
u n i ve r s i t y  o f  co pe n h ag e n  

Changes in leisure time physical activity unrelated to subsequent body weight
changes, but body weight changes predicted future activity

Petersen, Jindong Ding; Siersma, Volkert; Andersen, Merethe Kirstine Kousgaard; Heitmann,
Berit Lilienthal

Published in:
Journal of Sports Sciences

DOI:
10.1080/02640414.2021.1992883

Publication date:
2022

Document version
Publisher's PDF, also known as Version of record

Document license:
CC BY

Citation for published version (APA):
Petersen, J. D., Siersma, V., Andersen, M. K. K., & Heitmann, B. L. (2022). Changes in leisure time physical
activity unrelated to subsequent body weight changes, but body weight changes predicted future activity. Journal
of Sports Sciences, 40(3), 288-298. https://doi.org/10.1080/02640414.2021.1992883

Download date: 23. maj. 2023

https://doi.org/10.1080/02640414.2021.1992883
https://curis.ku.dk/portal/da/persons/jindong-ding-petersen(aa5340c8-5337-44b2-80ef-f97d618a8f0c).html
https://curis.ku.dk/portal/da/persons/volkert-dirk-siersma(70f90acb-f0b0-4ffc-b7f2-a86ca85ac96d).html
https://curis.ku.dk/portal/da/persons/berit-heitmann(b644e477-0a57-40f2-b0a7-71e52f624356).html
https://curis.ku.dk/portal/da/publications/changes-in-leisure-time-physical-activity-unrelated-to-subsequent-body-weight-changes-but-body-weight-changes-predicted-future-activity(7412abe1-f2c6-4bc2-8fd4-d57f4f312fd3).html
https://curis.ku.dk/portal/da/publications/changes-in-leisure-time-physical-activity-unrelated-to-subsequent-body-weight-changes-but-body-weight-changes-predicted-future-activity(7412abe1-f2c6-4bc2-8fd4-d57f4f312fd3).html
https://doi.org/10.1080/02640414.2021.1992883


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rjsp20

Journal of Sports Sciences

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rjsp20

Changes in leisure time physical activity unrelated
to subsequent body weight changes, but body
weight changes predicted future activity

Jindong Ding Petersen, Volkert Siersma, Merethe Kirstine Kousgaard
Andersen & Berit Lilienthal Heitmann

To cite this article: Jindong Ding Petersen, Volkert Siersma, Merethe Kirstine Kousgaard
Andersen & Berit Lilienthal Heitmann (2022) Changes in leisure time physical activity unrelated to
subsequent body weight changes, but body weight changes predicted future activity, Journal of
Sports Sciences, 40:3, 288-298, DOI: 10.1080/02640414.2021.1992883

To link to this article:  https://doi.org/10.1080/02640414.2021.1992883

© 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 07 Nov 2021.

Submit your article to this journal 

Article views: 758

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rjsp20
https://www.tandfonline.com/loi/rjsp20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02640414.2021.1992883
https://doi.org/10.1080/02640414.2021.1992883
https://www.tandfonline.com/action/authorSubmission?journalCode=rjsp20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rjsp20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02640414.2021.1992883
https://www.tandfonline.com/doi/mlt/10.1080/02640414.2021.1992883
http://crossmark.crossref.org/dialog/?doi=10.1080/02640414.2021.1992883&domain=pdf&date_stamp=2021-11-07
http://crossmark.crossref.org/dialog/?doi=10.1080/02640414.2021.1992883&domain=pdf&date_stamp=2021-11-07


Changes in leisure time physical activity unrelated to subsequent body weight 
changes, but body weight changes predicted future activity
Jindong Ding Petersen a,b, Volkert Siersma b, Merethe Kirstine Kousgaard Andersena and Berit Lilienthal Heitmannb, 

c,d,e

aResearch Unit for General Practice, Department of Public Health, University of Southern Denmark, Odense, Denmark; bResearch Unit for General 
Practice and Section for General Practice, Department of Public Health, University of Copenhagen, Copenhagen, Denmark; cThe Boden Institute of 
Obesity, Nutrition Exercise & Eating Disorders, University of Sydney, Sydney, Australia; dResearch Unit for Dietary Studies at the Parker Institute, 
Bispebjerg and Frederiksberg Hospital, Copenhagen, Denmark; eCenter for Clinical Research and Prevention, Bispebjerg and Frederiksberg Hospital, 
Copenhagen, Denmark

ABSTRACT
Physical activity and obesity are known to be associated. We investigated whether a change in leisure 
time physical activities (LTPA) predicts a subsequent weight change, or vice versa.

We used data from a longitudinal study among Danish adults surveyed in 1983–1984, 1987–1988, and 
1993–1994. Between two sequential surveys, the change in LTPA was grouped as no change, became less 
or more active; the change in body weight was defined as no change, lost or gained of more than one 
body mass index (BMI) unit.

Among 2386 adults, change in LTPA was not associated with subsequent weight change. However, 
a loss in body weight (BMI change < −1 unit) was associated with subsequent either becoming less 
[OR = 1.49, 95% CI (1.03–2.15)] or borderline more active [OR = 1.37, 95% CI (0.99–1.90)]. Subgroup 
analyses showed particularity among females that a loss in body weight was associated with subsequent 
becoming more active [OR = 1.83, 95% CI (1.15–2.89)].

Our results suggest that change in LTPA is unrelated to subsequent weight change, but loss in body 
weight seems related to subsequent more active among female adults.
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1. Introduction

The increasing number of overweight and obese people is 
a major public health challenge in many countries (GBD 2015 
Obesity Collaborators, et al. 2017). Worldwide, overweight and 
obesity has nearly tripled since 1975: in 2016, 39% of adults 
were overweight and 13% were obese, and the prevalence 
keeps increasing both in developed and developing countries 
(World Health Organization (WHO), 2016).

Overweight and obesity are risk factors for many chronic dis-
eases including cardiovascular diseases, diabetes, many cancers 
and kidney disease (Garofalo et al., 2017; Lauby-Secretan et al., 
2016; Singh et al., 2013). Even of the people who are not obese, 
high body mass index (BMI) can also contribute to the aforemen-
tioned diseases and were responsible for four million deaths glob-
ally in 2015 (GBD 2015 Obesity Collaborators, et al., 2017).

Development of overweight and obesity is complex and 
multifactorial, involving different determinants including 
genetic, biological, behavioural, cultural, environmental 
and socioeconomic factors (Simopoulos, 1987). These factors 
function independently and in synergy and in some circum-
stances also interact with weight gained (Hruby & Hu, 2015). 
Nevertheless, an individual’s weight gain is commonly sim-
plified as the net result of an energy intake that exceeds 
energy expenditure, accumulating over a long period of 
time (Romieu et al., 2017). Therefore, many interventions 

have focused on increasing energy expenditure to lose 
weight, such as physical exercise, either as a single strategy 
or together with dietary modifications (Borek et al., 2018; 
Chin et al., 2016).

The efficiency of physical activity interventions to 
weight loss have, however, been debated (Thomas et al., 
2012): they seem to depend on dose (high or low), dura-
tion (long- or short-term), and type of exercise (aerobic or 
anaerobic) (Baillot et al., 2015), although to other health 
benefits, such as reducing cardio-metabolic and other 
chronic illnesses, should not be ignored (Galani & 
Schneider, 2007).

Compared to physical activity interventions where physical 
activity is planned/structured and often supervised, voluntarily 
non-supervised daily exercise, i.e., spare time or leisure time 
physical activity (LTPA) has been relatively rarely studied for 
weight loss, and of the existing studies, LTPA seems to have 
only incompletely resulted in achieving weight loss goals; in 
some cases, weight gain even occurred (Fogelholm & 
Kukkonen-Harjula, 2000).

Relatively few studies have examined the relation between 
physical activity or activity changes and subsequent change in 
body weight in adults, and the systematic reviews available sug-
gests little or no evidence for an association (Chiriboga et al., 2008; 
Fogelholm & Kukkonen-Harjula, 2000; Wilks et al., 2011). Against 
this, studies suggested that while becoming inactive did not seem 
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to relate to subsequent weight changes in healthy adults, a high 
body weight was a determinate to becoming physical inactive 
(Ekelund et al., 2008; Mortensen et al., 2006).

Indeed, it is not clear whether obesity is a cause or 
a consequence of sedentary behaviour, as most previous obser-
vational studies examining the relationship between physical 
activity and body weight are cross-sectional and could not 
examine the temporal relationship (Fogelholm & Kukkonen- 
Harjula, 2000). In addition, while a number of prospective stu-
dies found little evidence that low physical activity led to 
increases in body weight (Fogelholm & Kukkonen-Harjula, 
2000; Wenche et al., 2002), the few studies have suggested 
that subjects with overweight subsequently may decrease 
their physical and become less active (Cooper et al., 2000; 
Godin et al., 2008; Lahti-Koski et al., 2002). Furthermore, only 
few studies have examined if changes over time in physical 
activity predicted subsequent body weight development or 
vice versa (Droyvold et al., 2004; Ekelund et al., 2008; 
Mortensen et al., 2006; Wagner et al., 2001; Wenche et al., 
2002), and thus, longitudinal studies for investigating bidirec-
tional relationship between physical activity and weight 
change are warranted.

We therefore examined if an initial change in LTPA was 
related to a subsequent body weight changes, or vice versa, 
among Danish adults aged 30–60 years during an 11-year 
follow-up period.

2. Materials and methods

2.1 Data materials and study population

The present study was part of the Danish Monitoring Trends in 
Cardiovascular Disease Project (MONICA). MONICA has been 
described in greater detail elsewhere (Jorgensen, 1987). In brief, 
4807 adults born in 1922, 1932, 1942, or 1952 (aged 30–60 at the 
study baseline) residing in the western part of Copenhagen were 
randomly selected from the Danish Civil Registration System 
(Pedersen, 2011). For the MONICA study, 226 individuals were 
excluded due to their non-Danish origin; the remaining 4581 
individuals received a study participation invitation letter, and of 
this group, 3608 returned the letter and gave consent and under-
went baseline health examinations in 1982–1984 (MO1). Those 
who participated in MO1 were invited for re-examination in 
1987–1988 (MO2, 2988 participants), and again for re- 
examination in 1993–1994 (MO3, 2555 participants) (Jensen & 
Jorgensen, 1991). The corresponding rates for the MO1, MO2, 
and MO3 questionnaires were 78.8%, 65.2% and 55.8%.

For the present study analysis, we only included individuals 
with complete information about LTPA, body weight and 
height throughout all three surveys (n = 2386) (Figure 1).

The study was approved by the Ethics Committee for 
Copenhagen County and was in accordance with the Helsinki II 
Declaration on Human Rights.

2.2 Body weight change

Individuals’ body weight and height were measured at the 
MO1, MO2 and MO3: for weight measurement, individuals 
dressed in light clothing or underwear were weighed in 

kilograms (kg) with one decimal on a SECA balance scale; for 
height measurement, individuals were without shoes, with feet 
close together and head held in the horizontal plane measured 
in metres (m) with one decimal.

Given that in adults any change in BMI reflect change in 
body weight, in this study, we applied BMI for calculating 
weight change. We calculated BMI from the measured height 
and weight (weight in kilograms divided by the square of the 
height in metres, BMI = kg/m2) and categorized it according to 
the World Health Organization standard for adults (WHO, 2019). 
To reduce potential measurement errors from the repeated 
body height measure, we used the body height measured at 
MO1 for all BMI calculations throughout the study. One BMI 
unit was defined as 1 kg/m2.

The change in body weight between two sequential surveys 
was defined as (1) no change (−1 unit ≤ BMI change ≤ 1 unit) 
(reference group), (2) lost (BMI change < −1 unit) and (3) gained 
(BMI change > 1 unit). We treated the change in body weight as 
a categorical variable. Based on the body weight changes 
between two sequential surveys (MO1 to MO2, and MO2 to 
MO3), we grouped the participants into these three groups 
accordingly.

2.3 Leisure time physical activity and change

At each survey the LTPA in this study was based on the ques-
tionnaire constructed by Saltin and Grimby (Saltin & Grimby, 
1968), which has been validated for its application to health 
research (Grimby et al., 2015).

The individuals’ LTPA were self-reported and categorized 
by four different levels: (1) low (mostly sedentary such as 
sitting and reading, television viewing, cinema- 
going and so on), (2) medium (some physical activities at 
least 4 hours a week, such as light walking, bicycling or 
other light activities), (3) active (regular physical activities at 
least 3 hours a week, such as running, jogging, swimming or 
heavy manual work, i.e., gardening) and (4) professional level 
(hard physical training for competition, such as swimming, 
football or long distance running several times a week). 
Since a relatively small number of individuals were categor-
ized at the professional level at each survey (MO1 = 39, 
MO2 = 24 and MO3 = 18), they were therefore grouped into 
the active level.

A change in LTPA between two sequential surveys was 
defined as: no change (low to low, medium to medium and 
active to active) (reference group), became less active (active to 
medium, active to low and medium to low), or became more 
active (low to medium, low to active and medium to active). We 
grouped the participants into these three groups accordingly.

2.4 Other covariates

The individual’s sex, education, and smoking status were 
self-reported. Education levels were grouped into three 
categories according to the highest number of years of 
education: short (primary school with 0–7 years of educa-
tion), middle (secondary and high school with 8–13 years 
education) and higher education (≥14 years). The age 
groups were based on the cohort birth year and grouped 
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into four: (1) born in 1922, (2) born in 1932, (3) born in 
1942 and (4) born in 1952. Smoking was grouped as cur-
rent daily smokers at each of the surveys (yes/no).

2.5 Statistical analysis

The participants’ characteristics, including age, body 
weight, BMI, LTPA, education and smoking status, were 
reported at each survey by sex. The mean body weight/ 
BMI difference between the two sequential surveys was 
tested using a two-sample t-test. The difference in the 
prevalence of obese/inactive lifestyle (i.e., low level LTPA) 
and daily smokers were tested using a two-sample propor-
tion test.

We applied logistic regression models to examine the asso-
ciation between the change in LTPA and the subsequent 
weight change, and vice versa, with adjustment by age group, 
sex, education (at MO3), marital status, and daily smoking 
status.

In detail, we tested whether those who became more active 
or less active between the two subsequent surveys had 
a different gain or loss in body weight subsequently than those 
with no LTPA change. Likewise, we examined whether those 
who initially gained or lost body weight subsequently became 
more active or less active than those with no weight changes.

Previous evidence suggest age and sex differences in physi-
cal activity (Caspersen, Pereira, Curran et al., 2000a), we therefore 
performed the subgroup analyses by age (> 50 years, ≤ 50 years) 
and sex (males, females) among the total study population.

Figure 1. Flowchart of the study participant selection.
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Because physical activity and chronic diseases are related 
(Durstine et al., 2013), we further performed sensitivity analyses 
among the sub-set of healthy adults without self-reported 
chronic diseases (coronary or other heart disease, stroke or 
haemorrhage, diabetes and/or other metabolic diseases) 
throughout all three surveys (n = 1944). Subgroup analyses by 
age and sex were also performed among the healthy adult 
population.

Odds ratios (ORs) with 95% confidence intervals (95% CIs) 
were reported. A two-sided p value less than 0.05 was defined 
as statistically significant. We used STATA, version 16 (Stata 
Corporation, College Station, TX) for the statistical analysis.

3. Results

3.1 The characteristics of study participants

In total, 2386 adults had complete information on LTPA, body 
weight and height from all three survey rounds, including 1211 
(50.8%) men and 1175 (49.2%) women, with an average age of 
44.6 (SD = 10.7) and 44.4 years (SD = 10.9) at baseline, respec-
tively (Table 1).

Overall, more men were overweight or obese but also active 
than women at each of the surveys. The proportion of men who 
were overweight or obese increased from 46.9% at MO1 to 
50.4% at MO3, a time representing 11 years of follow-up. 
A similar and more pronounced trend was also observed 
among the women (28.1%–43.0%). The proportion of inactive 
(low-level LTPA) women decreased from 28.8% to 22.8%, while 
for the men it was relatively stable (18.2% to 17.8%).

More men were daily smokers than women in each survey, 
but for both sexes, being daily smokers were decreased 
throughout the 11 years study period.

3.2 Longitudinal associations between LTPA and body 
weight

We observed no association between initial change in LTPA and 
subsequent body weight change (Table 2), but initial change in 
body weight were associated with subsequent LTPA change 
(Table 3). For this latter, two tendencies were observed overall: 
compared to the individuals who maintained their body 
weight, those who gained had no subsequent significant 
change in LTPA patterns, those who lost weight subsequently 
became either less active or more active.

More specifically, compared to individuals who maintained 
their body weight (BMI change within ±1 unit) over 5 years 
(from MO1 to MO2), those who lost weight (BMI change < −1 
unit) during the same 5 years had a higher likelihood of either 
being less active [OR = 1.49, 95% CI (1.03–2.15), p = 0.03] or in 
a borderline of becoming more active [OR = 1.37, 95% CI (0.99– 
1.90), p = 0.06] over the subsequent 6 years (from MO2 to MO3).

We further stratified on age and sex for the association 
between the change in body weight and the subsequent 
LTPA in general/total study population. However, significant 
association was observed in one direction as lost in body 
weight (BMI change < −1 unit) was associated with subsequent 

more active among females [OR = 1.83, 95% CI (1.15–2.89), 
p = 0.01], or a borderline among young adults (≤ 50 years) 
[OR = 1.66, 95% CI (1.00–2.75), p = 0.05] (Table 4).

Sensitivity analysis among the healthy adults showed similar 
trends as the general population: among healthy females and 
young adults, lost in body weight (i.e., lost BMI more than one 
unit) was associated with subsequent more physical activity 
(Figures 2(a-b)).

None of the associations examined among those aged 50 
and older were significant, neither in the general (Table 4) nor 
in the healthy population without the chronic diseases 
(Table 5).

4. Discussion

To our knowledge, this is among the first studies to use long-
itudinal data to examine bi-directional relationship between 
changes in LTPA/body weight and subsequent body weight/ 
LTPA change. In our dataset, we found no evidence that an 
increase or a decrease in LTPA level was related to subsequent 
changes in body weight, while lost in body weight were asso-
ciated with a subsequent favourable change in LTPA, especially 
among females, i.e., subsequently became more active.

It has been suggested that compared with a stable weight, 
weight gain over the short, medium, or long term is 
a significant determinant of future physical inactivity, and 
such association is independent of baseline weight and activity 
(Kruger et al., 2007). Our results using longitudinal information 
collected at three different timepoints over a period of 11 years 
among Danish adults found a different pattern and suggest 
that weight gain over a 5-year period seems not predict leisure 
time physical activities in the subsequent 6 years after adjusting 
for the potential confounders, but weight loss seems 
a promising for becoming more active especially among female 
adults.

Sex has differences in weight loss attempts and manage-
ment (Robertson et al., 2016; Serdula et al., 1999). Females often 
tend to perceive or define themselves as overweight than they 
truly are (Crawford & Campbell, 1999). Indeed, females more 
tend to pursue weight loss and many of them are trying to lose 
weight than males, and such weight-control attempts may link 
to higher physical activity (Sattler et al., 2018; Timperio et al., 
2000). Men have a different view of their body weight and have 
a greater reluctance to change their lifestyle than women 
(Robertson et al., 2016), hence their weight-control behaviours, 
if have any, may not associate with physical activity attempts 
and practice (Timperio et al., 2000). This may explain why the 
males in our study, those who lost in body weight showed no 
tendency of subsequently exercise more, which was unlike the 
females.

We also found that a decrease in body weight was asso-
ciated with subsequent LTPA decrease among overall adult 
population. One study has pointed to the fact that PA levels 
decline predominantly during young adulthood and then taper 
off during middle and older adult life (& CJ Caspersen et al., 
2000b), but such results cannot explain whether observed 
declines in PA were due to weight loss. Although we found 
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Table 1. Characteristics of study participants at MO1, MO2 and MO3 (n = 2386).

Variables MO1 MO2 MO3

Men (n = 1211)
Age years, mean (SD) 44.6 (10.7) 49.7 (10.7) 55.5 (10.7)
Body weight (kg), mean (SD) 78.4 (11.2) 79.8 (11.6) 81.7 (12.5)
BMI (kg/m2), mean (SD) 25.2 (3.4) 25.7 (3.5) 26.3 (3.7)

Change in BMI since last assessment, mean (SD) 0.5 (1.5) 0.6 (1.5)
BMI distribution, n (%)

Normal weight (18.5≤ BMI <25.0) 643 (53.1) 564 (46.6) 480 (39.6)
Overweight (25.0≤ BMI ≤30.0) 463 (38.2) 513 (42.4) 550 (45.4)
Obese (BMI >30.0) 105 (8.7) 134 (11.0) 181 (15.0)
Became obese since last assessment (change in prevalence) 45 (2.4) 64 (3.9)

Leisure time physical activity, n (%)
Active 380 (31.4) 313 (25.9) 345 (28.5)
Medium 610 (50.4) 660 (54.5) 650 (53.7)
Low (inactive) 221 (18.2) 238 (19.6) 216 (17.8)
Became sedentary since last assessment (change in prevalence) 117 (1.4) 105 (−1.8)

Smoking status, n (%)
Current daily smokers 651 (53.8) 585 (48.3) 524 (43.3)

Education, n (%)
0–7 years 714 (59.0) 677 (56.0)
8–13 years 353 (29.1) 380 (31.4)
≥14 years 144 (11.9) 152 (12.6)

Women (n = 1175)
Age, years (SD) 44.4 (10.9) 49.4 (10.9) 55.3 (10.9)
Body weight (kg), mean (SD) 63.2 (10.5) 65.1 (11.1) 67.4 (12.1)
BMI (kg/m2), mean (SD) 23.6 (3.8) 24.3 (4.1) 25.1 (4.4)

Change in BMI since last assessment 0.7 (1.8) 0.9 (1.8)
BMI distribution, n (%)

Normal weight (18.5≤ BMI <25.0) 845 (71.9) 763 (65.0) 670 (57.0)
Overweight (25.0≤ BMI ≤30.0) 248 (21.1) 306 (26.0) 350 (29.8)
Obese (BMI >30.0) 82 (7.0) 106 (9.0) 155 (13.2)
Became obese since last assessment (change in prevalence) 39 (2.0) 61 (4.2)

Leisure time physical activity, n (%)
Active 168 (14.3) 147 (12.5) 199 (16.9)
Medium 669 (56.9) 723 (61.5) 708 (60.3)
Low (inactive) 338 (28.8) 305 (26.0) 268 (22.8)
Became sedentary since last assessment (change in prevalence) 123 (−2.8) 109 (−3.2)

Smoking status, n (%)
Current daily smokers 526 (44.8) 481 (40.9) 458 (39.0)

Education, n (%)
0–7 years 696 (59.2) 683 (58.3)
8–13 years 366 (31.2) 375 (32.0)
≥14 years 113 (9.6) 114 (9.7)

SD: standard deviation 
BMI: body mass index

Table 2. Logistic regression of the association between change in LTPA and subsequent body weight change among Danish adult population (n = 2386)a.

Outcome: body weight change from MO2 to MO3

Exposure: LTPA change from MO1 to MO2

No BMI change Lost BMI < −1 unit Gained BMI >1 unit

n n OR (95% CI) P n OR (95% CI) P

No change 711 162 Ref 592 Ref
Became less active 235 61 1.17 (0.84–1.64) 0.35 191 1.01 (0.80–1.25) 0.95
Became more active 196 53 1.20 (0.84–1.71) 0.32 185 1.15 (0.91–1.45) 0.24

ᵃAdjusted for age group, sex, smoking, education (at MO3), and marital status

Table 3. Logistic regression of the association between change in body weight and subsequent LTPA change among Danish adult population (n = 2386)a.

Outcome: LTPA change from MO2 to MO3

Exposure: body weight change 
from MO1 to MO2

No LTPA change Became less active Became more active

n n OR (95% CI) P n OR (95% CI) P

No BMI change (−1 to 1 kg/m2) 800 201 Ref 277 Ref
Lost BMI < −1 kg/m2 136 50 1.49 (1.03–2.15) 0.03 66 1.37 (0.99–1.90) 0.06
Gained BMI > 1 kg/m2 547 133 0.94 (0.73–1.21) 0.64 176 0.93 (0.75–1.16) 0.53

ᵃAdjusted for age group, sex, smoking, education (at MO3), and marital status
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that weight loss was significantly associated with a decrease in 
LTPA in the general adult population/total samples, this signifi-
cant association was no longer hold in the relatively healthy 
adults. Therefore, an explanation for the observed association 
may be that permanent illness lead to both weight loss and 
limited activities. However, although this seems reasonable, 
this explanation seems to explain only part of the association.

Many factors can affect both body weight and LTPA. 
Lack of LTPA in adulthood can be due to a constellation 
of individual and environmental factors, such as perceived 
lack of time, fatigue, obtaining enough exercise at one’s 
job, lack of motivation, lack of access to recreational facil-
ities, and lack of sidewalks (Kruger et al., 2007). Weight loss 
attempts also plays a role for LTPA, as people trying to 
lose weight or maintain weight may be more engaged in 
regular LTPA than people without such attempts (Kruger 
et al., 2007). People who maintain their body weight may 
have had previous experiences of weight control, or per-
haps different perceptions of the importance of regular 
exercise and healthy diet compared to others, or they 
may tend to lose or maintain their weight for other rea-
sons. However, with the data we have collected, any his-
torical information on LTPA and/or other attempts for 
maintaining body weight over the individual’s lifetime 
prior to the study baseline is lacking.

It is not difficult to hypothesize that those who gained 
weight may be less likely to become more active due to 
unhealthy weight posing certain barriers to exercise, though 
other factors, including age, education, income, and marital 
status also contribute to this in middle-aged adults (Kaleta 
& Jegier, 2007). But for those who lost weight and subse-
quently decreased their LTPA, one explanation may be that 
due to satisfaction regarding their weight-loss achievement, 
individuals may stop planned or regular LTPA; however, 

while their weight may be acceptable, they might not 
meet the minimal recommendations for physical activity 
(Kruger et al., 2005).

Regarding the finding that change in LTPA did not predict 
subsequent weight change, some previous studies have found 
that baseline LTPA was a predictor for further weight change 
(Caro et al., 2013; Droyvold et al., 2004; Van Uffelen et al., 2010), 
while other studies have not (Droyvold et al., 2004; Wenche 
et al., 2002). For instance, an 11-year follow-up study among 
healthy men aged 20–69 demonstrated that even a high level 
of LTPA did not prevent weight gain (Droyvold et al., 2004). The 
findings of this latter study and the Mortensen et al study 
(Mortensen et al., 2006), together with our findings, may indi-
cate that among adults, neither a high baseline nor an increase 
in short-/long-term LTPA seems associated with subsequent 
weight loss.

4.1 Study advantages and limitations

Our study has some advantages. We used a longitudinal study 
design with three measurement points in time, which allowed the 
examination of time-separate events as well as the direction of the 
relationship to be examined. Despite other factors, the bi- 
directional relationship between body weight and LTPA may 
weaken the association, even in longitudinal studies, if these two 
indicators are inappropriately measured (Golubic et al., 2005).

Our population sample was a randomly selected sub-set of 
the adult Danes and has been found to be reasonably repre-
sentative of the general Danish population (Hollnagel, 1980), 
and therefore the results can be generalized to a national level 
or to other countries with similar populations (Heitmann et al., 
2009). Although the data used for this study were collected in 
the 80s and 90s, we have no reason to believe that the biologic 
associations would have changed over time.

Table 4. Logistic regression of change in body weight predicts subsequent LTPA change between two measurements stratified by age and sex among the Danish 
adult population (n = 2386)a.

Outcome: LTPA change from MO2 to MO3

Exposure: body weight change from MO1 to MO2

No LTPA change Became less active Became more active

n n OR (95% CI) P n OR (95% CI) P

Stratified by age

Aged >50 yrs (n = 1071)
No BMI change (−1 to 1 kg/m2) 389 84 Ref 143 Ref
Lost BMI < −1 kg/m2 85 26 1.32 (0.79–2.20) 0.30 38 1.20 (0.78–1.85) 0.40
Gained BMI > 1 kg/m2 198 36 0.93 (0.60–1.43) 0.73 72 1.00 (0.71–1.40) 0.99

Aged ≤50 yrs (n = 1315)
No BMI change (−1 to 1 kg/m2) 411 117 Ref 134 Ref
Lost BMI < −1 kg/m2 51 24 1.69 (0.99–2.88) 0.05 28 1.66 (1.00–2.75) 0.05
Gained BMI > 1 kg/m2 349 97 0.98 (0.72–1.34) 0.90 104 0.91 (0.67–1.22) 0.52

Stratified by gender
Males (n = 1211)

No BMI change (−1 to 1 kg/m2) 421 122 Ref 159 Ref
Lost BMI < −1 kg/m2 73 32 1.57 (0.97–2.52) 0.07 29 1.04 (0.65–1.68) 0.86
Gained BMI > 1 kg/m2 242 57 0.79 (0.55–1.14) 0.21 76 0.83 (0.60–1.14) 0.25

Females (n = 1175)
No BMI change (−1 to 1 kg/m2) 379 79 Ref 118 Ref
Lost BMI < −1 kg/m2 63 18 1.33 (0.73–2.42) 0.35 37 1.83 (1.15–2.89) 0.01
Gained BMI > 1 kg/m2 305 76 1.12 (0.78–1.60) 0.55 100 1.06 (0.78–1.44) 0.71

ᵃAdjusted for age group/sex, smoking, education (at MO3), and marital status
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Figure 2. (A) Change in body weight (measured using BMI) and subsequent LTPA change, or vice versa in healthy adults, among men and women. (B) Change in body 
weight (measured using BMI) and subsequent LTPA change, or vice versa, in healthy adults among young (≤ 50 years) and older (> 50 years) adults.
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In our study, we did not examine cross-sectional associa-
tions between body weight and LTPA. However, these associa-
tions were assessed in an earlier study among the Danish adult 
population from the Copenhagen area, where LTPA, as 
expected, was found to be inversely associated with obesity 
(Petersen et al., 2004). Hence, cross-sectional associations seen 
in our population are as expected from other studies.

This study has also some limitations. Although BMI is the 
most common, preferable, and applicable measurement of 
overweight and obesity, it does not discriminate between 
lean and fat body mass. Hence this may lead to some degree 
of misclassification (Keys et al., 2014; Okorodudu et al., 2005). 
Further research on obesity should apply methods that are able 
to discriminate weight changes into fat and lean mass.

JOURNAL OF SPORTS SCIENCES 295



Furthermore, our study is not intended to indicate that 
increased in physical activity are not important for health but 
simply that the direction of the relationship between activity 
and weight changes is not straight forward as expected from 
cross sectional studies but rather at best may be bi-directional. 
Also, we studied the changes in LTPA over a 5-year interval and 
subsequent 6-year body weight changes, and given such a time 
period the association between PA and body weight change 
may have been diluted by changes in both (Mortensen et al., 
2006).

With this dataset, we were unable to exclude pregnant 
women due to lack of the information at MO3. At baseline, 
we had a cohort aged 30–60 which contained a portion of 
pregnant women (n = 25). Pregnant women may have 
different perceptions and practices in terms of LTPA and 
body weight. Furthermore, we were unable to adjust for 
dietary/energy intake, a factor which may have affected 
our results, however, associations remained relatively stable 
even when variables like education, that would account for 
some of the unmeasured variance in diet intake, were taken 
into account.

Another limitation is that, unlike body weight, LTPA was self- 
reported with potential for recall bias and hence regression 
dilation bias. As the accuracy of the measurement of body 
weight is greater than that for self-reported physical activity, 
the apparent association between changes in physical activity 
for change in body weight may have been more attenuated 
than the relation between change in body weight for physical 
activity changes. Further studies should adapt new technology 
to increase accuracy of LTPA measurement and to strengthen-
ing association estimation. Moreover, Physical activity experi-
enced at work may have changed over time, which was not 
considered in the analysis, further study should take it into 
account.

5. Conclusion

In conclusion, our results suggest that change in leisure time 
physical activity do not seem to predict subsequent weight 
change, but weight change seems related to subsequent 
change in physical activity. These findings suggest that health 
promotion efforts should encourage the maintenance of 
a normal body weight throughout the course of a lifetime 
together with adequate physical activity.
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Table 5. Logistic regressionᵃ of change in body weight and subsequent LTPA change between two measurements stratified by age and sex among the healthy 
population (n = 1944).

Exposure: body weight change 
from MO1 to MO2

Outcome: LTPA change from MO2 to MO3

No LTPA change Became less active* Became more active**

n n OR (95% CI) P n OR

Stratified by age

Aged >50 (n = 788)
No BMI change (−1 to 1 kg/m2) 285 55 Ref 118 Ref
Lost BMI < −1 kg/m2 55 15 1.40 (0.71–2.74) 0.33 23 1.04 (0.61–1.78) 0.90
Gained BMI > 1 kg/m2 156 25 0.90 (0.54–1.51) 0.69 56 0.90 (0.62–1.30) 0.57

Aged ≤50 (n = 1156)
No BMI change (−1 to 1 kg/m2) 365 104 Ref 121 Ref
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Gained BMI > 1 kg/m2 310 85 0.96 (0.69–1.33) 0.79 88 0.86 (0.62–1.17) 0.34

Stratified by gender
Males (n = 990)

No BMI change (−1 to 1 kg/m2) 349 92 Ref 143 Ref
Lost BMI < −1 kg/m2 50 21 1.68 (0.94–3.00) 0.08 21 1.02 (0.59–1.80) 0.92
Gained BMI > 1 kg/m2 209 43 0.74 (0.49–1.11) 0.15 62 0.75 (0.53–1.07) 0.10

Females (n = 954)
No BMI change (−1 to 1 kg/m2) 301 67 Ref 96 Ref
Lost BMI < −1 kg/m2 45 13 1.23 (0.61–2.49) 0.57 26 1.74 (1.02–3.00) 0.04
Gained BMI > 1 kg/m2 257 67 1.08 (0.74–1.60) 0.68 82 0.99 (0.71–1.40) 0.97

ᵃAdjusted for age group/sex, smoking, education (at MO3), and marital status
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