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ABSTRACT
Objectives  Our study aimed to investigate how physical 
activity (PA) changes over an 11-year follow-up among 
adults from different socioeconomic positions (SEP) near 
retirement age. Moreover, an analysis of different PA types 
is considered.
Methods  We used data from the EPIC-Italy cohort. We 
evaluated PA using the Cambridge Physical Activity Index 
(CPAI) and the metabolic equivalent of tasks (MET) per 
hour of activity for recreational PA and household PA. 
Educational level was assessed using the Relative Index 
of Inequality (RII). Occupational classes were classified 
according to LIFEPATH Consortium knowledge. Logistic 
regression was used to analyse PA among SEP and 
changes during follow-up. Analyses were also conducted 
separately for sex.
Results  The higher educated were more prevalent in the 
higher quartile of recreational PA than the lower educated 
both at baseline and follow-up (37% vs 28% and 37% vs 
27%, respectively). At the baseline, the lower educated had 
a higher risk of being physically inactive than the higher 
educated based on recreational PA (overall OR: 1.50, 95% 
CI 1.40 to 1.60). Manual workers did not show a higher 
risk of less PA than professionals/managers (overall OR: 
1.03, 95% CI 0.91 to 1.16).
At follow-up, the lower educated and manual workers 
showed a higher risk of being physically inactive (lower 
educated OR: 1.46, 95% CI 1.37 to 1.56; manual worker 
OR: 1.33, 95% CI 1.18 to 1.50). The analyses of changes in 
PA showed that those who were less educated or manual 
workers had a higher risk of worsening their PA during the 
follow-up period, particularly women in recreational PA and 
men in CPAI measurement.
Conclusion  Individuals who had a disadvantaged SEP 
showed a higher risk of performing less PA over time.

INTRODUCTION
It is widely acknowledged that physical 
activity (PA) has a significant impact on both 
health and quality of life. Many studies have 
observed the benefits of PA on cardiovascular 
disease and mortality,1 healthy ageing,2 cogni-
tive declines,3 diabetes,4 cancer,5 bone health6 
and mental health.7 Additionally, regular PA 
was inversely associated with hospitalisations 

independently of sociodemographic and 
lifestyle factors.8 PA can even contribute 
to modulating blood pressure9 and ocular 
perfusion pressure.10 Overall, PA habits are 
an optimal indicator of the population’s well-
being.

Regarding health and quality of life, differ-
ences in health according to social position 
have been reported consistently for several 
health outcomes, including self-reported 
health, chronic and long-term health condi-
tions, and mortality11–13; a higher risk of 
cardiovascular disease14 and of several cancer 
types15 was found among less educated indi-
viduals.

In epidemiology, socioeconomic posi-
tion (SEP) can be measured in a variety of 
methods. One common method is to use the 
level of education as a proxy when income 
and occupation are not available. Due to the 
strong influence of the family’s background 
and cultural resources, education also reflects 
childhood and adolescent SEP. Although 
educational attainment may be affected by 
illness or challenges that happened at an early 
age, it remains a reliable indicator of SEP.13

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Physical activity levels differ by socioeconomic posi-
tion: those in higher socioeconomic positions tend to 
engage in more physical activity than those in lower 
socioeconomic positions.

WHAT THIS STUDY ADDS
	⇒ This study tries to investigate changes in physi-
cal activity over time for different socioeconomic 
positions.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Understanding the fluctuations in physical activity 
levels across various socioeconomic positions can 
enable the development of preventive actions to-
ward the most vulnerable population groups.
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It has been observed SEP can have an impact on PA, as 
individuals with low SEP tend to be less active in adult-
hood.16 Furthermore, a study conducted on the European 
Prospective Investigation into Cancer and Nutrition 
(EPIC)-Norfolk cohort revealed that an increasing trajec-
tory of PA levels over time can have a positive influence 
on mortality, leading to a 24% lower risk of all-cause 
mortality.17

However, it is still not very clear how PA changes along 
the life course among different social positions.18

Understanding PA trajectories during adulthood is 
relevant in the context of healthy ageing, and studying 
the determinants of changes in PA can help identify strat-
egies to improve well-being of the most deprived elderly 
population.

This study aims to understand how PA changes with 
advancing age among different social positions, espe-
cially, when individuals reach retirement age. Moreover, 
an analysis of different PA types is considered.

METHODS
Study population
We used data from individuals participating in the EPIC-
Italy cohort. Project details are described elsewhere.19 In 
the period 1993–98, EPIC-Italy recruited 47 749 volun-
teers (15 171 men, 32 578 women, aged 35–65 years) 
in five different regions of the country: Varese (12 083 
volunteers) and Turin (10 604) in the north; Florence 
(13 597) in centre, and Naples (5062) and Ragusa (6403) 
in the south.20 All participants in the EPIC-Italy cohort 
signed an informed consent form and agreed to provide 
information on lifestyle and nutrition and to donate a 
liquid nitrogen-stored blood sample. A follow-up of part 
of the cohort was conducted in Florence, Varese and 
Turin between 2004 and 2009, with an average follow-up 
period of 11 years.

Data collection
The lifestyle EPIC questionnaire was used to collect 
data20 21 that assessed sociodemographic characteristics, 
PA, smoking and alcohol habits, household composi-
tion, diseases, and aspects of women’s menstrual and 
reproductive life, following standard interviewing proce-
dures. At baseline, the interviews were carried out in the 
departments of the centres involved, and questionnaires 
were self-administered. At follow-up, self-administered 
questionnaires were filled at home and returned to the 
centre. The diseases collected were as follows: heart 
attack, stroke, hypertension, diabetes, liver and kidney 
stones, intestinal polyps, and gastric or duodenal ulcers. 
During the interviews, anthropometric measurements 
were performed by trained interviewers using clinical 
equipment. At follow-up, anthropometric measurements 
were self-measured through a meterstick that was sent to 
each participant.

Socioeconomic measurement
The Relative Index of Inequality (RII) was used to measure 
educational level, which takes into account differences 

between regions, genders and birth cohorts.14 High RII 
values indicated a lower level of education. RII estima-
tion can be found in Sergeant et al.22 Occupational status 
was harmonised into three macro-categories (according 
to what was done within the LIFEPATH Consortium23) by 
grouping classes of the European Socio-economic Clas-
sification (E-SeC).13 E-SeC is a European measure that 
classifies occupations into nine ordinal categories (see 
online supplemental material S1) based on the similarity 
of resources, in terms of opportunities and ‘life chances’, 
according to the Erikson & Goldthorpe classification.24 
The three macro-categories were professionals, retailer/
farmer/clerical workers, and skilled/unskilled manual 
workers. In addition, the category of not-employed was 
added to the study sample, which included subjects 
who answered ‘no’ to the question ‘Are you currently 
employed?’ on the lifestyle EPIC questionnaire at base-
line.

Physical activity measurement
The lifestyle EPIC questionnaire also investigated PA 
habits at work (occupational PA), at home (household 
PA) and in leisure time (recreational PA).21 25 The occu-
pational PA was assessed using a four-category question: 
sedentary, standing, moderate manual work and heavy 
manual work, providing examples such as office worker, 
shop assistant, plumber and construction worker respec-
tively.8 Recreational and household PA were assessed 
by questioning how many hours per week were spent 
in specific activities (separately in summer and winter 
periods) and assigning a metabolic equivalent of tasks 
(MET) value at each activity, using the compendium of 
physical activity.26

Household activities included housework, climbing 
stairs, do-it-yourself and gardening. Recreational activi-
ties included walking, cycling, swimming and other sports 
activities. Both household PA and recreational PA vari-
ables were continuous (sum of METS). Furthermore, the 
validated Cambridge Physical Activity Index (CPAI)25 was 
used to assess the overall PA level. CPAI is a four-category 
index (active, moderately active, moderately inactive, 
and inactive) calculated by combining the four catego-
ries of occupational PA (sedentary work, standing work, 
manual work, heavy manual work) with time spent on 
recreational PA (see online supplemental material S2).

Statistical analyses
The descriptive table on study population characteristics 
and PA were reported using frequency (and percentages) 
for categorical variables and mean±SD for continuous 
variables. Recreational and household PA variables were 
categorised as sex-specific quartiles. The RII was cate-
gorised as tertiles. Multivariate logistic regression was 
employed to analyse the relationship between PA vari-
ables (CPAI, recreational PA quartiles and household PA 
quartiles) and socioeconomic variables (RII and occupa-
tional status, separately) at baseline and follow-up. For 
logistic regression, PA variables were set as low vs high. 

https://dx.doi.org/10.1136/bmjsem-2024-001957
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Table 1  Baseline characteristics of study population

Factors

Frequency 
(%)

By sex 
(%)

Total 
 n=23 734
(100)

Male
n=7617
(32)

Female
n=16 117
(68)

Sociodemographic

Age group

 � mean±SD 50.52±7.64 50.22±7.43 50.66±7.73

 � 30–39 2028 (9) 575 (8) 1453 (9)

 � 40–49 8372 (35) 3040 (40) 5332 (33)

 � 50–59 10 295 (43) 3085 (40) 7210 (45)

 � 60+ 3039 (13) 917 (12) 2122 (13)

EPIC centre

 � Florence 10 365 (44) 2701 (35) 7664 (47)

 � Varese 7126 (30) 1362 (18) 5764 (36)

 � Turin 6243 (26) 3554 (47) 2689 (17)

RII* (tertiles)

 � 1° tertile 7798 (33) 2328 (31) 5470 (34)

 � 2° tertile 8081 (34) 2995 (39) 5086 (32)

 � 3° tertile 7855 (33) 2294 (30) 5561 (34)

Occupation

 � Professionals/
 � managers
 � (E-SeC: 1 and 2)

1407 (6) 746 (10) 670 (4)

 � Retailer
 � (E-SeC: 4)

1120 (5) 328 (4) 792 (5)

 � Farmer (E-SeC: 5) 44 (<1) 11 (<1) 33 (<1)

 � Clerical workers (E-SeC: 7) 9415 (39) 3593 (47) 5822 (36)

 � Skilled workers
 � (E-SeC: 8)

3947 (17) 1831 (24) 2116 (13)

 � Unskilled workers
 � (E-SeC: 9)

2896 (12) 1087 (14) 1809 (11)

 � Not-employed 4905 (21) 21 (0) 4884 (30)

Clinical

Diseases†

 � 0 14 252 (60) 4265 (56) 9988 (62)

 � 1+ 9481 (40) 3352 (44) 6129 (38)

Lifestyle/ anthropometry

BMI

 � up to 24.9 11 923 (50) 2918 (38) 9 005 (56)

 � 25–29.9 9157 (39) 3873 (51) 5284 (33)

 � 30+ 2654 (11) 826 (11) 1828 (11)

Smoking

 � Current 5451 (23) 1827 (24) 3624 (22)

 � Former 6854 (29) 3387 (44) 3467 (22)

 � Non-smoker 11 429 (48) 2403 (32) 9026 (56)

Alcohol use

 � Current 18 604 (78) 6911 (91) 11 693 (72)

Continued
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The low CPAI category grouped ‘inactive’ and ‘moder-
ately inactive’ of CPAI. Low recreational PA category and 
low household PA category grouped the first and second 
quartiles for recreational PA and household PA, respec-
tively. Analyses were conducted on the overall cohort 
and separately for men and women. The logistic model 
was adjusted for age at recruitment, sex (except for sex-
stratified estimates), EPIC centre, presence of disease 
(yes/no), Body Mass Index (BMI), and alcohol and 
smoking habits. The adjustment set was chosen consis-
tently with other studies on the EPIC cohort.8 9 Subjects 
with missing values on PA variables and socioeconomic 
variables at baseline or follow-up were removed. ORs and 
their 95% CI were reported.

To assess whether individuals improved or worsened 
their PA during follow-up, a variable was created by 
making the difference between PA at follow-up and PA 
at baseline (CPAI and recreational PA, respectively). 
Values ranging from −3 (maximum worsening) to +3 
(maximum improvement) were obtained for each obser-
vation. A value of 0 (zero) indicated that the individual 
maintained their PA level over time. However, only those 
with the lowest measurements at baseline could obtain 
the maximum improvement values (+3). Conversely, only 
those with the highest levels of (PA) at baseline could 
obtain the maximum worsening values (−3). Conse-
quently, a value of −3 (maximum worsening) is no worse 
than a value of −1 (minimum worsening). For this reason, 
we dichotomised the difference variable into worsening 
(values = −1, −2, −3) vs maintenance or improvement 
(values=0, 1, 2, 3) to apply the logistic model.

Possible interactions between variables in the models 
were explored: variables that showed high interac-
tion were treated separately. The chi-square test was 
performed. The test was two-sided and was considered a 
p value <0.05 to be significant.

BMI was categorised into three categories: up to 24.9 
(normal weight), 25–29.9 (overweight) and 30 or more 
(obese).27 28

Additional sex-stratified analysis on workers aged 50 or 
over was conducted to assess the relationship between PA 
and SEP in individuals entering retirement age during 

the follow-up. In the 2000s, the retirement age in Italy 
was 65 for men and 60 for women.

Sankey diagrams were built using ​sankeymatic.​com 
to show how subjects moved between different catego-
ries of CPAI from baseline to follow-up. Analyses were 
performed with STATA18.0.

Equity, diversity, and inclusion statement
The group of authors comprises 12 members, including 
seven women and five men. They consist of research 
fellows, junior, mid-career and senior researchers from 
various disciplines such as physiotherapy, epidemiology, 
hygiene, and biostatistics. However, all members of the 
author group belong to the same country.

Our research study involved males and females from 
different socioeconomic backgrounds, ages, and clinical 
and demographic characteristics. The (PA) outcomes 
were determined by considering various settings. We 
have discussed the influence of gender in our study. 
However, we acknowledge the lack of generalisability of 
our results due to some cohort characteristics, which we 
have explained in the discussion.

RESULTS
After removing missing values (n=4004, 14.4%), this 
study included 23 734 participants with data both at base-
line and follow-up. Baseline characteristics are presented 
in table 1. With an overall mean age of about 50.5 at base-
line, women made up 68% of the sample. Specific PA 
characteristics at baseline and at follow-up are reported 
in table  2 and in table  3. At CPAI, the lower educated 
showed a higher percentage of being active than the 
higher educated. Consequently, skilled/unskilled 
manual workers were the more prevalent occupational 
group in the active category. Regarding recreational PA, 
the higher educated were more prevalent in percentage 
in the higher quartile than the lower educated, both at 
baseline and follow-up (37% vs 28%, 34% vs 25%, respec-
tively). Sex-specific PA characteristics at both baseline and 
follow-up were reported in online supplemental material 
S3 and S4. There was a slight deterioration in the CPAI 
from baseline to follow-up, as shown by using the Sankey 
diagram (figure  1). Study population movements on 

Factors

Frequency 
(%)

By sex 
(%)

Total 
 n=23 734
(100)

Male
n=7617
(32)

Female
n=16 117
(68)

 � Former 2110 (9) 442 (6) 1668 (10)

 � Non-drinker 2941 (12) 205 (2) 2736 (17)

 � Missing 79 (0) 59 (1) 20 (0)

*Relative Index of Inequality.
†Diseases explored: heart attack, stroke, hypertension, diabetes, liver and kidney stones, intestinal polyps, cancer, gastric or duodenal ulcer.

Table 1  Continued

https://dx.doi.org/10.1136/bmjsem-2024-001957
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CPAI between baseline and follow-up for each tertile of 
RII were reported in the online supplemental materials 
S5–S7.

Table  4 presents the findings of the logistic regres-
sion on the CPAI. At baseline, overall OR

adj
 showed that 

lower-educated were less likely to be physically inac-
tive than higher-educated (OR 0.71, 95% CI 0.66 to 
0.76). Regarding the occupational classes, the skilled/
unskilled manual workers class showed a 51% reduced 
probability of being physically inactive compared with 
the professionals/managers class (OR 0.49, 95% CI 0.43 
to 0.55), while the clerical/retailer/farmer class had a 
higher risk of being physically inactive compared with 

the professionals/managers class (1.23, 95% CI 1.10 to 
1.38). Sex-stratified estimates followed the pattern of the 
overall estimate: the skilled/unskilled manual workers 
class showed a lower risk of performing less PA than the 
professionals/managers both for men (OR 0.40, 95% CI 
0.33 to 0.47) and women (OR 0.62, 95% CI 0.52 to 0.74).

At follow-up, results on RII were in the opposite direc-
tion than at baseline: the lower-educated were more 
likely to be physically inactive than the higher educated 
(OR 1.20; 95% CI 1.11 to 1.30). The sex-stratified model 
showed similar results to the overall ORs

adj
 for women 

but not for men. Regarding occupation, the class of 
clerical/farmer/retailer workers and the not-employed 

Table 2  Baseline physical activity frequencies of study population by groups

Sociodemographic factor

Cambridge Physical Activity Index
Frequency (row percentages, %)

Inactive Moderately inactive Moderately active Active

RII* (tertiles)

 � 1° tertile 1497 (19) 3764 (48) 1523 (20) 1014 (13)

 � 2° tertile 1506 (19) 3502 (43) 1671 (21) 1402 (17)

 � 3° tertile 1851 (23) 2957 (38) 1466 (19) 1581 (20)

Occupation

 � Professionals/
 � managers
 � (E-SeC: 1 and 2)

209 (15) 629 (45) 340 (24) 229 (16)

 � Clerical/farmer/
 � retailer workers
 � (E-SeC: 4, 5, 7)

2026 (19) 4990 (47) 2186 (21) 1377 (13)

 � Skilled/unskilled workers
 � (E-SeC: 8 and 9)

1063 (15) 2188 (32) 1560 (23) 2032 (30)

 � Not-employed 1556 (32) 2416 (49) 574 (12) 359 (7)

 � Total 4854 (20) 10 223 (43) 4660 (20) 3997 (17)

Recreational physical activity (quartiles)
Frequency (row percentages, %)

1° Quartile 2° Quartile 3° Quartile 4° Quartile

RII* (tertiles)

 � 1° tertile 904 (12) 1905 (24) 2340 (30) 2649 (34)

 � 2° tertile 1165 (14) 2094 (26) 2370 (29) 2452 (30)

 � 3° tertile 1541 (20) 2178 (28) 2142 (27) 1994 (25)

Occupation

 � Professionals/
 � managers
 � (E-SeC: 1 and 2)

207 (15) 395 (28) 369 (26) 436 (31)

 � Clerical/farmer/
 � retailer workers
 � (E-SeC: 4, 5, 7)

1478 (14) 2743 (26) 3145 (30) 3213 (30)

 � Skilled/unskilled workers
 � (E-SeC: 8 and 9)

1303 (19) 1819 (27) 1843 (27) 1878 (27)

 � Not-employed 622 (13) 1220 (25) 1495 (30) 1568 (32)

 � Total 3610 (15) 6177 (26) 6852 (29) 7095 (30)

*Relative Inequality Index.

https://dx.doi.org/10.1136/bmjsem-2024-001957
https://dx.doi.org/10.1136/bmjsem-2024-001957
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had a higher risk of being inactive than professionals/
managers. Sex-stratified results for women showed 
clerical/farmer/retailer, skilled/unskilled, and not-
employed had a higher risk of being physically inactive 
than professionals/managers (OR 1.48, 95% CI 1.24 to 
1.77; OR 1.31, 95% CI 1.08 to 1.58; OR 1.83, 95% CI 1.52 
to 2.21; respectively).

Table 5 shows the results of PA changes according to 
CPAI. There, the lower-educated had a higher risk of 
worsening over time than the higher-educated (OR 1.49, 
95% CI 1.39 to 1.60). In sex-stratified estimates, lower-
educated men had a 92% higher risk (1.92, 95% CI 1.70 
to 2.17) of worsening in CPAI than higher-educated. 

Women showed a milder risk increase (OR 1.32, 95% CI 
1.22 to 1.44). Regarding occupational classes, the skilled/
unskilled manual workers class showed a higher risk of 
worsening PA than the professionals/managers class (OR 
1.92, 95% CI 1.69 to 2.18), especially for men (OR 2.20, 
95% CI 1.85 to 2.61).

The results of recreational PA at baseline and follow-up 
are reported in table 6. Subjects who were lower-educated 
had a higher risk of being physically inactive (based on 
recreational PA) than the higher educated, both at base-
line (1.50, 95% CI 1.40 to 1.60) and at follow-up (1.46, 
95% CI 1.37 to 1.56). Lower-educated women showed 
a greater increase in risk than men compared with 

Table 3  Follow-up physical activity frequencies of study population by groups

Sociodemographic factor

Cambridge Physical Activity Index
Frequency (row percentages, %)

Inactive Moderately inactive Moderately active Active

RII* (tertiles)

 � 1° tertile 1866 (24) 3840 (49) 1259 (16) 833 (11)

 � 2° tertile 1999 (25) 3808 (47) 1293 (16) 981 (12)

 � 3° tertile 2710 (34) 3353 (43) 959 (12) 833 (11)

Occupation

 � Professionals/
 � managers
 � (E-SeC: 1 and 2)

290 (21) 633 (45) 259 (18) 225 (16)

 � Clerical/farmer/
 � retailer workers
 � (E-SeC: 4, 5, 7)

2595 (25) 5028 (47) 1732 (16) 1224 (12)

 � Skilled/unskilled workers
 � (E-SeC: 8 and 9)

1926 (28) 3009 (44) 1011 (15) 897 (13)

 � Not-employed 1764 (36) 2331 (48) 509 (10) 301 (6)

 � Total 6575 (28) 11 001 (46) 3511 (15) 2647 (11)

Recreational physical activity (quartiles)
Frequency (row percentages, %)

1° quartile 2° quartile 3° quartile 4° quartile

RII* (tertiles)

 � 1° tertile 977 (12) 2035 (26) 2302 (30) 2484 (32)

 � 2° tertile 1099 (14) 2225 (28) 2348 (29) 2409 (30)

 � 3° tertile 1522 (19) 2389 (30) 2137 (27) 1807 (23)

Occupation

 � Professionals/
 � managers
 � (E-SeC: 1 and 2)

202 (14) 353 (25) 409 (29) 443 (32)

 � Clerical/farmer/
 � retailer workers
 � (E-SeC: 4, 5, 7)

1404 (13) 2764 (26) 3132 (30) 3279 (31)

 � Skilled/unskilled workers
 � (E-SeC: 8 and 9)

1201 (18) 2100 (31) 1822 (27) 1720 (25)

 � Not-employed 791 (16) 1432 (29) 1424 (29) 1258 (26)

 � Total 3598 (15) 6649 (28) 6787 (29) 6700 (28)

*Relative Inequality Index.
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higher-educated educated. For occupational status, it was 
important to note how skilled/unskilled workers and not-
employed subjects had a higher risk of being physically 
inactive than the professionals/managers of follow-up 
(1.33, 95% CI 1.18 to 1.50; 1.36, 95% CI 1.19 to 1.54, 
respectively). In the sex-stratified analysis, every other 
woman’s occupational category showed a higher risk 
of being physically inactive in recreational PA than the 
professionals/managers class.

In table 7, the OR
adj

 of changes in recreational PA over 
time showed an increased risk of worsening recreational 
PA for the lower-educated compared with the higher-
educated (OR 1.09, 95% CI 1.01 to 1.16). In sex-stratified 
analyses for RII, less-educated men showed a higher 
risk of worsening recreational PA than more-educated 
men. Regarding estimates for occupational status in the 
overall cohort, skilled/unskilled manual workers and 
not-employed showed a higher risk of worsening their 
recreational PA than professionals/managers (OR 1.29, 
95% CI 1.13 to 1.47; OR 1.47, 95% CI 1.28 to 1.69; respec-
tively). In sex-stratified analyses, manual workers and 
not-employed women had a higher risk of worsening 
their recreational PA than professionals/managers (OR 
1.41, 95% CI 1.16 to 1.70; OR 1.57, 95% CI 1.30 to 1.90; 
respectively).

Results on household PA are reported in online supple-
mental material S8. Overall, baseline and follow-up 
estimates showed that lower-educated were less likely to 
be physically inactive at home than higher-educated, for 
both men and women (baseline: OR men 0.61, 95% CI 
0.54 to 0.69; OR women 0.45, 95% CI 0.42 to 0.49. 
Follow-up: OR men 0.64, 95% CI 0.56 to 0.72; OR women 
0.64, 95% CI 0.59 to 0.69). Regarding occupational 
status, professionals/managers seemed to be the least 
active category in household PA. The further analysis 
conducted on workers aged 50 or more (online supple-
mental materials S9–S12) showed similar results to the 
analyses presented above: the lower-educated and manual 
workers had a higher risk of being physically inactive than 

the higher-educated and the professionals/managers 
(respectively), both at baseline and at follow-up. In addi-
tion, manual workers show a higher risk of worsening 
overall PA (based on CPAI) and recreational PA than the 
professionals/managers.

DISCUSSION
In this large prospective study conducted on the EPIC-
Italy Cohort, we found that individuals with higher levels 
of education or those from less disadvantaged social 
classes had higher levels of PA than others and better 
maintained the level over time, which is especially visible 
when work activity ceases, particularly, in women. Our 
findings are consistent with prior studies regarding the 
relationship between PA and SEP and between PA and 
occupational status.29–38

Although at baseline the less educated or those 
belonging to lower social classes engage in more overall 
PA than the more educated individuals, the less educated 
tend to perform low PA over time, especially, when 
reaching retirement age. This was further supported 
by the analysis conducted on the difference between 
follow-up and baseline, where it was observed that people 
with a higher inequality index had a higher risk of wors-
ening their PA levels in the follow-up period. Regarding 
occupational classes for both men and women, those in 
the manual worker class were shown to have a significant 
risk of worsening PA levels over time compared with the 
professionals/managers class.

Based on the CPAI, individuals with lower levels of 
education presumably had higher baseline levels of PA 
since they were more likely to do PA during work hours 
but less likely to do so during leisure time.33 However, 
the reasons for this occurrence may also be attributed 
to other social factors. According to Jaana T. Kari and 
colleagues,31 education is related to decision-making 
abilities, which can lead individuals to make healthier 
long-term decisions in their behaviour. Additionally, there 
may be a mediating effect of income on the relationship 

Figure 1  Sankey diagram, Cambridge Physical Activity Index flows from baseline to follow-up (FU).

https://dx.doi.org/10.1136/bmjsem-2024-001957
https://dx.doi.org/10.1136/bmjsem-2024-001957
https://dx.doi.org/10.1136/bmjsem-2024-001957
https://dx.doi.org/10.1136/bmjsem-2024-001957
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between education and PA: a higher education increases 
income levels, which, in turn, provides greater oppor-
tunities to invest in PA. In accordance, findings of our 
cohort showed the less educated were less likely to do 
recreational PA at both baseline and follow-up, and a 
higher risk of worsening recreational PA levels over time 
than the more educated.

The WHO defines PA as ‘any bodily movement 
produced by skeletal muscles that requires energy expen-
diture, […] all movement including during leisure time, 
for transport to get to and from places, or as part of a 

person’s work’.39 However, the quality of PA can play 
a significant role in health outcomes. Recent studies 
observed that workers who perform more PA at work 
have worse health outcomes than those who perform less 
physically demanding jobs40 and that higher levels of PA 
at work can lead to an increased risk of cardiovascular 
disease, in contrast to leisure-time PA.41 This occurrence 
has been described in the literature by Holtermann42 as 
‘the physical activity paradox’. According to the author, a 
possible explanation for the discordance of different PA 
settings on health outcomes could lie in the substantial 

Table 4  Association between socioeconomic characteristics at baseline and low (vs high) PA level as assessed by 
Cambridge Physical Activity Index (CPAI) at baseline and follow-up (low CPAI level = inactive, moderately inactive; high CPAI 
level (ref.) = active, moderately active).

Covariates

OR adjusted (CI*)

Overall
(n=23, 734)

Male
(n=7617)

Female
(n=16 117)

Baseline CPAI†

RII‡

1° tertile 1.00 (ref) 1.00 (ref) 1.00 (ref)

2° tertile 0.91 (0.85, 0.98) 0.72 (0.64, 0.81) 1.03 (0.95, 1.13)

3° tertile 0.71 (0.66, 0.76) 0.46 (0.41, 0.52) 0.88 (0.81, 0.96)

Occupation

Professionals/
managers
(E-SeC: 1 and 2)

1.00 (ref) 1.00 (ref) 1.00 (ref)

Clerical/farmer/
retailer workers
(E-SeC: 4, 5, 7)

1.23 (1.10, 1.38) 1.07 (0.91, 1.27) 1.47 (1.24, 1.74)

Skilled/unskilled workers
(E-SeC: 8 and 9)

0.49 (0.43, 0.55) 0.40 (0.33, 0.47) 0.62 (0.52, 0.74)

Not-employed 1.74 (1.51, 1.99) 1.24 (0.50, 3.07) 2.11 (1.76, 2.52)

Follow-up CPAI†

RII‡

1° tertile 1.00 (ref) 1.00 (ref) 1.00 (ref)

2° tertile 1.13 (1.05, 1.22) 1.06 (0.94, 1.19) 1.17 (1.07, 1.29)

3° tertile 1.20 (1.11, 1.30) 1.01 (0.89, 1.15) 1.32 (1.19, 1.45)

Occupation

Professionals/
managers
(E-SeC: 1 and 2)

1.00 (ref) 1.00 (ref) 1.00 (ref)

Clerical/farmer/
retailer workers
(E-SeC: 4, 5, 7)

1.25 (1.10, 1.41) 1.08 (0.91, 1.28) 1.48 (1.24, 1.77)

Skilled/unskilled workers
(E-SeC: 8 and 9)

1.11 (0.98, 1.26) 0.96 (0.81, 1.15) 1.31 (1.08, 1.58)

Not-employed 1.57 (1.36, 1.81) 0.70 (0.28, 1.72) 1.83 (1.52, 2.21)

Note: The reported ORs estimate the association between physical activity (PA) and socioeconomic position (SEP). Overall cohort logistic 
model was adjusted for age, sex, EPIC centre, BMI, disease (yes/no), and smoking and alcohol habits. Sex-stratified logistic models were 
adjusted for age, EPIC centre, BMI, disease (yes/no), and smoking and alcohol habits.
* 95% CI.
†Physical Activity Index.
‡Relative Index of Inequality, tertiles: the first tertile includes the higher educational level.
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difference between the two types of activity (recreational 
PA vs occupational PA). Occupational PA is usually char-
acterised by a sustained low intensity over a long period 
with inadequate breaks and recovery times, whereas, 
recreational PA is usually carried out over a shorter period 
with a moderate to vigorous intensity and adequate resting 
time. Additionally, levels of occupational PA appear to be 
inversely correlated with recreational PA among individ-
uals: those who showed higher levels of recreational PA 
had sedentary jobs, while those who had heavy manual 
jobs showed lower levels of recreational PA.43 44

Our results show that skilled/unskilled manual workers 
tend to do less recreational PA than managers/profes-
sionals at follow-up but not at baseline.

Contrary to our expectations, the results of the sex-
stratified models for recreational PA on men were not 
statistically significant compared with women. However, 
several studies have observed that men tend to engage 
in more PA during life than women independently of 
education and equity.32 33 45 In addition, we had a higher 
proportion of women than men in our sample. This 
could account for our results (see table 1). However, the 
lower-educated men tended to worsen the recreational 
PA level over time in our cohort.

Another aspect worth considering is the effect of 
diseases on PA habits. Diseases may hinder PA among 

subjects, in a pattern of reverse causality. Dong Hoon 
Lee and colleagues27 in their study emphasise how recent 
disease events or undiagnosed illnesses may overesti-
mate the effect of PA on health and mortality. However, 
this effect occurred when the follow-up of studies was 
shorter. In our study, the follow-up is over 10 years on 
average.

The difference that emerged between the clerical/
farmer/retailer class and the skilled/unskilled manual 
worker class deserves further investigation. The class of 
clerical, farmer and retailer workers showed a lower PA 
level at baseline than the professionals/managers class 
(based on CPAI, which also considered PA at work). One 
possible explanation could come from the fact that, in 
comparison to the farmers and retail workers, the second 
occupational class consists of 89% of clerical workers who 
perform sedentary work (see table 1).

In this study, household PA was also analysed. In the 
literature, studies concerning the effect of household 
setting are not yet very consistent. However, similar to 
recreational PA, it has been observed that higher levels 
of household activity may be associated with a reduc-
tion in the risk of all-cause mortality and mortality from 
cardiovascular and respiratory causes, irrespective of 
leisure-time PA.46 47 In addition, higher levels of house-
hold activity seem to be associated with better subjective 

Table 5  Association between baseline socioeconomic characteristics and changes in Cambridge Physical Activity Index 
(CPAI) over time (follow-up minus baseline) (worsening in CPAI level (−3 to −1) vs maintenance/improvement in CPAI level (0 to 
+3))

Covariates

OR adjusted (CI*)

Overall
(n=23 734)

Male
(n=7617)

Female
(n=16 117)

CPAI†

RII‡

1° tertile 1.00 (ref) 1.00 (ref) 1.00 (ref)

2° tertile 1.20 (1.12, 1.29) 1.38 (1.23, 1.55) 1.13 (1.03, 1.23)

3° tertile 1.49 (1.39, 1.60) 1.92 (1.70, 2.17) 1.33 (1.22, 1.44)

Occupation

Professionals/
managers
(E-SeC: 1 and 2)

1.00 (ref) 1.00 (ref) 1.00 (ref)

Clerical/farmer/
retailer workers
(E-SeC: 4, 5, 7)

0.99 (0.88, 1.13) 1.13 (0.94, 1.34) 0.88 (0.74, 1.05)

Skilled/unskilled workers
(E-SeC: 8 and 9)

1.92 (1.69, 2.18) 2.20 (1.85, 2.61) 1.67 (1.39, 2.00)

Not-employed 0.89 (0.78, 1.03) 1.07 (0.43, 2.72) 0.79 (0.66, 0.95)

Note: The reported ORs estimate the association between physical activity difference (follow-up minus baseline) and socioeconomic position 
(SEP). Overall cohort logistic model was adjusted for age, sex, EPIC centre, BMI, disease (yes/no), and smoking and alcohol habits. Sex-
stratified logistic models were adjusted for age, EPIC centre, BMI, disease (yes/no), and smoking and alcohol habits.
P value<0,05.
*95% CI.
†Cambridge Physical Activity Index.
‡Relative Inequality Index, tertiles: the first tertile includes the higher educational level.
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well-being, and a higher volume of grey matter in the 
elderly.48 49

However, the habit of household PA among different 
levels of socioeconomic position is still unclear.48 As 
mentioned, higher SEP was associated with higher overall 
levels of PA.16 48 However, in our study, the relationship 
between household PA and SEP is the opposite of the 
one described in the previous sentence (Supplementals): 
less-educated individuals tend to perform more house-
hold PA than more educated individuals, particularly, in 
the female sex. The higher prevalence of women in PA 
habits at home has also been found in other studies.50 51 

Further investigation of the effects of household PA on 
health outcomes would be necessary. However, this study 
may offer new insights into the habit of household PA 
among SEP.

One of our study’s strong points is its prospective 
design. Second, the analysis included a large number 
of subjects (n=23 734) with a long-duration follow-up 
which, given the mean age of the population, allowed 
us to study PA levels in people entering retirement age. 
However, there are a few limitations. First, although the 
lifestyle EPIC questionnaire has been validated for a 
different country,25 52 PA was measured on self-reported 

Table 6  Association between socioeconomic characteristics at baseline and low (vs high) PA level as assessed by 
recreational PA at baseline and follow-up (low recreational PA=I and II quartiles; high recreational PA (ref.) = III and IV quartiles)

Covariates

OR adjusted (CI*)

Overall
(n=23 734)

Male
(n=7 617)

Female
(n=16 117)

Baseline recreational PA†

RII‡

1° tertile 1.00 (ref) 1.00 (ref) 1.00 (ref)

2° tertile 1.17 (1.10, 1.25) 1.04 (0.93, 1.17) 1.24 (1.14, 1.35)

3° tertile 1.50 (1.40, 1.60) 1.15 (1.02, 1.29) 1.68 (1.55, 1.82)

Occupation

Professionals/
managers
(E-SeC: 1 and 2)

1.00 (ref) 1.00 (ref) 1.00 (ref)

Clerical/farmer/
retailer workers
(E-SeC: 4, 5, 7)

0.94 (0.84, 1.05) 0.90 (0.77, 1.06) 1.00 (0.84, 1.18)

Skilled/unskilled workers
(E-SeC: 8 and 9)

1.03 (0.91, 1.16) 0.90 (0.76, 1.06) 1.16 (0.98, 1.39)

Not-employed 0.85 (0.75, 0.97) 0.86 (0.35, 2.07) 0.93 (0.78, 1.10)

Follow-up recreational PA†

RII‡

1° tertile 1.00 (ref) 1.00 (ref) 1.00 (ref)

2° tertile 1.14 (1.07, 1.22) 1.03 (0.92, 1.15) 1.21 (1.11, 1.31)

3° tertile 1.46 (1.37, 1.56) 1.18 (1.04, 1.33) 1.60 (1.48, 1.73)

Occupation

Professionals/
managers
(E-SeC: 1 and 2)

1.00 (ref) 1.00 (ref) 1.00 (ref)

Clerical/farmer/
retailer workers
(E-SeC: 4, 5, 7)

1.07 (0.96, 1.21) 0.94 (0.80, 1.11) 1.30 (1.09, 1.55)

Skilled/unskilled workers
(E-SeC: 8 and 9)

1.33 (1.18, 1.50) 1.07 (0.90, 1.26) 1.69 (1.41, 2.03)

Not-employed 1.36 (1.19, 1.54) 0.65 (0.26, 1.61) 1.65 (1.38, 1.98)

Note: The reported ORs estimate the association between physical activity (PA) and socioeconomic position (SEP). Overall cohort logistic 
model was adjusted for age, sex, EPIC centre, BMI, disease (yes/no), and smoking and alcohol habits. Sex-stratified logistic models were 
adjusted for age, EPIC centre, BMI, disease (yes/no), and smoking and alcohol habits.
*95% CI.
†Physical Activity.
‡Relative Index of Inequality, tertiles: the first tertile includes the higher educational level.
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data. Second, the cohort examined, while very large 
and varied, is not representative of the general Italian 
population. This is because the subjects in the cohort 
are volunteers with good lifestyles and on average, more 
aware regarding eating habits than the general popula-
tion at the time. However, it is not a very physically active 
cohort. The type of data available represented another 
limitation of the study: whereas, recreational PA and 
household PA were quantitative ordinal variables per 
observation (MET), occupational PA, measured with 
Cambridge Physical Activity Index, was a four-categorical 
variable. Moreover, CPAI did not represent a pure assess-
ment of occupational PA but a combination of activity 
at work (categorical) and recreational PA. The use of 
other validated questionnaires to measure moderate-to-
vigorous physical activity in adults would have allowed 
a more in-depth evaluation.53 54 However, most of these 
evaluation surveys were validated after the start of the 
data collection process of the EPIC cohort. Finally, due to 
observational design, residual confounding cannot fully 
be discharged. Despite the abovementioned point, our 
study represents one of the largest studies that assessed 
changes in PA through various SEP measurements.

Further studies should explore the mediating role 
played by diseases on PA changes, and how PA changes 
may predict the onset of new diseases.

CONCLUSION
The study’s findings indicate that individuals from lower 
social positions had an increased risk of being physically 
inactive over time than individuals from higher social posi-
tions, particularly, as they reach retirement age, mainly 
concerning recreational PA. Those with higher levels of 
education or social position were more likely to engage 
in recreational PA, which represents the only form of PA 
that is protective against all causes of mortality. These 
results can be considered a subject for public health 
discussion to develop preventive actions toward the most 
disadvantaged individuals in the community.

Acknowledgements  The authors wish to acknowledge and thank Franco Merletti 
for his useful comments on the manuscript. The first author’s work was part of her 
research project for the master’s degree in Epidemiology at the University of Turin.

Contributors  MF conceptualised and designed the project, managed and analysed 
data, and drafted the paper. FR and SC contributed to conceptualisation and 
design, provided the data, monitored the statistical analyses, and revised and 
refined the paper, with both contributing equally. LF contributed to monitoring 
the statistical analyses and the management of the data. GM contributed to the 
conceptualisation and design, statistical analyses, provided the data, and read and 
revised the paper. CS, ML, LD, BB, MA, VV and PV read, reviewed and refined the 
paper. MF is guarantor. IA was not used at any stage of the project.

Funding  EPIC-Italy was funded by the Italian Association for Research on Cancer 
(AIRC, Milan). The funding agency played no role in the study design; in the 
collection, analysis, and interpretation of data; in the writing of the manuscript; or 
in the decision to submit the manuscript for publication.

Table 7  Association between baseline socioeconomic characteristics and changes in recreational PA (follow-up minus 
baseline) (worsening in recreational PA level (−3 to −1) vs maintenance/improvement in recreational PA level (0 to +3))

Covariates

OR adjusted (CI*)

Overall
(n=23 734)

Male
(n=7 617)

Female
(n=16 117)

Recreational PA†

RII‡

1° tertile 1.00 (ref) 1.00 (ref) 1.00 (ref)

2° tertile 1.04 (0.97, 1.11) 1.06 (0.94, 1.20) 1.02 (0.94, 1.11)

3° tertile 1.09 (1.01, 1.16) 1.15 (1.01, 1.31) 1.05 (0.97, 1.14)

Occupation

Professionals/
managers
(E-SeC: 1 and 2)

1.00 (ref) 1.00 (ref) 1.00 (ref)

Clerical/farmer/
retailer workers
(E-SeC: 4, 5, 7)

1.10 (0.97, 1.25) 1.04 (0.87, 1.25) 1.19 (0.99, 1.43)

Skilled/unskilled workers
(E-SeC: 8 and 9)

1.29 (1.13, 1.47) 1.18 (0.99, 1.42) 1.41 (1.16, 1.70)

Not-employed 1.47 (1.28, 1.69) 1.14 (0.43, 2.99) 1.57 (1.30, 1.90)

Note: The reported ORs estimate the association between physical activity difference (follow-up minus baseline) and socioeconomic position 
(SEP). Overall cohort logistic model was adjusted for age, sex, EPIC centre, BMI, disease (yes/no), and smoking and alcohol habits. Sex-
stratified logistic models were adjusted for age, EPIC centre, BMI, disease (yes/no), and smoking and alcohol habits.
P value <0.05.
*95% CI.
†Physical Activity Index.
‡Relative Inequality Index, tertiles: first tertile includes the higher educational level.



12 Franco M, et al. BMJ Open Sp Ex Med 2024;10:e001957. doi:10.1136/bmjsem-2024-001957

Open access

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants. The EPIC study has been 
approved by the Ethical Review Board of the International Agency for Research on 
Cancer (IARC, Lyon) and by the local Ethical Committee. Participants gave informed 
consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  No data are available. Raw data cannot be made 
freely available because of restrictions imposed by the ethical committees, which 
do not allow open/public sharing of data on individuals. However, aggregated data 
are available for other researchers upon request to the corresponding author.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Matteo Franco http://orcid.org/0009-0004-1687-4893

REFERENCES
	 1	 Aune D, Schlesinger S, Hamer M, et al. Physical activity and the risk 

of sudden cardiac death: a systematic review and meta-analysis of 
prospective studies. BMC Cardiovasc Disord 2020;20:318. 

	 2	 Lin Y-H, Chen Y-C, Tseng Y-C, et al. Physical activity and successful 
aging among middle-aged and older adults: a systematic 
review and meta-analysis of cohort studies. Aging (Albany NY) 
2020;12:7704–16. 

	 3	 Iso-Markku P, Kujala UM, Knittle K, et al. Physical activity as a 
protective factor for dementia and Alzheimer’s disease: systematic 
review, meta-analysis and quality assessment of cohort and case-
control studies. Br J Sports Med 2022;56:701–9. 

	 4	 Kanaley JA, Colberg SR, Corcoran MH, et al. Exercise/Physical 
Activity in Individuals with Type 2 Diabetes: A Consensus Statement 
from the American College of Sports Medicine. Med Sci Sports 
Exerc 2022;54:353–68. 

	 5	 McTiernan A, Friedenreich CM, Katzmarzyk PT, et al. Physical 
Activity in Cancer Prevention and Survival: A Systematic Review. 
Med Sci Sports Exerc 2019;51:1252–61. 

	 6	 Menzel J, di Giuseppe R, Wientzek A, et al. Physical Activity, 
Bone Health, and Obesity in Peri-/Pre- and Postmenopausal 
Women: Results from the EPIC-Potsdam Study. Calcif Tissue Int 
2015;97:376–84. 

	 7	 Pearce M, Garcia L, Abbas A, et al. Association Between Physical 
Activity and Risk of Depression: A Systematic Review and Meta-
analysis. JAMA Psychiatry 2022;79:550–9. 

	 8	 Luben R, Hayat S, Wareham N, et al. Usual physical activity and 
subsequent hospital usage over 20 years in a general population: 
the EPIC-Norfolk cohort. BMC Geriatr 2020;20:165. 

	 9	 Masala G, Bendinelli B, Occhini D, et al. Physical activity and blood 
pressure in 10,000 Mediterranean adults: The EPIC-Florence cohort. 
Nutr Metab Cardiovasc Dis 2017;27:670–8. 

	10	 Yip JLY, Broadway DC, Luben R, et al. Physical activity and ocular 
perfusion pressure: the EPIC-Norfolk eye study. Invest Ophthalmol 
Vis Sci 2011;52:8186–92. 

	11	 McFadden E, Luben R, Wareham N, et al. Occupational social class, 
educational level, smoking and body mass index, and cause-specific 
mortality in men and women: a prospective study in the European 
Prospective Investigation of Cancer and Nutrition in Norfolk (EPIC-
Norfolk) cohort. Eur J Epidemiol 2008;23:511–22. 

	12	 Chetty R, Stepner M, Abraham S, et al. The Association Between 
Income and Life Expectancy in the United States, 2001-2014. JAMA 
2016;315:1750–66. 

	13	 d’Errico A, Ricceri F, Stringhini S, et al. Socioeconomic indicators 
in epidemiologic research: a practical example from the LIFEPATH 
study. PLoS One 2017;12:e0178071. 

	14	 Ricceri F, Sacerdote C, Giraudo MT, et al. The Association between 
Educational Level and Cardiovascular and Cerebrovascular Diseases 
within the EPICOR Study: New Evidence for an Old Inequality 
Problem. PLoS One 2016;11:e0164130. 

	15	 Macciotta A, Catalano A, Giraudo MT, et al. Mediating Role of 
Lifestyle Behaviors in the Association between Education and 
Cancer: Results from the European Prospective Investigation 
into Cancer and Nutrition. Cancer Epidemiol Biomarkers Prev 
2023;32:132–40. 

	16	 Juneau CE, Benmarhnia T, Poulin AA, et al. Socioeconomic 
position during childhood and physical activity during adulthood: a 
systematic review. Int J Public Health 2015;60:799–813. 

	17	 Mok A, Khaw K-T, Luben R, et al. Physical activity trajectories and 
mortality: population based cohort study. BMJ 2019;365:l2323. 

	18	 Shaw BA, Liang J, Krause N, et al. Age differences and social 
stratification in the long-term trajectories of leisure-time physical 
activity. J Gerontol B Psychol Sci Soc Sci 2010;65:756–66. 

	19	 Palli D, Berrino F, Vineis P, et al. A molecular epidemiology project 
on diet and cancer: the EPIC-Italy Prospective Study. Design and 
baseline characteristics of participants. Tumori 2003;89:586–93. 

	20	 Riboli E, Hunt KJ, Slimani N, et al. European Prospective 
Investigation into Cancer and Nutrition (EPIC): study populations and 
data collection. Pub Health Nutr 2002;5:1113–24. 

	21	 Pols MA, Peeters PH, Ocké MC, et al. Estimation of reproducibility 
and relative validity of the questions included in the EPIC Physical 
Activity Questionnaire. Int J Epidemiol 1997;26 Suppl 1:S181–9. 

	22	 Sergeant JC, Firth D. Relative index of inequality: definition, 
estimation, and inference. Biostatistics 2006;7:213–24. 

	23	 Vineis P, Avendano-Pabon M, Barros H, et al. Special Report: The 
Biology of Inequalities in Health: The Lifepath Consortium. Front 
Public Health 2020;8:118. 

	24	 Erikson R, Goldthorpe J. The constant flux: a study of class mobility 
in industrial countries. New York: Oxford University Press, 1992.

	25	 Wareham NJ, Jakes RW, Rennie KL, et al. Validity and repeatability 
of a simple index derived from the short physical activity 
questionnaire used in the European Prospective Investigation 
into Cancer and Nutrition (EPIC) study. Pub Health Nutr 
2003;6:407–13. 

	26	 Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical 
activities: an update of activity codes and MET intensities. Med Sci 
Sports Exerc 2000;32:S498–504. 

	27	 Obesity: preventing and managing the global epidemic. Report of a 
WHO consultation. World Health Organ Tech Rep Ser 2000;894:i–xii.

	28	 Clinical guidelines on the identification, evaluation, and treatment of 
overweight and obesity in adults: executive summary. Expert Panel 
on the Identification, Evaluation, and Treatment of Overweight in 
Adults. Am J Clin Nutr 1998;68:899–917. 

	29	 Lee DH, Rezende LFM, Ferrari G, et al. Physical activity and all-
cause and cause-specific mortality: assessing the impact of reverse 
causation and measurement error in two large prospective cohorts. 
Eur J Epidemiol 2021;36:275–85. 

	30	 Strain T, Wijndaele K, Sharp SJ, et al. Impact of follow-up time 
and analytical approaches to account for reverse causality on the 
association between physical activity and health outcomes in UK 
Biobank. Int J Epidemiol 2020;49:162–72. 

	31	 Kari JT, Viinikainen J, Böckerman P, et al. Education leads to a 
more physically active lifestyle: evidence based on Mendelian 
randomization. Scand J Med Sci Sports 2020;30:1194–204. 

	32	 Althoff T, Sosič R, Hicks JL, et al. Large-scale physical activity data 
reveal worldwide activity inequality. Nat New Biol 2017;547:336–9. 

	33	 Scholes S, Bann D. Education-related disparities in reported 
physical activity during leisure-time, active transportation, and 
work among US adults: repeated cross-sectional analysis from the 
National Health and Nutrition Examination Surveys, 2007 to 2016. 
BMC Public Health 2018;18:926. 

	34	 Droomers M, Schrijvers CT, Mackenbach JP. Educational level 
and decreases in leisure time physical activity: predictors from 
the longitudinal GLOBE study. J Epidemiol Community Health 
2001;55:562–8. 

	35	 Kantomaa MT, Tikanmäki M, Kankaanpää A, et al. Accelerometer-
Measured Physical Activity and Sedentary Time Differ According to 
Education Level in Young Adults. PLoS One 2016;11:e0158902. 

	36	 Aaltonen S, Latvala A, Rose RJ, et al. Leisure-Time Physical Activity 
and Academic Performance: Cross-Lagged Associations from 
Adolescence to Young Adulthood. Sci Rep 2016;6:39215. 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0004-1687-4893
http://dx.doi.org/10.1186/s12872-020-01531-z
http://dx.doi.org/10.18632/aging.103057
http://dx.doi.org/10.1136/bjsports-2021-104981
http://dx.doi.org/10.1249/MSS.0000000000002800
http://dx.doi.org/10.1249/MSS.0000000000002800
http://dx.doi.org/10.1249/MSS.0000000000001937
http://dx.doi.org/10.1007/s00223-015-0027-0
http://dx.doi.org/10.1001/jamapsychiatry.2022.0609
http://dx.doi.org/10.1186/s12877-020-01573-0
http://dx.doi.org/10.1016/j.numecd.2017.06.003
http://dx.doi.org/10.1167/iovs.11-8267
http://dx.doi.org/10.1167/iovs.11-8267
http://dx.doi.org/10.1007/s10654-008-9267-x
http://dx.doi.org/10.1001/jama.2016.4226
http://dx.doi.org/10.1371/journal.pone.0178071
http://dx.doi.org/10.1371/journal.pone.0164130
http://dx.doi.org/10.1158/1055-9965.EPI-22-0777
http://dx.doi.org/10.1007/s00038-015-0710-y
http://dx.doi.org/10.1136/bmj.l2323
http://dx.doi.org/10.1093/geronb/gbq073
http://dx.doi.org/10.1177/030089160308900602
http://dx.doi.org/10.1079/PHN2002394
http://dx.doi.org/10.1093/ije/26.suppl_1.s181
http://dx.doi.org/10.1093/biostatistics/kxj002
http://dx.doi.org/10.3389/fpubh.2020.00118
http://dx.doi.org/10.3389/fpubh.2020.00118
http://dx.doi.org/10.1079/PHN2002439
http://dx.doi.org/10.1097/00005768-200009001-00009
http://dx.doi.org/10.1097/00005768-200009001-00009
https://pubmed.ncbi.nlm.nih.gov/11234459
http://dx.doi.org/10.1093/ajcn/68.4.899
http://dx.doi.org/10.1007/s10654-020-00707-3
http://dx.doi.org/10.1093/ije/dyz212
http://dx.doi.org/10.1111/sms.13653
http://dx.doi.org/10.1038/nature23018
http://dx.doi.org/10.1186/s12889-018-5857-z
http://dx.doi.org/10.1136/jech.55.8.562
http://dx.doi.org/10.1371/journal.pone.0158902
http://dx.doi.org/10.1038/srep39215


13Franco M, et al. BMJ Open Sp Ex Med 2024;10:e001957. doi:10.1136/bmjsem-2024-001957

Open access

	37	 Aggio D, Papachristou E, Papacosta O, et al. Trajectories of self-
reported physical activity and predictors during the transition to old 
age: a 20-year cohort study of British men. Int J Behav Nutr Phys 
Act 2018;15:14. 

	38	 Karjala A, Pietiläinen O, Salonsalmi A, et al. Changes in occupational 
class differences in leisure-time physical activity and the contribution 
of retirement. Scand J Med Sci Sports 2023;33:283–91. 

	39	 World Health Organization. Physical activity. 2024. Available: https://
www.who.int/news-room/fact-sheets/detail/physical-activity

	40	 Strippoli E, Hughes A, Sebastiani G, et al. Occupational physical 
activity, mortality and CHD events in the Italian Longitudinal Study. 
Int Arch Occup Environ Health 2022;95:607–19. 

	41	 Holtermann A, Krause N, van der Beek AJ, et al. The physical 
activity paradox: six reasons why occupational physical activity 
(OPA) does not confer the cardiovascular health benefits 
that leisure time physical activity does. Br J Sports Med 
2018;52:149–50. 

	42	 Holtermann A, Hansen JV, Burr H, et al. The health paradox of 
occupational and leisure-time physical activity. Br J Sports Med 
2012;46:291–5. 

	43	 Gupta N, Dencker-Larsen S, Lund Rasmussen C, et al. The physical 
activity paradox revisited: a prospective study on compositional 
accelerometer data and long-term sickness absence. Int J Behav 
Nutr Phys Act 2020;17:93. 

	44	 Janssen TI, Voelcker-Rehage C. Leisure-time physical activity, 
occupational physical activity and the physical activity paradox in 
healthcare workers: a systematic overview of the literature. Int J 
Nurs Stud 2023;141:104470. 

	45	 Azevedo MR, Araújo CLP, Reichert FF, et al. Gender differences in 
leisure-time physical activity. Int J Public Health 2007;52:8–15. 

	46	 Hu L, Wang L, Zhang Y, et al. Participation in Household Physical 
Activity Lowers Mortality Risk in Chinese Women and Men. Int J 
Environ Res Public Health 2023;20:987. 

	47	 Huerta JM, Chirlaque MD, Tormo MJ, et al. Work, household, and 
leisure-time physical activity and risk of mortality in the EPIC-Spain 
cohort. Prev Med 2016;85:106–12. 

	48	 Yen HY, Liao Y, Huang WH. Household physical activity and 
subjective well-being: an international comparison among East Asian 
older adult populations. Arch Gerontol Geriatr 2024;117:105220. 

	49	 Koblinsky ND, Meusel L-AC, Greenwood CE, et al. Household 
physical activity is positively associated with gray matter volume in 
older adults. BMC Geriatr 2021;21:104. 

	50	 Iwase H, Tanaka-Mizuno S, Takashima N, et al. Relationship of 
leisure-time and household physical activity level and type with 
cardiovascular disease: secondary analysis of the Takashima Study 
data. BMC Cardiovasc Disord 2022;22:132. 

	51	 Park J, Choi J-Y, Shin A, et al. Patterns of leisure time and 
household physical activity and the risk of mortality among middle-
aged Korean adults. PLoS One 2020;15:e0234852. 

	52	 Peters T, Brage S, Westgate K, et al. Validity of a short questionnaire 
to assess physical activity in 10 European countries. Eur J Epidemiol 
2012;27:15–25. 

	53	 Cleland C, Ferguson S, Ellis G, et al. Validity of the International 
Physical Activity Questionnaire (IPAQ) for assessing moderate-to-
vigorous physical activity and sedentary behaviour of older adults in 
the United Kingdom. BMC Med Res Methodol 2018;18:176. 

	54	 Cleland CL, Hunter RF, Kee F, et al. Validity of the global physical 
activity questionnaire (GPAQ) in assessing levels and change in 
moderate-vigorous physical activity and sedentary behaviour. BMC 
Public Health 2014;14:1255. 

http://dx.doi.org/10.1186/s12966-017-0642-4
http://dx.doi.org/10.1186/s12966-017-0642-4
http://dx.doi.org/10.1111/sms.14256
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
http://dx.doi.org/10.1007/s00420-021-01765-0;9
http://dx.doi.org/10.1136/bjsports-2017-097965
http://dx.doi.org/10.1136/bjsm.2010.079582
http://dx.doi.org/10.1186/s12966-020-00988-7
http://dx.doi.org/10.1186/s12966-020-00988-7
http://dx.doi.org/10.1016/j.ijnurstu.2023.104470
http://dx.doi.org/10.1016/j.ijnurstu.2023.104470
http://dx.doi.org/10.1007/s00038-006-5062-1
http://dx.doi.org/10.3390/ijerph20020987
http://dx.doi.org/10.3390/ijerph20020987
http://dx.doi.org/10.1016/j.ypmed.2016.02.009
http://dx.doi.org/10.1016/j.archger.2023.105220
http://dx.doi.org/10.1186/s12877-021-02054-8
http://dx.doi.org/10.1186/s12872-022-02569-x
http://dx.doi.org/10.1371/journal.pone.0234852
http://dx.doi.org/10.1007/s10654-011-9625-y
http://dx.doi.org/10.1186/s12874-018-0642-3
http://dx.doi.org/10.1186/1471-2458-14-1255
http://dx.doi.org/10.1186/1471-2458-14-1255

	Physical activity modification over time according to socioeconomic position: results from the EPIC-­Italy cohort study
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Data collection
	Socioeconomic measurement
	Physical activity measurement
	Statistical analyses
	Equity, diversity, and inclusion statement

	Results
	Discussion
	Conclusion
	References


