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Abstract

Background: The Short Physical Performance Battery (SPPB) is a common well-established instrument to measure

physical performance. It involves a timed 4-m walk, timed repeated chair sit-to-stand test, and 10-s balance tests

(side-by-side, semi-tandem, and full-tandem). We aimed to establish reference values for community-dwelling Norwegian

adults aged 40 years or older in terms of (1) the total score; (2) the three subtest scores; and (3) the time to complete the

repeated chair sit-to-stand test and the walking speed. Additionally, we explored floor and ceiling effects for the SPPB.

Methods: The study population comprised home dwellers aged 40 years or more who participated in the 7th wave of

the Tromsø study. A sample of 7474 participants (53.2% women) completed the SPPB. Crude mean values and standard

deviations (SD) were evaluated according to sex and age group. Mean values at specific ages were then estimated using

linear regression, along with corresponding 95% confidence intervals. Additionally, quantile regression was used to estimate

age-specific percentiles (5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles).

Results: Considerable variability in SPPB scores was observed. The mean SPPB total score of the entire sample was 11.4 (SD

1.3) points. On average, the SPPB total score was 0.28 points greater in men than in women (p< 0.001). Significant sex

differences were observed in all five age groups (40–49, 50–59, 60–69, 70–74, 75–79, and 80+ years). The main decline in

the physical function occurred in the mid-sixties, with a slightly earlier decline in women than in men. Ceiling effects were

observed in all age groups.

Conclusions: The present study provides comprehensive, up-to-date normative values for SPPB measures in community-

dwelling Norwegians aged at least 40 years that may be used to interpret the results of studies evaluating and establishing

appropriate treatment goals. Because of ceiling effects, the SPPB has important limitations for the assessment of physical

functioning across the full spectrum of the community-dwelling adults aged 40+ years. Furthermore, we conclude that

performance on the SPPB should be reported in terms of the total sum score and registered time to complete the repeated

chair sit-to stand test and timed 4-m walk test.
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Background

Physical function is a strong measure of biological age

and a biomarker for health and quality of life in older

people [1–4]. The assessment of physical function among

older adults is of importance, as the early detection of

functional decline renders it possible to intervene and re-

verse or prevent further physical function decline and the

possible loss of independence [5]. Furthermore, physical

performance assessment as an outcome measure is a vital

component in studies comparing groups or evaluating the

effect of different interventions on physical function [6, 7].

The Short Physical Performance Battery (SPPB) is a well-

established instrument for the measurement of physical

performance, commonly used among community-dwelling

adults, nursing home residents, and hospitalized patients

[1, 5–12]. The SPPB involves a timed 4-m walk at the

participant’s normal pace, a timed repeated chair sit-to-

stand test, and 10-s balance tests, with feet side-by-side,
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semi-tandem, and full-tandem. Low SPPB scores have been

shown to predict poor outcomes, such as falls, mobility

loss, disability, hospitalization, a longer hospital stay,

nursing home admission, and death [1, 6–8, 11, 13–16].

Furthermore, previous research suggests that the SPPB can

detect the early stages of frailty [17], and that a total

score ≤ 9 points can distinguish frail from non-frail

individuals [18].

As a performance-based measure of physical function,

the SPPB has many advantages. The SPPB only takes a

few minutes to complete, requires little training to ad-

minister, and uses simple equipment. Additionally, the

results can be quantified by scores, and it is reproducible

and sensitive to changes in functionality through time

[18]. Previous systematic reviews that evaluated the

psychometric properties of various physical performance

instruments have concluded that the SPPB is a reliable

and valid tool for measuring lower limb strength in the

elderly community [5, 19, 20]. Therefore, the SPPB is

considered a good measure for cross-cultural compari-

sons of physical performance in elderly individuals [18].

The Norwegian translation of the SPPB [21] has shown

high reliability in elderly people with and without de-

mentia, living at home or in nursing homes [22].

To be meaningful, test scores must have an empirical

frame of reference. Reference or normative (used as syn-

onyms in this paper) data provide this empirical context

and represent the range of performance for a particular

test in a particular group of individuals. Normative data

provide a numerical description of test performance in a

well-defined sample group [23]. This group is considered

the ‘gold standard’ against which an individual‘s test per-

formance is compared and contrasted [24]. In particular,

percentiles, which indicate a person’s relative position in

the group for the ability/characteristics tested, provide a

useful way of identifying individuals with performance

significantly below the level expected for their age and

background [23]. One consideration in choosing an

appropriate normative dataset is the dataset’s sample size

[24]. Furthermore, the use of reference data for a specific

population is recommended for a more meaningful in-

terpretation of physical function test results [25]. Thus,

the optimal reference values for a physical function test

must consider differences in sex and age [26].

Despite the critical importance of having access to

normative data to facilitate the clinical interpretation of

test findings, there are relative few large-scale normative

reports in the literature [24]. As yet, there are no pub-

lished reference values for the SPPB (in terms of the

total score) based on a large sample of individuals aged

40+ years. Thus, we aimed to establish reference values,

stratified by sex and age (as recommended by Steffen

et al. [27]), for community-dwelling Norwegian adults

aged 40 years or older in terms of (1) the SPPB total

score; (2) the scores of the three subtests (balance, walk-

ing speed, and repeated chair sit-to stand); and (3) the

walking speed test (in m/s) and time (in seconds) to

complete 5 chair stands in the chair sit-to-stand test.

Additionally, we aimed to explore floor and ceiling ef-

fects in these measures.

Methods

Study population

Participants comprised men and women aged 40 years

or more who participated in the 7th wave of the Tromsø

study [28]. The Tromsø study is a multipurpose popula-

tion-based health examination study, initiated in 1974,

with study waves repeated in 1979, 1986, 1994, 2001,

2008, and 2015. In the current analyses, the sample was

restricted to those participating in the wave initiated in

2015. All Tromsø study participants aged 40 years or more

were invited to complete phase-one of the Tromsø study

(n = 32,591), and a random subset of 40% were invited to

complete the phase-two examination, which comprised a

more thorough clinical examination and included physical

function testing. Some Tromsø study participants were in-

vited to complete all phase-two subtests, while most were

invited to only some of the tests. The Regional Committee

of Research Ethics approved the study (2016/389), and

written informed consent was obtained from all partici-

pants in the Tromsø Study.

We included individuals who completed the SPPB

with non-missing values for all subtests. Among the

9324 individuals invited to SPPB testing, 7866 partici-

pated; of these 7763 had non-missing data (Table 1).

However, we excluded those who performed the tests

without shoes (n = 279) and those who required assist-

ance or had short-term leg injuries (n = 10). The use of

walking aids was allowed, and were used by 31 partici-

pants (crutches/cane: n = 27; walker, n = 4). Thus, our final

study population comprised 7474 participants (53.2%

women).

SPPB procedures

From April 20th 2015 to October 26th 2016, experi-

enced clinical evaluators (physiotherapists and trained

nurses) assessed the SPPB using standardized method-

ologies for the instructions, positioning, and scoring.

Seven different evaluators rotated during this time

period, each spending 1 week at a time in the SPPB

station.

The standing balance tests included tandem, semi-

tandem and side-by-side standing, and the participants

were timed until they moved or 10 s had elapsed. To

assess walking speed, the participants were twice asked

to walk 4m at their regular pace. For the repeated chair

sit-to-stand test, a pre-test was performed; the
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participants were asked to fold their arms across their

chest (i.e. the armrests were not used) and stand up

from the chair. If the pre-test was successful, the partici-

pants were asked to perform five chair stands as quickly

as possible. They were timed (in seconds) from the ini-

tial sitting position to the final standing position at the

fifth stand. Each of the three subtests (balance, walking

speed and repeated chair sit-to-stand test) of the SPPB

was scored from 0 to 4, and summed for a total score

ranging from 0 to 12, with higher scores reflecting better

function. In addition, the walking speed (meters/second)

was calculated as 4/ (the fastest time [in seconds] of the

two walking speed trials). Four total SPPB score categories

(0–3, 4–6, 7–9, 10–12) according to the cut-points pro-

vided by Guralnik and colleagues in their original work [6]

is used.

Covariates

Age and sex data were obtained from the Tromsø study

registry. All participants were asked about their highest

Table 1 Background characteristics and SPPB score distribution according to sex and age, n = 7474

Age (years) 40–59 60–69 70–74 75–79 80+

Men

Mean age (SD)* 50.3 (5.9) 64.6 (2.9) 71.8 (1.4) 76.8 (1.3) 81.6 (1.3)

Education, n (%)

Basic 148 (12) 515 (33) 299 (49) 194 (58) 96 (65)

Middle 351 (28) 426 (28) 152 (25) 67 (20) 34 (23)

Tertiary 745 (60) 601 (39) 159 (26) 72 (22) 17 (12)

Missing (%) 0% 1% 3% 6% 11%

Mean height, cm (SD) 179.1 (6.6) 176.8 (6.6) 175.8 (6.1) 173.7 (6.4) 173.3 (6.4)

Mean weight, kg (SD) 89.6 (14.6) 87.1 (13.3) 86.1 (12.6) 82.8 (12.4) 79.6 (11.5)

Mean BMI, kg/m2 (SD) 27.9 (4.2) 27.9 (3.9) 27.8 (3.6) 27.4 (3.7) 26.5 (3.3)

SPPB total*

0–3, % 0 0 0 0 2

4–6, % 0 0 0 1 5

7–9, % 1 3 7 15 21

10–12, % 99 97 92 84 72

Mean SPPB score (SD) 11.9 (0.6) 11.7 (0.8) 11.4 (1.1) 10.8 (1.5) 10.1 (2.3)

Women

Mean age (SD)* 50.6 (5.9) 64.6 (2.9) 71.8 (1.4) 76.8 (1.4) 81.7 (1.5)

Education, n

Basic 174 (17) 397 (28) 157 (31) 96 (32) 67 (47)

Middle 322 (31) 405 (28) 151 (30) 97 (32) 37 (26)

Tertiary 544 (52) 639 (44) 197 (39) 106 (35) 38 (27)

Missing (%) 1% 2% 3% 6% 14%

Mean height, cm (SD) 165.6 (6.3) 163.6 (6.1) 162.1 (5.8) 160.5 (6.0) 158.7 (5.8)

Mean weight, kg (SD) 72.9 (13.8) 71.9 (12.6) 73.3 (13.8) 69.3 (12.5) 67.7 (12.3)

Mean BMI, kg/m2 (SD) 26.6 (5.0) 26.9 (4.6) 27.9 (5.1) 26.9 (4.7) 26.9 (4.6)

SPPB total*

0–3, % 0 0 0 1 3

4–6, % 0 0 1 3 9

7–9, % 2 5 14 24 27

10–12, % 98 95 84 72 61

Mean SPPB score (SD) 11.8 (0.6) 11.4 (1.1) 10.8 (1.6) 10.2 (1.9) 9.5 (2.5)

Mean age (SD)* 50.6 (5.9) 64.6 (2.9) 71.8 (1.4) 76.8 (1.4) 81.7 (1.5)

*Age distribution did not differ significantly between the sexes (Pearson Chi squared test, p = 0.22) *Cells with 4 or less individuals are set to ‘-‘
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completed level of education. The education level was

classified into three categories: second level, first stage

(elementary and/or primary school); second level, second

stage (high school); and third level (college or univer-

sity). Height and weight were measured in light clothing

without shoes. Body mass index (BMI) was calculated as

the weight in kilograms divided by the height in meters

squared (kg/m2).

Statistical analysis

Crude mean values and standard deviations (SD) strati-

fied by sex and age groups were first determined. Mean

values at specific ages were then estimated, along with

corresponding 95% confidence intervals, in linear regres-

sion analyses. Next, quantile regression was used to

estimate age-specific percentiles (5th, 10th, 25th, 50th,

75th, 90th, and 95th percentiles). In both regression set-

tings, age was included as a restricted cubic spline with

4 knots at default knot locations (ages 44, 61, 68, and 79

years). Models were run separately for men and women.

The SD was estimated from the regression model and

reflects the standard error of the forecasted value, which

corresponds to the SD and is a measure of variation in

the actual values. Additionally, we fitted 95% prediction

intervals for the walking speed and repeated chair sit-to-

stand test to indicate the distribution of the actual indi-

vidual values. Sex-specific normative values for the

SPPB, chair sit-to-stand test and walking speed at five-

year age intervals (40, 45, ..., 85 years) were then predicted

post hoc from the fitted regression models. Finally, floor

and ceiling effects were considered as present when more

than 20% of the respondents achieved the lowest or highest

possible score [29, 30].

Results

Demographic (sex, age, and level of education) and an-

thropometric data (height, weight, and BMI) are summa-

rized in Table 1. The mean age of the total sample (7474

participants; 53.2% women) was 63.2 years (SD, 10.4 years;

range, 40–85 years). In general, decreased function with

increased age was observed (Figs. 1, 2a and b).

The mean total SPPB score of the total sample was

11.4 points (SD, 1.3; range, 0–12). The mean of the total

SPPB score, as well as the distribution of three SPPB

classes (total SPPB ≤6, 7–9, and > 9 points), are shown

according to sex and age group in Table 1. On average,

the total SPPB score was 0.28 points greater in men than

in women (p < 0.001), with significant sex differences in

all five age groups (Table 1). Age-specific percentile ref-

erence data for the total SPPB score in men and women

are shown in Fig. 1. The mean and median of the total

SPPB score were approximately 12 points (at the max-

imum) until the age of 70 years in men and 65 years in

women; thereafter, there was a steep decline with in-

creased age. Observed ceiling effect for men, defined as

more than 20% with the maximum score for the age

groups of 40–49; 50–59; 60–69, 70–79 was 80+ was 91,

78, 64, 47, and 36%, respectively. Furthermore observed

ceiling effect for women for the age groups of 40–49;

50–59; 60–69, 70–79 was 80+ years was 88, 65, 44, 31,

and 23%, respectively.

The distribution of scores for each of the subtests is

shown in Table 2. The mean balance, walking speed, re-

peated chair sit-to-stand scores of the total sample were

3.85 (SD, 0.50), 3.90 (SD, 0.36), and 3.63 (SD, 0.78), re-

spectively. The mean walking speed (meter/second) with

95% confidence bands, as well as the 5th and 95th

Fig. 1 SPPB total score by age and sex. Percentiles (5th, 10th, 25th, 50th, 75th) and the mean value are shown
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percentiles to further illustrate the range, is shown in

Fig. 2a. The decline in walking speed with age was simi-

lar across sex until the age of 60–65 years; starting at

this age, the decline in women was greater than that in

men. However, men had a steep decline at approxi-

mately 75 years of age, resulting in similar walking

speeds for men and women at 80–85 years of age. Fur-

thermore, performance in the repeated chair sit-to-stand

test was similar between men and women until approxi-

mately 60 years of age and after 80 years of age, with

women performing significantly worse than men from

60 to 80 years of age (Fig. 2b). Additionally, walking

speed was significantly greater in men than in women

for the age groups of 65–69 and 70–74 years, but not for

the other age groups (Table 3). The mean time (in sec-

onds) to complete the repeated chair sit-to-stand test is

shown according to sex and age group in Table 4.

Among men, 91, 78, 64, 47, and 36% had a total SPPB

score of 12 points in the age groups of 40–49, 50–59,

60–69, 70–74, 75–79, and 80+ years, respectively. The

corresponding rates for women were 88, 65, 44, 31, and

23%, respectively. No floor effects were observed for the

total SPPB score. For the balancing, walking speed, and

repeated chair sit-to-stand tests, low scores (0–2 points)

a

b

Fig. 2 a Walking speed (m/sec) by age and sex. b Chair sit-to- stand test (sec) by age and sex. Mean values with corresponding 95% confidence

intervals (CIs) and 95% prediction interval (prediction interval is indicative of the distribution of the actual individual values) are shown
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Table 2 Distribution of SPPB subtest scores according to sex and age. n = 7474

Sex, age (years), and
SPPB subtest

Mean
score
(SD)

Subtest score

0 1 2 3 4

Men, n = 3501

40–59, n = 1044

Balance 3.98 (0.18) – – – 9 (1) 1032 (99)

Walking speed 3.99 (0.12) – – – 12 (1) 1031 (99)

Chair sit-to-stand test 3.89 (0.45) – – 15 (1) 59 (6) 962 (93)

60–69, n = 1460

Balance 3.91 (0.36) – – 27 (2) 65 (4) 1366 (94)

Walking speed 3.96 (0.21) – – 5 (0) 49 (3) 1406 (96)

Chair sit-to-stand test 3.78 (0.60) 7 (0) 17 (1) 41 (3) 160 (11) 1235 (85)

70–74, n = 519

Balance 3.83 (0.48) – – 20 (4) 46 (9) 452 (87)

Walking speed 3.90 (0.35) – – 8 (2) 35 (7) 476 (92)

Chair sit-to-stand test 3.65 (0.72) 4 (1) 12 (2) 17 (3) 96 (18) 390 (75)

75–79, n = 319

Balance 3.69 (0.69) – 5 (2) 20 (6) 41 (13) 252 (79)

Walking speed 3.76 (0.49) – – 10 (3) 55 (17) 254 (80)

Chair sit-to-stand test 3.39 (0.88) 4 (1) 9 (3) 34 (11) 83 (26) 189 (59)

80+, n = 159

Balance 3.45 (0.93) – – 21 (14) 25 (16) 107 (70)

Walking speed 3.64 (0.71) – – 7 (4) 32 (21) 117 (75)

Chair sit-to-stand test 3.04 (1.19) 6 (4) 15 (9) 28 (18) 27 (17) 83 (52)

Women, n = 3973

40–59, n = 1252

Balance 3.98 (0.20) – – 6 (0) 13 (1) 1232 (98)

Walking speed 3.98 (0.15) – – – 20 (2) 1230 (98)

Chair sit-to-stand test 3.85 (0.50) 6 (0) 8 (1) 20 (1) 94 (7) 1224 (91)

60–69, n = 1566

Balance 3.89 (0.40) – – 25 (2) 113 (7) 1424 (91)

Walking speed 3.92 (0.31) – – 10 (1) 88 (6) 1465 (94)

Chair sit-to-stand test 3.60 (0.75) 10 (1) 41 (3) 74 (5) 310 (20) 1131 (72)

70–74, n = 630

Balance 3.71 (0.65) – – 41 (7) 78 (13) 505 (81)

Walking speed 3.82 (0.47) – – 15 (2) 75 (12) 538 (86)

Chair sit-to-stand test 3.27 (0.99) 13 (2) 31 (5) 73 (12) 168 (27) 345 (55)

75–79, n = 354

Balance 3.52 (0.86) 5 (1) 8 (2) 32 (9) 63 (18) 246 (69)

Walking speed 3.65 (0.64) – – 10 (3) 88 (25) 251 (72)

Chair sit-to-stand test 3.08 (1.11) 15 (4) 22 (6) 48 (14) 105 (30) 164 (46)

80+, n = 171

Balance 3.19 (1.05) 4 (2) 7 (4) 36 (21) 29 (17) 95 (56)

Walking speed 3.55 (0.78) – – 16 (10) 32 (19) 119 (71)

Chair sit-to-stand test 2.73 (1.29) 14 (8) 20 (12) 26 (15) 49 (29) 62 (36)

SPPB subtest scores ranged 0–4. Data are reported as number of participants (%)
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were observed in 14, 4, and 31% of those in the oldest

male age group (80–85 years). The corresponding values

for women aged 80–85 years were 27, 16 and 60%,

respectively. Ceiling effects were observed in the youn-

gest age groups for all three subtests; however, no floor

effects were observed.

Sex- and age-specific percentile reference values for

the SPPB sub tests walking speed and chair sit-to stand

test are presented in Tables 5, 6 and 7.

Tables 5, 6, 7: Values for the percentiles were esti-

mated from quantile regression analyses, while the mean

(SD) was estimated from a linear regression model. In

both regression settings, age was included as a restricted

cubic spline with 4 knots at default knot locations (age:

44, 61, 68, and 79 years). Models were run separately for

men and women. SD was estimated from the regression

model and is the standard error of the forecast. P5, P10,

P25, P50, P75, P90, P95; the 5th, 10th, 25th, 50th, 75th,

90th, and 95th percentile, respectively.

Discussion

To the best of our knowledge, the present study is the

first to provide sex-specific reference values for the SPPB

total score, as well as for the three subtests included in

the SPPB, in community-dwelling adults aged at least

40 years. There was considerable variability in the SPPB

total score among individuals age 40+ years living at

home. Furthermore, the present study results demonstrate

that the main decline in physical function occurs in the

mid-sixties, with a slightly earlier decline in women than

in men.

An appropriate measuring instrument should have min-

imal floor and ceiling effects for the intended purpose and

population [31]. The present study showed a considerable

ceiling effect using for the SPPB total and subtest scores,

since more than 20% of the respondents achieved the low-

est or highest possible score [29, 30]. Consistent with the

present results, ceiling effects for physical performance

measurement instruments in higher-functioning commu-

nity-dwelling older adults aged ≥60 years have been ob-

served by other researchers [31, 32]. Furthermore, the

detection of ceiling effects in the youngest age groups for

the SPPB, scored in terms of points, is not surprising [7, 33].

However, ceiling effects for physical performance

Table 3 SPPB subtest: Walking speed, m/s by sex and age

Age
(years)

Men Women Gender-
diff, p-
value*

N Mean (SD) N Mean (SD)

40–44 213 1.31 (0.22) 263 1.31 (0.23) 0.71

45–49 260 1.29 (0.20) 283 1.29 (0.21) 0.79

50–54 250 1.25 (0.20) 306 1.29 (0.23) 0.08

55–59 321 1.24 (0.21) 400 1.26 (0.23) 0.32

60–64 719 1.21 (0.22) 761 1.20 (0.22) 0.40

65–69 741 1.18 (0.21) 804 1.13 (0.23) < 0.01

70–74 519 1.12 (0.23) 629 1.08 (0.24) < 0.01

75–79 319 1.03 (0.25) 352 1.00 (0.24) 0.07

80+ 157 0.97 (0.21) 170 0.94 (0.22) 0.17

*t-test

Table 4 SPPB subtest: Repeated chair sit-to stand test, seconds

by sex and age

Age
(years)

Men Women Gender-
diff, p-
value*

N Mean (SD) N Mean (SD)

40–44 213 7.5 (2.1) 263 7.8 (2.0) 0.11

45–49 259 7.9 (1.9) 282 8.1 (2.5) 0.26

50–54 247 8.0 (2.4) 303 8.6 (2.4) < 0.01

55–59 320 8.4 (2.3) 398 8.7 (2.3) 0.07

60–64 715 8.7 (2.4) 758 9.4 (2.7) < 0.01

65–69 738 9.2 (2.8) 798 10.5 (3.2) < 0.01

70–74 515 9.7 (2.7) 616 11.3 (3.3) < 0.01

75–79 315 10.7 (2.9) 339 11.7 (3.2) < 0.01

80+ 153 11.9 (3.8) 157 12.6 (4.1) 0.11

*t-test. There were 83 individuals that failed on the pre-test and did not do

the repeated chair sit-to- stand test

Table 5 Normative values for total SPPB score

Age (years) Mean SD P5 P10 P25 P50 P75 P90 P95

Men

40 11.99 1.00 11 12 12 12 12 12 12

45 11.91 1.00 11 11.7 12 12 12 12 12

50 11.84 1.00 11 11.4 12 12 12 12 12

55 11.78 1.00 10.9 11.1 12 12 12 12 12

60 11.74 1.00 10.6 11.0 12 12 12 12 12

65 11.70 1.00 10.1 11.0 12 12 12 12 12

70 11.49 1.00 9.3 10.5 11.5 11.9 12 12 12

75 11.01 1.00 8.0 9.3 10.5 11.6 12 12 12

80 10.41 1.00 6.6 7.7 9.3 11.2 12 12 12

85 9.80 1.00 5.1 6.2 8.0 10.8 12 12 12

Women

40 11.88 1.24 11 12 12 12 12 12 12

45 11.86 1.24 11.0 11.8 12 12 12 12 12

50 11.83 1.24 11 11.6 12 12 12 12 12

55 11.78 1.24 10.8 11.2 11.9 12 12 12 12

60 11.65 1.24 10.3 10.8 11.6 12 12 12 12

65 11.43 1.24 9.4 10.2 11.1 12 12 12 12

70 11.02 1.24 8.3 9.2 10.4 11.7 12 12 12

75 10.43 1.24 6.9 8.0 9.6 11 12 12 12

80 9.75 1.24 5.4 6.6 8.7 10.2 12 12 12

85 9.06 1.24 3.9 5.3 7.8 9.3 12 12 12
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measurement instruments do not only hamper the detection

of early balance deficits, but also prevent the detection of

intervention-related changes over time in higher-functioning

older adults [7, 32–34]. When a measure is used to capture

change, high baseline scores and ceiling effects limit the abil-

ity to detect improvement between two assessments, posing

a serious concern for type II errors in clinical trials. Even

when the more serious risk of type II errors does not occur,

outcome measures with limited sensitivity to change may

falsely diminish the overall magnitude of the intervention ef-

fect. This suggests that reporting the performance on the

subtests of the SPPB as the time to complete a 3-m or 4-m

walk and the time to rise from a chair five times in the

repeated chair sit-to-stand test might be better for high-

functioning adults aged 40–80 years.

The present study demonstrated a significant trend to-

ward age-related functional decline, with some differences

between men and women, consistent with previous stud-

ies [35]. Furthermore, a previous meta-analysis, which

clearly highlighted an effect of age on walking speed [36],

reported mean walking speeds stratified by sex and age-

group (in 10-year intervals) that correspond quite well to

the present results. The present data on walking speed in

men and women at different ages also correspond well to

those in the review of reference values for standardized

tests of walking speed by Salbach et al. [37] and the study

by Callisaya et al. [38], which randomly selected partici-

pants from the Southern Tasmanian electoral roll (n =

223). Additionally, Thaweewannakij et al. [35] described

reference values for the comfortable walking speed in

elderly people, aged 60–90 years, who were well function-

ing and dwelling in the community. The speed varied

from 0.88 to 1.48m/s, which corresponds well to the

present results, even though the walking distances differed

between the studies. However, our participants performed

better on the repeated chair sit-to- stand test than did the

participants in the study by Thaweewannakij et al. [35],

with times ranging from 12.9 s in the age group of 60–69

years to 17.1 s in women aged 80 or more (see Table 4). A

walking speed < 0.6 m/s on the 4-m test has been used as

to identify persons at high risk for being hospitalized with

deteriorating health and physical function [12]. All of our

participants had a walking speed >0.6m/s, which differs

from the rate of 8.1% reported in other studies [39]. As Da

Câmara et al. [18] reported that 9 points on the SPPB

discriminates between frail and non-frail older adults,

approximately 20% of men and women aged 75 years or

more in our study population could be classified as frail.

Strengths and limitations of the study

One strength of the present study is its use of a perform-

ance-based physical function assessment that was previ-

ously tested for validity and reliability [5]. Furthermore,

before the study was initiated, the testers completed a

training programme to ensure high inter-rater test

reliability. Additionally, the current study has a high

degree of generalizability as it recruited from the general

population. However, the study focused only on community-

dwelling older people, omitting those living in institutions,

and it remains unclear whether the present findings are

generalizable beyond Norway. Additionally, legal restrictions

hamper detailed comparisons between participants and non-

participants [28]. In general, studies of the two first waves

(Tromsø 4 and 6) revealed differences in age and marital

status between participants and non-participants; non-

participants were younger and more likely to be single [28].

Conclusions

The present study is the first to provide comprehensive,

up-to-date normative values for SPPB measures in

community-dwelling individuals aged at least 40 years

and living in Norway. Up-to-date population-specific

normative values are essential in enabling clinicians to

better evaluate patient performance relative to that for

the general population community-living older adults

and determine the appropriate intervention/manage-

ment. Because of ceiling effects, the SPPB has limitations

Table 6 Normative values for the SPPB walking speed test (m/s)

Age
(years)

Normative values of SPPB-sub-scale: Walking speed m/s

Mean SD P5 P10 P25 P50 P75 P90 P95

Men

40 1.32 0.22 1.04 1.08 1.18 1.29 1.46 1.60 1.71

45 1.30 0.22 1.00 1.05 1.16 1.28 1.43 1.57 1.67

50 1.27 0.22 0.95 1.01 1.13 1.26 1.40 1.54 1.63

55 1.25 0.22 0.91 0.98 1.11 1.24 1.37 1.52 1.60

60 1.22 0.22 0.88 0.95 1.08 1.22 1.35 1.50 1.58

65 1.19 0.22 0.85 0.92 1.04 1.18 1.33 1.47 1.57

70 1.15 0.22 0.81 0.88 0.99 1.13 1.29 1.44 1.54

75 1.07 0.22 0.74 0.81 0.91 1.05 1.22 1.37 1.46

80 0.99 0.22 0.65 0.72 0.83 0.97 1.14 1.30 1.35

85 0.90 0.22 0.56 0.64 0.74 0.89 1.06 1.22 1.25

Women

40 1.31 0.23 0.95 1.04 1.15 1.28 1.46 1.58 1.64

45 1.30 0.23 0.95 1.03 1.15 1.28 1.44 1.58 1.64

50 1.29 0.23 0.95 1.02 1.14 1.27 1.44 1.57 1.65

55 1.27 0.23 0.93 1.00 1.12 1.26 1.41 1.55 1.64

60 1.23 0.23 0.89 0.95 1.07 1.22 1.37 1.52 1.61

65 1.17 0.23 0.82 0.88 1.00 1.16 1.31 1.46 1.56

70 1.09 0.23 0.74 0.81 0.92 1.09 1.24 1.39 1.48

75 1.02 0.23 0.67 0.73 0.85 1.02 1.18 1.32 1.41

80 0.96 0.23 0.60 0.66 0.79 0.96 1.12 1.25 1.33

85 0.89 0.23 0.54 0.59 0.73 0.90 1.06 1.17 1.25
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in the assessment of physical functioning across the full

spectrum of community-dwelling adults aged 40+ years

that should be considered. Finally, we conclude that per-

formance on the SPPB should be reported in terms of

the total score, as well as the time to complete the

repeated chair sit-to-stand test and the walking speed

test. The present data may be used to interpret the re-

sults of studies evaluating and establishing appropriate

treatment goals.
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Table 7 Normative values for the SPPB repeated chair sit-to-stand test (seconds)

Age Normative values of SPPB-sub-scale: Repeated chair sit-to-stand test, seconds

Mean SD P5 P10 P25 P50 P75 P90 P95

Men

40 7.4 2.6 4.8 5.3 6.0 7.3 8.5 9.8 10.7

45 7.7 2.6 5.0 5.4 6.2 7.5 8.8 10.3 11.2

50 8.0 2.6 5.1 5.5 6.4 7.7 9.1 10.8 11.6

55 8.3 2.6 5.2 5.7 6.6 8.0 9.4 11.2 12.0

60 8.6 2.6 5.5 5.9 6.9 8.3 9.8 11.5 12.5

65 8.9 2.6 5.7 6.2 7.3 8.7 10.2 11.8 12.9

70 9.5 2.6 6.1 6.6 7.7 9.3 10.9 12.5 13.9

75 10.4 2.6 6.4 7.0 8.3 10.0 12.1 14.0 15.4

80 11.4 2.6 6.6 7.5 8.9 10.7 13.5 15.8 17.2

85 12.4 2.6 6.9 7.9 9.6 11.5 14.9 17.7 19.0

Women

40 7.9 2.9 5.0 5.6 6.5 7.5 8.9 10.5 11.7

45 8.0 2.9 5.1 5.6 6.6 7.7 9.1 10.7 11.8

50 8.2 2.9 5.2 5.7 6.7 7.9 9.4 10.9 12.0

55 8.6 2.9 5.4 5.8 6.9 8.3 9.8 11.3 12.4

60 9.1 2.9 5.8 6.3 7.4 8.9 10.5 12.1 13.2

65 10.0 2.9 6.4 7.0 8.2 10.0 11.4 13.3 14.6

70 10.9 2.9 7.0 7.7 8.9 10.5 12.4 14.6 16.1

75 11.7 2.9 7.4 8.2 9.5 11.2 13.1 15.8 17.4

80 12.3 2.9 7.6 8.5 10.0 11.7 13.7 16.8 18.5

85 12.9 2.9 7.9 9.0 10.5 12.3 14.3 17.8 19.7

Bergland and Strand BMC Geriatrics          (2019) 19:216 Page 9 of 10

http://www.tromsoundersokelsen.no
http://www.tromsoundersokelsen.no


Received: 8 May 2019 Accepted: 30 July 2019

References

1. Pavasini R, Guralnik J, Brown JC, di Bari M, Cesari M, Landi F, et al. Short physical

performance battery and all-cause mortality: systematic review and meta-

analysis. BMC Med. 2016;14:215. https://doi.org/10.1186/s12916-016-0763-7.

2. Vestergaard S, Patel KV, Bandinelli S, Ferrucci L, Guralnik JM. Characteristics of

400-meter walk test performance and subsequent mortality in older adults.

Rejuvenation Res. 2009;12:177–84. https://doi.org/10.1089/rej.2009.0853.

3. Cesari M, Kritchevsky SB, Newman AB, Simonsick EM, Harris TB, Penninx BW, et al.

Added value of physical performance measures in predicting adverse health-

related events: results from the health, aging and body composition study. J Am

Geriatr Soc. 2009;57:251–9. https://doi.org/10.1111/j.1532-5415.2008.02126.x.

4. Halaweh H, Willen C, Grimby-Ekman A, Svantesson U. Physical activity and

health-related quality of life among community dwelling elderly. J Clin Med

Res. 2015;7:845–52. https://doi.org/10.14740/jocmr2307w.

5. Freiberger E, de Vreede P, Schoene D, Rydwik E, Mueller V, Frändin K, et al.

Performance-based physical function in older community-dwelling persons:

a systematic review of instruments. Age Ageing. 2012;41:712–21. https://doi.

org/10.1093/ageing/afs099.

6. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,

et al. A short physical performance battery assessing lower extremity

function: association with self-reported disability and prediction of mortality

and nursing home admission. J Gerontol. 1994;49:M85–94.

7. Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-

extremity function in persons over the age of 70 years as a predictor of

subsequent disability. N Engl J Med. 1995;332:556–61. https://doi.org/10.1

056/NEJM199503023320902.

8. Guralnik J, Ferrucci L, Pieper CF, Leveille SG, Markides KS, Ostir GV, et al. Lower

extremity function and subsequent disability: consistency across studies,

predictive models, and value of gait speed alone compared with the short

physical performance battery. J Gerontol A Biol Sci Med Sci. 2000;55:M221–31.

9. Cavazzini C, Conti M, Bandinelli S, Gangemi S, Gallinella M, Lauretani F, et al.

Screening for poor performance of lower extremity in primary care: the

Camucia project. Aging Clin Exp Res. 2004;16:331–6.

10. Fisher S, Ottenbacher KJ, Goodwin JS, Graham JE, Ostir GV. Physical performance

battery in hospitalized older adults. Aging Clin Exp Res. 2009;21:445–52.

11. Freire AN, Guerra RO, Alvarado B, Guralnik JM, Zunzunegui MV. Validity and

reliability of the Short Physical Performance Battery in two diverse older

adult populations in Quebec and Brazil. J Aging Health. 2012;24:863–78.

https://doi.org/10.1177/0898264312438551.

12. Studenski S, Perera S, Wallace D, Chandler JM, Duncan PW, Rooney E, et al.

Physical performance measures in the clinical setting. J Am Geriatr Soc.

2003;51:314–22.

13. Bean JF, Kiely DK, Herman S, Leveille SG, Mizer K, Frontera WR, et al. The

relationship between leg power and physical performance in mobility-

limited older people. J Am Geriatr Soc. 2002;50:461–7.

14. Guralnik JM, Leveille SG, Hirsch R, Ferrucci L, Fried LP. The impact of

disability in older women. J Am Med Womens Assoc (1972). 1997;52:113–20.

15. Penninx BW, Deeg DJ, van Eijk JT, Beekman AT, Guralnik JM. Changes in

depression and physical decline in older adults: a longitudinal perspective. J

Affect Disord. 2000;61:1–12.

16. Volpato S, Cavalieri M, Sioulis F, Guerra G, Maraldi C, Zuliani G, et al.

Predictive value of the Short Physical Performance Battery following

hospitalization in older patients. J Gerontol A Biol Sci Med Sci. 2011;66:89–

96. https://doi.org/10.1093/gerona/glq167.

17. Verghese J, Xue X. Identifying frailty in high functioning older adults with normal

mobility. Age Ageing. 2010;39:382–5. https://doi.org/10.1093/ageing/afp226.

18. da Camara SM, Alvarado BE, Guralnik JM, Guerra RO, Maciel AC. Using the

short physical performance battery to screen for frailty in young-old adults

with distinct socioeconomic conditions. Geriatr Gerontol Int. 2013;13:421–8.

https://doi.org/10.1111/j.1447-0594.2012.00920.x.

19. Westman AW, Combs-Miller S, Moore J, Ehrlich-Jones L. Measurement

characteristics and clinical utility of the short physical performance battery

among community-dwelling older adults. Arch Phys Med Rehabil. 2019;100:

185–7. https://doi.org/10.1016/j.apmr.2018.06.003.

20. Mijnarends DM, Meijers JM, Halfens RJ, ter Borg S, Luiking YC, Verlaan S, et al.

Validity and reliability of tools to measure muscle mass, strength, and physical

performance in community-dwelling older people: a systematic review. J Am

Med Dir Assoc. 2013;14:170–8. https://doi.org/10.1016/j.jamda.2012.10.009.

21. Bergh SLH, Selbæk G, Strand BH, Taraldsen K, Thingstad P. Short physical

erformance battery (SPPB) Norwegian version. 2013. https://beta.

legeforeningen.no/contentassets/870420284b7d4cb98100191ff93e7983/

sppb.pdf. Accessed 22 Apr 2019.

22. Olsen CF, Bergland A. Reliability of the Norwegian version of the short

physical performance battery in older people with and without dementia.

BMC Geriatr. 2017;17. https://doi.org/10.1186/s12877-017-0514-4.

23. Fawcett AL. Principle of assessment and outcome measure for occupational

therapists and physiotherapists. Hoboken: Wiley; 2009.

24. Mitrushina M, Boone KB, LF D’E. Handbook of normative data for

neuropsychological assessment. Oxford: Oxford University Press; 2005.

25. Ibrahim A, Singh DKA, Shahar S. ‘Timed up and Go’ test: age, gender and

cognitive impairment stratified normative values of older adults. PLoS One.

2017;12:e0185641. https://doi.org/10.1371/journal.pone.0185641.

26. Tibaek S, Holmestad-Bechmann N, Pedersen TB, Bramming SM, Friis AK.

Reference values of maximum walking speed among independent community-

dwelling Danish adults aged 60 to 79 years: a cross-sectional study.

Physiotherapy. 2015;101:135–40. https://doi.org/10.1016/j.physio.2014.08.005.

27. Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test

performance in community-dwelling elderly people: Six-Minute Walk Test,

Berg Balance Scale, Timed Up & Go Test, and gait speeds. Phys Ther. 2002;

82:128–37.

28. Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njølstad I. Cohort profile:

the Tromsø study. Int J Epidemiolol. 2012;41:961–7. https://doi.org/10.1093/

ije/dyr049.

29. McHorney CA, Tarlov AR. Individual-patient monitoring in clinical practice:

are available health status surveys adequate? Qual Life Res. 1995;4:293–307.

30. Di Carlo A, et al. Risk factors and outcome of subtypes of ischemic stroke.

Data from a multicenter multinational hospital-based registry. The European

Community stroke project. J Neurol Sci. 2006;244:143–50. https://doi.org/1

0.1016/j.jns.2006.01.016.

31. Pardasaney PK, Latham NK, Jette AM, Wagenaar RC, Ni P, Slavin MD, et al.

Sensitivity to change and responsiveness of four balance measures for

community-dwelling older adults. Phys Ther. 2012;92:388–97. https://doi.

org/10.2522/ptj.20100398.

32. Fleig L, McAllister MM, Chen P, Iverson J, Milne K, McKay HA, et al. Health

behaviour change theory meets falls prevention: feasibility of a habit-based

balance and strength exercise intervention for older adults. Psychol Sport

Exerc. 2016;22:114–22. https://doi.org/10.1016/j.psychsport.2015.07.002.

33. Vasunilashorn S, Coppin AK, Patel KV, Lauretani F, Ferrucci L, Bandinelli S,

et al. Use of the short physical performance battery score to predict loss of

ability to walk 400 meters: analysis from the InCHIANTI study. J Gerontol A

Biol Sci Med Sci. 2009;64:223–9. https://doi.org/10.1093/gerona/gln022.

34. Hackney ME, Earhart GM. Effects of dance on gait and balance in

Parkinson’s disease: a comparison of partnered and nonpartnered dance

movement. Neurorehabil Neural Repair. 2010;24:384–92. https://doi.org/1

0.1177/1545968309353329.

35. Thaweewannakij T, Wilaichit S, Chuchot R, Yuenyong Y, Saengsuwan J,

Siritaratiwat W, et al. Reference values of physical performance in Thai

elderly people who are functioning well and dwelling in the community.

Phys Ther. 2013;93:1312–20. https://doi.org/10.2522/ptj.20120411.

36. Bohannon RW, Williams Andrews A. Normal walking speed: a descriptive

meta-analysis. Physiotherapy. 2011;97:182–9. https://doi.org/10.1016/j.

physio.2010.12.004.

37. Salbach NM, O’Brien KK, Brooks D, Irvin E, Martino R, Takhar P, et al.

Reference values for standardized tests of walking speed and distance: a

systematic review. Gait Posture. 2015;41:341–60. https://doi.org/10.1016/j.

gaitpost.2014.10.002.

38. Callisaya ML, Blizzard L, Schmidt MD, McGinley JL, Srikanth VK. Sex modifies

the relationship between age and gait: a population-based study of older

adults. J Gerontol A Biol Sci Med Sci. 2008;63:165–70.

39. Gomez JF, Curcio CL, Alvarado B, Zunzunegui MV, Guralnik J. Validity and

reliability of the short physical performance battery (SPPB): a pilot study on

mobility in the Colombian Andes. Colomb Med (Cali). 2013;44:165–71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Bergland and Strand BMC Geriatrics          (2019) 19:216 Page 10 of 10

https://doi.org/10.1186/s12916-016-0763-7
https://doi.org/10.1089/rej.2009.0853
https://doi.org/10.1111/j.1532-5415.2008.02126.x
https://doi.org/10.14740/jocmr2307w
https://doi.org/10.1093/ageing/afs099
https://doi.org/10.1093/ageing/afs099
https://doi.org/10.1056/NEJM199503023320902
https://doi.org/10.1056/NEJM199503023320902
https://doi.org/10.1177/0898264312438551
https://doi.org/10.1093/gerona/glq167
https://doi.org/10.1093/ageing/afp226
https://doi.org/10.1111/j.1447-0594.2012.00920.x
https://doi.org/10.1016/j.apmr.2018.06.003
https://doi.org/10.1016/j.jamda.2012.10.009
https://beta.legeforeningen.no/contentassets/870420284b7d4cb98100191ff93e7983/sppb.pdf
https://beta.legeforeningen.no/contentassets/870420284b7d4cb98100191ff93e7983/sppb.pdf
https://beta.legeforeningen.no/contentassets/870420284b7d4cb98100191ff93e7983/sppb.pdf
https://doi.org/10.1186/s12877-017-0514-4
https://doi.org/10.1371/journal.pone.0185641
https://doi.org/10.1016/j.physio.2014.08.005
https://doi.org/10.1093/ije/dyr049
https://doi.org/10.1093/ije/dyr049
https://doi.org/10.1016/j.jns.2006.01.016
https://doi.org/10.1016/j.jns.2006.01.016
https://doi.org/10.2522/ptj.20100398
https://doi.org/10.2522/ptj.20100398
https://doi.org/10.1016/j.psychsport.2015.07.002
https://doi.org/10.1093/gerona/gln022
https://doi.org/10.1177/1545968309353329
https://doi.org/10.1177/1545968309353329
https://doi.org/10.2522/ptj.20120411
https://doi.org/10.1016/j.physio.2010.12.004
https://doi.org/10.1016/j.physio.2010.12.004
https://doi.org/10.1016/j.gaitpost.2014.10.002
https://doi.org/10.1016/j.gaitpost.2014.10.002

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	SPPB procedures
	Covariates
	Statistical analysis

	Results
	Discussion
	Strengths and limitations of the study

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

