
https://doi.org/10.1177/14034948251395569

© Author(s) 2026
Article reuse guidelines: sagepub.com/journals-permissions
DOI: 10.1177/14034948251395569
journals.sagepub.com/home/sjp

Scandinavian Journal of Public Health, ﻿1–9

Background

Insufficient levels of leisure-time physical activity 
(LTPA) continue to be a significant issue among 
children and youth in Finland [1] and globally [2]. 
Fewer than 25% of Finnish adolescents aged 13–18 
years meet the recommendation of the World Health 

Organization (WHO) of 60 min of moderate-to-vig-
orous physical activity (MVPA) daily [3]. This guide-
line includes activity across all domains (i.e. school, 
home, commuting and leisure). For adults, the WHO 
recommends 150–300 min of moderate or 75–150 
min of vigorous aerobic activity weekly. LTPA, 
though just one domain of MVPA, is especially 
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important as it is voluntary and modifiable, making it 
a key target for behavioural and public health inter-
vention [3]. Promoting LTPA can support lifelong 
activity habits that adapt to changing social and envi-
ronmental contexts.

Family dynamics strongly influence children’s 
LTPA, with parents playing a pivotal role in shaping 
active lifestyle [4–6]. The parent–child LTPA rela-
tionship varies by gender and age, as paternal and 
maternal role modelling might affect sons and daugh-
ters differently [7–10]. Since LTPA typically declines 
with age [2], and youth participate more in sports, 
they may be especially sensitive to familial influence 
[11]. These findings support early-life, gender-sensi-
tive and family-based interventions to promote life-
long LTPA. Social learning theory [12] suggests that 
behaviours like LTPA are acquired through observa-
tion, imitation and reinforcement in social contexts. 
Within families, children are more likely to adopt 
behaviours modelled by close caregivers, making par-
ents key role models for healthy habits [4–6]. This 
framework also helps explain multigenerational pat-
terns of LTPA, where consistent modelling reinforces 
active behaviour across generations.

However, none has examined the impact of gen-
der and age on familial LTPA patterns across three 
generations, primarily because of a limited sample 
size. In our ongoing Cardiovascular Risk in Young 
Finns Study (YFS), we have found that parental 
LTPA is not only linked to childhood and adolescent 
LTPA levels but also influences activity levels during 
the transition to adulthood [13–15]. Nevertheless, 
essential factors regarding the impact of parental 
modelling on children’s LTPA remain inadequately 
explored, potentially contributing to the observed 
inconsistencies in findings. A systematic review has 
highlighted a consistently positive association 
between parent–child LTPA, regardless of the child’s 
age, the gender composition of the parent–child pair, 
or the specific type of LTPA involved [16]. Similarly, 
no research has examined how age and gender affect 
the relationship between grandparental LTPA and 
their grandchildren’s LTPA.

Two previous studies found weak or no significant 
correlations in intergenerational LTPA across three 
generations [17,18]. Notably, dose–response rela-
tionships were observed between highly active moth-
ers and daughters’ LTPA [17], and between mothers 
of active versus less active adolescents [18]. Overall, 
LTPA in one generation showed limited influence on 
the next. In the longitudinal YFS, participants transi-
tioned from parents to grandparents (G0), their chil-
dren became parents (G1) and they, in turn, had 
their own children (G2). In 2018–2020, G2 of the 
original cohort was enrolled, allowing us to assess 

intergenerational LTPA associations. To our knowl-
edge, this is the first study to evaluate such associa-
tions within family samples, stratified by gender and 
age. The study aimed to investigate intergenerational 
LTPA associations across three generations using 
YFS data. This encompassed: (1) LTPA associations 
in G0 and G1 with G2, (2) associations between 
G0’s and G1’s LTPA and (3) whether these relation-
ships were moderated by G2’s gender and age. We 
hypothesized that higher LTPA in G0 and G1 would 
correlate with increased LTPA in G2, and higher 
LTPA in G0 with G1, with potential gender and age 
differences.

Materials and methods

Data from the YFS included children and adoles-
cents aged 3−18 years in 1980 (G1), representing six 
age-cohorts born between 1962 and 1977 [19]. Of 
the 4326 boys and girls invited, 3596 (83%) were 
consistently studied at 3−9-year intervals from base-
line to 2018–2020. G1 was randomly selected in 
1980 from five university cities with medical schools 
(Helsinki, Kuopio, Oulu, Tampere and Turku) and 
their surrounding rural communities. They were fol-
lowed for 40 years (aged 43–58 years) and data for 
G2 offspring (aged 7–38 years) were collected in 
2018–2020. The original G0 generation (aged 58–94 
years) was also followed [13–15]. For this study, we 
used the 2018–2020 data as it marked the first time 
self-reported LTPA was collected across three gen-
erations, totalling 2499 responses for G2, 1960 for 
G1 and 2190 for G0. Sociodemographic and anthro-
pometric characteristics were recorded for each gen-
eration in the YFS. The study protocol was approved 
by the ethics committees of participating universities 
(ETMK: 68/2017) and written informed consent 
was obtained from all participants in accordance 
with the Helsinki Declaration.

G2 offspring’s LTPA was assessed using a self-
administered questionnaire, identical to that used for 
G1 and completed alongside clinical examinations (e.g. 
height, weight and blood sampling). Children aged 
7–11 years were instructed to ask for parental assistance 
if needed. For youth offspring (ages 7–18), the ques-
tionnaire concerned LTPA frequency and intensity, 
sports club participation, involvement in competitions, 
and typical leisure activities. For adult offspring (ages 
19–38), it included questions on activity intensity, fre-
quency of vigorous LTPA, hours of vigorous activity, 
average session duration, and participation in organized 
LTPA. To account for developmental differences, G2 
was categorized into youth offspring and adult off-
spring, reflecting slight age-based variations in LTPA 
measures [14]. G0 participants completed the same 
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adult LTPA questionnaire as G1. Responses were based 
on average hours/times per week. Each item was scored 
from 1 to 3: 1 (inactive/very low), 2 (moderate) and 3 
(frequent/vigorous). These were summed into an index 
ranging from 5 to 15, with higher scores indicating 
more activity. The indices were dichotomized into low 
(⩽8) and high (>8) categories for each generation, fol-
lowing a widely used approach [20]. The G1 index has 
demonstrated reliability and validity across the lifespan 
[15,21,22].

Age and residence (urban versus rural) were que-
ried for all participants. Among G0, G1, and G2 adult 
offspring, educational attainment was self-reported as 
completed years of schooling and grouped into three 
levels: low (⩽ 9 years); intermediate (10−12 years) and 
high (>12 years). Occupation was divided into four 
categories based on the criteria of the Central Statistical 
Office of Finland: manual (builders, metal workers, 
nannies, etc.), lower non-manual (civil servants, spe-
cialized and skilled workers, etc.), upper non-manual 
(administrators, managers, academics, etc.) and stu-
dent (adult offspring). Body mass index (BMI) was 
calculated as weight (kg)/height (m2). Screen time was 
self-reported as average daily minutes of TV viewing 
and computer use for weekdays and weekends. Mean 
daily screen time (min/day) was calculated as (5 × 
weekday + 2 × weekend)/7.

Descriptive characteristics are expressed as means 
(SD) for continuous variables and proportions (%) 
for categorical variables. Intergenerational correla-
tions (Pearson’s r) were calculated to assess relation-
ships between LTPA across generations. Chi-square 

tests were employed to examine the differences in 
LTPA levels between different generations. Binary 
logistic regressions were used to estimate odds ratios 
(ORs) and 95% confidence intervals (CIs) for LTPA 
differences, both unadjusted and after adjusting for 
parental or grandparental age, residence, education, 
occupation, BMI and screen time. Analyses were 
stratified by gender and age within each G2 group. 
Data analysis was performed using the R environ-
ment [23] and Mplus Version 7.0 [24] via the R soft-
ware package MplusAutomation [25]. Missing data 
were assumed to be missing at random, meaning they 
were not related to unobserved variables but were 
considered as a function of the observed covariates 
and outcomes [24].

Results

Characteristics of the participants, categorized by 
generation, are presented in Table I. The proportion 
of females exceeded that of males across all three 
generations, with over 60% residing in urban areas. 
LTPA and educational levels tended to be higher 
among younger generations. In occupational status, 
over 40% of G2 adult offspring were actively engaged 
in university studies, while manual work remained a 
significant occupation across all generations. BMI 
and screen time seemed to be relatively consistent 
across generations.

In the youth offspring group, there were positive 
correlations between the LTPA of fathers and that of 
sons and daughters (p<0.05 for both)(Table II). 

Table I  Characteristics of the study sample for all family members.

Variable G2 offspring
(n = 2501)
Mean (SD), %

G1 parents
(n = 1960)
Mean (SD), %

G0 grandparents
(n = 2190)
Mean (SD), %

Age, years 19.6 (7.0) 48.6 (5.0) 72.8 (5.7)
Leisure-time physical activity 9.7 (2.2) 9.0 (1.9) 8.7 (2.0)
Body mass index, kg/m2 23.0 (5.2) 27.8 (5.4) 23.0 (5.2)
Screen time, min/day 209.3 (131.0) 207.9 (123.3) 237.4 (113.7)
Gender
  Female 55.7 55.8 60.8
  Male 44.3 44.2 39.8
Residence
 U rban 74.2 71.1 60.3
  Rural 25.8 28.9 39.7
Educationa

  Low 1.0 1.7 31.9
  Intermediate 31.4 19.0 33.4
  High 67.6 79.3 34.7
Occupationa

 S tudent 40.7  
  Manual 46.8 46.5 49.0
  Lower non-manual 4.7 14.2 18.5
 U pper nonmanual 7.8 39.3 32.5

aThe levels of education and occupation in G2 offspring were only calculated for adult offspring (n = 1410).
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Similar correlations were observed for mothers with 
sons (p<0.05) and daughters (p<0.01). 
Granddaughters’ LTPA was directly associated with 
the LTPA of maternal grandfathers and grandmoth-
ers (p<0.05 for both). In the adult offspring group, 
fathers’ LTPA was positively correlated with the 
LTPA of sons (p<0.01) and daughters (p<0.05), 
while mothers’ LTPA was directly associated with 
that of daughters (p<0.05). Maternal grandfathers’ 
LTPA was also directly correlated with the LTPA of 
grandsons (p<0.01). Only one significant correlation 
was found between mothers’ LTPA and that of their 
mothers (p<0.01).

In the youth offspring group, sons of high-active 
fathers had higher odds of being highly active com-
pared with sons of low-active fathers (OR = 2.08; 
95% CI: 1.02–4.26), after adjusting for potential 
covariates (Table III). Urban residence was positively 
associated with LTPA in sons, while non-manual 
occupation was associated with lower odds. Similarly, 
daughters of high-active mothers had more than 
twice the odds of being highly active compared with 
daughters of low-active mothers (OR = 2.69; 95% 
CI: 1.46–4.97), independent of the covariates. 
Among daughters, urban residence was positively 
associated with LTPA, whereas greater screen time 
was inversely associated.

In the adult offspring group, grandsons of high-
active maternal grandfathers had markedly higher 
odds of being highly active compared with those of 
low-active grandfathers (OR = 12.23; 95% CI: 
1.83–81.91) (Table IV). Similarly, in the youth off-
spring group, granddaughters of high-active mater-
nal grandmothers were more likely to have highly 
active granddaughters compared with their low-
active counterparts (OR = 5.21; 95% CI: 2.12–
12.77). These associations remained significant 
after adjustment for covariates across both paternal 

and maternal lineages. Among adult granddaugh-
ters, greater screen time, higher educational attain-
ment, and non-manual occupation were also 
associated with increased LTPA.

Discussion

The study examined the intergenerational pattern of 
LTPA within families, taking into account gender 
and age-related variations. We found significant rela-
tionships between the LTPA levels of G1−G2, 
G0−G2 and G0−G1 within specific gender and age 
subgroups. These findings partially support our 
hypotheses, indicating that the LTPA of both G0 and 
G1 is directly associated with that of G2 in certain 
groups. The results emphasize the effects of shared 
familial resemblance in shaping LTPA behaviours 
among younger generations, particularly G2, and 
highlight the role of gender- and age-specific factors 
on these intergenerational patterns.

The results provide compelling evidence for the 
links between the LTPA levels across three genera-
tions. Specifically, G1 fathers exhibited a stronger 
LTPA association with younger G2 sons, whereas G1 
mothers displayed such association with younger G2 
daughters. G0 grandmothers had a higher LTPA 
association with G1 daughters. We also examined a 
three-generational pattern of LTPA across these gen-
erations. Importantly, the maternal line indicated a 
clear transmission of LTPA across generations, influ-
encing the LTPA levels of G2 in both the youth 
female and the adult male groups. In contrast, the 
paternal line seemed to exhibit a two-generational 
transmission of LTPA in G2. These results support 
and extend upon previous research [26,27], indicat-
ing that a substantial portion of LTPA variance is 
influenced by a combination of genetic and shared 
environmental factors. Additionally, these findings 

Table II.  Correlations (Pearson’s r) among measures of leisure-time physical activity in three generations stratified by sex and age group.

G2 LTPA G1 LTPA

  Youth group Adult group  

LTPA Sons
(n = 531)

Daughters
(n = 560)

Sons
(n = 576)

Daughters
(n = 834)

Fathers
(n = 845)

Mothers
(n = 1252)

G1 fathers 0.16* 0.16* 0.22** 0.16*  
G1 mothers 0.12* 0.20** 0.04 0.12*  
G0 paternal GFs –0.11 0.03 0.08 –0.11 0.10  
G0 paternal GMs 0.05 –0.01 0.02 0.05 0.01  
G0 maternal GFs 0.05 0.17* 0.34** 0.05 –0.04
G0 maternal GMs 0.08 0.16* 0.09 0.08 0.16**

The corrections were made by means of a randomly selected subset of G1 parents or G0 grandparents to match the number of G2 offspring.

*p <0.05, **p <0.01.

LTPA: leisure-time physical activity; GF: grandfather; GM: grandmother
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suggest that intergenerational associations in LTPA 
might be more persistent within the maternal line, 
reflecting the strong influence of heightened health 
awareness, lifestyle choices and cultural factors 
among Finnish women [28].

To date, only two previous studies extended 
beyond G1−G2 LTPA correlations to explore 
G0−G2 relationships. In a study of 3254 Finnish 
twins aged 16 years, G2 daughters of active G1 
mothers had higher LTPA levels than those of inac-
tive mothers [17]. However, relying on G1 reports 
for G0 LTPA might lead to inaccuracies. Another 
study of 248 Israel youth aged 12−16 years created 
composite LTPA measures using data from both G1 
and G0, distinguishing between maternal and pater-
nal lines [18]. The results revealed a direct correla-
tion between G2 youths’ LTPA and their G1 mothers, 
with no significant associations for other family 
members. Our results are partially consistent, also 
indicating stronger maternal influences on daugh-
ters’ LTPA. However, unlike prior research that 
found no grandparental effects [17,18], we identified 
significant G0–G2 associations in specific subgroups, 
suggesting that intergenerational influence may be 
more persistent in certain family structures or cul-
tural contexts.

The transmission of parental LTPA behaviour 
from one generation to the next serves as a mecha-
nism to explain intergenerational transmission of the 
behaviour [29]. According to social learning theory 
[12], this transmission is facilitated through model-
ling, wherein children observe and replicate their 
parents’ behaviours. When parents or older family 
members prioritize LTPA, they set a positive exam-
ple for the younger members of the family. This 
might serve as a potent source of inspiration for chil-
dren to adopt a healthy and active lifestyle. Parental 
participation in LTPA has been associated with 
higher levels of LTPA in children, often through role 
modelling or shared activities [4–6]. Previous studies 
found that children engaged in higher LTPA levels 
when they had physically active parents to serve as 
role models [8,13]. Furthermore, active parents play 
a crucial role in establishing a foundation for foster-
ing healthy behaviours in their offspring. Recent 
research has revealed that parents’ initial LTPA levels 
concurrently and prospectively predict their chil-
dren’s LTPA levels [14,15]. We extended this theory 
regarding the transmission of behaviours from older 
to younger generations within families.

Our findings provided limited evidence of inter-
generational transmission. Specifically, higher LTPA 

Table III.  Associations of parental leisure-time physical activity levels and covariates on offspring’s leisure-time physical activity levels. Odds 
ratios and 95% confidence intervals are from unadjusted (univariate) and adjusted (multiple) logistic regression models.

Moderate to high LTPA in youth offspring G2a Moderate to high LTPA in adult offspring G2a

  Son Daughter Son Daughter

Model and covariates n OR (95% CI) n OR (95% CI) n OR (95% CI) n OR (95% CI)

Unadjusted model
 G 1 fathers LTPA (high) 244 2.15 (1.16–4.00)* 222 1.01 (0.55–1.85) 178 1.29 (0.67–2.5) 201 1.73 (0.94–3.19)
Adjusted model
G1 fathers LTPA, high 231 2.08 (1.02–4.26)* 217 0.88 (0.46–1.70) 155 1.25 (0.60–2.63) 179 1.40 (0.71–2.79)
  Age, years 0.95 (0.88–1.03) 0.96 (0.90–1.04) 1.02 (0.92–1.13) 0.98 (0.89–1.07)
  Residence, urban areas 5.91 (2.71–12.87)** 1.71 (0.86–3.39) 1.84 (0.85–3.96) 0.70 (0.34–1.46)
  BMI, ⩾27 kg/m2 1.45 (0.71–2.95) 1.86 (0.94–3.68) 1.12 (0.53–2.40) 1.27 (0.63–2.53)
 S creen time, >3 h/day 0.65 (0.31–1.34) 1.57 (0.81–3.04) 1.59 (0.74–3.41) 0.75 (0.38–1.46)
 E ducation, high 1.65 (0.72–3.77) 1.89 (0.90–3.95) 1.46 (0.64–3.35) 1.48 (0.73–2.99)
  Occupation, non-manual 0.57 (0.38–0.86)** 1.08 (0.76–1.54) 1.20 (0.80–1.82) 1.37 (0.96–1.97)
Unadjusted model
G1 mothers LTPA, high 257 1.30 (0.63–2.67) 299 2.51 (1.47–4.27)** 275 0.99 (0.58–1.69) 421 1.22 (0.81–1.83)
Adjusted model
 G 1 mothers LTPA, high 236 0.98 (0.44–2.17) 273 2.69 (1.46–4.97)** 253 0.86 (0.47–1.58) 370 1.24 (0.78–1.98)
  Age, years 0.93 (0.85–1.02) 1.01 (0.94–1.08) 1.02 (0.94–1.10) 1.02 (0.96–1.08)
  Residence, urban areas 3.13 (1.44–6.80)** 2.42 (1.32–4.46)** 2.48 (1.38–4.47)** 1.27 (0.80–2.03)
  BMI, ⩾ 27 kg/m2 1.10 (0.53–2.30) 1.30 (0.69–2.43) 1.11 (0.61–2.03) 0.86 (0.55–1.34)
 S creen time, > 3 h/day 0.36 (0.17–0.79)* 0.47 (0.26–0.87)* 0.87 (0.49–1.55) 1.01 (0.64–1.58)
 E ducation, high 1.26 (0.39–4.03) 1.45 (0.54–3.89) 1.46 (0.70–3.04) 0.89 (0.51–1.56)
  Occupation, non-manual 1.66 (1.07–2.57)* 1.10 (0.78–1.56) 1.07 (0.76–1.49) 0.81 (0.62–1.05)

aThe regression models with low physical activity of G2 offspring and G1 parents coded as a reference level (0) and moderate to high physical activity of parents 
coded as 1 in corresponding models.

*p< 0.05, **p< 0.01.

LTPA: leisure-time physical activity; OR: odds ratio; CI: confidence interval; G2: generation of offspring; G1: generation of parents; BMI: body mass index



6    X. Yang et al.

levels in G1 mothers during interactions with their 
G0 mothers were associated with increased LTPA in 
their G2 younger daughters. Similar associations 
were found between G0 maternal grandfathers and 
G2 adult grandsons. The relationship between LTPA 
levels of G0 paternal grandmothers and G2 youth 
grandsons disappeared when controlling for covari-
ates. Cumulative positive outcomes were observed, 

particularly for G2 younger daughters with active 
mothers and active maternal grandmothers. The 
findings align with previous research demonstrating 
a matrilateral bias, where maternal grandparents, 
particularly grandmothers, are more involved in 
childcare and maintain stronger emotional bonds 
with their grandchildren than paternal grandparents 
[30]. This closer involvement might enhance their 

Table IV.  Associations of grandparents’ leisure-time physical activity levels and covariates on offspring’s leisure-time physical activity levels. 
Odds ratios and 95% confidence intervals are from unadjusted (univariate) and adjusted (multiple) logistic regression models.

Moderate to high LTPA in youth offspring G2a Moderate to high LTPA in adult offspring G2a

  Son Daughter Son Daughter

Model and covariates n OR (95% CI) n OR (95% CI) n OR (95% CI) n OR (95% CI)

Unadjusted model
G0 paternal GFs LTPA, high 125 1.20 (0.52–2.76) 110 0.81 (0.33–1.95) 37 0.44 (0.1–1.85) 69 1.11 (0.39–3.2)
Adjusted model
G0 paternal GFs LTPA, high 113 1.09 (0.42–2.85) 101 1.29 (0.44–3.80) 28 0.15 (0.01–1.87) 54 1.23 (0.32–4.7)
  Age, years 0.98 (0.90–1.07) 1.07 (0.97–1.19) 0.68 (0.39–1.17) 0.88 (0.76–1.01)
  Residence, urban areas 2.32 (0.78–6.94) 1.11 (0.38–3.27) 2.01 (0.13–32.01) 0.35 (0.07–1.91)
  BMI, ⩾ 27 kg/m2 1.30 (0.51–3.32) 0.54 (0.19–1.53) 0.01 (0.00–1.70) 2.43 (0.51–11.53)
 S creen time, > 3 h/day 0.93 (0.33–2.64) 1.87 (0.67–5.22) 1.64 (0.06–47.19) 0.20 (0.02–2.10)
 E ducation, high 2.38 (0.51–10.98) 0.95 (0.28–3.25) 0.00 (0.00–5.71) 1.88 (0.3–11.84)
Occupation, non-manual 0.86 (0.22–3.3) 0.45 (0.11–1.78) 0.00 (0.00–2.86) 1.89 (0.22–16.23)
Unadjusted model
G0 paternal GMs LTPA, high 159 2.15 (1.05–4.42) 151 1.22 (0.56–2.68) 81 0.94 (0.37–2.41) 109 1.41 (0.61–3.29)
Adjusted model
 G 0 paternal GMs LTPA, high 134 1.68 (0.73–3.89) 129 1.22 (0.50–2.99) 59 0.56 (0.15–2.08) 86 1.96 (0.62–6.15)
  Age, years 0.97 (0.89–1.04) 1.04 (0.96–1.13) 0.89 (0.79–1.02) 1.01 (0.92–1.12)
  Residence, urban areas 2.29 (0.97–5.40) 1.18 (0.47–2.97) 0.88 (0.22–3.56) 0.59 (0.19–1.88)
  BMI, ⩾ 27 kg/m2 0.55 (0.24–1.29) 0.90 (0.38–2.13) 0.50 (0.13–1.97) 0.95 (0.33–2.69)
 S creen time, > 3 h/day 1.06 (0.44–2.52) 1.17 (0.44–3.09) 0.55 (0.09–3.39) 2.96 (1.05–8.38)*
 E ducation, high 0.92 (0.32–2.65) 0.53 (0.16–1.73) 2.04 (0.29–14.45) 2.83 (0.50–15.89)
  Occupation, non-manual 1.33 (0.44–4.06) 0.60 (0.18–1.92) 0.96 (0.15–6.22) 0.58 (0.16–2.15)
Unadjusted model
G0 maternal GFs LTPA, high 116 0.44 (0.13–1.43) 139 1.55 (0.7–3.46) 73 5.85 (1.68–20.35)** 106 0.95 (0.42–2.13)
Adjusted model
 G 0 maternal GFs LTPA, high 98 0.28 (0.06–1.39) 124 1.09 (0.42–2.86) 58 12.23 (1.83–81.91)** 84 1.17 (0.42–3.29)
  Age, years 0.99 (0.86–1.14) 0.95 (0.86–1.05) 0.94 (0.77–1.15) 1.03 (0.93–1.13)
  Residence, urban areas 7.09 (1.2–41.88)* 2.72 (0.97–7.59) 1.19 (0.19–7.59) 0.34 (0.11–1.06)
  BMI, ⩾ 27 kg/m2 1.86 (0.45–7.77) 0.63 (0.23–1.77) 1.38 (0.20–9.43) 1.44 (0.50–4.16)
 S creen time, > 3 h/day 1.62 (0.37–6.98) 0.78 (0.27–2.26) 0.24 (0.03–1.92) 0.71 (0.25–1.99)
 E ducation, high 0.46 (0.09–2.40) 2.97 (0.79–11.22) 1.48 (0.22–9.85) 6.02 (1.51–24.07)*
  Occupation, non-manual 9.09 (0.75–110.57) 0.81 (0.25–2.64) 11.08 (0.38–326.26) 8.58 (1.56–47.3)*
Unadjusted model
G0 maternal GMs LTPA, high 160 2.07 (0.9–4.79) 195 3.89 (1.94–7.8)** 96 1.89 (0.72–4.97) 186 1.38 (0.75–2.52)
Adjusted model
 G 0 maternal GMs LTPA, high 120 2.48 (0.81–7.63) 146 5.21 (2.12–12.77)** 74 1.32 (0.39–4.51) 141 1.84 (0.85–3.98)
  Age, years 1.10 (0.98–1.23) 1.01 (0.92–1.11) 1.04 (0.92–1.17) 1.03 (0.96–1.10)
  Residence, urban areas 0.61 (0.18–2.10) 1.42 (0.62–3.27) 2.70 (0.72–10.16) 0.61 (0.27–1.36)
  BMI, ⩾ 27 kg/m2 1.09 (0.37–3.24) 1.97 (0.81–4.83) 0.50 (0.13–1.95) 1.25 (0.58–2.69)
 S creen time, > 3 h/day 0.94 (0.29–3.11) 0.61 (0.23–1.61) 1.07 (0.30–3.84) 0.44 (0.19–1.03)
 E ducation, high 0.85 (0.22–3.26) 0.81 (0.26–2.53) 0.99 (0.21–4.78) 0.93 (0.39–2.23)
  Occupation, non-manual 1.69 (0.35–8.10) 1.55 (0.47–5.20) 0.36 (0.05–2.42) 2.40 (0.64–8.97)

aThe regression models with low physical activity of G2 offspring and G0 grandparents coded as a reference level (0) and moderate to high physical activity of 
grandparents coded as 1 in corresponding models.

*p< 0.05, **p< 0.01.

LTPA: leisure-time physical activity; OR: odds ratio; CI: confidence interval; G2: generation of offspring; G0:generation of grandparents; GF: grandfather; 
GM: grandmother



Familial aggregation of physical activity    7

influence on granddaughters’ LTPA by providing 
more frequent opportunities for interactions and 
behavioural modelling, consistent with social learn-
ing theory. As primary caregivers in many families, 
maternal grandparents help shape daily routines and 
attitudes toward physical activity.

We also found that the association between G0 
paternal grandmothers and G2 youth grandsons’ 
LTPA disappeared after adjusting for such factors as 
age, residence, education, occupation, BMI and 
screen time, suggesting that the observed intergen-
erational pattern, in part, reflects underlying socio-
economic and lifestyle factors rather than direct 
behavioural transmission.

Gender and age displayed distinct associations 
in intergenerational LTPA relationships across 
three generations. Significant differences in LTPA 
levels were observed within the maternal line, par-
ticularly pronounced between maternal grandpar-
ents and their grandchildren in both the G2 youth 
female and adult male groups. Understanding the 
underlying reasons for these diverse patterns among 
different gender–age groups poses a considerable 
challenge. One plausible explanation is that these 
differences might be attributed to increased inter-
action opportunities between the G2 generation 
and their G0 maternal grandparents, but further 
evidence is needed for validation. These findings 
contribute to the expanding body of literature that 
explores the relationships between gender, age and 
LTPA across generations. It is noteworthy that the 
large OR in the G2 adult male group might result 
from small sample size and coincidental factors, 
rather than a single outlier within the covariate 
pattern.

This study partially supports the hypothesis that 
G0 and G1 influence G2’s LTPA, particularly in 
younger generations. While not establishing causality, 
the findings suggest that LTPA behaviours in G0 and 
G1 might shape LTPA levels in younger G2, though 
this influence weakens as G2 reach adulthood. As 
they mature, individual and environmental factors 
increasingly drive their LTPA choices, underscoring 
a shift from intergenerational influence on personal 
agency. Nonetheless, the role of social learning 
remains relevant, with behavioural modelling poten-
tially shaped by broader factors such as education, 
health behaviours and access to supportive environ-
ments. Further research is needed to explore how 
individual, social and environmental dynamics 
impact LTPA across generations. These insights can 
inform targeted interventions aimed at promoting 
LTPA among G2 of varying ages, considering the 
contributions of both G1 and G0.

Our study has several key strengths. It employed 
a prospective study design spanning a substantial 
40-year period and encompassing G0, G1 and G2. 
The most recent LTPA data collected for this study 
originated from three participant generations. This 
extended timeframe provided unique insights into 
the evolution of major potential covariates across 
the generations, enhancing the comprehensiveness 
of our analysis. The analyses conducted appropri-
ate statistical methods to evaluate complex  
patterns of associations among variables across dif-
ferent generations.

However, we note some limitations of the study. 
First, self-reported LTPA might be affected by 
inaccurate recall and social desirability bias, poten-
tially underestimating activity stability across gen-
erations. Second, although parent–child data were 
collected, co-parents were not included, which 
may introduce information bias. Further studies 
are warranted to confirm our findings, particularly 
in comparisons between biological and non-bio-
logical parents. Third, only LTPA was assessed, 
excluding other activity domains like school, work, 
household and commuting, possibly underestimat-
ing total physical activity. Fourth, environmental 
factors beyond residential location such as neigh-
bourhood, school or community were not meas-
ured. These variables warrant attention in future 
intergenerational LTPA research. Fifth, although 
we found a positive dose–response relationship in 
LTPA across generations, possible non-differential 
misclassification might have weakened observed 
intergenerational associations. Finally, the sample 
consisted mainly of White Europeans with higher 
income, limiting generalizability to more diverse 
populations.

Conclusions

Grandparents’ and parents’ LTPA independently influ-
ence offspring’s LTPA, especially among younger indi-
viduals. Our findings highlight intergenerational 
dynamics within families and partially support the 
hypothesis of LTPA transmission across generations. 
This three-generational pattern offers a clear target for 
age- and gender-sensitive interventions. Future research 
should further explore multigenerational influences on 
LTPA. These patterns have important implications for 
promoting physical activity and well-being, regardless 
of biological relatedness.
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