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Purpose: The Timed Up and Go (TUG) test is used to assess a person’s mobility and
balance. We aimed to provide updated reference values for TUG performance for the
community-dwelling older population according to age and sex, and according to the
presence of arthritis and non-communicable diseases (NCDs).

Participants and Methods: Cross-sectional data from the seventh wave (2015-2016) of
the population-based Norwegian Tromse Study counting 5400 community-dwelling people
(53% women), aged 60—84 years were used. Reference values were presented as percentiles
and means for men and women by age at five-year intervals.

Results: Median TUG score was stable during age 60—65 years, and after age 65 years
median TUG score increased significantly with age (increase by 0.14 sec per 1 year higher
age in both men and women, p<0.001). At the youngest ages (<65 years), in both men and
women, there were no differences in TUG performance for those with NCD or arthritis
compared to those without these diseases. After age 65 however, those without these diseases
performed significantly better (p<0.05) in both men and women.

Conclusion: The present study provided percentile reference values for TUG performance
in community-dwelling older adults in Norway by age and sex, and in subgroups of those
having arthritis and NCDs. TUG scores increased with age, and performance was signifi-
cantly poorer among participants with arthritis or NCDs after age 65 years. The findings may
guide clinical interventions for individuals with mobility and balance disabilities.
Keywords: arthritis, geriatric assessment, non-communicable diseases, physical function,
reference values, Timed Up and Go

Introduction

Physical function is a strong biomarker of health in older adults.' Physical function
declines with age, and some of the first signs of functional decline are reduced
mobility, loss of muscular strength, and difficulties in performing daily activities,”
of which mobility is the most important factor for maintaining independence.® The
assessment of physical function can be useful for several purposes, such as to
identify a decline in physical function, monitor the effect of exercise interventions,
and provide specific information regarding physical domains, eg strength, balance
and mobility. Performance-based outcome measures or standardized observer-rated

observations are important tools for evaluating performance in clinical intervention

submit your manuscript

Dove n

http:

in 3

Clinical Interventions in Aging 2021:16 335-343 335
© 2021 Svinay et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

T php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0206-1283
http://orcid.org/0000-0002-9931-8080
http://orcid.org/0000-0003-4349-8200
http://orcid.org/0000-0003-4385-8886
mailto:oddeina@oslomet.no
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Svingy et al

Dove

practice and research studies as well as for identifying
impairment.*> The identification of mobility impairments
requires normative reference values to which an indivi-
dual’s mobility score measurements can be compared.®
The Timed Up and Go (TUGQG) test is a simple, quick,
and widely used clinical performance-based measure of
mobility and balance.” Poor TUG performance (high
TUG score in seconds) may predict an increased length
of hospital stay,® mortality,” low quality of life, low social
participation,'® and the onset of difficulty with activities of
daily living."" A TUG-score of >20 seconds was identified
as a cut-off point for sarcopenia by the European Working
Group on Sarcopenia in Older People.'? The TUG test has
shown acceptable psychometric properties and is consid-
ered an appropriate test for the general older adult popula-
individuals with and  without

tion, including

disabilities."'®

TUG performance has further been studied in various
populations with different pathological conditions, such as
osteoarthritis'®  and  non-communicable  diseases
(NCDs).2% % Osteoarthritis is associated with low physical
performance® and is considered a significant contributor
to global disability and disability-adjusted life years.** For
patients undergoing total joint replacement due to late-
stage hip or knee osteoarthritis, a high TUG score may
predict delayed postoperative functional recovery for total
hip*®> and knee replacement.”® The four main types of
NCDs are cancer, diabetes, chronic respiratory disease
and cardiovascular disease. NCDs are associated with
poorer performance on physical outcome measures.>’ >°
These four main types are the world’s leading cause of
disabilities,’ contributing to a significant economic
burden.**

Owing in part to its ease of use, association with fall
risk and sensitivity, the TUG test is recommended by the
Updated American Geriatrics Society/British Geriatrics
Society Clinical Practice Guideline for Prevention of
Falls in Older Persons.>® For the assessment of physical
function in people with hip or knee arthritis, the TUG test
is one of the five performance-based outcome measures
recommended by the Osteoarthritis Research Society
International **

Four recent studies, in which the primary aim was to
present reference values on TUG performance among
older people, were from India,”> Malaysia,*® Ireland,’’
and Spain.*® Of these studies, two were large-scale popu-
lation-based studies.***” Additionally, three systematic
reviews and meta-analyses presented reference values for

the TUG test.***' To our knowledge, no former large-
scale population-based study has presented percentile
reference values on TUG performance for NCDs and
arthritis as disease-specific subgroups.

The aim is to provide updated normative reference
values on the TUG test, stratified by age, sex, and disease
status, using data from the large population-based
Norwegian Tromse study. Given that TUG performance
varies with age, sex, disease, and nationality, this paper
will be an important addition to the current body of knowl-
edge on reference values for TUG performance for the
community-dwelling older population aged 60 years and
older.

Participants and Methods
Study Population

The data used in this study stemmed from the seventh
wave of the Norwegian Tromse study conducted during
2015-2016. The Tromse study is an observational multi-
purpose population-based health examination study, with
seven study waves, initiated in 1974, 1979, 1986, 1994,
2001, 2008, and 2015.** All those aged 40 years and above
were invited to phase-one (n=32,591). Among the 21,083
that accepted to participate, a random sub-set of 40% were
invited to a phase two examination for a more thorough
clinical examination, including physical function testing.
Some participants were invited to all sub-tests in phase
two, while most participated in some of the tests. In all,
5444 were invited for TUG-testing and 5408 of those
participated. Eight participants were either missing or
unable to participate in testing due to error in testing
(n=3), TUG-test >40 seconds (n=1) or being unable to
perform the test (n=4). Thus, we got complete TUG-data
for 5400 community-dwelling participants aged 60—84
years.

TUG Testing Procedure

Testing was performed by trained physiotherapists and
nurses using the original protocol.” During testing, the
participant was seated in a chair that was 43 cm high
with armrests and asked to stand up from the chair at the
command “Go” (using the chair’s armrests if they pre-
ferred), walk 3 meters at their regular pace, turn, walk
back again, and sit down. The participant’s TUG score in
seconds was timed with a stopwatch from the command
“Go” to when the participant was seated again. A high
TUG score indicates poorer physical performance.
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Covariates

Self-reported educational level was categorized in three
groups as basic (~9 years), middle (~10-12 years), or
tertiary (~13+ years). Height (cm) and weight (kg) were
measured by trained personnel, and body mass index
(BMI) was calculated as weight in kilos divided by
squared height in meters (kg/m?). Additionally, the parti-
cipants were categorized into three subgroups based on the
self-report of the presence of (1) at least one of the four
main NCDs, (2) arthritis, or (3) no NCD or arthritis. The
four main NCDs (n=1799) were comprised of cardiovas-
cular diseases (n=784), cancers (n=715), chronic pulmon-
ary diseases (n=267) and diabetes (n=416).

Representativeness by Educational Level
Official registry data on educational level in Norway and
in the Tromsg municipality by December 31, 2015, by age
and sex®® were compared to the prevalence of self-
reported tertiary education in the study population.

Statistical Methods

Percentiles for TUG scores (5th, 10th, 25th, 50th, 75th, 90th,
and 95th percentiles) were estimated using quantile regres-
sion, while the mean and standard deviation (SD) were
estimated using linear regression. In both regression settings,
age was included as a restricted cubic spline with four knots
at a default knot location (ie 60, 66, 71, and 80 years). Models
were run separately for men and women. SD was estimated
from the regression model and was the standard error of the
forecasted value. This corresponded to the SD and is
a measure of the variation of the actual values. Sex-specific
reference values at specific ages at five-year intervals (ie 60,
65, 70, 75, and 80 years) were then predicted post hoc from
the fitted regression models. Stata/SE 15.0 for Windows
(StataCorp LLC, 4905 Lakeway Drive, College Station,
TX, 77,845, USA) was used for all statistical analyses.

Ethics Approval and Consent to
Participate

This research was conducted in accordance with the
Declaration of Helsinki. The Regional Committee for
Medical and Health Research Ethics, REC South East,
approved the study (2016/389). Written informed con-
sent was obtained from all participants in the Tromse
Study.

Results

Of the 5400 participants who had complete TUG data,
2904 (53%) were women. The mean age was 68.8 (SD
6.1) years for men and 69.0 (SD 6.1) years for women
(Table 1). Men had significantly (p<0.01) higher BMI
than women; 27.7 kg/m*> vs 27.1 kg/m>. Men had
a significantly higher level of education compared to
women. Women had a significantly higher prevalence of
arthritis compared to men (38% vs 18%), while men had
the highest prevalence of NCD (39% vs 28%). Among
men and women, 51% and 46%, respectively, had neither
arthritis nor NCD.

Median TUG score was stable during age 60—64 years,
but from the age 65 years and onwards the median TUG
score significantly increased with age in both men and
women (Figure 1). In Table 2 we present TUG scores at
exact ages based on quantile regression, where TUG
increased by 0.14 sec per 1 year higher age in both men
and women (p<0.001) (Table 2). In men, median (50th
percentile) TUG score for 60-year-olds was 8.0 seconds,
for 70-year-olds it was 8.4 seconds, and for 80-year-olds it
was 10.2 seconds. The corresponding TUG scores for
women were 8.0 seconds for 60-year olds, which was

Table | Background Characteristics

Variables Men Women Total
(n = 2496) (n =2904) (n = 5400)

Age, mean (SD) 68.8 (6.1) 69.0 (6.1) 68.9 (6.1)
Age, n (%)

60-64 years 730 (29) 812 (28) 1542 (29)

65-69 years 747 (30) 856 (29) 1594 (30)

70-74 years 528 (21) 668 (23) 1182 (22)

75-79 329 (13) 378 (13) 708 (13)

280 years 162 (6) 190 (7) 340 (7)
Education (%)

Basic 731 (30) 1176 (42) 1907 (36)

Middle 699 (29) 728 (26) 1427 (27)

Tertiary 995 (41) 905 (32) 1900 (36)
Mean weight (SD), kg 85.9 (13.1) 71.48 (12.86) 78 (14.8)
Mean height (SD), cm 175.0 (6.5) 162.0 (6.2) 168.7 (9.2)
Mean BMI, kg/m? (SD) 27.72 (3.8) 27.07 (4.6) 27.37 (4.3)
Diseases, number of cases (%)*

NCD 976 (39) 823 (28) 1799 (33)

Arthritis 438 (18) 1104 (38) 1542 (29)

Neither NCD nor arthritis 1272 (51) 1328 (46) 2600 (48)

Note: *Percentages do not sum to 100% as there is some overlap in disease
groups.

Abbreviations: BMI, body mass index; NCD, non-communicable disease; SD,
standard deviation.
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Figure | Timed Up and Go in seconds, by sex and diagnosis. (A) Men, (B) Women.
Abbreviations: NCD, non-communicable diseases; TUG, Timed Up and Go.

from the same as for men (p>0.05), 8.7 seconds for 70-
year olds, significantly differing from men (p<0.01), and
10.3 seconds for 80-year olds where there were no sig-
nificant differences between men and women (p>0.05).
For 60-year-old men, the 5th percentile of TUG score/
performance was 6.0 seconds, whereas the 95th percentile
was 11.0 seconds. Corresponding numbers in women were
6.0 and 10.0 seconds, respectively. The variations in TUG
scores were higher at older ages; in 84-year-old men, the
Sth percentile was 7.0 seconds, and the 95th percentile
was 17.1 seconds. In women TUG scores for the corre-
sponding percentiles were 8.2 and 18.6 seconds, respec-
tively (Table 2).

At the youngest ages, until about age 65 years, in both
men and women, there were no differences in TUG per-
formance for those with NCD or arthritis compared to
those without these diseases (Table 2, Figure 1). After
age 65 years, however, those without these diseases per-
formed significantly better than those with these diseases
(p<0.05) in both men and women. For all three groups,

TUG performance score increased with age, especially
after the age of 65 years. However, the onset of this
increase in TUG performance score occurred at a later
age among men without arthritis or NCDs compared to
those with such diseases (Figure 1).

The study population was slightly biased regarding
education, with a higher prevalence of higher education
compared to the general Norwegian population and the
population in the municipality of Tromse; The prevalence
of tertiary education (~13+ years) in men aged 70- to 74-
years was 27% in the general Norwegian population and
likewise in Tromse,* but it was somewhat higher (39%)
in the Tromse study population. The corresponding num-
bers for women were 20%, 22%, and 26%, respectively.
For the age group 75-79 years, the population-based pre-
valence of tertiary education among men was 23% (in the
general Norwegian population), 26% in Tromsg, and 35%
in the Tromse study population, and among women, the
corresponding prevalence was 16%, 17%, and 22%,
respectively.
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Table 2 Timed Up and Go (TUG) Reference Values in Seconds, at Exact Ages, Disease Groups and Sex
Men Women

Age, Years | Mean (SD) | P5 | P10 | P25 | P50 | P75 | P90 | P95 | Mean (SD) | P5 | P10 | P25 | P50 | P75 | P90 | P95
Total study 60 82 (1.8) 60|69 |70 |80 |90 [ 100 | 110|782 60|60 [70 [ 80 [90 |90 | 100
population 65 82 (1.7) 60 |70 |71 |80 |90 | 100 | 104 | 84(22) 60 | 69 |71 |80 |90 | 102|110
70 8.7 (1.7) 66 |70 |77 |84 |96 | 108 | 118 9022 6170 |76 |87 [98 | 112|123
75 9.5 (1.7) 70 | 72 |80 |92 | 107 | 121 [ 138 | 99(22) 66 | 72 |82 |95 [ 109 | 127 | 143
80 10.4 (1.7) 70 | 76 | 80 | 102 | 120 | 137 | 156 | 11.0(22) 74179 |88 | 103 | 121 | 146 | 167
84 112 (1.8) 70 | 80 |80 | 110 | 130 | 150 [ 17.1 | 120 (22) 82|84 |92 | 110|130 | 162 | 186
Those with 60 8.4 (1.9) 60|70 |70 |80 |90 | 100 | IL6 | 79(28) 60|60 |68 |78 |85 |92 | 109
NCD 65 8.4 (1.9) 60 |70 |71 |80 |91 [ 100 [ 110 |87(28) 60|69 |78 [83 [97 | 110|117
70 8.9 (1.9) 66 [ 70 |77 |85 [98 | ILI | 124 | 9428 64|70 |80 |89 | 104|118 | 134
75 9.7 (1.9) 70 | 72 | 84 |94 | 109 | 127 | 143 | 10328 70 |73 |83 |98 | 115 | 132 | 153
80 10.6 (1.9) 70 | 78 | 88 | 104 | 120 | 143 | 159 | 115(28) 76 | 82 [ 90 | 110 | 128 | 154 | 170
84 115 (1.9) 70 | 82 |92 | 113 | 129 | 157 | 171 | 126 (28) 80 | 90 | 96 | 120 | 140 | 172 | 183
Those with 60 86 (2.1) 64 |70 |70 |81 [93 [ 110|125 | 7925 60 |60 |70 |80 [90 |99 | 107
arthritis 65 82 (2.1) 59|60 |70 |80 |90 | 100 | 106 | 85(25) 60 | 69 [ 71 |81 |90 |103]| 112
70 88 (2.1) 65|65 |75 |87 [ 100 | 113 [ 119 | 9.0(25) 60 |70 |76 |87 [ 100 | 112 | 123
75 9.8 (2.1) 70 | 73 |81 |95 | 112|130 | 145 | 100(25) 65|72 |83 |96 | 112|131 [ 145
80 10.7 (2.1) 70 | 78 | 87 | 103 | 122 | 140 | 170 | 114 (25) 74|78 |89 | 106 | 125 | 155 | 176
84 115 (2.1) 70 | 82 | 91 | 110 | 129 | 147 | 190 | 126 (25) 82| 85 | 94 | 114 | 135 | 175 | 202

Those with no 60 8.0 (1.5) 60 | 60 |70 |80 |90 | 100 [ 101 | 78(18) 60|60 |70 [ 80 [90 |90 |99
NCD and no 65 8.1 (15) 60 [ 68 |70 |80 [ 90 | 100 | 101 | 81(18 60 | 69 |70 |80 [ 90 | 100 | 105
arthritis 70 8.5 (1.5) 60 |70 |76 |81 |91 | 104|113 |88(8) 6270 |76 |84 |96 | 111|120
75 9.3 (1.5) 6370 |80 |87 [ 100 [ 115 [ 131 | 96(18) 67 | 72 |82 |92 | 105 | 122 | 135
80 10.1 (1.5) 68 | 71 |80 |98 | 117 | 129 | 149 | 104 (1.8) 74|78 |87 | 100 | 115 | 135 | 146
84 10.7 (1.5) 72|72 |80 | 107 | 130 | 140 | 164 | 11.1(1.8) 80 | 82 | 91 | 107 | 122 | 145 | I55

Notes: Presented references values corresponds to the exact age (values for intermediate ages can be calculated by interpolation). Values for percentiles were estimated
from quantile regression, while mean (SD) was estimated from a linear regression model. In both regression settings, age was included as a restricted cubic spline, using four
knots at default knot locations (i.e., age 60, 66, 71, and 80). Models were run separately for men and women.

Abbreviations: SD, standard deviation; NCD, non-communicable diseases.

Discussion

The present study provides updated reference values for TUG
scores in community-dwelling older adults in Norway, by
age, sex, and disease status. TUG scores increased with age,
and the increase was especially prominent after 65 years of
age. Participants with arthritis or NCDs performed signifi-
cantly poorer on the TUG test after age 65 years than did
participants without these diseases. To the best of our knowl-
edge, this is the first large-scale population-based study pro-
viding sex- and age-specific percentile reference values for
TUG among participants with arthritis or NCDs.

Increasing age is associated with a decline in physical
performance.”” Our results show poorer TUG performance
with increased age and are consistent with previous popula-
tion-based studies.*>* In this context, it is important to high-
light the prominent increase in TUG score after the age of 65.
The present study demonstrated a significant trend toward age-
related functional decline. Between the ages 70 and 75 years,
women had poorer TUG performance than men at the same

ages. This underscores the importance of regular physical
activity interventions that may improve, or at least delay the
loss of, physical function and mobility among older adults.***

The participants in our study performed better on the
TUG test than participants in a comparable large-scale
population-based study from Malaysia that included 2084
community-dwelling older adults aged 60-90 years.*® For
comparison, the mean TUG score for Malaysian men and
women in the age group of 60—64 years was 10.4 seconds;
for the corresponding mean score in our study, it was 8.2
seconds in men and 8.1 seconds in women. For the age
group of 75-79 years, those in the Malaysian study scored
12.6 seconds, whereas men in our study scored 10.0 sec-
onds and women 10.5 seconds.

This difference may be explained by country-specific
differences, such as socioeconomic status.*® Research has
shown that socioeconomic status is associated with later-
life physical performance.*”*’ In contrast with Malaysia,
Norway is characterized by a high level of welfare, as it
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has one of the highest levels of income per capita in the
world, and 34% of the population have tertiary education
(ie a university or college).™®

Another large-scale study using the original protocol of
Podsiadlo and Richardson was conducted in Ireland.’’
TUG performance in Ireland and Norway seems similar,
but a direct comparison is difficult as participants in the
study from Ireland were stratified by height. In a Spanish
study*® presenting the TUG scores of 308 individuals aged
71-99 years, the participants scored somewhat better in
the lower age-specific percentiles (ie the Sth and 10th
percentiles) compared to the participants in our study;
the opposite was the case for those in the 50th percentile
and likewise for those in the upper percentiles (ie 90th and
95th percentile). However, a direct comparison cannot be
made as the Spanish study used a different procedure,
asking participants to perform the test “as quickly as
possible”.

Likewise, comparing population-based reference
values from a study conducted in India®> is not feasible
because a different testing procedure was used, with parti-
cipants being asked to conduct the test, “as quickly they
feel safe and comfortable.” In former meta-analyses,*” *'
it is problematic to compare meta-reference values when
they are based on aggregated data from primary studies
having differences in test instructions and testing proce-
dures. An added limitation is that these reviews relied
mostly on small studies.

Updated reference values for performance-based phy-
sical function are important, as they characterize what is
normal in a defined population at a specific point or
period.”! For clinicians, such reference values are impor-
tant because a clinical test score without a reference value
is difficult to interpret. Percentiles indicate a person’s per-
formance relative to the expected level for their age, sex,
and other characteristics.’” In research, we rely on refer-
ence values to evaluate individual or group scores to
observe how the scores compare to the group’s average
values for age, country, sex, or other characteristics.>
Reference values give meaning to a clinical test score
and enable clinicians to create treatment goals or to tailor
treatment for individual patients.”' In addition to reference
values for the general population, it may also be of interest
to obtain reference values for subgroups in the population.
For example, it is valuable to see how groups with highly
prevalent diseases score in comparison to the general

population.

Low physical performance is associated with arthritis**
and NCD?">® which is in line with our findings in the
older age groups (>65 years), as well as the findings of
Ibrahim et al. In contrast to Ibrahim et al, we presented
age- and sex-specific percentile reference values for the
disease groups.

Strengths and Limitations

This study is, to the authors’ knowledge, among the largest
of its kind in which the TUG testing procedure is consis-
of Podsiadlo and
Richardson which represents the most widely used version

tent with the original protocol

of the TUG,”* and used in recent large-scale population-
based studies.>*>” The large number of participants in this
study is a strength as it enables us to establish reference
values for subgroups of the general population by age and
sex as well as by the presence of arthritis or NCD. Another
strength of this study is that the TUG testing was per-
formed by trained health professionals. In addition, an
administration manual was provided to help ensure test
standardization. Furthermore, all tests were performed at
the same location, increasing the validity of the reference
values. This is important, as TUG scores across different
studies can be difficult to compare due to procedural
differences. Some researchers®>® have raised concerns
about the comparability of TUG scores if the testing pro-
cedure was not performed in the same manner, which
might make the pooling of data difficult.

The study does, however, have some limitations.
Considering that the participants in this study were invited
for testing, the sample is likely skewed because there is
a chance that well-functioning participants were more prone
to participate. Additional evidence of this is that the educa-
tional level was higher in the study population than it was in
Tromsg at large, and in the general population in Norway.
Furthermore, participants in multiple Tromse study waves
had lower mortality compared to individuals participating
only once,” making it plausible that the overall health and
function of participating individuals was higher than that of
non-participating individuals. Thus, the reference values are
applicable for community-dwelling participants able and will-
ing to participate and undertake a complete assessment. Also,
the participants’ disease status was self-reported and we had no
objective test verifying whether arthritis or NCD was present
or not, which might place some respondents in the wrong
disease groups and thereby underestimate or overestimate the
true TUG difference between the disease-free population and
the various disease groups (arthritis or NCD). Participants over
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the age of 84 did not participate in physical testing, thus we no
data on the oldest age groups. We do not have information
about the participants’ use of medication. Studies show that
drug interactions may alter gait speed in the elderly
population.”” Lastly, we did not have data specifying the
severity of the arthritis nor the joint affected. A clinician should
be aware of this as hand arthritis, for example, would affect
TUG scores less than would hip or knee arthritis.

Conclusion

The present study provides TUG reference values in com-
munity-dwelling older adults in Norway by age, sex, and
disease status. TUG performance was poorer with
increased age, and at higher ages, performance was poorer
among participants with arthritis or NCDs. Our data pro-
vide information about the impact of the diseases and

could guide decisions regarding interventions.

Data Sharing Statement
The data supporting the conclusions of this article are
available at www.tromsoundersokelsen.no.
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