some of the clinimetric
properties of the DEMMI. The present study does not
provide convincing evidence to suggest that the inclusion of
this item is warranted.

A strength of this study is its important contribution of
reference data to the DEMMI mobility instrument, critical
in its broad application to older adults across the mobility
spectrum from acutely ill, and hospitalized to healthy
community dwellers. Additionally, gathering data from ten
different community sites in two different countries provide
broader generalizability to the reference intervals provided in
this study.

5. Conclusions

This study is the first to report normative data for the
DEMMI and provides important reference data on com-
munity dwelling older adults for clinicians and researchers.
Normative data for this instrument will improve the
interpretability of DEMMI scores, giving instrument users
the ability to compare individual or group scores with
known scores of an age- and sex-matched population. Its
applicability is broad and can be used for population health
applications; annual screening for early signs of mobility
decline; therapeutic goal setting; evaluation of changes in
mobility during recovery; discharge planning. As the focus of
healthcare continues to shift from acute to community care
and preventative health approaches, the DEMMI will assist
in enhancing the continuity of patient care across clinical
settings.

Acknowledgments

This study was funded by the Canadian Institutes of Health
Research (CIHR) Mobility in Aging Team Grant, Vincent



Journal of Aging Research 7

Fairfax Churchill Fellowship, and National Health and
Medical Research Council of Australia (NHMRC) Post-
doctoral Research Fellowship (ID 519555). The authors are
enormously grateful for the generous donation of time and
support provided by Fabio Feldman, Debbie Chong, Vanessa
Young, Vina Tan, Shane Belvedere, and Sarah Davenport.
Thanks are also due to the ten sites and each individual for so
eagerly supporting and actively participating in this study.

References

[1] World Health Organisation, International Classification of
Functioning, Disability and Health, Geneva, Switzerland, 2001.

[2] W. D. Warren and R. Knight, “Mortality in relation to
the functional capacities of people with disabilities living at
home,” Journal of Epidemiology and Community Health, vol.
36, no. 3, pp. 220–223, 1982.

[3] M. C. Corti, J. M. Guralnik, M. E. Salive, and J. D. Sorkin,
“Serum albumin level and physical disability as predictors of
mortality in older persons,” Journal of the American Medical
Association, vol. 272, no. 13, pp. 1036–1042, 1994.

[4] L. J. Donaldson, D. G. Clayton, and M. Clarke, “The elderly in
residential care: mortality in relation to functional capacity,”
Journal of Epidemiology and Community Health, vol. 34, no. 2,
pp. 96–101, 1980.

[5] J. M. Guralnik, L. P. Fried, and M. E. Salive, “Disability as
a public health outcome in the aging population,” Annual
Review of Public Health, vol. 17, pp. 25–46, 1996.

[6] S. Studenski, S. Perera, D. Wallace et al., “Physical performance
measures in the clinical setting,” Journal of the American
Geriatrics Society, vol. 51, no. 3, pp. 314–322, 2003.

[7] J. Dumurgier, A. Elbaz, P. Ducimetière, B. Tavernier, A.
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