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Influence of parents' physical activity 
levels on activity levels of young 
children 

Lynn L. Moore,  MPH, Dav id  A. Lombardi ,  MS, Mary  Jo White, MS, 
James L. Campbe l l ,  MS,* Susan A. Oliveria, MPH, a n d  R. Curtis Ellison, MD 

From fhe Section of Pceventive Medicine and Epidemiotogy, Evans Department of Medicine, 
Boston University School of Medicine, Boston, Massachusetts 

To determine the relationship between activity levels of parents and those of 
their young children, we monitored physical activity with a mechanical  device, 
the Caltrac accelerometer,  in one hundred 4- to 7-year-old children and in 99 
of their mothers and 92 of their fathers. During 1 year in the Framingham 
Children's Study, data were obtained for an average of more than 10 hours per 
day for 8.6 _+ t.8 days for the children, for 8.3 _ 2.1 days for their mothers, and 
for 7.7 _+ 2.3 days for their fathers. Children of active mothers (average Caltrac 
accelerometer counts per hour greater than the median)  were 2.0 times as likely 
to be active as children of inactive mothers (95% conf idence interval = 0.9, 4.5); 
the relative odds ratio of being active for the children of active fathers was 3.5 
(95% confidence interval = 1.5, 8.3). When both parents were active, the 
children were 5.8 times as likely to be active (95% confidence interval = t.9, 
17.4) as children of two inactive parents. Possible mechanisms for the relation- 
ship between parents' and child's activity levels include the parents' serving as 
role models, sharing of activities by family members, enhancement and support 
by active parents of their child's participation in physical activity, and geneti- 
cally transmitted factors that predispose the child to increased levels of phys- 
ical activity. (J PEDIATR 1991;118:215"9) 

Increased levels of physical activity have been shown to 
correlate with a decreased risk of cardiovascular disease in 
adults. Because it is likely that exercise and activity habits 
established in childhood will influence the level of activity 
in adulthood, epidemiologic research has begun to focus on 
the early childhood determinants of physical activity. 1-5 

Parents' levels of activity are generally believed to be 
among the strongest determinants of their child's activity 
patterns. Several studies of older school-aged children have 
found positive correlations of physical activity within 
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families, 6q~ although at least one study la found no associ- 
ation between the parents' and child's activity levels. All the 
studies to date have been based on self-reporting or paren- 
tal reporting of physical activity. Physical activity patterns 
are particularly difficult to assess in children 12"13 because 
the usual questionnaires focus on structured work and lei- 
sure-time sports, and these activities may inadequately re- 
fleet the level of activity in young children. Of particular 
concern in these previous studies is the potential for bias as 
a result of similar reporting tendencies within families. 

As part of an investigation of the development of phys- 
ical activity habits in children, we assessed the influence of 
parents' levels of physical activity on those of their 4- to 7- 
year-old children. We used an electronic motion sensor 12 to 
obtain an objective measure of activity in the children and 
their parents. Electronic monitoring has a potential advan- 
tage in the examination of familial aggregation of activity 
levels in that it is not likely to be biased by similar report- 
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T a b l e  I. Demographic characteristics of parents 

Mothers Fathers 
(n = 99) (n = 92) 

Age (yr) 
Mean _+ SD 34.0 _+ 4.4 36.2 _+ 5.4 
Range (26-48) (26-57) 

Employed outside home (%) 50.0 91.5 
Education* 

High school or less (%) 35.8 31.1 
Some college (%) 27.4 23.6 
College graduate (%) 26.4 23.6 
Graduate training (%) 7.5 14.2 

*Information missing for three mothers and eight fathers. 

ing tendencies within families. The goal of this article is to 
describe how the monitored levels of physical activity of 
mothers and fathers relate to the activity levels of their 
young children. 

M E T H O D S  

Sample. The Framingham Children's Study is a longitu- 
dinal study of factors related to the development of dietary 
habits and physical activity patterns during childhood. In 
1987 a questionnaire was sent to 3534 members of the sec- 
ond-generation cohort (Offspring Study) of the Framing- 
ham Heart Study. From the 2173 responses received, 184 
two-parent families living within 30 miles of Framingham, 
Mass., with a biologic child between the ages of 3 and 5 
years were identified. One hundred twenty-three of these 
families responded to an invitation to attend an informa- 
tional meeting about the Framingham Children's Study; 
106 agreed to participate. All families are thus third- and 
fourth-generation descendents of members of the original 
cohort of the Framingham Heart Study. The families are 
considered to be typical middle-class American families. 
Demographic characteristics of the parents in the study 

population are given in Table I. 
The children and their parents are seen once a year for 

an extensive family interview, anthropometric measure- 
ments, measurement of blood lipids, and assessment of 
other risk factors for both the child and the parents. Sub- 
jects also keep periodic food diaries throughout the year. 
During the second year of the study, all members of each 
family were asked to have their activity monitored. In- 
formed consent was obtained from the parents before the 
family was entered into the study. 

Assessment of physical activity. After testing the feasi- 
bility of a varietY of activity monitors, we chose the Caltrac 
accelerometer (Hemokinetics Inc., Madison, Wis.) to assess 
the activity levels of the participants in the study. The Cal- 
trac device uses a ceramic, cantilevered beam that bends 
with movement, acting as a piezoelectrode and emitting a 

current proportional to the force acting on it. It is sensitive 
to both subtle and vigorous movements and has been shown 
to be sensitive to speed of activity. 14~5 

Several studies have examined the validity of the Caltrac 
accelerometer with a variety of criteria, 14, 15-t8 such as cal- 

orimetric measurement of oxygen consumption and direct 
observation of activity. The measured validity in these 
studies has ranged from low (r = 0.35) to high (r = 0.92), 
depending on the criterion used. The study with the lowest 
correlation coefficient used observation of physical activity 
to estimate the validity of the accelerometer's measure- 
ments. 16 The inherent subjectivity, and thus random error, 
in the use of observation to estimate activity levels may ac- 
count for this low correlation. The highest correlation was 
seen between the Caltrac accelerometer and measured en- 
ergy expenditure. 18 

During 1988 and 1989, we monitored the physical activ- 
ity of the children, then aged 4 to 7 years, and their parents. 
At that time, 102 of the original 106 families remained in 
the study. The children and their parents were scheduled to 
wear the monitor, attached at the waist over the right hip, 
for two periods of 5 consecutive days, approximately 6 
months apart. Subjects were asked to wear the device from 
the time of arising in the morning until bedtime. The par- 
ents were to record on a daily log the time that the monitor 
was attached in the morning, the time it was removed at 
night, and any time during the day that it may have been 
taken off, as during swimming or bathing. Activity counts 
were read from the monitors and recorded by the parents 
each morning and each evening at bedtime. 

Analysis. The primary goal was to estimate the effect of 
the parents' activity levels on the child's likelihood of being 
physically active. This question was examined by means of 
contingency table analyses. The children and their parents 
were categorized as active or inactive on the basis of 
whether their counts per hour were above or below the me- 
dian for their generation and sex-specific distribution. The 
outcomes are presented in a dichotomous fashion rather 
than in quartiles or quintiles because the size of the sample 
does not allow for stable estimates of effect when more cat- 
egories are used. However, quartiles of activity were exam- 
ined, and the results, although imprecise, were similar to 
those presented. 

A standard odds ratio 19 was calculated to estimate the 

likelihood that children of active parents would be active 
themselves. The separate effects of the mother's and father's 
activity levels on the child's actiVity were examined. Con- 
fidence intervals for the crude odds ratio were calculated by 
the test-based method of Miettinen. 2~ 

Stratification was used to assess any confounding by the 
gender of the child, the child's relative weight, or the par- 
ent's age. Because of small expected cell frequencies in some 
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Table II. Activity monitoring of parents and children 

Parents 

Mothers 
(n = 99)  

Fathers 
(n = 92)  

Chi ldren 

All Daughters  Sons 
(n = 100) (n = 37) (n = 63)  

Days of monitoring 8.3 + 2.1 7.7 _+ 2.3 8.6 _+ 1.8 8.5 _+ 1.6 8.6 _+ 1.9 
Hours per day of monitoring ll.6 _+ 2.0 12.4 + 2.0 10.1 _+ 1.7 10.1 _+ 1.7 10.1 _+ 1.8 
Accelerometer per hour 

Mean + SD 6.0 + 2.1 6.4 + 2.0 10.4 ___ 2.1 10.1 _+ 2.1 10.6 _+ 2.0 
Range (1.8-16.4) (2.4-13.9) (5.8-15.9) (6.4-15.8) (5.8-15.9) 

Values are expressed as mean --_ SD. 

Table  IliA. Effect of mother's and father's activity levels 
on child's activity 

Mother  Father 

Ac t ive  Inac t ive  Ac t ive  Inac t ive  

All children 
Active 29 20 30 16 
Inactive 21 29 16 30 

Table  IIIB. Odds ratio estimates (95% confidence limits) 
of effect of mother's and father's activity levels on child's 
activity 

Mother 's  act iv i ty  Father's act iv i ty  
(n = 99)  (n = 92)  

All children 2.0 (0.9, 4,4) 3.5 (1.5, 8.2) 
Daughters only 2.0 (0.5, 7,7) 4.4 (1.0, 19.6) 
Sons only 2.0 (0.7, 5.7) 3.1 (1.1, 9.3) 

Summary odds ratio 2.0 (0.9, 4.5) 3.5 (1.5, 8.3) 

of the stratified tables, exact continuity-adjusted confidence 
intervals were used. 2~ Mantel-Haenszel summary odds ra- 
tio estimates 21 and 95% test-based confidence intervals from 

the stratified analyses were calculated and compared with 
the crude estimates to evaluate the presence of confounding. 

R E S U L T S  

Of the 102 children in the study, 100 wore the Caltrac 
devices for an average of 8.6 days (range 3 to 10 days), with 
an average of 10.1 hours of monitoring per day (range 4 to 
13 hours), as shown in Table II. During the same period, 99 
of their mothers and 92 of their fathers were monitored for 
similar periods. For children and women, the duration of 
monitoring was similar in those classified as active and in 
those classified as inactive. Active fathers, however, wore 
the monitor approximately 1 day less and for approximately 
30 minutes less per day than inactive fathers. The mean 
number of Caltrac counts per hour was slightly higher for 
fathers than for mothers, and counts were slightly higher for 
boys than for girls, as shown in Table II. Both boys and girls 
had much higher activity levels than parents had. 

Children of active mothers were 2.0 times as likely to be 
active as children of inactive mothers (95% confidence 
interval = 0.9, 4.4), whereas children of active fathers were 
3.5 times as likely to be active as children of inactive fathers 
(95% confidence interval--1.5, 8.2) (Tables I l iA and 
IIIB). Stratification was used to examine the separate 
effects of the father's and mother's activity levels on daugh- 
ters and sons. There was no confounding of this association 

by the child's gender (Table IIIB) or by the age of the par- 

ents or the child's relative weight. 
To determine whether the number of active parents 

related to activity levels of the child, we compared the 
child's activity among families in which both parents were 
inactive, one was active, or both were active (Table IVA). 
There was nearly a sixfold increased likelihood of the child's 
being active if both parents were active, relative to families 
in which neither parent was active. When both parents were 
active, 68% (19/28) of the children were active; when both 
parents were inactive, only 27% (8/30) of the children were 
active. In families in which only one of the parents was ac- 
tive, the child was still 3.5 times as likely to be active as 
children from families in which neither parent was active. 
Although the confidence intervals are relatively wide be- 
cause of the small numbers in the separate strata, the esti- 
mated effect of the parents' activity was stronger for boys 
than for girls (Table IVB). When both parents were active, 
sons were 7.2 times and daughters 4.5 times as likely to be 
active as children in families in which neither parent was 
active. 

D I S C U S S I O N  

The results of this study support the hypothesis that par- 
ents who are more physically active are more likely to have 
children who are physically active. The effect of the parents' 
activity levels on their children was stronger for active fa- 
thers than active mothers, although the strongest effect was 
seen within families in which both parents were physically 
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T a b l e  IVA. Effect of parents' activity levels on child's 
activity 

Parents 

Both inactive One  act ive Both act ive 

All children 
Inactive 22 15 9 
Active 8 19 19 

active. There was no confounding of the effects by the child's 
relative weight or the parents' age. 

The stronger association found in the current study be- 
tween the father's activity level and the child's activity con- 
trasts with the findings of some previous studies. For exam- 
ple, Sallis et al. 6 found a stronger mother-child activity cor- 
relation than father-child correlation, and Perusse et al. 7 
found no difference in the mother-child and father-child 
associations. There are several possible explanations for 
these discrepancies. First, the previous studies of the aggre- 
gation of physical activity within families used self-report 
questionnaires or interviews to assess activity level; similar 
reporting tendencies within families, especially between the 
mother and child, are entirely possible. Second, in some 
studies it was not clear who completed the questionnaires or 
interviews. It may be that the mother answered the 
questions for all family members when a family interview 
was used to assess activity level. 

A third reason that our results may not be directly corn= 
parable to those of the previous studies is that previous 
studies have presented results in terms of whether statisti- 
cally significant correlations existed within the families. For 
example, in Sallis' study of physical activity aggregation in 
Mexican-American and Anglo-American families, nearly 
twice as many mothers provided information as fathers. 
That fact alone could account for a finding of significant 
associations in mother-child activity levels together with a 
finding that some father-child correlations of similar mag- 
nitude were not significant. Finally, the children in the cur- 
rent study were much younger, on average, than the 
children in previous studies, and it may be that parental in- 
fluences on physical activity eventually change. However, it 
seems unlikely that fathers would have a greater influence 
on preschool children than on older children. 

One concern in the current study is that the parents were 
not unaware of the child's activity level. The parents were 
responsible for recording the child's activity counts at the 
end of each day, and we cannot rule out the possibility that 
parents may have urged a child to increase activity or 
increased their own activity on subsequent days in response 
to an observed level on a given day. This seems unlikely, 

Table  IVB. Odds ratio estimates (95% confidence limits) 
of effect parents' activity levels on child's activity 

Parents 

Both One  Both 
inactive* act ive act ive 

All children 1.0 3.5 (1.2, 9.8) 5.8 (1.9, 17.4) 
Daughters only 1.0 2.8 (0.4, 17.8) 4.5 (0.8, 26.0) 
Sons only 1.0 4.1 (1.0, 17.8) 7.2 (1.5, 35.5) 

*Referent category. 

however, because the actual distribution of both the moth- 
er's and the father's activity counts was distinctly different 
from that of their children and because parents were 
unaware of any "normal" or expected ranges of activity 
counts for adults or children. 

The results of this study are consistent with four possible 
mechanisms, also identified in previous studies, for the ef- 
fect of parents' activity levels on children's activity. The first 
hypothesized mechanism for the aggregation of physical 
activity levels within families is that parents (and siblings) 
serve as role models for activity. 7' 8 When parents value 
physical activity and tend to be more active themselves, it 
is likely that their child will come to value activity as well. 
A second hypothesized mechanism is that the strong asso- 
ciation between parents' activity levels and the child's may 
simply reflect the tendency toward sharing activities. The 
children were 4 to 7 years of age at the time of this study, 
and much of their activity may have been carried out within 
the family unit. However, much of the monitoring was car- 
ried out while the parents were at work and many of the 
children were in school or preschool, so it is unlikely that the 
~issociation between the parents' activity levels and those of 
the child was primarily the result of a shared environment. 

Third, in addition to functioning as role models, parents 
may enhance their children's likelihood of being more 
physically active by supporting their participation in activ- 
ities. Snyder and Purdy 22 found that active parents were 
more likely to support their child's participation in physical 
activities by purchasing sports equipment for them or pro- 
viding them with transportation to athletic facilities or 
events. Klesges 23 also found that active parents were more 
likely to encourage their children to participate in physical 
activities. Although the children in the current study were 
younger than those in most other studies, it was apparent 
from family interviews completed each year that children 
were already involved in a variety of community activities. 
Thus it is entirely possible that the parents who were more 
active in this study were more likely to foster their child's 
participation in such activities. 

A final hypothesized mechanism is that there is a genetic 
or innate predisposition toward being more or less physi- 
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cally active. The genetic component of the aggregation of 

physical activity has been examined in several twin 

studies, z4-26 In the first two of these studies, a significant 

genetic component for physical activity was found among 

children less than 10 years of age, and in the third study a 

similar effect was found among adult twins. Perusse et al. 7 

suggested that it is likely that the familial aggregation of 

physical activity is a result of both environmental and ge- 

netic factors. 
Most previous studies have shown a modest correlation 

between the parents'  levels of activity and the child's activ- 

ity. We found evidence of a somewhat larger influence of 

parents, the effect of their activity levels being particularly 

striking in families in which both parents were active. It 

should be emphasized that Caltrac monitoring yields a to- 

tal number of activity counts during the day; it is sensitive 

to subtle movement in addition to more vigorous work and 

leisure activities. The stronger associations seen in this 

study than in some earlier studies may be a result of taking 

total activity into account. 
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