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A B S T R A C T   

Background: Physical activity and sedentary behavior vary across the life span, and in very old people activity 
behavior can vary considerably over 24 h. A physical activity questionnaire adapted for this age group is lacking. 
This study was conducted to validate such a newly developed questionnaire suitable for use in very old people. 
Research question: Is the International Physical Activity Questionnaire adapted for adults aged ≥ 80 years (IPAQ-E 
80 +) a valid measure of physical activity in very old people? 
Methods: Seventy-six participants (55.3% women) with a mean age of 84.4 ± 3.8 years wore accelerometers for 
≥ 5 consecutive days, and completed the IPAQ-E 80 +. Spearman’s rho and Bland-Altman plots were used to 
analyze the validity of IPAQ-E 80 + against accelerometer measures. Analyses were conducted for the separate 
items sitting, laying down at daytime and nighttime, walking, moderate to vigorous (MV) walking, and moderate 
to vigorous physical activity (MVPA), and the summary measures: total inactive time, sedentary time (i.e. lying 
down at daytime + sitting), total active time, and total MVPA + MV walking. 
Results: The IPAQ-E 80 + correlated with the accelerometer measures of total inactive- (r = 0.55, p < 0.001), 
sedentary- (r = 0.28, p = 0.015), walking- (r = 0.54 p < 0.001) and total active- (r = 0.60, p < 0.001) times, but 
not with measures of intensity of walking or physical activity; MV walking (r = 0.06, p = 0.58), MVPA (r = 0.17, 
p = 0.13). 
Significance: In this study the IPAQ-E 80 + showed fair to substantial correlations with accelerometers, and it 
therefore seems able to rank very old people according to levels of PA (total inactive-, sedentary-, and total active 
time, and walking time). The IPAQ-E 80 + seems promising for use in studies investigating associations between 
activity behavior and health in this population. Further investigation is needed to determine whether the IPAQ-E 
80 + can accurately measure PA intensity.   

1. Introduction 

Two important aspects of healthy aging are reduced sedentary 
behavior (SB) and increased physical activity (PA). According to the 
World Health Organization’s (WHO’s) updated guidelines [1], PA 

contributes to fall prevention, bone health, and mobility in older adults. 
In a systematic review of studies with a mean participant age of 62.6 
years [2], higher PA levels and lower SB were associated with a 
decreased risk of premature death. PA is considered to protect against 
cardiovascular disease, stroke, diabetes [3], and depression [4], and 
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may slow cognitive decline [5,6]. However, among very old people (age 
≥ 80 years) less is known about these effects and associations, which 
may differ given the methodological challenges involved in PA mea
surement at this age [7]. Few studies have investigated the association 
between PA levels and health among older adults [8], but PA levels 
appear to decline with age [9–11] and be lower in people with dementia 
than in age- and sex-matched controls [12]. 

Accelerometers are considered to be a more accurate and reliable 
measure of PA compared to self-report questionnaires, but the use of 
accelerometers are not always feasible due to the higher costs, more 
administration and interpretation involved [13,14]. Although acceler
ometers are becoming more affordable and easier to use, a quick to 
administer, cost-effective, and valid PA questionnaire is still needed as it 
can provide information on PA behavior, including the type of activity, 
and where the activity takes place [7,13]. The International Physical 
Activity Questionnaire for elderly adults (IPAQ-E) enables acceptable 
estimation of PA in independently living people aged ≥ 65 years [15]. 
However, it may not fully capture the PA behavior of very old people, as 
its measure of inactive time includes only sitting (and not lying) time. A 
24-hour measurement of (in)activity in this population is likely impor
tant, as aging is accompanied by increased nocturnal awakening and 
napping [16], leading to variable daytime activity patterns. A dos
e–response association between PA intensity and mortality has been 
reported among adults and older adults [2], and walking is the most 
frequently reported form of PA [17]. Thus, valid questionnaires for PA 
measurement should include measures of walking intensity [7,13]. 
Finally, as cognitive impairment is common in higher ages, and 
self-report questionnaires are sensitive to recall bias [13,18] the re
sponses may need to be verified with close relatives or care personnel. 

To improve self-reported PA measurement among very old people, 
we developed a modified IPAQ-E for people aged ≥ 80 years (IPAQ-E 80 
+), taking into account PA behavior over 24 h, the perceived exertion 
when walking (intensity), and including the option for proxy confir
mation of responses. This study was conducted to assess concurrent 
validity of the IPAQ-E 80 + in a sample of very old people using 
accelerometer data, with relevant subgroup analyses. A secondary aim 
was to investigate the ability of the IPAQ-E 80 + to correctly identify 
participants achieving recommended PA levels of 150 min of moderate 
PA or 75 min of vigorous PA per week. 

2. Method 

2.1. Design and setting 

This cross sectional study used data from the SilverMONICA project. 
The SilverMONICA project included individuals who were aged ≥ 80 
years in 2016–2019, and who through 1999 had participated twice in 
the MONICA study in northern Sweden [19], and still lived in the area. 
Participants were informed about the study, and written informed 
consent was provided. When cognitive impairment was suspected, 
participants’ relatives or trustees were consulted. The study was per
formed in accordance with the Declaration of Helsinki and was 
approved by ethics review board (Dnr 0 29-2015 and Dnr 
2017-322-32M). For the present cross sectional study, the Silver
MONICA participants who during May 2017–October 2019 resided in 
Luleå and Boden municipalities were invited to participate. 

2.2. Procedure 

Trained medical professionals (physiotherapists, physicians, and 
nurses) collected data during home visits, including data on socio
demographics, living conditions and health. Self-reported medical con
ditions and medications were collected, and later validated by medical 
record review. Height, weight, blood pressure and 2.4 m gait speed were 
measured. Cognitive function was measured using the Mini-Mental State 
Examination (MMSE) [20] and the Frontal Assessment Battery [21]. 

Depressive symptoms and malnutrition were measured with the 15-item 
Geriatric Depression Scale [22] and the Mini Nutritional Assessment 
[23], respectively. Dependence in instrumental and personal activities 
of daily living (I-ADL and P-ADL, respectively) was measured with the 
Katz ADL staircase [24]. Specialists in geriatric medicine validated de
mentia and depression diagnoses according to the Diagnostic and Sta
tistical Manual of Mental Disorders, Fourth Edition, Text Revision [25]. 

2.3. Accelerometer use and data collection 

During the first home visit, an accelerometer (activPAL3 Micro; PAL 
Technologies Ltd., Glasgow, UK) was fitted, which began recording at 
midnight of the next day, and continued recording for 7 consecutive 
days. The device was placed inside a waterproof nitrile sleeve, and 
secured to the right anterior mid-thigh with adhesive dressing. Partici
pants were instructed to wear the accelerometer continuously except 
when swimming or bathing, and on the 8th day to remove and store it 
until the follow-up visit. 

Valid days of accelerometer measurements were defined as ≤ 4 h of 
continuous zero movement. Participants with at least five valid days of 
measurement, representative of a week of measurement in adults [26], 
were included. Total inactive time was defined as the sum of sitting, 
nighttime-, and daytime lying down; sedentary time was defined as the 
sum of sitting and daytime lying down. Total active time was defined as 
total stepping time without any bout or cadence threshold according to 
the accelerometer. Time in moderate to vigorous intensive (MV) walking 
time was defined as time spent walking with a step cadence > 100, 
excluding bouts < 10 steps. The same definition, suggested as a 
threshold for MV activity in older adults [17], was used for moderate to 
vigorous physical activity (MVPA). According to the accelerometer 
software’s standard validation algorithm, > 4 h of continuous stillness 
was classified as non-wear. 

2.4. The IPAQ-E 80+

During the follow-up visit, and after having worn the accelerometer 
for 7 days prior, the participants PA levels of the previous week was 
measured using the IPAQ-E 80+, aided by proxy if needed. The original 
IPAQ-E comprises four questions related to levels of PA reported as time 
(in hours and minutes per day) spent sitting, walking (≥10 min bouts), 
and conducting moderate-, and vigorous PA, based on the last seven 
days [27]. The IPAQ-E 80 + has an additional four questions related to 
time spent 1) lying down (for example, on a couch or in bed) in 
connection with sleep at night, 2) lying down (for example, on a couch 
or in bed) in connection with rest during the day, 3) walking (moderate 
effort), and 4) walking (vigorous effort). Thus, lying down at night or 
during the day include time spent for example, reading a book or a 
newspaper, or watching television in a reclining position before going to 
sleep. In addition, in case of cognitive impairment (defined as a MMSE 
score <20), the option to verify the response with relatives or care 
personnel are provided. 

2.5. Statistical analyses 

Continuous variable distribution of the difference (IPAQ-E 80+
minus accelerometry) for all inactive and active measures was assessed, 
using the Shapiro–Wilk and Kolmogorov–Smirnov tests of normality, 
QQ plots, and histograms. Of these, only total inactive time was nor
mally distributed. Thus, Spearman’s coefficients were used to analyze 
the correlation between IPAQ-E 80+ and accelerometer measures. The 
Chi-square or Mann Whitney U tests was used to analyze differences in 
the proportions of men and women, age and years of education between 
the participants of this study and those who participated only in the 
Norrbotten SilverMONICA project. 

Spearman’s rho and Bland–Altman plots were used to analyze cor
relations and systematic and random errors between IPAQ-E 80+ and 
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accelerometer measures of total inactive, nighttime- and daytime lying 
down, sitting, sedentary, total active time, walking and MV walking, 
MVPA, and total MVPA (MVPA + MV walking) times [28]. Strength of 
correlations were rated as poor (0–0.2), fair (0.21–0.4) moderate 
(0.41–0.6), substantial (0.61–0.8) and near perfect (0.81–1.0) [29]. 

The sensitivity and specificity of the IPAQ-E 80+ in identifying 
participants achieving recommended PA (150 min moderate or 75 min 
vigorous PA/week) [1] was analyzed using MVPA time (including MV 
walking) and two accelerometer conditions: > 100 and > 75 steps/min 
(SPM). The same variables were used to measure agreement beyond 
chance with Cohen’s kappa. The impact of excluding the two most 
sedentary participants (>20 h/day of inactivity) was analyzed with a 

sensitivity analysis. Differences in correlations in subgroups defined by 
sex, proxy rating, a gait speed threshold of 0.5 m/s, dementia, and 
depression were analyzed with Fisher’s r–z transformation test. Using 
normative data on step length in older people [30], the average daily 
kilometers walked was calculated as steps/day × 0.66 m for men and 
0.57 m for women. All analyses were performed with SPSS software 
(ver.24 for Windows; IBM Corporation, Armonk, NY, USA), except 
Fisher’s r–z transformation, which was performed using VassarStats 
[31]. All statistical tests were two tailed. P values < 0.05 were consid
ered statistically significant. 

Fig. 1. Flow of study inclusion. SilverMONICA, monitoring of trends and determinants of cardiovascular disease (Participants Aged ≥ 80 years); IPAQ-E 80 +, 
International Physical Activity Questionnaire adapted for adults aged ≥ 80 years. 
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3. Results 

3.1. Background characteristics 

IPAQ-E 80 + responses (at least partial) and valid accelerometry data 
were available for 76 of 128 eligible participants (Fig. 1). The mean ±
SD age was 84.4 ± 3.8 (range 79–96) years, and 42 (55.3%) were women 
(Table 1). The sex distribution, age, and years of education did not differ 
between participants included in the present study and individuals who 
participated only in the Norrbotten SilverMONICA project. 

3.2. Inactivity and activity measures 

Correlations between IPAQ-E 80 + and accelerometry measures 
were significant for the items total inactive (moderate, r = 0.55 
p < 0.001), lying down (night) (substantial, r = 0.65 p < 0.001), lying 
down (day) (fair, r = 0.26, p = 0.025) and sedentary (fair, r = 0.28, 
p = 0.015) times, but not for sitting time (r = 0.09, p = 0.42) (Table 2). 
The BA-plots for inactive time (Fig. 2) showed a mean underestimation 
of total inactive time (− 18.56 h/week), and overestimation of lying 
down (night) (1.28 h/week) and lying down (day) (2.04 h/week), with 
heteroscedasticity, i.e. systematic error in under- or over reporting, 
indicated for the latter. The BA plots for sitting and sedentary time 
showed similar underestimations (− 22.74 and − 20.86, respectively) 
(Fig. 2). The correlations were significant for total active (moderate, 
r = 0.60 p < 0.001) and walking (moderate, r = 0.54, p < 0.001) but 
not MV walking, MVPA, or MVPA + MV walking times (Table 2). The 
BA-plot for total active time (Fig. 3) showed underestimation (− 0.66 h/ 
week). Walking time was underestimated (− 4.05 h/week), as were MV 

walking (− 1.16 h/week), the latter with heteroscedasticity indicated. 
MVPA and MW walking + MVPA were overestimated (2.08 and 2.29 h/ 
week, respectively), both with heteroscedasticity. Of the 76 participants, 
41 reported time spent in MVPA (48 when MV walking was included). 

3.3. Sensitivity and subgroup findings 

Sensitivity and specificity of the IPAQ-E 80 + were 61% and 59% for 
100 SPM, and 55% and 70% for 75 SPM (Table 3). Measure of agreement 
beyond chance was significant only for 75 SPM (Cohen’s κ = 0.228, 
p = 0.033). 

In sensitivity analyses the exclusion of the two most sedentary par
ticipants indicated similar results as the main analysis. In subgroup 
analyses, the correlation coefficient for total inactive time was larger in 
the subgroup with proxy than without proxy (z = –2.9, p = 0.0037; 
Supplementary Table A), and the coefficient for walking time was larger 
in the group with depression than in the group without depression 
(z = –2.67, p = 0.0076; Supplementary Table B). No differences in de
gree of correlation related to sex, gait speed threshold, or dementia 
diagnosis was observed. 

4. Discussion 

4.1. Main findings 

The IPAQ-E 80 + and accelerometer measures of total active time, 
total inactive time, lying down at night and during the day, and 
sedentary time showed fair to substantial correlations. Total active time 
and total inactive time were underreported. An underestimation of 

Table 1 
Participants’ background characteristics.  

Characteristic All (n = 76) Men (n = 34) Women (n = 42) 

Age, years 84.4 ± 3.8 84.2 ± 4.3 84.5 ± 3.5 
Sex, female 42 (55.3) 0 (0) 42 (100) 
Nursing home resident 2 (2.6) 1 (2.9) 1 (2.4) 
Living alone 32 (42.1) 3 (8.8) 29 (69.0) 
Years of education (n = 75) 10.0 ± 3.7 10.0 ± 3.9 10.1 ± 3.6 
Diagnoses    
Dementia 17 (22.4) 9 (26.5) 8 (19.0) 
Depressive disorder 14 (18.4) 4 (11.8) 10 (23.8) 
Cerebrovascular disease 2 (2.6) 0 (0) 2 (4.9) 
Myocardial infarction 4 (5.3) 3 (8.8) 1 (2.4) 
Hypertension 56 (73.7) 25 (73.5) 31 (73.8) 
Heart failure 9 (11.8) 4 (11.8) 5 (11.9) 
Hip fracture 4 (5.3) 2 (5.9) 2 (4.8) 
Diabetes 8 (10.5) 6 (17.6) 2 (4.8) 
Osteoarthritis 41 (53.9) 13 (38.2) 28 (66.7) 
Prescribed medications    
Benzodiazepines 13 (17.1) 2 (5.9) 11 (26.2) 
Antihistamines 3 (3.9) 1 (2.9) 2 (4.8) 
Antidepressants 8 (10.5) 2 (5.9) 6 (14.3) 
Analgesics 49 (64.5) 16 (47.1) 33 (78.6) 
Total 6.3 ± 3.7 6.3 ± 3.8 6.3 ± 3.6 
Hearing impairment (n = 75) 25 (33.3) 16 (47.1) 9 (22.0) 
Vision impairment (n = 75) 24 (32.0) 8 (23.5) 16 (39.0) 
Mini Nutritional Assessment (0–30; n = 75) 25.9 ± 2.2 25.7 ± 2.2 26.0 ± 2.2 
Body mass index (n = 75) 25.1 ± 4.1 25.0 ± 4.2 25.3 ± 4.1 
Systolic blood pressure, mm/hg (n = 74) 144 ± 21 139 ± 16 149 ± 24 
Diastolic blood pressure, mm/hg (n = 74) 77 ± 10 74 ± 9 79 ± 10 
Independence in I-ADL 36 (47.4) 11 (32.4) 25 (59.5) 
Independence in P-ADL 68 (89.5) 30 (88.2) 38 (90.5) 
Geriatric Depression Scale (0–15; n = 75) 2.0 ± 1.7 2.0 ± 1.7 2.0 ± 1.7 
Mini-Mental State Exam (0–30; n = 75) 26.1 ± 3.1 26.0 ± 3.4 26.3 ± 2.8 
Frontal Assessment Battery (0–18; n = 75) 13.4 ± 3.2 13.2 ± 3.4 13.6 ± 3.2 
Gait speed, m/s (n = 74) 0.74 ± 0.19 0.73 ± 0.17 0.75 ± 0.21 
Use of walking aid indoors (n = 75) 18 (24.0) 7 (21.2) 11 (26.2) 

Values are presented as the mean ± standard deviation or n (%). For the Mini Nutritional Assessment, Mini-Mental State Examination, and Frontal Assessment Battery, 
higher scores indicate better nutritional status, global cognitive function, and frontal lobe function, respectively. For the Geriatric Depression Scale, higher scores 
indicate more depressive symptoms. Diagnoses and medical conditions refer to the previous 5 years. Prescribed medications include scheduled and pro re nata drugs. I- 
ADL, instrumental activities of daily living; P-ADL, personal activities of daily living. 
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sedentary time was indicated, primarily time in sitting, which also 
showed signs of systematic error. Correlations of total active and 
walking times were moderate, but not significant for sitting, MV 
walking, and MVPA. Systematic errors were observed in assessments of 
MV walking and MVPA. The sensitivity and specificity of the IPAQ-E 
80 + for the accurate identification of participants (not) attaining the 
recommended PA level with the two SPM thresholds tested were low. 

4.2. Comparison with other studies 

To the best of our knowledge, this is the first study to evaluate the 
validity of IPAQ-E 80 +, a questionnaire that measures PA over 24 h to 
more fully capture the PA behavior in very old people. The IPAQ-E 
80 + showed substantial to fair correlations to accelerometer mea
sures of lying down (at night and during the day) with only a slight 
overestimation. The systematic errors of over- and underreporting 
observed were similar to those previously reported for MVPA [32,33]. 
Furthermore, the IPAQ-E 80 + showed moderate correlations to accel
erometer measures and led to underestimation of total inactive- and 
slight underestimation of total active time. All in all, while the results 
suggests that the IPAQ-E 80 + can be used to rank individuals’ levels of 
PA, the accuracy of absolute values in hours and minutes may be 
lacking. 

The limited correlation between IPAQ-E 80 + and accelerometer- 
derived sitting observed in this study is in line with a study of adults 
where the long-form IPAQ was used [34]. In both questionnaires, the 
item order (with the sitting item following lying items and appearing 
last, respectively) may have led participants to underestimate sitting 
time. In contrast, fair to substantial correlations between IPAQ/IPAQ-E– 
and accelerometer-measured sitting have been reported in older adults 
(Spearman’s r = 0.26– 0.70) [15,32,33]. Thus, a valid 
questionnaire-based measurement of sitting time appears possible, but 
may be more challenging with increasing age. Furthermore, all adults 
are prone to underestimate time in sitting, which likely increases with 
age. The limited correlation of sitting time in this study seems not to be 
attributable to symptoms of dementia, as indicated by the subgroup 
analysis. 

While walking time showed a moderate correlation in this study, the 

items for intensity (MV walking or MVPA) did not. In contrast, Cleland 
et al. [32] found a correlation (Spearman’s r = 0.43–0.56) between 
MVPA measures from accelerometer and IPAQ. In addition, correlations 
of measures of intensity may be influenced by whether or not a threshold 
of activity is used. Ryan et al. [33] reported a correlation (Spearman’s 
r = 0.19) between self-reported and accelerometer-measured MVPA 
without accelerometer bout threshold, while no correlation was found 
when a 10-min bout threshold was used. Furthermore, both studies 
included participants who were on average 10 years younger than those 
in our study. As time participating in MVPA decreases with age, and 
apparent in our study where only 41 of the participants (48 when 
including MV walking), low power may explain the lack of correlation 
this study. Furthermore, evidence regarding the step cadence required to 
attain moderate intensity in older people is scarce and appear contra
dictory; the cadence may be greater [35] or lesser [36] than that 
required in younger adults. A threshold of > 100 SPM has been proposed 
for adults [17], and was used in this study as no recommendation for 
very old people were found. 

Our findings regarding sensitivity and specificity of the IPAQ-E 
80 + are inconclusive, possibly due to the methodological limitations 
of accelerometers pertaining to PA intensity thresholds [37]. Further
more, although the examples of MVPAs provided in the questionnaire (i. 
e. gardening, window cleaning, biking, swimming, wood chopping, 
construction work, aerobics, and running) can be strenuous, the activ
ities may not generate sufficient step cadences > 100 or > 75 SPM. 

Stronger correlations were indicated for total inactive time in the 
subgroup with proxy compared to without proxy, and for walking time 
in the subgroup with depression compared to without depression. The 
results suggest that the IPAQ-E 80 + enables more precise total inactive 
time measurement using proxy consultation. The result also indicate 
that people with depression more accurately recall time spent walking 
than those without depression. As the subgroups were small, however, 
the results should be interpreted with caution. The sensitivity analyses 
conducted with exclusion of the two most sedentary participants yielded 
essentially the same results as the main analyses. Thus, the subgroup and 
sensitivity analyses suggest that the scale is valid for use within these 
common subgroups of very old people. 

Table 2 
Self-reported and accelerometer-measured (in) activity (hours/week) of participants (n = 76), and correlation between measures.  

Measure IPAQ-E 80 + Accelerometry Spearman’s r (p) 

Total inactive timea (n = 69) 109.0 ± 23.8 
[101.5 (73.5–167.4)] 

127.9 ± 15.4 
[126.9 (96.3–166.8)] 

0.55 (<0.001) 

Nighttime lying downa (n = 70) 59.7 ± 10.2 
[59.5 (42.0–85.7)] 

58.5 ± 15.4 
[57.7 (26.3–139.4)] 

0.65 (<0.001) 

Daytime lying downa 6.9 ± 8.1 
[3.5 (0–35.0)] 

4.8 ± 6.9 
[2.0 (0–30.5)] 

0.26 (0.025) 

Sitting (n = 75) 41.3 ± 15.5 
[41.3 (14.0–84.0)] 

64.5 ± 15.5 
[65.9 (20.9–100.9) 

0.09 (0.42) 

Sedentary time (daytime lying down + sitting; n = 75) 48.1 ± 17.2 
[45.5 (19.2–92.2)] 

69.4 ± 14.4 
[69.6 (20.9–100.9)] 

0.28 (0.015) 

Total active timea (n = 75) 9.19 ± 9.3 
[6.1 (0–45.5)] 

9.9 ± 5.5 
[9.3 (0.01–25.7)] 

0.60 (<0.001) 

Walking 5.7 ± 6.2 
[3.9 (0–35.0)] 

9.7 ± 5.6 
[9.3 (0–25.7)] 

0.54 (<0.001) 

MV walkinga 0.3 ± 0.7 
[0.0 (0–3.7)] 

1.4 ± 1.9 
[0.5 (0–7.1)] 

0.06 (0.58) 

MVPA (n = 75) 3.5 ± 6.1 
[0.6 (0–35.0)] 

1.4 ± 1.9 
[0.5 (0–7.1)] 

0.17 (0.13) 

Total MVPA (MVPA + MV walkinga; n = 75) 3.8 ± 6.2 
[1.0 (0–35.0)] 

1.4 ± 1.9 
[0.5 (0–7.1)] 

0.17 (0.16) 

Daily steps – 6200 ± 3763 
[5743 (4–16.947)]  

Estimated daily distance walked, km – 3.79 ± 2.34 
[3.56 (0.002–11.19)]  

Values presented as mean ± standard deviation [median (range)]. Bold type indicates significant values. 
aAddition to the original IPAQ-E. 
IPAQ-E 80 +, International Physical Activity Questionnaire adapted for adults aged ≥ 80 years; MV, moderate to vigorous; PA, physical activity 
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4.3. Strengths, limitations, and methodological considerations 

The heterogeneity of PA levels is a strength of this study, and reflects 
the varying activity patterns in very old people. The concurrent PA 
measurement by accelerometer and self-report, which reduces the po
tential for PA fluctuation affecting self-reporting precision, is another 
strength. A limitation is that while the IPAQ-E 80 + uses a threshold of 
> 10-min bouts to measure time spent walking and performing MVPA, 
the accelerometer does not. Figs. 2 and 3 illustrates upward and 
downward slopes for daytime lying down, MV walking, MVPA and Total 
MVPA. The upward slope illustrates participants that reported time in an 
activity that the accelerometer did not, and vice versa for downward 

slopes. This highlights a measurement error of IPAQ-E 80 + regarding 
time spent lying down during the day and intensity of walking and 
physical activity, which warrants further investigation. Another limi
tation is the small number of participants, especially in the subgroups, in 
combination with the low number of participants reporting MVPA. This 
may have led to type 2 errors for MV walking and MVPA measures. 
Although test-retest reliability of the IPAQ have been shown to be 
adequate [38], reliability tests of the IPAQ-E 80 +, and IPAQ-E, are yet 
to be conducted. Finally, we measured intensity using accelerometer 
step counts, which could have resulted in misclassification bias for eight 
of our participants, as accuracy is low for people with walking speeds 
< 0.5 m/s [39]. 

Fig. 2. Bland–Altman plots of differences (in hours per week) in inactive time between IPAQ-E 80 + and accelerometer measures. IPAQ-E 80 +, international 
physical activity questionnaire adapted for adults aged ≥ 80 years; PA, physical activity. 
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Table 3 
Proportions of participants achieving the recommended PA level, and IPAQ-E 80 + sensitivity and specificity.   

Achieved recommended PA level [n (%)]  

SPM threshold Accelerometry IPAQE-80 +a Sensitivity Specificity κ p 

≥ 100 18 (23.7) 35 (46.1) 61.1% 58.6%  0.149  0.142 
≥ 75 49 (64.5) 35 (46.1) 55.1% 70.4%  0.228  0.033  

a MV walking + MVPA. PA, physical activity; IPAQ-E 80 + , International Physical Activity Questionnaire adapted for adults aged ≥ 80 years; SPM, steps/minute; 
MV, moderate to vigorous. 

Fig. 3. Bland-Altman plots of differences (in hours per week) in active time between IPAQ-E 80 + and accelerometer measures. IPAQ-E 80 +, international physical 
activity questionnaire adapted for adults aged ≥ 80 years; PA, physical activity. 
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5. Conclusions 

This study shows that the IPAQ-E 80 + seems able to rank in
dividuals aged 80 years and over into PA levels (inactive, sedentary, 
active, and walking). The IPAQ-E 80 + seems promising for use in 
studies of relationships between PA behavior and health in this popu
lation. Given the option for proxy confirmation for respondents with 
impaired cognition, the IPAQ-E 80 + may also be suitable for people 
with dementia. Further investigation is needed to determine whether 
this scale can accurately measure PA intensity. 
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We also thank Gisela Lilja, (Neurology, Department of Clinical Sciences 
Lund, Lund University, Skane University Hospital, Lund, Sweden), for 
providing the Swedish translation of the Frontal Assessment Battery. 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.gaitpost.2021.11.019. 

References 

[1] F.C. Bull, S.S. Al-Ansari, S. Biddle, K. Borodulin, M.P. Buman, G. Cardon, C. Carty, 
J.-P. Chaput, S. Chastin, R. Chou, P.C. Dempsey, L. DiPietro, U. Ekelund, J. Firth, C. 
M. Friedenreich, L. Garcia, M. Gichu, R. Jago, P.T. Katzmarzyk, E. Lambert, 
M. Leitzmann, K. Milton, F.B. Ortega, C. Ranasinghe, E. Stamatakis, A. Tiedemann, 
R.P. Troiano, H.P. van der Ploeg, V. Wari, J.F. Willumsen, World Health 
Organization 2020 guidelines on physical activity and sedentary behaviour, Br. J. 
Sport. Med. 54 (2020) 1451–1462, https://doi.org/10.1136/bjsports-2020- 
102955. 

[2] U. Ekelund, J. Tarp, J. Steene-Johannessen, B.H. Hansen, B. Jefferis, M. 
W. Fagerland, P. Whincup, K.M. Diaz, S.P. Hooker, A. Chernofsky, M.G. Larson, 
N. Spartano, R.S. Vasan, I.-M. Dohrn, M. Hagströmer, C. Edwardson, T. Yates, 
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