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ABSTRACT
Objectives To identify concurrent developmental 
trajectories of physical activity and body mass index (BMI) 
over time.
Design Prospective cohort study, repeated survey.
Setting Cohort study in Finland.
Participants 66 852 public sector employees, who have 
been followed up for 16 years.
Outcome measures Shapes of trajectories of changes in 
physical activity and BMI.
Results At baseline, mean age was 44.7 (SD 9.4) years, 
BMI 25.1 (SD 4.1) kg/m2 and physical activity 27.7 (SD 
24.8) MET hours/week. Four clusters of concurrent BMI 
and physical activity trajectories were identified: (1) normal 
weight (BMI <25 kg/m2) and high level of physical activity 
(30–35 MET hours/week), (2) overweight (BMI 25–30 kg/
m2) and moderately high level of physical activity (25–30 
MET hours/week), (3) obesity (BMI 30–35 kg/m2) and 
moderately low level of physical activity (20–25 MET 
hours/week) and (4) severe obesity (BMI >35 kg/m2) and 
low level of physical activity (<20 MET hours/week). In 
general, BMI increased and physical activity decreased 
during the follow- up. Decline in physical activity and 
increase in BMI were steeper among obese respondents 
with low level of physical activity.
Conclusions Changes in BMI and physical activity might 
be interconnected. The results may be of interest for both 
clinicians and other stakeholders with respect to informing 
measures targeting increasing physical activity and 
controlling weight, especially among middle- aged people. 
Additionally, the information on the established trajectories 
may give individuals motivation to change their health 
behaviour.

INTRODUCTION
Both obesity and physical inactivity have 
negative impact on multiple aspects of health 
and they increase the risk of mortality.1–3 
Ageing is associated with gaining weight 
and decreasing physical activity,4–6 but less is 
known whether these changes occur simulta-
neously and how much heterogeneity there 

is in the developmental trajectories of body 
weight and physical activity.

Few studies have examined heterogeneity 
in weight development over time more 
closely. A study among 30- year- old US war 
veterans identified five different, but all 
increasing, trajectories of body mass index 
(BMI) over 6- year follow- up.6 However, the 
steepness of trajectories varied: while the 
participants without obesity showed only a 
small increase in BMI, the increase was much 
steeper among the participants with obesity. 
Another study from the USA conducted on 
overweight participants aged 60 years identi-
fied seven weight trajectories of which most 
showed either stable overweight, continuously 
increasing BMI or relapse after weight loss. 
Even in the two trajectory groups showing 
decrease in BMI, the participants remained 
overweight.7

Physical activity has also been reported 
to change over time. Leisure time physical 
activity among women has previously been 
reported to increase until age of 50 years and 
start to decrease after that.4 For men, the 
change in leisure time physical activity has 
been reported to vary between different types 
of activity—while moderate physical activity 
increased, low and high levels decreased.5 
Studies concerning trajectories of physical 

Strengths and limitations of this study

 ► Large cohort of 66 852 participants.
 ► Repeated measures of physical activity and body 
mass index (BMI) over 16 years.

 ► Only leisure time physical activity was taken into ac-
count, leaving out work- related activity.

 ► The self- reported nature of estimates of BMI and 
physical activity might lead to information bias.
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activity have found variation in development of activity. 
A 22- year follow- up study from Canada among those aged 
18–60- years has identified trajectories of consistently inac-
tive, increasing, consistently active and decreasing leisure 
time physical activity.8 Another study conducted in the 
USA among 120 initially overweight people aged 54 (±9) 
years has measured activity with pedometers and identi-
fied ‘sedentary’ and ‘low active’ groups (decreasing daily 
count of steps), ‘somewhat active’ group (persistent daily 
count of steps) and ‘active’ group (increased daily count 
of steps) in 18- month follow- up.9

The association between higher levels of physical 
activity and lower BMI has been established in adults,10 11 
and there has been some evidence that this association 
might be most pronounced when physical activity exceeds 
150 min/week.10 There is, however, limited knowledge 
on simultaneous changes in these two factors. In short- 
term follow- up (18 months) among overweight Cana-
dians aged 54 years, a trajectory with increasing activity 
has been associated with a trajectory of greater weight 
loss.9 There is yet little knowledge on these two factors 
over longer follow- up. It is also unknown whether devel-
opmental patterns of BMI and physical activity differ by 
age or by gender.

To address the gap in the literature, the objective of 
this study was to examine concurrent changes in BMI 
and physical activity over 16- year follow- up by using a 
group- based multitrajectory analysis. While conventional 
statistics show a trajectory of average change of outcome 
over time, group- based trajectory modelling can distin-
guish and describe subpopulations (clusters), which may 
differ substantially from each other and from the average 
trajectory seen in the entire population. The aim was also 
to examine, whether the distinguished trajectories are 
different for those aged <50 years and those aged >50 
years and whether the results are different when the study 
population is stratified by gender.

METHODS
Study population
Participants were drawn from the Finnish Public Sector 
(FPS) cohort study, a dynamic cohort with follow- up 
intervals 2–4 years initiated from 1998/2000. It consists 
of employees in the municipal services of 10 Finnish 
towns and 21 public hospitals, who had a job contract 
for a minimum of 6 months. In year 2000, the most 
common occupations of the respondents were registered 
nurse (23%), teacher (19%), practical nurse (13%) and 
cleaner (10%). The FPS has been described in more 
detail elsewhere.12 13 Data in the current study included 
responses to five questionnaire surveys administered in 
2000–2002, 2004–2005, 2008–2009, 2012- 2013 and 2016- 
2017 (average response rate 70%). The baseline was the 
response given in 2000–2002 or 2004–2005. Participants 
who had reported their BMI and physical activity in at 
least two waves were included in the analysis.

Physical activity was assessed with a questionnaire at 
all survey waves. The respondents were asked to esti-
mate their average weekly hours of leisure time phys-
ical activity/exercise and commuting activity within 
the previous year. The time spent on activity at each 
intensity level in hours per week was multiplied by the 
average energy expenditure of each activity, expressed 
in metabolic equivalent of task (MET).14 The MET is a 
ratio of rate of energy expenditure reflecting the amount 
of consumed energy compared with resting. One MET 
unit of 3.5 mL of oxygen per kg per min corresponds to 
oxygen consumption when calmly sitting down. Weekly 
physical activity was expressed as MET hours/week and 
categorised as low (<14 MET hours/week), moderate (14 
to <30 MET hours/week) or high (≥30 MET hours/week) 
physical activity levels.15 16 This categorisation was chosen 
since physical activity >14 MET hours/week has been 
reported to be associated with cardiovascular disease17 
and the activity level of 30 MET hours/week has been 
shown to be needed for weight management.18 14 MET 
hours/week is approximately the equivalent of 140 min of 
brisk walking weekly. The definition of physical activity in 
the survey is presented in online supplemental table E1.

The BMI was defined as weight/height2 (kg/m2) based 
on self- reported body weight and height. The interpre-
tation of the mean level of BMI trajectories was based 
on the following categorisation: normal weight (<25 kg/
m2), overweight (25–29.9 kg/m2), obese (30–34.9 kg/m2) 
and severely obese (≥35 kg/m2). Of the respondents, only 
934 (1%) had BMI ≤18.5 kg/m2, and thus, for the matter 
of clarity, BMI <25 kg/m2 was considered ‘normal’. Age 
was defined in full years. The cohort was divided in two 
approximately even age groups: ≤50 (n=31 797, 48%) 
and >50 years (n=35 055, 52%).

Statistical analysis
The characteristics of participants were reported as 
means and SD or as absolute numbers and percentage 
when appropriate.

Group- based multitrajectory analysis was used to distin-
guish different developmental trajectories for physical 
activity and BMI, both treated as continuous variables. 
This method is a form of finite mixture modelling for 
analysing longitudinal repeated measures data. While 
conventional statistics show a trajectory of average change 
of outcome over time, group- based trajectory modelling 
is able to distinguish and describe subpopulations (clus-
ters) existing within a studied population. A censored 
(known also as ‘regular’) normal model of group- based 
multitrajectory analysis was used. The goodness of model 
fit was judged by running the procedure several times 
with a number of trajectory clusters starting from one 
up to five, until the smallest group was below the pre- 
agreed cut- off at ≥5%. The Bayesian Information Crite-
rion, Akaike Information Criterion and average posterior 
probability were used as criteria to confirm the goodness 
of fit. A cubic regression was applied. The trajectory anal-
ysis was conducted on two age groups <50 and >50 years as 
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previous studies have suggested that changes in BMI and 
physical activity may vary depending on the age.19 20 The 
sensitivity analysis was conducted by dividing both age 
groups by gender. No adjustments for co- variables were 
made.

All the analyses were performed using Stata/IC Statis-
tical Software: Release 16 (StataCorp, College Station, 
Texas, USA). The additional Stata module ‘traj’ was 
required to conduct group- based trajectory analysis. The 
module is freely available for both SAS and Stata software 
(Jones and Nagin 1999; 2013).

Patient and public involvement
Participants of research were not involved in setting the 
study question and outcome measures and were not 
involved in the design and implementation of the study 
or writing the manuscript.

RESULTS
During the 16- year follow- up, the 66 852 participants had 
reported body weight and height on average in 3.5 (SD 
1.3) study waves and physical activity in 3.6 (SD 1.3) study 
waves. The sample was predominated by 53 468 women 
(80%). In the younger group (aged ≤50 years), mean age 
was 39.8 (SD 7.2), BMI at baseline was 24.6 (SD 4.0) kg/
m2 and average physical activity was 28.8. (SD 25.5) MET 
hours/week. In the older group (aged >50 years), age was 
55.0 (SD 2.9), BMI was 25.6 (SD 4.2) kg/m2 and physical 
activity was 26.7 (SD 24.1) MET hours/week.

A four- trajectory model was chosen as the five- trajectory 
model had resulted in a smallest group below a pre- 
agreed cut- off of 5% (table 1). Four concurrent trajecto-
ries of BMI and physical activity were identified for both 
age groups (figures 1 and 2):

1. Group 1 (38% among ≤50 years, 32% among >50 
years): individuals with normal weight (BMI <25 kg/
m2) and high level of physical activity (30–35 MET 
hours/week).

2. Group 2 (39% among ≤50 years, 42% among >50 
years): individuals with overweight (BMI 25–30 kg/m2) 
and moderately high level of physical activity (25–30 
MET hours/week).

3. Group 3 (18% among ≤50 years, 21% among >50 
years): individuals with obesity (BMI 30–35 kg/m2) 
and moderately low level of physical activity (20–25 
MET hours/week).

4. Group 4 (5% among ≤50 years, 5% among >50 years): 
individuals with severe obesity (BMI >35 kg/m2) and 
low level of physical activity (<20 MET hours/week).

Table 1 Goodness of fit of group- based trajectory analysis models

Model

Smallest group

BIC AIC APPN %

≤50 years

  1- cluster model 31 797 100 −905 561 −905 509

  2- cluster model 8234 26 −869 531 −869 432 0.94

  3- cluster model 3331 10 −851 542 −851 397 0.92

  4- cluster model 1490 5 −841 703 −841 510 0.89

  5- cluster model 898 3 −835 396 −835 157 0.87

>50 years

  1- cluster model 35 055 100 −869 200 −869 148

  2- cluster model 9690 28 −836 174 −836 076 0.93

  3- cluster model 3845 11 −819 600 −819 454 0.91

  4- cluster model 1888 5 −809 601 −809 409 0.89

  5- cluster model 999 3 −803 977 −803 738 0.87

The chosen models are shown in bold.
AIC, Akaike Information Criterion; APP, average posterior probability; BIC, Bayesian Information Criterion.

Figure 1 Trajectories of physical activity and body mass 
index (BMI) among respondents <50 years; 95% confidence 
limits are shown as dotted lines. For BMI, very narrow 
95% CIs are poorly separable in the figure. Time between 
responses is approximately 4 years.
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Group 1: individuals with normal weight and high level of 
physical activity
In this group, the younger respondents demonstrated 
a stable high level of physical activity with a slight rise 
towards the end of follow- up and their BMI increased 
slightly throughout the follow- up. For the older respon-
dents, the level of physical activity decreased markedly 
during the follow- up, even if there was a slight rising 
pattern in the middle of follow- up. At the same time, the 
trajectory of BMI remained flat.

Group 2: individuals with overweight and moderately high 
level of physical activity
In this group, the level of physical activity declined in 
both age groups, but the decline was steeper among the 
older respondents. In younger respondents, the decrease 
of physical activity slowed down slightly towards the end 
of follow- up. Simultaneously, BMI was steadily growing 
among younger respondents, while remaining relatively 
flat in older group.

Group 3: individuals with obesity and moderately low level of 
physical activity
The physical activity and BMI trajectories were similar to 
the trajectories observed in group of overweight individ-
uals with moderately high level of physical activity (group 
#2), but with a slightly steeper decline in physical activity 
and steeper increase in BMI.

Group 4: individuals with severe obesity and low level of 
physical activity
Also in this group, physical activity decreased and BMI 
increased. In younger respondents, this development 
slowed down at the end follow- up for both physical activity 
and BMI. Instead, in older respondents, the decrease in 
physical activity accelerated towards the end of follow- up 
with simultaneous slight decline in BMI.

Sensitivity analysis
Stratifying the respondents by gender in addition to age 
resulted in similar findings with few exceptions (online 

supplemental figures E1–E4 and online supplemental 
table E2). Among normal weight or overweight respon-
dents, the decline in physical activity was steeper among 
men compared with women.

DISCUSSION
This prospective cohort study in 66 852 public sector 
employees followed repeatedly by 4- year intervals investi-
gated trajectories of concurrent changes in BMI and phys-
ical activity over 16 years. Four trajectory clusters were 
identified for both participants aged ≤50 years and for 
those >50 years: (1) individuals with normal weight and 
high level of physical activity; (2) individuals with over-
weight and moderately high level of physical activity; (3) 
individuals with obesity and moderately low level of phys-
ical activity and (4) individuals with severe obesity and low 
level of physical activity. On average, BMI increased and 
physical activity decreased during the follow- up. Some 
trajectories demonstrated, however, distinctive features. 
Over time, the respondents with normal weight or over-
weight gained only a little weight while preserved a high 
or moderately high level of physical activity, even if the 
intensity of physical activity mildly decreased especially 
in older respondents. The decrease in physical activity 
and increase in BMI were steeper among the respon-
dents with obesity or severe obesity, who had moderately 
low or low level of physical activity already at the start of 
the follow- up. Among the normal weight or overweight 
respondents, decline in physical activity was steeper 
among men compared with women.

The observed age- related weight gain is in line with 
previous studies,4–6 21 as well as the decline in physical 
activity.4 22 23 Previous studies have also shown that an 
increase in BMI slows down with advancing age, and this 
was also supported by the present findings—the rise in 
BMI was steeper in the younger respondents.24 25 During 
the follow- up, the decline in physical activity mirrored 
the increase in BMI. Similar findings have been reported 
before—several studies conducted among middle- aged 
adults have observed an association between physical 
activity and weight gain.10 11 26 27 This association has been 
described to be dose- dependent—physically active indi-
viduals gain less weight than inactive peers.11 Current 
results support this finding, since the increase in BMI 
was less steep in the more active groups. The amount of 
activity needed to prevent weight gain has been debated. 
Some studies have concluded that current activity recom-
mendations are not sufficient enough to prevent weight 
gain and that there is a need for higher activity to remain 
in the normally weighted category.10 11 26 This is in line 
with the current findings—only high physical activity was 
associated with normal weight.

The strengths of the study were long follow- up of 16 
years, repeated measurements on physical activity and 
BMI and a large sample size. For our knowledge, there 
are no previous multitrajectory analyses of the relation 
between physical activity and BMI conducted in adults.

Figure 2 Trajectories of physical activity and body mass 
index (BMI) among respondents >50 years; 95% confidence 
limits are shown as dotted lines. For BMI, very narrow 
95% CIs are poorly separable in the figure. Time between 
responses is approximately 4 years.
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The study has also some limitations. Physical activity 
was self- reported and only leisure time and commuting 
activity were inquired. Thus, physical activity at work 
was not considered. The distribution of physical activity 
intensity was skewed—most of the participants were at 
least somewhat active, and even in the least active group 
the mean activity level was approximately 18 MET hours/
week, which is approximately the equivalent of 3 hours of 
brisk walking weekly. BMI was also based on self- reported 
weight and height, which may cause recall and informa-
tion bias, possibly resulting in under- reporting of body 
weight.28 Most of the participants had BMI >25 kg/m2 
indicating overweight or obesity (62% in the age group 
of ≤50 years and 68% in the older), which may reflect the 
current overweight and obesity pandemic. The cohort 
included predominantly working- age women employed in 
public sector. Therefore, the results might not be directly 
reflected on the entire population, since there might be 
variation in behaviour, for instance, among unemployed 
people or entrepreneurs. Moreover, a public sector often 
employs people with higher socioeconomic status, who 
might have more knowledge and financial resources to 
healthy lifestyle choices compared with manual workers.

The results may be of interest for both clinicians and 
other stakeholders with respect to informing measures 
targeting increasing physical activity and controlling 
weight, especially among middle- aged people. Addi-
tionally, the information on the established trajectories 
may give people more motivation to change their health 
behaviour. Further research may reveal risk factors that 
affect developmental trajectories seen in this study. Such 
factors may be, for example, gender, socioeconomic 
status, smoking, alcohol consumption and concurrent 
health disorders among others.

CONCLUSIONS
Changes in BMI and physical activity might be inter-
connected. The normal weight or overweight respon-
dents gained only a little weight while preserved a high 
or moderately high level of physical activity. Compared 
with normal weight trajectories, the decrease of phys-
ical activity and increase in BMI were markedly steeper 
among the obese or severely obese trajectories, who also 
had moderately low or low level of physical activity. The 
findings were similar for both age groups. Among the 
normal weight and overweight trajectories, decline in 
physical activity was steeper among men compared with 
women. Since physical inactivity and overweight are both 
risk factors for many diseases, more research is needed 
to develop interventions that could simultaneously affect 
both.
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