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ABSTRACT 

Background: Evidence suggests that childhood phy- 
sical activity may play a role in the etiology and pre- 
vention of adult chronic diseases. Because researchers 
must often depend on self-recalled physical activity 
data many years after the exposure, it is important to 
understand factors which may influence adult recall 
of childhood physical activity. This study evaluated 
the influence of adult characteristics on reported child- 
hood physical activity and the association between 
adult physical activity and self-recalled childhood phy- 
sical activity. Methods: 48,066 post-menopausal wo- 
men from the Women’s Health Initiative Observatio- 
nal Study reported their physical activity level during 
ages 5 - 9, 10 - 14, and 15 - 19. Results: In this cohort, 
over 65% of the population reported the same cate- 
gory of physical activity over the three childhood age 
groups. While higher levels of childhood physical ac- 
tivity were significantly associated with higher adult 
physical activity, this association varied by race/ethni- 
city, education, smoking, body mass index, history of 
diabetes or cardiovascular disease, social support and 
physical functional status. Women who were consis- 
tently highly active reported adult physical activity 
levels that were 2.82 MET-hr/week (95% C.I. = 2.43, 
3.20) higher compared to women who were always 
physically inactive during childhood. Conclusions: It 
is important for researchers to understand the influ- 
ence of adult characteristics on reported childhood 
physical activity.  

Keywords: Adult; Childhood; Physical Activity; 
Self-Reported 

1. INTRODUCTION 

Physical activity during the adult years has been shown 
to have protective effects against a number of chronic di- 
seases, including Type 2 diabetes, atherosclerosis, ische- 
mic heart disease, heart failure, depression, and several 
cancers including colon and breast [1,2]. Possible me- 
chanisms in which physical activity may reduce the risk 
of these diseases include a reduction in hypertension, 
dyslipidemia, and inflammatory and hemostatic biomar- 
kers [3], an increase in plasticity of the hippocampus, an 
area of the brain involved in depression [4], and a de- 
crease in adiposity, sex hormones, insulin resistance, and 
adipokines [5]. The latent period between exposure and 
the clinical onset of these chronic diseases may be se- 
veral decades, and recent evidence suggests that expo- 
sures during childhood and adolescence may play a role 
in the etiology and prevention of chronic diseases in 
adult life [6].  

The timing, quality, and quantity of childhood phy- 
sical activity necessary to prevent disease are not well 
elucidated. In addition, the influence of childhood phy- 
sical activity on adult physical activity is not well de- 
scribed. A previous study in this cohort tracked vigorous 
leisure-time activity through women’s adult life and 
found that, consistent with other studies [7,8], the pre- 
valence of current participation in vigorous activity de- 
clined with age and that activity at 50 years of age was 
more predictive of current activity than participation  
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at age 18 or 35 [9]. Because researchers must often de- 
pend on self-recalled physical activity data many years 
after the exposure, it is important to understand factors 
which may influence adult recall of childhood physical 
activity. 

The WHI observational study (WHI-OS) is uniquely 
positioned to study this question because of its large 
number of postmenopausal women, data on self-reported 
levels of baseline adult and childhood physical activity 
(including data for ages 5 - 9, 10 - 14, 15 - 19) as well as 
a large number of descriptive and potentially confound- 
ing data. We examined the relation between baseline 
adult physical activity and self-reports of childhood phy- 
sical activity, and described attributes of women by lon- 
gitudinal patterns of physical activity throughout child- 
hood and adulthood in the WHI-OS cohort. An under- 
standing of how childhood physical activity relates to 
adult physical activity is important for understanding the 
contribution of childhood activity to adult health out- 
comes. 

2. METHODS 

The Women’s Health Initiative Observational Study is a 
large, multi-center prospective cohort study of postmeno- 
pausal women. The WHI-OS recruited 93,676 post- 
menopausal women ages 50 - 79 from 40 clinical centers 
between 1993 and 1998 to be followed for the develop- 
ment of the most common causes of death. Women were 
excluded from the WHI-OS if they had an existing me- 
dical condition with a survival time of less than 3 years, 
if they had characteristics which may effect study par- 
ticipation, or if they were active participants in another 
randomized controlled clinical trial. Details of the design 
of the study, as well as the baseline measures and their 
reliability, have been published previously [10-12]. 

2.1. Physical Activity Assessment 

Childhood physical activity data was collected at the 
Year 3 Visit. WHI-OS participants were asked to recall 
the number of days per week they participated in strenu- 
ous physical activity at ages 5 - 9, 10 - 14, and 15 - 19 
for at least 20 minutes per day. Assessment of the reli- 
ability of long-term recall of physical activity from the 
Buffalo Health Study found correlations ranging from 
0.20 - 0.50 [13] and was shown to usually underestimate 
past physical activity [14]. Information on usual physical 
activity during adulthood was collected at baseline. Wo- 
men were asked how often (none, 1, 2, 3, 5, or 5 or more 
days per week) they walked outside the home for 10 mi- 
nutes or more without stopping and how often they exer- 
cised in three intensity-specific levels of activity: stre- 
nuous or very hard exercise, moderate exercise, and mild 
exercise, for which examples of like activities were given 

to cue participant recall. Women were also asked the du- 
ration spent at each of these activity levels (less than 20 
minutes, 20 - 39 minutes, 40 - 59 minutes, 1 hour or 
more). Adult physical activity levels at baseline were sum- 
marized as weekly energy expenditure [metabolic equi- 
valent (MET) hours per week; MET-hr/wk] calculated by 
multiplying the number of hours per week by the MET 
intensity value of the activity and adding all types of ac- 
tivities [15]. The reliability [16] and validity [17] of the 
WHI physical activity questionnaire have been demon- 
strated elsewhere. 

2.2. Covariate Assessment 

At study enrollment, self-administered questionnaires col- 
lected information on participant demographics, medical, 
reproductive, and family histories, lifestyle factors in- 
cluding smoking history and alcohol consumption, and 
baseline height and weight. Body mass index (BMI), cal- 
culated as weight in kilograms divided by the square of 
height in meters, was used as an estimate of obesity sta- 
tus. Waist-hip-ratio (WHR), calculated as the waist cir- 
cumference (cm) divided by the hip circumference (cm), 
was used as an estimate of body fat distribution. A Phy- 
sical Functioning Index score was determined by adding 
the response values of a 10-item physical functioning 
subscale of the SF-36 [18] and has been shown to have 
high validity and reliability [19]. The Healthy Eating 
Index 2005, a standardized measure of diet quality based 
on the recommendations in MyPyramid [20], was con- 
structed by summing 12 dietary components [21], and a 
Social Support Index score was measured by adding the 
response values of 9 items from the Medical Outcomes 
Study [22]. 

2.3. Statistical Analysis 

Childhood physical activity recalled at ages 5 - 9, 10 - 14, 
and 15 - 19 was categorized into three levels; physically 
inactive (0 - 1 days/week), low physical activity (2 - 3 
days/week), and high physical activity (≥ 4 days/ week). 
In addition, a youth activity dose of physical activity was 
calculated by multiplying recalled number of days per 
week of strenuous activity for each age grouping by the 
number of years in each age grouping (5 years for each) 
and then summing across all three age groupings. Sub- 
jects could indicate participation in strenuous activity for 
0, 1, 2, 3, 4, 5 - 7 days in each age grouping; 5 - 7 days 
were counted as 5 days in the calculation of the youth 
activity dose variable. Longitudinal childhood physical 
activity profiles were defined as 1) always inactive (phy- 
sical inactivity reported for all three childhood age inter- 
vals); 2) always lowly active (physical activity reported 
as low for all three childhood age intervals); 3) always 
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women were excluded due to missing youth or baseline 
physical activity data, and 13,040 women were excluded 
due to missing key confounders), yielding an analytic co- 
hort of 48,066. 

highly active (physical activity reported as high for all 
three childhood age intervals); 4) increased (reported 
physical activity changed from inactive to low or low to 
high as subject progressed from younger to older age 
groups); 5) decreased (reported physical activity changed 
from high to low or inactive as subject progressed from 
younger to older age groups; or 6) fluctuated as there 
was not a linear or consistent pattern to reported physical 
activity across the three age groups. 

The average age at baseline was 63 years (7.3 years) 
with a median of 63 years (IQR = 12 years) and a range 
of 49 - 79 years. The racial/ethnic distribution of the po- 
pulation was 87.2% non-Hispanic white, 5.9% non-His- 
panic black, 3.0% Hispanic/ Latino, 2.5% Asian or Pa- 
cific Islander, 0.3% American Indian, and 1% classified 
as “Other”. In this cohort, the greatest physical inactivity 
was reported in the oldest age group, with 23.2%, 17.0%, 
and 17.8% of women reported childhood physical inac- 
tivity during the age intervals 5 - 9 years, 10 - 14 years, 
and 15 - 19 years, respectively. Low childhood physical 
activity levels were reported in 17.4% (ages 5 - 9 years), 
20.2% (ages 10 - 14 years), and 25.8% (15 - 19 years) of 
women. The highest childhood physical activity levels 
were reported in the 10 - 14 year old age group; 59.5% 
for ages 5 - 9 years, 62.8% for ages 10 - 14 years, and 
56.4% for 15 - 19 years. The distribution of youth activ- 
ity dose (YAD) is shown in Figure 1. Almost two-thirds 
of the cohort reported the highest youth activity dose; 
65.2% reported a youth activity dose of 50 - 75 day- 
yr/week, 17.6% reported a youth activity dose of 25 - 49 
day-yr/week and 17.2% reported a youth activity dose of 
10 - 24 day-yr/week. 

Baseline characteristics of the study population, in- 
cluding the distribution of potential confounders, were 
evaluated using Chi-square tests for categorical data and 
Kruskal-Wallis tests for continuous variables. Linear re- 
gression was used to estimate unadjusted and adjusted 
associations between dose category of youth physical 
activity and baseline adult physical activity along with 
95% confidence intervals. All confounders were chosen 
a priori, based on potential associations previously de- 
scribed in the literature and included age, education, race, 
waist-hip ratio, social support index, baseline BMI, smo- 
king history, baseline alcohol consumption, Healthy Eat- 
ing index, physical functioning index, and history of can- 
cer, CVD, diabetes, or hypertension. Linear regression 
was also used to examine the association between adult 
physical activity level and childhood activity profile. Ana- 
lyses were performed using Statistical Analysis System 
software (SAS Institute, Inc., Cary, North Carolina) and 
R (R Foundation for Statistical Computing, Vienna, Aus- 
tria). All statistical tests were two-tailed and conducted at 
the 0.05 level of significance. 

3.2. Baseline Characteristics of the Cohort by  
Childhood Physical Activity 

The distribution of participant baseline characteristics by 
level of childhood physical activity at ages 5 - 9 years, 
10 - 14 years, and 15 - 19 years is shown in Table 1. 
Baseline study population characteristics were similar 
across all childhood age groupings. Hispanic/Latino and 
Asian/Pacific Islanders, those with less than a high 
school education, history of never smoking, and higher  

3. RESULTS 

3.1. Overall Characteristics of the Cohort 

A total of 93,676 women enrolled in the observational 
study arm of the WHI [23]. Those missing data on key 
variables were excluded from the analysis (32,570  
 

 

Figure 1. Distribution of youth activity dose (Day-Yr/Wk) across the WHI-OS cohort. 
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Table 1. Distribution of baseline characteristics by childhood physical activity profiles. 

Physical Activity Level Ages 5 - 9 Physical Activity Level Ages 10 - 14 Physical Activity Level Ages 15 - 19 
 

Inactive Low High p-value* Inactive Low High p-value* Inactive Low High p-value* 

Sample Size 11,132 8353 28,581  8149 9721 30,196  8559 12,415 27,092  

Age % % % 0.178 % % % <0.001 % % % <0.001 

50 to 54 14.3 15.3 14.5  15.4 16.4 13.8  16.9 16.1 13.2  

55 to 59 19.2 20 19.9  19.6 19.9 19.7  20.6 20.5 19.1  

60 to 69 44.4 43.4 44  44.1 43.1 44.3  42.9 43.7 44.5  

70 to 79 22 21.3 21.5  20.9 20.5 22.2  19.6 19.6 23.2  

Race % % % <0.001 % % % <0.001 % % % <0.001 

White (not of  
Hispanic origin) 

86 87.9 87.5  86.1 88.8 87  86.4 89 86.6  

Black or  
African-American 

5.2 5.2 6.4  4.8 4.5 6.7  4.8 4.7 6.8  

Hispanic/Latino 3.4 2.9 2.8  3.4 2.7 3  3.2 2.6 3.1  

Asian or Pacific Islander 3.9 2.6 1.9  4.3 2.6 2  4.2 2.6 1.9  

American Indian or 
Alaskan Native 

0.3 0.3 0.4  0.2 0.2 0.4  0.3 0.2 0.4  

Other 1.2 1 1  1.1 1 1  1.1 0.9 1.1  

Education % % % <0.001 % % % <0.001 % % % <0.001 

Less than High  
School Diploma 

4.4 2.9 3  4.2 2.7 3.3  4.2 2.2 3.5  

High School Diploma 48.4 48.2 50.9  46.7 46 51.9  46.3 45.4 53  

College Degree 47.2 48.9 46.1  49.1 51.4 44.8  49.5 52.4 43.5  

BMI at Baseline % % % <0.001 % % % <0.001 % % % <0.001 

0-25.0 47.7 44.6 39.6  48.2 46.1 39.6  48.8 46 38.6  

25.0-30.0 33 33.8 34.1  33.1 33.2 34.2  32.7 33.4 34.3  

30.0-70.0 19.3 21.6 26.3  18.7 20.8 26.2  18.5 20.5 27.1  

Alcohol % % % <0.001 % % % <0.001 % % % <0.001 

Non drinker 10.4 9.8 9.8  10 9 10.2  9.9 8.5 10.6  

Past drinker 16 16.1 18.5  15.4 15.3 18.7  15.5 14.9 19.2  

<1 drink per month 11.1 10.4 11.7  11.2 10.8 11.6  11.1 11 11.6  

<1 drink per week 21.1 21.1 19.9  21.4 21.2 19.8  21.2 20.7 19.9  

1 to < 7 drinks per week 27.6 29.4 26.7  27.7 29.9 26.4  27.5 30.3 25.9  

7+ drinks per week 13.9 13.2 13.5  14.3 13.8 13.2  14.7 14.6 12.7  

Smoking History % % % <0.001 % % % <0.001 % % % <0.001 

Never Smoked 54.5 51.9 49.4  53.8 51 50.3  52.8 49.9 51  

Past Smoker 41.1 42.8 44.3  41.6 44.3 43.4  42.4 45.5 42.6  

Current Smoker 4.4 5.3 6.3  4.6 4.8 6.3  4.8 4.6 6.5  

History of diabetes % % % <0.001 % % % <0.001 % % % <0.001 

Yes 4.2 4.1 5.2  4 4.2 5.1  4 4 5.4  

History of CVD % % % <0.001 % % % <0.001 % % % <0.001 

Yes 17 16.7 19.7  16.7 16.6 19.7  16.3 17.1 19.9  

History of cancer % % % 0.11 % % % 0.079 % % % 0.072 

Yes 12.3 12.8 13.1  12.5 12.4 13.1  12.3 12.7 13.2  

*
  p-value: comparison of the baseline characteristic over the three youth activity levels (inactive, low, high). 
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baseline physical functional status were more likely to 
report physical inactivity at ages 5 - 9, 10 - 14, and 15 - 
19 years than they were to report low or high activity. 
Women who were older, overweight or obese at baseline, 
had a greater WHR, reported a history of diabetes or car- 
diovascular disease (CVD), had higher baseline levels of 
social support, former drinkers, and smokers at baseline 
were significantly more likely to report high levels of 
physical activity during all childhood time intervals than 
they were to report low or no activity. No association 
was seen between childhood physical activity level and 
history of cancer at baseline. While baseline adult Heal- 
thy Eating Index 2005 was not significantly associated 
with childhood physical activity at ages 5 - 9 or 10 - 14 
years, a significant association did exist for the 15 - 19 
years age group. 

3.3. Consistency of Physical Activity during  
Childhood 

Over 65% of the population reported the same category 
of physical activity over the three childhood age groups. 
“High” levels of childhood physical activity over all age 
periods was reported by 45.4% of women while only 7% 
reported “low” childhood activity over all age groups 
and 12.8% reported inactivity over all age groups (Table 
2). 16.5% reported increasing in physical activity over 
the three age groups, and 15.5% reported decreasing in 
activity. Only 2.8% reported fluctuating between differ- 
ent physical activity categories over the three age groups. 

3.4. Association between Childhood and Adult  
Physical Activity 

Across all childhood age groups, higher levels of child- 
hood physical activity were significantly associated with 
higher baseline adult physical activity. As shown in Ta- 
ble 3, women with the highest YAD had significantly 
higher baseline adult physical activity in both unadjusted 
and adjusted models. For example, those that reported 
the highest YAD had an increase of 2.2 MET-hr/week 
(95% C.I. = 1.88, 2.55) of adult physical activity level  
 
Table 2. Distribution of longitudinal childhood physical ac- 
tivity profiles in the WHI-OS cohort. 

Longitudinal Pattern N (% of cohort) 

Always Inactive 6140 (12.8) 

Always Lowly Active 3354 (7.0) 

Always Highly Active 21,827 (45.4) 

Increased 7933 (16.5) 

Decreased 7469 (15.5) 

Fluctuated 1343 (2.8) 

relative to women in the lowest dose category. Likewise, 
evaluation of longitudinal physical activity patterns across 
childhood (Table 4) found that compared to women who 
were always physically inactive during childhood, those 
who were consistently highly active reported adult phy- 
sical activity levels that were almost 3 units higher (i.e., a 
difference in 2.82 MET-hr/week; 95% C.I. = 2.43, 3.20) 
after adjusting for confounders, and those who increased 
childhood activity, had an increase of almost 2 units 
higher (1.83 MET-hr/week; 95% C.I. = 1.40, 2.28). 

4. DISCUSSION 

This large observational study found a significant posi- 
tive association between physical activity at baseline and 
recalled level of physical activity in childhood. This is in 
agreement with several previous reliability studies which 
have shown low to modest correlations between child- 
hood and adult physical activity levels [7,8,24-28]. In 
addition, evaluation of childhood physical activity pat- 
terns showed that consistency of physical activity level 
during childhood was directly associated with level of 
adult physical activity. Women who reported consistly 
high levels of childhood activity also had significantly 
elevated baseline physical activity. Aligned with our re- 
sults, another previous trial found that sustained child- 
hood physical activity increased the likelihood of higher 
levels of adult physical activity [7]. 

Results of this study also showed that childhood 
physical activity profiles showed significant increases in 
baseline physical activity relative to the always inactive 
group, suggesting that it may not be necessary to sustain 
physical activity throughout childhood to see positive 
benefits. This study also found that childhood physical 
activity level varied significantly by several participant 
baseline characteristics including race/ethnicity, educa- 
tion, smoking history, adult BMI, adult WHR, history of 
diabetes or cardiovascular disease, adult social support 
and physical functional status. Others also have shown 
similar differences in reported physical activity level by 
race/ethnicity and education [29]. We found that obese 
adults reported higher levels of childhood physical activ- 
ity, and it has been demonstrated that overweight girls 
and adults frequently overreport physical activity [30-32]. 
In a recent study comparing physical activity biomarkers 
and self-reported physical activity in the WHI-OS, BMI 
was associated with under-reporting of physical activity 
on two questionnaires [33]. While smoking in childhood 
has been shown to be inversely associated to persistant 
physical activity from adolescence through early adult- 
hood [34], to our knowledge we are the first to show that 
past drinkers and smokers reported higher levels of 
childhood physical activity. In addition, while social sup- 
port has been shown to be positively associated with  
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Table 3. Unadjusted and adjusted baseline adult physical activity (MET-Hr/Week) for each youth activity dose category. 

Youth Activity Dose**  
Category 

Unadjusted Estimate (95% CI) 
of Adult Physical Activity 

(MET-hr/week) 
P-Value R2 

Adjusted* Estimate (95% CI)  
of Adult Physical Activity 

(MET-hr/week 
P-Value R2 

0 - 24 day-yr/wk Reference Reference <0.001 0.12 

25 - 49 day-yr/wk 0.77 (0.35, 1.20) 0.80 (0.38, 1.21)   

50 - 75 day-yr/wk 1.39 (1.05, 1.73) 

<0.001 0.001 

2.22 (1.88, 2.55)   

*Adjusted for baseline age, education, race, WHR, social support index, baseline BMI, smoking, Healthy Eating Index 2005, physical functional status index, 
history of cancer, CVD, diabetes, or hypertension. **Youth Activity Dose is a composite of self-reported physical activity for the 3 childhood age groups. 

 
Table 4. Unadjusted and adjusted baseline adult physical activity (MET-Hr/Week) for each longitudinal youth activity category. 

Longitudinal Pattern 
Unadjusted Estimate (95% CI) 

of Adult Physical  
Activity (MET-hr/week) 

P-Value R2 
Adjusted Estimate (95% CI)  
of Adult Physical Activity 

(MET-hr/week) 
P-Value R2 

Always Inactive Reference Reference <0.001 0.12 

Always Lowly Active 1.17 (0.56, 1.79) 0.78 (0.21, 1.36)   

Always Highly Active 1.84 (1.43, 2.25) 2.82 (2.43, 3.20)   

Increased 1.37 (0.88, 1.85) 1.83 (1.40, 2.28)   

Decreased 1.15 (0.66, 1.65) 0.91 (0.45, 1.37)   

Fluctuated 0.82 (-0.03, 1.69) 

<0.001 0.002 

1.18 (0.38, 1.99)   

 
physical activity in adults and social isolation signifi- 
cantly associated with physical inactivity [35], to our 
knowledge, this is the first study to demonstrate an as- 
sociation between adult social support and physical in- 
activity during childhood. It is important to consider 
these characteristics as potential confounders in any study 
evaluating the effect of childhood physical activity. 

Strengths of this study include the large, ethnically di- 
verse population-based cohort, and the availability of 
childhood physical activity beginning at age 5. This stu- 
dy did not evaluate the validity of childhood physical 
activity recall. The distribution of reported childhood 
physical activity, however, was consistent with physical 
activity levels reported elsewhere [36] and our data sup- 
ported the previously published decline in physical ac- 
tivity seen during ages 12 - 21 [37,38]. Although the 
physical activity recall interval was considerable for this 
population, Blair et al. found that reliability of longterm 
physical activity recall was independent of interval length, 
up to 10 years [39].  

In addition, adults who participated in organized child- 
hood sports may have enhanced recall compared to those 
whose activities were not organized. Although this study 
did not ask about type of activity, these data showed sta- 
tistical significance only in the highest levels of activity 
or the “always active” and “increasing active” categories, 
and it is possible that participation in organized sports 
may explain the difference in longitudinal activity pat- 
terns. The information on lifestyle factors, including  

smoking, alcohol use, and social support, was based on 
self-reported data and thus was subject to recall bias. 
However, this is a known limitation of retrospective co- 
hort studies and reinforces the importance of including 
these factors as confounders. Lastly, this study is limited 
to postmenopausal women and the caution needs to be 
used when generalizing results to other populations. 

Lifelong physical activity patterns, including those du- 
ring childhood, may play an important role in the etio- 
logy of chronic disease and promotion of childhood ac- 
tivity should be encouraged. In addition, it is essential for 
researchers to understand and account for the influence 
of adult characteristics on reported childhood physical 
activity. Further studies are needed to better understand 
the differential effects on recalled childhood physical ac- 
tivity. 
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