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Abstract
Background: Gait changes at older ages are a strong predictor of a decline in lower extremity functions. However,
large population-based studies assessing gait parameters
in various gait tasks are lacking. Objective: We investigated
the relationship of age, the use of mobility aids and being
fitted with an endoprosthesis with selected gait parameters, assessed in different walking tasks. Methods: In the
population-based KORA-Age study, data from 907 men and
women aged 65–91 years were obtained using the validated electronic walkway system GAITRite, which quantifies
spatiotemporal gait parameters in the measurement range
of a 488 ! 61 cm walkway mat. Participants completed
three walking tasks at different speeds (normal, slow and
fast) and a fourth walking task at normal speed with the additional task of counting backwards (dual-task walking). Ad-
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ditionally, the impact of endoprostheses (hip or knee) and
mobility aids was assessed. Results: The highest relative
age-related decline for velocity was observed during dualtask walking (26.1% for men and 23.4% for women) and for
step length during fast walking (20.2 and 14.4%) when comparing participants aged !70 years with those aged 685
years. Weaker performances for velocity, cadence and step
length were observed among women with knee or hip endoprostheses (fast walking speed) (p ! 0.05). Across all
walking tasks, significant differences between mobility aid
users and nonusers were observed for velocity and step
length among both men and women (p ! 0.05). Conclusion: A decline in gait performance is most notable in fast
speed and dual-task walking, in age-related endoprosthesis
and mobility aid analyses. The marked relative decrease in
gait parameters in these difficult gait tasks may be attributed to lacking resources for compensation among the elderly.
Copyright © 2012 S. Karger AG, Basel
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The concept of successful aging and well-being consists of several dimensions including a high level of physical and cognitive functions [1, 2]. In order to quantify
physical performance in older adults, measurements of
lower extremity movements, such as balance, timed upand-go test or gait parameters are applied [3, 4].
Gait patterns have been the subject of many studies in
both children and adults in the past several years [5–9].
A variety of assessment tools have been used in previous
studies, ranging from the time needed to complete a certain distance and visual monitoring with a camera [4] to
a walkway that is able to record and assess a variety of gait
patterns [10]. Previous work has shown that gait parameters recorded by the GAITRite electronic walkway system, such as velocity or step length, are subject to agerelated changes [7, 8]. However, the majority of prior studies have mainly concentrated on analyzing specific gait
parameters during normal walking, omitting other walking tasks, such as walking slowly, fast or dual-task walking. Yet, for everyday life, security in walking at different
speeds is highly important for maintaining independence throughout aging.
At an older age, gait characteristics are likely to change
in persons in need of mobility aids. Furthermore, in patients with endoprostheses, alterations of gait characteristics have been described [11–13]. However, data from
large population-based studies regarding gait characteristics of older adults in need of mobility aids or fitted with
endoprostheses are scarce.
The aim of the present study was to describe age- and
sex-specific gait patterns, assessed by the GAITRite system, for different walking speeds or tasks in a large population-based study as well as separately analyzing individuals with endoprostheses (hip or knee) and persons
who are using mobility aids for walking.

Methods
Study Population
Conducted in 2009, the KORA-Age project is a follow-up study
of four MONICA/KORA Augsburg Surveys (1984/85, 1989/90,
1994/95 and 1999–2001). 4,127 persons aged 65–94 years involved
in those surveys were interviewed via telephone and a randomly
drawn sample of 1,079 cohort members additionally underwent
an interview as well as extensive examinations in 2009. The time
schedule and the sampling frame of the KORA-Age project have
been described in detail elsewhere [14]. Gait analysis was not
scheduled for persons who could not visit the KORA study center
for examination (n = 115). After exclusion of subjects with contra-
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indications (n = 15), technical problems (n = 1), or refusals (n = 3),
945 participants (482 men and 463 women) completed the quantitative gait assessment.
All subjects are currently followed within the frame of the Cooperative Health Research platform in the Region of Augsburg
(KORA). The study was approved by the Ethics Committee of the
‘Bayerische Landesärztekammer’ (Medical Council of the Land
Bavaria) and all subjects provided written informed consent.
Assessment of Gait Parameters
The GAITRite system (CIR Systems, Haverton, Pa., USA) is a
validated electronic walkway [15, 16], capturing spatiotemporal
gait parameters with sensor pads encapsulated within a 488 !
61 cm walkway mat. These sensor pads are activated as the participant walks across the walkway and the footprints are immediately transferred to the connected monitor [17]. A detailed description of the selected gait parameters is provided by the manufacturer [18]. Following the guidelines of the European GAITRite
Network group [10], participants were given extensive instructions by trained investigators before the examination. Four walking tasks were recorded: normal (usual pace), slow (strolling slowly without pausing), fast (walking at a good pace without starting
to run) and dual-task walking (walking a normal speed with the
additional task of counting backwards aloud in steps of 2 beginning with the number 50).
The starting and stopping points were precisely defined. In
response to a clear ‘start walking’ signal, each person commenced
with the respective walking task. After each trial, the subjects returned to the start position while data processing was ongoing.
Before the actual measurement, every participant was allowed a
trial. If necessary, gait-insecure and fall-prone persons were offered assistance.
Covariables
Height and weight were measured by trained medical staff, and
body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. The mobility aid/walking-impaired group (henceforth referred to as mobility aid group) consisted of 47 persons in total and was further divided into the following subcategories (men, women): (1) one-sided cane/crutch (n
= 11, n = 24); (2) two-sided cane/crutch (n = 1, n = 2); (3) rollator (n
= 2, n = 3); (4) walking impaired due to recent surgery (n = 1, n =
3). Self-reported leisure physical activity was dichotomized into
the inactive (!1 h/week) and the physically active (61 h/week)
group. The score for the cognitive status was assessed by means of
the Telephone Interview for Cognitive Status-modified (TICS-m)
and included 21 items (name, orientation, concentration, memory,
calculation, attention, language and conceptual skills). TICS-m
scores were corrected for education years following Gallo et al.
[19]: 2 points for 8–10 years of education, no additional points for
11–15 years of education, and subtraction of 2 points for subjects
with 16 or more years of education. We applied the cut-offs proposed in a validation study by Knopman et al. [20] to educationcorrected TICS-m scores: ^31 to separate subjects with mild cognitive impairment from subjects with normal cognition.
Information on arthritis, stroke, neurological disease and eye
disease (cataract, glaucoma, macular degeneration and disorders
of the retina) was obtained via telephone interview and dichotomized into yes and no. The presence of endoprostheses (hip, knee)
was assessed during a standardized face-to-face interview at the
KORA Study Center.
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Introduction

Statistical Analyses
Collected gait variables of interest were calculated by the
GAITRite system and analyzed with the statistical software package SAS 9.2 (SAS Institute, Inc., Cary, N.C., USA). Sex-specific
characteristics of the study population are expressed as means
and standard deviations for continuous variables. Categorical
variables are expressed as absolute and relative frequencies. Univariate analyses were performed to describe the minimum and
maximum values and some percentiles (5, 10, 20, 25, 50, 75, 80,
90, 95) for the selected gait parameters (online supplementary table 1, www.karger.com/doi/10.1159/000342206).
According to the Shapiro-Wilk test, the normality of the distribution for the continuous gait parameters was not violated for
the selected variables.
Linear regression models were performed to examine the sexspecific association between the five different 5-year age groups
and gait parameters after adjustment for height, weight, use of
mobility aids, physical activity level, BMI, cognitive status, arthritis, stroke, neurological disease and eye disease. In addition, for
each gait parameter, sex-specific means and 95% confidence intervals (95% CIs) were calculated separately in multivariable
models for subjects fitted with endoprostheses (hip or knee) and
those without as well as for subjects with mobility aids and those
without. Confounders were simultaneously entered into the regression model. Regression models were calculated for each of the
four walking conditions (normal, slow, fast and dual-task walking) individually. Tests were considered statistically significant
with a two-sided p ! 0.05.

Table 1. Baseline characteristics, means 8 SD and percentages

Age, years
Height, cm
Weight, kg
BMI
Leg length, cm
Endoprosthesis, hip or knee, %
Mobility aid users, %
Difficulties performing ADLs, %
Physically inactive, %
Impaired cognitive status, %
Actual hypertension, %
Arthritis, %
Stroke, %
Neurological disease, %
Eye disease, %
Number of prescription medication
Velocity, cm/s1
Cadence, steps/min1
Step length, cm1

Men
(n = 454)

Women
(n = 453)

75.486.2
171.086.9
83.5812.7
28.583.8
91.284.5
11.9
3.3
17.2
38.1
13.2
74.5
17.1
8.2
2.6
37.4
3.582.8
109.4824.0
102.2811.9
63.989.9

75.786.4
157.786.1
70.5811.9
28.384.6
86.284.0
14.8
7.1
32.5
47.5
10.4
75.3
19.2
6.0
3.5
50.6
3.682.7
104.5824.7
107.5814.0
57.888.6

ADL = Activities of daily living.
1 Values refer to normal walking speed.

Sex-specific baseline information on age, anthropometric measurements and selected gait variables at normal speed is presented in table 1. Women were less physically active and were more prone to arthritis, neurological and eye diseases than men. Women’s performance in
the TICS-m score was slightly better than men’s. In general, men walked slightly faster (velocity) and totaled
more steps per minute (cadence) than women at normal

speed. Further descriptive values of selected gait parameters are shown in online supplementary table 1.
Figure 1 shows the means of selected gait parameters
in the 5-year age groups during normal, fast and dualtask walking, respectively. With increasing age, a significant deterioration of physical performance was observed both in men and women for velocity, cadence
and step length (p trend !0.05). The highest relative
changes in gait performance across the five age groups
occurred during fast speed (velocity: 23.7% for men,
21.4% for women; step length: 20.2% for men, 14.4% for
women) and dual-task walking (velocity: 26.1% for men,
23.4% for women; step length: 19.7% for men, 12.6% for
women).
A comparison of sex-specific means and 95% CIs between gait parameters in subjects with hip or knee endoprostheses and those without is given in tables 2 and 3.
Among women, significant differences between these
two groups were observed during fast speed only. Women
with hip or knee endoprostheses were 6.9% slower and
had 3.1% shorter step lengths than their healthy counterparts when given the task of walking fast. Among men,
no such pattern was found.
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Data Preparation
At the end of each calendar week, GAITRite data were checked
and manually edited by trained staff. Foot falls outside the active
surface area of the walkway and marks caused by mobility aids
were removed. Foot prints which were not initially captured
properly were reprocessed in the foot fall editor menu of the
GAITRite software and then rerun for calculating spatiotemporal gait parameters. Missing walking speeds (n = 9 for slow, n =
15 for fast, n = 22 for dual-task walking) due to exhaustion of the
participants or other reasons, as well as the use of walking aids
were carefully documented. One subject’s normal walk could not
be used for further analyses due to technical problems. Quality
control was performed regularly by comparing the data processed by two blinded staff members. After exclusion of persons
with missing data on any of the covariables, 907 (454 men, 453
women) of the original 945 participants were included in our
analyses.
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Fig. 1. Means for selected gait parameters during normal speed,
fast speed and dual-task walking according to different age
groups. Adjusted for height, weight, use of mobility aids, BMI,
physical activity, cognitive status, arthritis, stroke, neurologic
disease and eye disease. Normal speed (men/women): !70 years
(100/98), 70–74 years (108/107), 75–79 years (111/109), 80–84 years

(101/96), 685 years (34/42). Fast speed (men/women): !70 years
(98/98), 70–74 years (107/106), 75–79 years (109/109), 80–84 years
(100/96), 685 years (32/39). Dual-task walking (men/women):
!70 years (99/98), 70–74 years (107/107), 75–79 years (108/108),
80–84 years (99/95), 685 years (30/39).

Table 4 depicts the differences between participants
using a mobility aid and those not requiring a mobility
aid. The results showed significant differences (p ! 0.05)
between the two groups across all walking speeds for velocity, step length and cadence (except for slow speed in
men). Among women, the greatest differences of relative
performance when comparing the mobility aid group to

their counterparts were marked during fast walking
speed (velocity: 22.9%; cadence: 14.5%; step length:
12.6%). In contrast, among men, the weaker gait performance of mobility aid users cannot be ascribed to a particular gait task. However, the greatest decline in velocity
(30.4%) and cadence (18.5%) was observed during dualtask walking.
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Table 2. Means1 and 95% CIs (in parentheses) for gait parameters according to participants with different types of endoprostheses

among men
Hip endoprosthesis
no

yes

Participants, n

418

36

Velocity, cm/s

109.2
(107.3–111.1)
102.0
(100.9–103.1)
64.0
(63.2–64.7)

110.7
(104.0–117.3)
104.5
(100.7–108.3)
63.4
(60.8–66.1)

Hip or knee endoprosthesis2

Knee endoprosthesis
p

no

yes

433

21

109.3
(107.5–111.2)
102.1
(101.0–103.2)
64.0
(63.2–64.7)

110.2
(101.2–119.1)
103.8
(98.6–109.0)
63.3
(59.8–66.9)

p

no

yes

p

400

54

109.2
(107.2–111.1)
101.9
(100.8–103.0)
64.0
(63.2–64.7)

110.8
0.586
(105.2–116.4)
104.4
0.142
(101.3–107.6)
63.4
0.668
(61.2–65.7)

Normal speed

Cadence, steps/min
Step length, cm

0.688
0.221
0.714

0.854
0.534
0.752

Slow speed
Participants, n

413

36

Velocity, cm/s

58.2
(56.5–60.0)
72.5
(71.2–73.8)
47.5
(46.7–48.3)

63.4
(57.3–70.0)
76.8
(72.4–81.2)
48.8
(45.9–51.8)

Cadence, steps/min
Step length, cm

0.111
0.068
0.395

428

21

58.6
(56.8–60.3)
72.7
(71.4–74.0)
47.6
(46.8–48.5)

60.5
(52.3–68.8)
76.4
(70.4–82.4)
47.0
(43.0–51.0)

0.650
0.237
0.772

395

54

58.1
(56.3–59.9)
72.3
(71.0–73.6)
47.5
(46.7–48.4)

62.7
(57.5–67.8)
76.8
(73.1–80.5)
48.2
(45.8–50.7)

0.108
0.029
0.599

Fast speed
Participants, n

411

35

Velocity, cm/s

153.1
(150.3–155.9)
121.5
(120.0–123.1)
75.3
(74.4–76.3)

148.2
(138.3–158.2)
120.2
(114.8–125.7)
73.7
(70.4–77.1)

Cadence, steps/min
Step length, cm

0.363
0.651
0.379

425

21

153.2
(150.5–156.0)
121.6
(120.1–123.1)
75.4
(74.4–76.3)

141.9
(128.6–155.2)
118.0
(110.8–125.3)
71.4
(67.0–75.9)

0.106
0.350
0.096

393

53

153.6
(150.7–156.5)
121.7
(120.1–123.3)
75.5
(74.5–76.5)

146.3
0.113
(137.9–154.7)
119.4
0.350
(114.8–124.0)
73.1
0.124
(70.2–76.0)

Dual-task walking
Participants, n

408

35

Velocity, cm/s

93.5
(91.2–95.8)
89.7
(88.3–91.1)
62.0
(61.1–62.8)

96.2
(88.0–104.3)
92.2
(87.1–97.2)
62.3
(59.2–65.5)

Cadence, steps/min
Step length, cm

0.532
0.352
0.813

422

21

94.1
(91.8–96.4)
90.1
(88.7–91.5)
62.2
(61.3–63.0)

84.9
(74.1–95.8)
86.4
(79.6–93.1)
58.2
(54.1–62.4)

0.108
0.296
0.076

390

53

93.8
(91.4–96.2)
89.8
(88.3–91.3)
62.1
(61.2–63.0)

92.7
(85.9–99.6)
90.5
(86.3–94.8)
61.0
(58.4–63.7)

0.779
0.752
0.458

1 Adjusted for age, height, weight, use of mobility aids, physical activity level, BMI, cognitive status, arthritis, stroke, neurological disease and eye
disease. 2 Includes participants who had both a hip and a knee endoprosthesis.

by the validated GAITRite walkway system in older
adults and specifically highlighting different walking
conditions taking account of endoprostheses and mobility aid users.

In this cross-sectional representative study investigating four different walking conditions, we found an ageand mobility aid-associated decline in gait performance
which was most notable during fast and dual-task walking. Furthermore, we observed significantly weaker performances in fast speed among female participants with
knee or hip endoprostheses. To our knowledge, this is the
largest population-based study assessing gait parameters

Age-Associated Gait Changes
A variety of gait parameters (velocity, cadence and
step length) were subject to age-related changes across
the walking tasks in both men and women. These findings are in accordance with another study [7] reporting
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Table 3. Means1 and 95% CIs (in parentheses) for gait parameters according to participants with different types of endoprostheses

among women
Hip endoprosthesis
no

yes

Participants, n

412

Velocity, cm/s

104.8
(102.9–106.6)
107.5
(106.3–108.7)
57.9
(57.3–58.5)

Hip or knee endoprosthesis2

Knee endoprosthesis
p

no

yes

40

419

101.4
0.315
(95.2–107.6)
107.1
0.857
(103.1–111.2)
56.3
0.128
(54.2–58.3)

104.4
(102.6–106.3)
107.4
(106.2–108.6)
57.8
(57.2–58.4)

p

no

yes

33

385

67

104.9
0.902
(98.0–111.8)
108.5
0.648
(104.0–113.0)
57.6
0.854
(55.3–59.9)

104.7
(102.8–106.7)
107.5
(106.2–108.7)
57.9
(57.3–58.6)

103.2
(98.4–108.0)
107.6
(104.4–110.7)
57.0
(55.4–58.6)

p

Normal speed

Cadence, steps/min
Step length, cm

0.567
0.939
0.301

Slow speed
Participants, n

411

40

Velocity, cm/s

58.9
(57.2–60.5)
76.3
(75.0–77.6)
45.7
(45.0–46.4)

58.5
(53.0–64.0)
77.9
(73.5–82.3)
44.6
(42.2–47.0)

Cadence, steps/min
Step length, cm

0.904
0.493
0.393

418

33

58.9
(57.3–60.5)
76.5
(75.2–77.8)
45.6
(44.9–46.3)

58.2
(52.1–62.3)
75.9
(70.9–80.7)
45.4
(42.7–48.1)

0.827
0.796
0.909

384

67

58.9
(57.2–60.6)
76.4
(75.0–77.8)
45.7
(44.9–46.4)

58.4
(54.1–62.7)
76.9
(73.5–80.3)
45.0
(43.1–46.9)

0.826
0.775
0.511

Fast speed
Participants, n

408

40

415

33

381

67

Velocity, cm/s

136.5
(134.0–138.9)
125.5
(124.0–127.0)
64.6
(63.9–65.4)

127.3
0.036
(119.2–135.4)
0.245
122.3
(117.3–127.4)
61.6
0.018
(59.3–64.0)

136.3
(133.9–138.7)
125.7
(124.2–127.2)
64.4
(63.7–65.1)

127.9
0.080
(118.9–136.9)
119.2
0.030
(113.7–124.8)
63.7
0.602
(61.1–66.3)

137.1
(134.6–139.6)
126.0
(124.4–127.6)
64.7
(63.9–65.4)

127.6
(121.3–133.8)
120.7
(116.8–124.6)
62.7
(60.8–64.5)

414

33

87.3
(85.2–89.5)
93.9
(92.3–95.6)
55.1
(54.4–55.8)

84.1
(76.2–92.1)
91.9
(85.8–98.0)
54.5
(51.9–57.0)

Cadence, steps/min
Step length, cm

0.007
0.015
0.049

Dual-task walking
Participants, n

407

40

Velocity, cm/s

87.2
(85.0–89.3)
93.8
(92.1–95.4)
55.1
(54.4–55.8)

86.1
(78.9–93.3)
93.9
(88.4–99.3)
54.5
(52.2–56.8)

Cadence, steps/min
Step length, cm

0.778
0.969
0.630

0.455
0.528
0.655

380

67

87.2
(85.0–89.5)
93.8
(92.1–95.5)
55.1
(54.4–55.8)

86.2
(80.6–91.7)
93.5
(89.3–97.8)
54.8
(53.0–56.6)

0.735
0.898
0.794

1 Adjusted for age, height, weight, use of mobility aids, physical activity level, BMI, cognitive status, arthritis, stroke, neurological disease and eye
disease. 2 Includes participants who had both a hip and a knee endoprosthesis.
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Overall, the conditions ‘fast walking’ as well as ‘dualtask walking’ seem to be most sensitive in the detection
of age-associated gait alterations.
Gait Alterations in Subjects with Endoprostheses and
in Need of Mobility Aids
Previous studies assessing gait variables with an electronic walkway mat often did not take account of the
impact of endoprostheses although gait patterns have
been described to be significantly affected in those paAutenrieth /Karrasch /Heier /Gorzelniak /
Ladwig /Peters /Döring
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a significant sex-specific relation between age and the
gait variables speed, step length, step width and double
support in men and women as well as cadence in women. Interestingly, in both sexes, the highest relative
change for step length was found during fast walking
while the highest change in velocity was observed during the dual-task test. This finding suggests that agerelated features of the gait pattern depend on the specific demands of a walking test the subject has to cope
with.

Table 4. Means1 and 95% CIs (in parentheses) for gait parameters according to persons with and without mobility aids

Men

Women

without mobility aid

with mobility aid

p

Normal speed
Participants, n
Velocity, cm/s
Cadence, steps/min
Step length, cm

439
110.4 (108.6–112.3)
102.6 (101.6–103.7)
64.3 (63.6–65.1)

15
78.0 (67.5–88.6)
88.7 (82.6–94.7)
51.5 (47.3–55.7)

<0.001
<0.001
<0.001

Slow speed
Participants, n
Velocity, cm/s
Cadence, steps/min
Step length, cm

437
59.0 (57.3–60.7)
73.0 (71.7–74.2)
47.8 (47.0–48.6)

12
45.9 (35.1–56.7)
67.7 (59.9–75.6)
40.3 (35.1–45.5)

0.020
0.196
0.006

Fast speed
Participants, n
Velocity, cm/s
Cadence, steps/min
Step length, cm

435
153.7 (151.0–156.4)
121.9 (120.4–123.3)
75.5 (74.6–76.4)

11
113.2 (95.1–131.3) <0.001
105.3 (95.4–115.2) 0.001
62.6 (56.4–68.7) <0.001

418
30
137.78 (135.4–140.2) 106.2 (96.8–115.6) <0.001
126.4 (124.9–127.9) 108.1 (102.3–114.0) <0.001
64.9 (64.2–65.6)
56.8 (54.0–59.5)
<0.001

Dual-task walking
Participants, n
Velocity, cm/s
Cadence, steps/min
Step length, cm

432
94.4 (92.2–96.6)
90.3 (88.9–91.7)
62.3 (61.4–63.1)

11
65.7 (51.0–80.5)
73.6 (64.4–82.7)
51.4 (45.7–57.1)

418
88.0 (85.9–90.1)
94.3 (92.7–95.9)
55.4 (54.7–56.1)

<0.001
<0.001
<0.001

without mobility aid

with mobility aid

421
106.1 (104.3–107.9)
108.5 (107.3–109.7)
58.3 (57.7–58.9)

31
82.5 (75.8–89.6)
93.2 (88.6–97.9)
51.1 (48.8–53.5)

<0.001
<0.001
<0.001

420
59.5 (57.9–61.2)
76.9 (75.6–78.2)
45.9 (45.2–46.6)

31
49.6 (43.4–55.9)
70.8 (65.8–75.9)
41.4 (38.6–44.1)

0.003
0.025
0.002

29
73.8 (65.4–82.2)
86.2 (79.8–92.6)
49.8 (47.1–52.4)

p

0.001
0.017
<0.001

tients [11–13], and only very few studies have used the
GAITRite system to describe gait patterns among persons with knee or hip endoprostheses [21, 22]. We found
that women with hip endoprostheses had a significantly
reduced physical performance during fast walking as indicated by the gait parameters velocity and step length.
These findings are somewhat different from a case-control study by Guedes et al. [21], in which 23 subjects with
hip arthroplasties differed significantly from their 23
controls in velocity on all walking tasks (usual, fast, slow
and dual-task), but not in cadence. However, these data
might be difficult to compare as the study by Guedes et
al. was based on a convenience sample and did not analyze sex-specific differences.
The mobility aid users in our study were significantly
slower, with fewer steps per minute and smaller steps
compared to the nonuser group in all gait speeds or tasks.
It may seem obvious to assume that the group not using
mobility aids would perform better as they are mainly
considered to be healthier or less frail. However, an additional reason for the difference between those groups

might be that the use of these mobility aids usually will
alter the gait pattern as their permanent users seem to
seek enhanced balance rather than mobility [23].

Decline in Gait Performance
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Major Implications of Gait Changes among the Elderly
Everyday gait tasks such as walking while performing
cognitive tasks have been suggested to increase the risk of
falling among the aged [24, 25] and its assessment is
therefore highly important to detect fall-prone older
adults at an early stage. Understanding the gait patterns
of older people is crucial to prevent potential falls, as falls
among individuals aged 665 years are an important indication of chronic morbidity and a major cause of accidental deaths [26]. An unsteady gait has been established
as one of the factors contributing to a higher risk of falls
among older persons [27]. In addition, poor performance
during fast walking has been described as an independent predictor of loss of cognitive function [28]. Other
subtasks such as gait termination, turning or crossing of
obstacles have also been the subject of gait analyses. However, it has been equivocal whether these tasks may be
171
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1 Adjusted for age, height, weight, physical activity level, BMI, cognitive status, arthritis, stroke, neurological disease and eye disease.

accomplished much better in the clinical setting where
the participant is able to prepare for certain gait tasks
compared to unanticipated gait tasks in the real world
[29]. Our study participants were therefore given instructions regarding walking speeds and simultaneous cognitive tasks at short notice, namely directly before the upcoming next walk.
Strengths and Limitations
The strengths of this study include its populationbased representative design and the careful, high-quality
assessment of gait parameters by means of the validated
GAITRite walkway system. In addition, the large sample
size guaranteed enough statistical power for the regression analyses. Furthermore, the three different walking
speeds as well as the dual-task walking reflect typical everyday life situations and the description of gait parameters within these four walking tasks thus provides valuable information on gait performance in everyday life.
Careful evaluation of important covariates such as cognitive status or neurological diseases in the KORA-Age
study allowed for the adjustment of risk factors related to
gait performance.
One limitation of our study may be the cross-sectional
design that hampers causal inference given also that only
mobile persons may have visited the examination center.
A follow-up study of KORA-Age will likely provide additional information on gait changes during aging. Furthermore, the assessment of gait parameters was part of a series of examinations conducted in the KORA Study Center in Augsburg, which, on average, lasted 2.5 h. This
examination time may have tired our participants and
could have led to weaker physical gait performances.
However, the gait velocity for normal speed was within
the range of published data for this age group.

Conclusion

According to our results in a large population-based
study of 907 older adults, a decline in gait performance
was most notable in the gait tasks ‘fast speed’ and ‘dualtask walking’ when analyzing persons not using mobility
aids versus persons using mobility aids or persons fitted
with endoprostheses and persons without endoprostheses, or when comparing five different age groups.
Since large sample sizes for the description of age- and
sex-specific gait parameters are scarce, our data greatly
contribute to obtaining reference values for future studies
in this field.
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