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Abstract 

Background: Guidelines recommend regular physical activity (PA) and decreased sedentary time (SED) for patients 
after myocardial infarction (MI). Therefore, valid self-assessment of PA is vital in clinical practice. The purpose of this 
study was to assess the convergent validity of commonly used PA and SED questions recommended by the National 
Board of Health and welfare (NBHW) and national SWEDEHEART-registry using accelerometers as the reference 
method in patients after MI.

Methods: Data were obtained 2017–2021 among Swedish men and women (180 assessments). Participants 
answered five commonly used PA and SED-questions (by NBHW and SWEDEHEART) and wore an accelerometer 
(Actigraph GT3X) for seven days. Convergent validity was assessed gradually by; Kruskall Wallis-, Sperman rho, 
Weighted Kappa- and ROC-analyses. Misclassification was explored by Chi-square analyses with Benjamini–Hochberg 
adjustment.

Results: The strongest correlation (r = 0.37) was found for the SED-GIH question (NBHW). For PA, no specific ques-
tion stood out, with correlations of r = 0.31 (NBWH), and r = 0.24–0.30 (SWEDEHEART). For all questions (NBHW and 
SWEDEHEART), there was a high degree of misclassification (congruency 12–30%) affecting the agreement (0.09–
0.32) between self-report and accelerometer assessed time. The SED-GIH, PA-index and SWEDEHEART-VPA had the 
strongest sensitivity for identifying individuals with high SED (0.72) or low PA (0.77 and 0.75).

Conclusion: The studied PA and SED questions may provide an indication of PA and SED level among patients with 
MI in clinical practice and could be used to form a basis for further dialogue and assessment. Further development is 
needed, since practical assessment tools of PA and SED are desirable.
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Introduction
Cardiovascular disease (CVD) is the major cause of death 
in Europe [1]. There is evidence that regular physical 
activity (PA), including exercise and everyday PA as well 
as limited sedentary time (SED) lower the risk of hospi-
talization and premature mortality [2–5].

International guidelines strongly recommend individu-
alised PA and SED recommendations for patients with 
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CVD [6, 7]. Therefore, valid self-reported assessment is 
a vital component in clinical practice. Questionnaires are 
easy to use and an inexpensive way of describing previous 
PA behaviour, type of activity and the relative intensity 
[8]. However, questionnaires suffer from potential errors 
due to social desirability and the difficulty to accurately 
estimate duration and absolute intensity [8, 9].

“The Swedish National Board of Health and Welfare” 
(NBHW) recommends two PA questions (NBHW-PA 
questions) to assess levels of everyday PA, exercise, and 
a combination of these [10]. They also recommend a 
question regarding the amount of time spent sedentary 
(SED-GIH) [11]. A previous study explored the asso-
ciation of the NBHW-PA and SED questions with health 
care utilisation and mortality among patients with CVD 
[3]. The results indicated that higher levels of everyday 
PA and lower time spent sedentary were associated with 
lower readmission rates. In addition, both higher exercise 
frequency and everyday PA were linked to a lower mor-
tality risk [3]. The Swedish national quality registry for 
acute coronary and cardiac rehabilitation care, “SWEDE-
HEART”, contains questions based on PA-recommenda-
tions by Haskell et  al. [12], focusing on moderate and/
or vigorous intensities of PA (SWEDEHEART-PA ques-
tions) [13]. Data based on the SWEDEHEART-questions 
have linked high levels of both moderate and vigorous PA 
with a lower risk of rehospitalization and risk of all-cause 
mortality in patients with (myocardial infarction) MI [2].

Thus, the current questions seem to have an accept-
able predictive validity for identifying individuals with a 
higher risk of rehospitalization and all-cause mortality 
[2, 3]. However, there is still a gap in knowledge of the 
convergent validity of the questions commonly used in 
clinical practice among individuals with atherosclerotic 
CVD i.e., can the questions be used to estimate individu-
als PA level. The objective of the present study is to assess 
the convergent validity of the PA and SED questions in 
patients after a MI using accelerometers as the reference 
method.

Methods
This was a single center study performed at the Depart-
ment of Cardiology at Danderyd’s hospital, Stockholm, 
Sweden. Individuals were informed of the study and 
invited to participate by a nurse at the first routine fol-
low-up visit, six to eight weeks after MI.

Data were collected via questionnaires, accelerometers, 
diaries, and the national quality registry SWEDEHEART 
between October 2017 and May 2021. The participants 
answered a questionnaire concerning PA and SED both 
at six to eight weeks and at 10–12  months post MI. 
Immediately after the visits, an accelerometer with a 
diary were posted to the participant, with instructions 

on how to wear the device and to start the accelerometer 
assessment directly. After the measuring period, partici-
pants returned the accelerometer and the diary by pre-
paid postage to the Swedish School of Sport and Health 
Science. Covariates were collected from a sub-register 
of SWEDEHEART, the SEPHIA-registry, focusing on 
outpatient cardiac rehabilitation up to one year after MI 
from the responsible cardiac department [14]. The fol-
lowing variables were obtained: gender, age, occupation, 
smoking habits, body mass index (BMI), systolic and 
diastolic blood pressure, left ventricular ejection fraction 
(LVEF), diabetes (ICD E.10-E.11) and smoking habits.

Study participants
Individuals aged 18–80  years with newly diagnosed MI 
(ICD I21) registered in the SWEDEHEART registry were 
included in the study. Individuals who were physically 
disabled (wheelchair dependent) or with reduced abil-
ity to answer the questions were excluded by not being 
asked for participation.

Physical activity and sedentary time questionnaire
Six commonly used PA and SED questions were included 
in the study (the NBHW-PA, SED-GIH questions and the 
SWEDEHEART-PA questions).

The NBHW-PA and SED questions use different time 
frames. The NBHW-PA questions focus on PA in an ordi-
nary week while the SED question focuses on an ordinary 
day.

NBHW‑PA questions [10]

• Everyday PA: “During a regular week, how much time 
(in minutes) are you physically active in ways that are 
not exercise, for example walks, bicycling, or garden-
ing? Add together all activities lasting at least 10 min”. 
Seven fixed answers were available; “no time”, ” < 30”, 
“30–60”, “60–90”, “90–150”, “150–300” and “ > 300”.

• Physical exercise: During a regular week, how much 
time do you spend exercising on a level that makes 
you out of breath, for example running, fitness class, 
or ball games? The questions had six fixed answers; 
“no time”, “ < 30”, “30–60”, “60–90”, “90–120” and 
“ > 120”.

The questions of everyday PA and physical exercise 
formed a validated PA-index (3–19 points) of total PA 
level [10]. This was obtained by multiplying the category 
of exercise (one to six) by two, to account for a potentially 
higher intensity and then adding the category of every-
day PA (one to seven). The same index has been used in 
previous surveys to assess the approximate number of 
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individuals who achieve ≥ 150  min of MVPA [10]. The 
cut-off was set at nine.

NBHW SED‑GIH question [11]

• Sedentary time: “How much time (in hours) do you 
sit during a normal day, excluding sleep?” [11]. There 
were seven answer options; “Virtually all day”, “13–
15”, “10–12”, “7–9”, “4–6”, “1–3” and “Never”.

SWEDEHEART‑PA questions
The PA questions in the SWEDEHART registry focus on 
PA during the previous week and are listed below. The 
individuals can choose between 0–7 days/week [15]

• SWEDEHEART-MVPA: “Number of physical activ-
ity sessions of at least 30  min (two 15-min sessions 
can be combined into one 30-min session) in the last 
7 days, with a minimal intensity of fast walking”.

The following two questions separate moderate and 
vigorous intensity levels of PA.

• SWEDEHEART-MPA: How many days in the last 
week did you do at least 30 min, total time (at least 
10 min at a time) of physical activity that made you 
slightly out of breath and gave slightly elevated heart 
rate?

• SWEDEHEART-VPA: How many days during the 
last week did you do some form of continuous vigor-
ous physical activity /exercise, (at least 20 min), that 
made you out of breath and gave you elevated heart 
rate?

Accelerometer data
An accelerometer provides information on body move-
ments, which can be translated to data on PA, using vali-
dation algorithms. Such translation gives reasonably valid 
data of duration, frequency, and absolute intensity of 
PA and SED [16, 17]. Accelerometers (Actigraph GT3X 
monitor, Pensacola, Florida, USA) were used as the con-
vergent PA and SED assessment method. Participants 
were encouraged to wear the monitors on the right hip, 
24 h for ten consecutive days [18], except in water-based 
activities. The participants used a diary during the period 
they carried the accelerometer. They noted the time they 
went to bed and woke up as well as time without the 
accelerometer. These periods (if ≥ 40 min) were excluded 
from the accelerometer analyses. When diary data of 
sleeping hours were missing, the time between 10:00 PM 

and 07:00 AM was considered night and excluded from 
the accelerometer analyses.

The accelerometers and data files were processed using 
the software Actilife, version 6.13.4 (ActiGraph llC, Pen-
sacola, Fl, USA). Data were collected tri-axially using a 
sampling rate of 30  Hz and, after extraction, data were 
down-sampled and saved as 60  s epochs, with activity 
intensity based on vector magnitude. Normal frequency 
filter was applied. Additionally, the Choi algorithm was 
used for validate non-wear time [19], defined as a mini-
mum of 90 consecutive minutes with no movement, i.e., 
0 counts per minute (cpm), with an allowance for a maxi-
mum amount of movement of two minutes with intensi-
ties up to 199 cpm.

Cut-points were used to describe the daily PA behav-
iour, using the following components: time spent in sed-
entary (SED, 0–199  cpm), light physical activity (LIPA, 
200–2689  cpm), moderate PA (MPA 2690–6166) and 
vigorous physical activity (VPA, ≥ 6167  cpm) [20, 21]. 
The mean daily time in SED, LIPA, MPA, and VPA was 
calculated as the sum of each variable on all valid days 
divided by the number of valid days. In addition, time in 
MPA and VPA was summed up and termed moderate-to-
vigorous PA (MVPA).

Statistics
To be included in the analyses, individuals had to answer 
the questionnaire and have valid accelerometer data for 
at least seven days defined as ≥ 600 min of data per day 
after non-wear time had been excluded.

The descriptive data are presented as median and 25th 
and 75th percentiles (Q1–Q3), or number and propor-
tions. Before Spearman and weighted Kappa analysis, 
the continuous accelerometer data were divided into the 
same categories as the different answer options for PA 
(everyday PA, exercise, number of days in MVPA, MPA, 
VPA) and SED questions. For the PA-index, the average 
number of minutes in MVPA was kept as a continuous 
variable.

Convergent validity was explored gradually:
Kruskal–Wallis analyses with Bonferroni correction 

were performed to investigate the differences in median 
accelerometer derived time between the different catego-
ries of the PA and SED questions.

• Multiple linear regressions were performed to con-
trol for repeated measurements among individuals 
with two assessments. The study-id was used as a 
covariate.

• Correlations between the categorised accelerom-
eter data and the PA and SED-GIH questions were 
calculated using Spearman’s rho (r). The associa-
tions were interpreted as weak (r < 0.10), modest (r 
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0.1–0.3), moderate (r 0.3–0.5), strong (r 0.5–0.8) 
or very strong (r 0.8–1.0) [22]. To explore differ-
ences in correlations, r-to-z transformations were 
performed.

• Weighted kappa analyses were conducted to assess 
the agreement between PA and SED-GIH ques-
tions with the categorized accelerometer data (n.a. 
for the PA-index). The agreement (Kappa) was 
interpreted as poor (< 0.20), fair (0.21–0.40), mod-
erate (0.41–0.60), substantial (0.61–0.80) or almost 
perfect (0.81–1.00) [23].

• Receiver operating characteristics (ROC) curves 
were calculated. The answer options were kept 
as ordinal variables and the accelerometer 
data were used as state variable (golden stand-
ard) and dichotomised at a cut-off value. The 
cut-off for achieving the PA recommendations 
was ≥ 150  min a week of MPA for the everyday 
PA question, ≥ 75 min a week of VPA for the exer-
cise question and ≥ 150 min of MVPA for the PA-
index (NBHW-PA questions). For the SWEDE-
HEART questions the accelerometer cut-off was 
set at ≥ 20  min of total VPA for at least 3  days a 
week and ≥ 30  min of total MPA or MVPA for at 
least 5  days a week. Individuals with ≥ 9.5  h of 
SED per day were categorized as high SED, while 
individuals with less time spent sedentary were 
categorized as low SED. This cut-off was chosen 
based on international PA [6, 7] and SED [24] rec-
ommendations and risk assessments. For the ROC 
analyses, data are presented as the area under the 
curve (AUC) and 95% confidence intervals. AUC 
ranges from 0–1, where a poor model has an AUC 
value of 0.5 and an excellent model has a value of 
1. Sensitivity and specificity analyses were used to 
identify the proportion of true positive and true 
negative answers to the PA and SED questions, 
based on the dichotomized accelerometer data. 
The point estimate (answer alternative) that gen-
erated the strongest combination of sensitivity and 
specificity was chosen.

Lastly, calculations in Excel were performed to assess 
how well the PA and SED-GIH questions corresponded 
to the accelerometer derived data, either congruent, or 
over- and underestimating. Then, Chi square analyses 
with Benjamini–Hochberg adjustments were used to 
assess differences in congruence, under-, and overes-
timation between gender, age, LVEF, systolic blood 
pressure, diabetes, and BMI. All statistical analyses 
were performed using SPSS 27.0 software (IBM Corp., 
Armonk, NY, USA).

Results
A total of 123 individuals answered the questionnaire 
and provided complete accelerometer data were included 
(Table 1). The median age was 67 years, with a majority 
of men with a preserved LVEF. A high proportion of the 
participants was regularly physically active. The accel-
erometer data showed 77% achieved at least 150  min 
of MVPA during a week. However, 47% had ≥ 9.5  h of 
daily SED. Individuals (n = 65) excluded from the analy-
ses did not significant differ from included in gender but 
were significant younger median 58 (IQR 16) years. Of 
included individuals, 56 individuals also provided data 
from a second assessment (10–12  months after MI), 
leading to 179 complete assessments included in the 
analyses. There was an internal drop-out for the NBHW, 
SED (n = 2), (n = 3) everyday-PA and exercise (n = 2) 
questions.

Convergent validity
In the Kruskall-Wallis analyses we noticed differences 
(p < 0.05) in accelerometer collected time for different 
categories of the NBHW-PA and SED questions (Fig. 1a). 

Table 1 Baseline characteristics of participants (n = 123)a

a Data presented as median (25–75 percentile) or as number and percent
b Body mass index
c Left ventricular ejection fraction
d Moderate and vigorous physical activity
e Sedentary time
f Assessed by accelerometer

Gender, men 98 (80%)

Age, years 67 (59–72)

Employment

Working 39 (32%)

Sick leave 6 (5%)

Retiree 73 (59%)

Other 5 (4%)

BMIb, kg/m2 (n = 122) 26 (24–29)

Diabetes (n = 122) 20 (16%)

Systolic blood pressure, mmHg 123 (112–130)

Diastolic blood pressure, mmHg 73 (67–80)

LVEFc

≥ 50% 92 (75%)

40–49% 26 (21%)

< 40% 5 (4%)

Smoking

Never smoker 61 (50%)

Previous smoker 55 (45%)

Smoker 7 (6%)

Daily wear time in minutes 912 (862–946)

Daily minutes in  MVPAd 47f (24–79)

Daily minutes in  SEDe 558f (500–614)
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Fig. 1 a Accelerometer assessment of physical activity and sedentary time across categories of the NBHW-questions (n = 176). *Differed from 
(p < 0.05); a> 300 min, b60–89 min, c> 120 min. d18 points, e19 points, f10–12 h, g13–15 h. b Accelerometer assessment of physical activity across 
categories of the SWEDEHEART -questions (n = 179). *Differed from (p < 0.05); a7 sessions
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For everyday PA, a difference was found in MPA between 
the categories “30–59” and “ > 300” minutes. Regard-
ing the exercise question, we found differences in VPA 
between “no time” compared to “60–89” and “ < 120” 
minutes respectively, as well as a difference between the 
categories “1–29” and “ > 120″ minutes. The PA-index 
could detect differences in accelerometer derived time 
in MVPA between individuals categorised as 5 vs 18 or 
19. For SED, there were differences in accelerometer 
assessed time for individuals self-reporting the two low-
est categories compared to individuals reporting > 10  h. 
For the SWEDEHEART-PA questions there were signifi-
cant differences in accelerometer assessed time for the 
SWEDEHEART-VPA and MVPA questions (Fig. 1b). For 
the SWEDEHEART-VPA question, differences in time in 
VPA were seen between individuals categorised to zero 
and seven sessions. For MVPA the differences in time of 
MVPA were seen between category two and seven. 

In the multiple linear regression (Additional file  1), 
the study-id did was not a significant predictor for the 
relationships, there for all assessments (n = 179) were 
included in the analyses.

The correlation between the SED question and categor-
ical accelerometer data was moderate (r = 0.37), but the 
agreement was weak (0.09). However, the ability to clas-
sify individuals sitting ≥ 9.5 h was good, with an accept-
able level of both sensitivity (72%) and specificity (62%) 
(Table 2).

For PA, the correlations between the PA questions 
and categorical accelerometer data were modest to 
moderate (r = 0.24–0.31) and no specific question had 
a significantly stronger correlation (p > 0.47). In gen-
eral, the weighted kappa analyses showed a poor to fair 
agreement between the answer categories and catego-
rised accelerometer data (agreement 0.10–0.32) with 
the strongest agreement (fair) for the SWEDEHART-
MVPA and the NBHW everyday PA questions. Results 
from the ROC analyses are presented in Table  2, and 
graphical results in Additional file  2. To classify indi-
viduals as achieving ≥ 150  min of MVPA the NBHW 
PA-index had the best sensitivity (77%). Meanwhile 
the NBHW exercise question had the best specificity 
(85%) for identifying individuals not fulfilling ≥ 75 min 
a week of VPA (Table 2). Correlation, agreement, and 
area under the curve for the two specific timepoints 
are presented in Additional file 3, showing random but 
not systematic differences.

Over‑ and under‑reporting
Congruence between individuals’ self-reported PA and 
SED levels compared to the accelerometer measured 
data varied between 12 and 30% (Fig. 2a, b). In general, 

participants with a high self-rated PA level over-reported 
the PA to a larger degree. For SED, the majority (83%) 
under-reported their sedentary time; however, there were 
no differences in misclassification between the different 
SED categories.

There were few other factors affecting the reporting 
pattern. Older individuals over-reported everyday PA to 
a higher degree than younger (63% vs 44%). Men under-
reported the number of PA sessions in MVPA (SWEDE-
HEART) compared to women (39% vs 18%) (Additional 
file  4). Lastly, older and overweight/obese individuals 
over-reported time in VPA (SWEDEHEART), compared 
to younger individuals (68% vs 60%) and those with a 
BMI < 25 kg/m2 (71% vs 53%).

Discussion
The main finding of this study was, that for the PA and 
SED questions (by NBHW and SWEDEHEART) fre-
quently used in clinical practice, there was a high degree 
of misclassification (over- and underreporting), with 
modest to moderate correlation and poor to fair agree-
ment. Nonetheless, they may provide some broadly indi-
cation about PA and SED level, which could form the 
basis for further discussion and assessment on an indi-
vidual level in clinical practice.

Sedentary question (SED‑GIH)
The updated European guidelines of CVD prevention 
highlight the importance of decreasing SED; therefore 
it is important that the convergent validity of the SED-
GIH question has an acceptable level. The correlation 
to accelerometer assessed SED (r = 0.37) was somewhat 
lower compared to a study in a general population that 
showed a correlation between the SED-GIH question 
and total stationary time (r = 0.48) [11]. Convergent 
validity for other SED questionnaires among individu-
als within cardiac rehabilitation has previously been 
explored in two small studies, where modest (r = 0.19–
0.21) correlations to accelerometer collected data [25, 
26] were found.

The agreement between the SED-GIH question and 
SED time assessed by accelerometer was weak. This 
might be due to eight out of ten participants underes-
timating their sedentary time causing misclassifica-
tion. The difficulty to estimate SED has been shown in 
other studies, with misclassifications of minus 85  min 
per day [27] and under-estimations of SED of approxi-
mately 70% [11]. To decrease the risk of misclassifica-
tion, Gardner et al. suggested asking about time spend 
in seated activities, e.g. time of tv-viewing or computer 
use [28] instead of questions about sitting time. Despite 
the under-estimation of sitting time, ROC-analyses 
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showed a modest ability (0.69) to identify individuals 
with more than 9.5  h/day of accelerometer assessed 
SED [24]. This is supported by Kallings et al. in a gen-
eral population study (0.71) [11].

The NBHW and SWEDEHEART‑PA questions
For PA, the correlation for the NBHW and SWEDE-
HEART questions with accelerometer derived data was 
modest to moderate. There were no significant differ-
ences in correlation for the NBHW-PA questions com-
pared to the SWEDEHEART ones. The correlation of 
NBHW PA-index with accelerometers as a criterion 
method showed similar results to a study in a general 
population, r = 0.27 (vs 0.31) for MVPA min/day [10]. 
To our knowledge, few studies explore convergent valid-
ity between self-rated and accelerometer assessed PA 
for individuals with CVD. However, Biswas et  al. found 
a moderate correlation (r = 0.49) between accelerometer 
assessed and self-rated time of MVPA in this group [26].

For the PA questions, agreement with time assessed 
by accelerometer was poor to fair (0.10–0.32) with the 
strongest agreement for the SWEDEHEART-MVPA and 

the NBHW everyday PA question. As with a previous 
study [27], there was a high degree of overestimation for 
all PA questions. Interestingly, there were small differ-
ences in misclassifications between groups, with women, 
obese and older participants over-reporting time and 
intensity of PA to a higher degree than men, individuals 
with a lower BMI and younger participants. This might 
be due to accelerometers not considering the individual’s 
physical capacity (relative intensity), unlike self-reported 
data. This is clinically important, as relative intensity 
is valuable for recommendations of PA based on the 
individual.

ROC-curve analysis of the PA-index was in line with 
a study in a general population (0.66) [10]. Thereto the 
PA-index had the strongest sensitivity (0.77) to identify 
individuals not achieving 150 min of MVPA collected by 
accelerometer, which indicates that the PA-index might 
be used to indicate low PA among patients with MI as 
well as in the general population. To identify individuals 
not achieving 3 times per week of VPA (accelerometer 
collected), the sensitivity was equivalent (0.75) for the 
SWEDEHEART-VPA question.

Table 2 Convergent validity for self-reported estimates of physical activity and sedentary using accelerometer assessed time as 
reference

a Spearman rho
b Weighted Kappa
c ROC-analyses
d Cut-off ≥ 9.5 h per day of SED
e Cut-off ≥ 150 min a week of MPA
f Cut-off ≥ 75 min a week of VPA
g Cut-off ≥ 150 min of MVPA
h ≥ 5 sessions a week of MVPA
i Cut-off ≥ 5 sessions a week of MVPA
j Cut-off ≥ 3 sessions a week of VPA
k Moderate and vigorous intensity physical activity
l Moderate intensity physical activity
m Vigorous intensity physical activity

Question Correlation a Agreement b
(95% CI)

Area under the curve c 
(95% CI)

Sensitivity Specificity

NBHW-PA questions

Sedentary time (n = 177) 0.37 0.09 (0.05–0.12) 0.69 (0.60–0.77)d 0.72 0.62

Everyday physical activity (n = 176) 0.31 0.31 (0.16–0.46) 0.68 (0.59–0.78)e 0.65 0.62

Exercise (n = 177) 0.31 0.18 (0.09–0.27) 0.69 (0.57–0.82)f 0.47 0.85

Physical activity index (n = 176) 0.31 n.a 0.65 (0.54–0.76)g 0.77 0.50

SWEDEHEART-PA questions (n = 179)

SWEDEHEART-MVPAk 0.30 0.32 (0.18–0.46) 0.64 (0.56–0.72)h 0.66 0.55

SWEDEHEART-MPAl 0.28 0.19 (0.07–0.32) 0.62 (0.53–0.71)i 0.53 0.72

SWEDEHEART-VPAm 0.24 0.10 (0.02–0.18) 0.61 (0.50–0.72)j 0.75 0.48
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Strengths and limitations
The most important strength of this study is that it 
includes a large cohort of CVD patients, focusing on indi-
viduals with MI. It also includes a higher proportion of 
older individuals compared to previous studies [10, 11]. 
Generalization of the results is possible as the median age 
and proportion of women is similar to patients included 
in the SEPHIA-registry [15]. However, included individu-
als were older than excluded, which may slightly affect 
the generalisability of the SWEDEHART-VPA and every-
day-PA question, when older individuals were classified 
as overreporting ta a higher degree.

A limitation is the lack of consensus for cut-off values 
of accelerometer data for individuals with CVD. This is 
troublesome and the time spent at different levels of PA 
intensity should therefore be interpreted with caution, 
especially in patients with reduced cardiorespiratory fit-
ness, which leads to differences in absolute and relative 
intensity [18]. In this study, where a majority had a pre-
served LVEF, we used cut-off points in line with several 
previous studies on general populations [27] and patients 
in cardiac rehabilitation [18].

Accelerometers were used as the criterion method. 
However, accelerometer measurements do have disad-
vantages. For example, information about relative inten-
sity and activities such as bicycling, strength training, and 
swimming, all common types of exercise within cardiac 
rehabilitation [6], are omitted. This might have led to the 
differences in self-rated and accelerometer assessed PA 
levels. In addition, the accelerometer assesses stationary 
behaviour and not sitting time per se, which the SED-
GIH question focuses on. This might have contributed 
to the high amount of under-reporting. The same limi-
tation was apparent when comparing accelerometer col-
lected MPA with the everyday PA question, focusing on 
activities performed in the everyday, not specifying the 
intensity.

Another limitation is that participants may have 
become more conscious about their PA behaviour dur-
ing the study, affecting how they answered the questions 
and their PA behaviour during the measurement period. 
The participants answered the questionnaire prior to 
wearing the accelerometer, this may be a limitation when 
the SWEDEHEART-PA questions focus at PA the last 
week, however several studies indicate that accelerom-
eter data collected over seven days use to be consistent 
between weeks (high reliability) [29–31]. Non-wear time 
is important to consider, since it affects PA and SED 
assessed by the accelerometer [32]. Thus, using a diary to 
register sleep and non-wear time attenuated this limita-
tion. Before analyses, these times were excluded. Another 
strength is that all PA and SED questions consist of pre-
determined answer categories, which have been shown 
to increase validity compared to open answer questions 
[10].

Exploring an individual’s total PA behaviour is com-
plex and these questions have a limited convergent valid-
ity and low, precision. Therefore, a combination of both 
accelerometer derived data and questionnaires could be 
recommended [8, 9].

Conclusion
The present study is clinically important as it focuses on 
commonly used SED and PA questions to patients with 
CVD, where regular PA and low SED both have a central 
role in cardiac rehabilitation. The convergent validity of 
the SED and PA questions is poor to moderate compared 
to accelerometer assessed data. The SED-GIH question 
had the strongest correlation. However, for PA we could 
not identify any preferable question. In spite of the risk 
of misclassification when using questionnaires, the ques-
tions seem to be a practical and acceptable method that 
may provide some indication about PA-level, which could 

Fig. 2 a Congruence and misclassification in the NBHW-questions compared to accelerometer assessed time in physical activity and sedentary. 
^Accelerometer data include physical activity at a moderate intensity for the same duration as the everyday PA question different answer 
categories. #Accelerometer data include physical activity at a vigorous intensity for the same duration as the exercise question different answer 
categories. *Differed from (p < 0.05); aunder report compared to 150–300 min and 300 min, bunder report more than 90–149 min, cmore congruent 
than > 300 min, dmore congruent than 30–60 min and 60–89 min, eover report more than 30–60 min, fover report more than all other categories. 
b Congruence and misclassification in the SWEDEHEART-questions compared to accelerometer assessed time in physical activity. *Differed from 
(p < 0.05); SWEDEHEART-VPA; a more congruent compared to 3–7 sessions, boverreport more compared to 1–2 sessions, coverreport more compared 
to 3 sessions, doverreport more compared to 0–2 sessions, SWEDEHEART-VPA emore congruent compared to 1–4 sessions; SWEDEHEART-MVPA, 
funderreport more compared to 0, 1, 3 and 4 sessions; goverreport more compared to 1 session

(See figure on next page.)
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(a)

(b)

Fig. 2 (See legend on previous page.)
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form the basis for further discussion and assessment on 
an individual level.

Abbreviations
AUC : Area Under the Curve; BMI: Body Mass Index; CVD: Cardiovascular 
disease; LVEF: Left Ventricular Ejection Fraction; MI: Myocardial infarction; MPA: 
Moderate physical activity; MVPA: Moderate and vigorous physical activ-
ity; NBHW: National Board of Health and Welfare; PA: Physical activity; ROC: 
Receiver operating characteristics; SED: Sedentary time; SEPHIA: The Second-
ary Prevention after Heart Intensive Care Admissions; SWEDEHEART : The 
Swedish Web-system for Enhancement and Development of Evidence-based 
care in Heart disease Evaluated According to Recommended Therapies; VPA: 
Vigorous physical activity.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13102- 022- 00509-y.

Additional file 1. Correlations between self-rated PA level, SED and study-
id with accelerometer assessed PA and SED time.

Additional file 2. Graphical results of the ROC analyses for the specificity 
and sensitivity of the PA and SED questions compared to accelerometer 
collected data.

Additional file 3. Convergent validity for self-reported estimates of physi-
cal activity and sedentary using accelerometer  assessed time as reference 
for time point one (n=123) and two (n=56).

Additional file 4. Congruence between self-reported PA and SED com-
pared to the accelerometer assessed time for different strata.

Acknowledgements
To Sofia Allfors and colleagues at the outpatient cardiac care at Danderyd’s 
hospital for your commitment at the data collection.

Author contributions
All authors (AL, LK, MB, ÖE and ME) planned and designed the study. AL and 
ME recruited participants and AL collected the data. ALand ÖE were respon-
sible for the methodology and statistical analyses. AL and ME, wrote the first 
draft of the manuscript. LK, MB, ÖE reviewed and edited the manuscript. All 
authors read and approved the final manuscript.

Funding
The Swedish Heart-Lung Foundation, Grant Number: 20200838 and The 
Swedish Heart and Lung Association diary number: 136/16.

Availability of data and materials
The datasets generated and/or analysed during the current study are not pub-
licly available due to ethical conditions but are available from the correspond-
ing author on reasonable request.

Declarations

Ethical approval and consent to participate
Ethical approval was obtained from Stockholm’s regional ethical review board 
(Dnr: 2016/2409-31/1 and 2019-05884). Prior to inclusion, individuals gave 
their written informed consent to participate. All methods were carried out in 
accordance with the principles outlined in the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Physical Activity and Health, The Swedish School of Sport 
and Health Sciences, Gymnastik- Och Idrottshögskolan (GIH), Lidingövägen 
1, 114 33 Stockholm, Sweden. 2 Women’s Health and Allied Health Profes-
sionals Theme Medical Unit Occupational Therapy and Physiotherapy, 171 
76 Stockholm, Sweden. 3 Unit of Family Medicine, Department of Public Health 
and Caring Sciences, Uppsala University, 751 05 Uppsala, Sweden. 4 Center 
for Health and Performance, Department of Food, Nutrition and Sport Science, 
University of Gothenburg, Gothenburg, Sweden. 5 Department of Neurosci-
ence and Physiology, Sahlgrenska Academy & Sahlgrenska University Hospital, 
411 24 Gothenburg, Sweden. 6 Division of Cardiovascular Medicine, Depart-
ment of Clinical Sciences, Danderyd Hospital, 182 88 Stockholm, Sweden. 

Received: 15 February 2022   Accepted: 17 June 2022

References
 1. Wilkins E, Wilson L, Wickramasinghe K, Bhatnagar P, Rayner M, Townsend 

N. European Cardiovascular Disease Statistics 2017 edition. In: Edited by 
European Heart Network; 2017.

 2. Ek A, Ekblom O, Hambraeus K, Cider A, Kallings LV, Borjesson M. Physical 
inactivity and smoking after myocardial infarction as predictors for 
readmission and survival: results from the SWEDEHEART-registry. Clin Res 
Cardiol. 2018.

 3. Ek A, Kallings LV, Ekström M, Börjesson M, Ekblom Ö. Subjective reports 
of physical activity levels and sedentary time prior to hospital admis-
sion can predict utilization of hospital care and all-cause mortality 
among patients with cardiovascular disease. Eur J Cardiovasc Nurs. 
2020:1474515120921986.

 4. Stewart RAH, Held C, Hadziosmanovic N, Armstrong PW, Cannon CP, 
Granger CB, Hagstrom E, Hochman JS, Koenig W, Lonn E, et al. Physical 
activity and mortality in patients with stable coronary heart disease. J Am 
Coll Cardiol. 2017;70(14):1689–700.

 5. Booth JN 3rd, Levitan EB, Brown TM, Farkouh ME, Safford MM, Muntner P. 
Effect of sustaining lifestyle modifications (nonsmoking, weight reduc-
tion, physical activity, and mediterranean diet) after healing of myocardial 
infarction, percutaneous intervention, or coronary bypass (from the REa-
sons for Geographic and Racial Differences in Stroke Study). Am J Cardiol. 
2014;113(12):1933–40.

 6. Pelliccia A, Sharma S, Gati S, Bäck M, Börjesson M, Caselli S, Collet JP, 
Corrado D, Drezner JA, Halle M et al. 2020 ESC Guidelines on sports 
cardiology and exercise in patients with cardiovascular disease. Eur Heart 
J. 2020.

 7. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, 
Benetos A, Biffi A, Boavida JM, Capodanno D, et al. 2021 ESC Guidelines 
on cardiovascular disease prevention in clinical practice. Eur Heart J. 
2021;42(34):3227–337.

 8. Ainsworth B, Cahalin L, Buman M, Ross R. The current state of physical 
activity assessment tools. Prog Cardiovasc Dis. 2015;57(4):387–95.

 9. Dowd KP, Szeklicki R, Minetto MA, Murphy MH, Polito A, Ghigo E, van der 
Ploeg H, Ekelund U, Maciaszek J, Stemplewski R, et al. A systematic litera-
ture review of reviews on techniques for physical activity measurement 
in adults: a DEDIPAC study. Int J Behav Nutr Phys Activ. 2018;15(1):15.

 10. Olsson SJ, Ekblom O, Andersson E, Borjesson M, Kallings LV. Categorical 
answer modes provide superior validity to open answers when asking for 
level of physical activity: a cross-sectional study. Scand J Public Health. 
2016;44(1):70–6.

 11. Kallings LV, Olsson SJG, Ekblom O, Ekblom-Bak E, Borjesson M. The SED-
GIH: a single-item question for assessment of stationary behavior-a study 
of concurrent and convergent validity. Int J Environ Res Public Health. 
2019;16(23):1542.

 12. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, Macera 
CA, Heath GW, Thompson PD, Bauman A. Physical activity and public 
health: updated recommendation for adults from the American College 
of Sports Medicine and the American Heart Association. Circulation. 
2007;116(9):1081–93.

 13. Vasko Peter SWEDEHEART, Annual report 2020. In: Uppsala Clinical 
Research Center (UCR); 2021.

https://doi.org/10.1186/s13102-022-00509-y
https://doi.org/10.1186/s13102-022-00509-y


Page 11 of 11Lönn et al. BMC Sports Science, Medicine and Rehabilitation          (2022) 14:117  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 14. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, 
Lagerqvist B, Lindahl B, Stenestrand U, Wallentin L. The Swedish Web-sys-
tem for enhancement and development of evidence-based care in heart 
disease evaluated according to recommended therapies (SWEDEHEART). 
Heart (British Cardiac Society). 2010;96(20):1617–21.

 15. Vasko PAJ, Bäck M, Dahlbom L, Erlinge D, Ernkvist M, Friberg Ö, Johansson 
P, Juhlin T, Leósdóttir M, Rück A, Svensson A, Walther S. SWEDEHEART 
annual report 2020. 2021.

 16. Santos-Lozano A, Santín-Medeiros F, Cardon G, Torres-Luque G, Bailón R, 
Bergmeir C, Ruiz JR, Lucia A, Garatachea N. Actigraph GT3X: validation 
and determination of physical activity intensity cut points. Int J Sports 
Med. 2013;34(11):975–82.

 17. Santos-Lozano A, Torres-Luque G, Marín PJ, Ruiz JR, Lucia A, Garatachea 
N. Intermonitor variability of GT3X accelerometer. Int J Sports Med. 
2012;33(12):994–9.

 18. Vetrovsky T, Clark CCT, Bisi MC, Siranec M, Linhart A, Tufano JJ, Duncan 
MJ, Belohlavek J. Advances in accelerometry for cardiovascular patients: 
a systematic review with practical recommendations. ESC Heart Fail. 
2020;7(5):2021–31.

 19. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer 
wear and nonwear time classification algorithm. Med Sci Sports Exerc. 
2011;43(2):357–64.

 20. Sasaki JE, John D, Freedson PS. Validation and comparison of ActiGraph 
activity monitors. J Sci Med Sport Sports Med Aust. 2011;14(5):411–6.

 21. Aguilar-Farías N, Brown WJ, Peeters GM. ActiGraph GT3X+ cut-points for 
identifying sedentary behaviour in older adults in free-living environ-
ments. J Sci Med Sport Sports Med Aust. 2014;17(3):293–9.

 22. Muijs D. DOING quantitative research in education. London: Sage Publica-
tions; 2004.

 23. Landis JR, Koch GG. The measurement of observer agreement for cat-
egorical data. Biometrics. 1977;33(1):159–74.

 24. Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland 
MW, Whincup P, Diaz KM, Hooker SP, Chernofsky A, et al. Dose-response 
associations between accelerometry measured physical activity and sed-
entary time and all cause mortality: systematic review and harmonised 
meta-analysis. BMJ (Clinical Research Ed). 2019;366: l4570.

 25. Freene N, McManus M, Mair T, Tan R, Clark B, Davey R. Validity of the 
past-day adults’ sedentary time questionnaire in a cardiac rehabilitation 
population. J Cardiopulm Rehabil Prev. 2020;40(5):325–9.

 26. Biswas A, Oh PI, Faulkner GE, Alter DA. A prospective study examin-
ing the influence of cardiac rehabilitation on the sedentary time of 
highly sedentary, physically inactive patients. Ann Phys Rehabil Med. 
2018;61(4):207–14.

 27. Ekblom O, Ekblom-Bak E, Bolam KA, Ekblom B, Schmidt C, Soderberg S, 
Bergstrom G, Borjesson M. Concurrent and predictive validity of physical 
activity measurement items commonly used in clinical settings–data 
from SCAPIS pilot study. BMC Public Health. 2015;15:978.

 28. Gardner B, Flint S, Rebar AL, Dewitt S, Quail SK, Whall H, Smith L. Is sitting 
invisible? Exploring how people mentally represent sitting. Int J Behav 
Nutr Phys Act. 2019;16(1):85.

 29. Sasaki JE, Júnior JH, Meneguci J, Tribess S, Marocolo Júnior M, Stabelini 
Neto A, Virtuoso Júnior JS. Number of days required for reliably estimat-
ing physical activity and sedentary behaviour from accelerometer data in 
older adults. J Sports Sci. 2018;36(14):1572–7.

 30. Aadland E, Ylvisåker E. Reliability of objectively measured sedentary time 
and physical activity in adults. PLoS ONE. 2015;10(7): e0133296.

 31. Hart TL, Swartz AM, Cashin SE, Strath SJ. How many days of monitoring 
predict physical activity and sedentary behaviour in older adults? Int J 
Behav Nutr Phys Activ. 2011;8:62.

 32. Tudor-Locke C, Johnson WD, Katzmarzyk PT. U.S. population profile of 
time-stamped accelerometer outputs: impact of wear time. J Phys Activ 
Health. 2011;8(5):693–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Convergent validity of commonly used questions assessing physical activity and sedentary time in Swedish patients after myocardial infarction
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study participants
	Physical activity and sedentary time questionnaire
	NBHW-PA questions [10]
	NBHW SED-GIH question [11]
	SWEDEHEART-PA questions
	Accelerometer data
	Statistics

	Results
	Convergent validity
	Over- and under-reporting

	Discussion
	Sedentary question (SED-GIH)
	The NBHW and SWEDEHEART-PA questions
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


