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This study investigated whether the timing of infant motor development is associated
with self-reported and accelerometer-measured physical activity (PA) and sedentary
time (ST) in midlife. This population-based study consisted of 4098 people born in
1966 in Northern Finland (NFBC 1966). Data on nine infant motor developmental
milestones included making sounds, holding up the head, grabbing objects, turning
from back to tummy, sitting without support, standing with support, walking with
support, standing without support, and walking without support. At the age of 46,
PA at leisure time and sitting time was self-reported. PA and ST were also measured with a wrist-worn Polar Active accelerometer that was instructed to be worn
on the non-dominant hand 24 h/d for 14 days. A multiple linear regression analysis
was used to analyze the association between infant motor development and PA and
ST in midlife. Later infant motor development was weakly associated with higher
accelerometer-measured light PA, but not with moderate-to-vigorous PA. Later infant
locomotor development was associated with lower accelerometer-measured ST (β
−0.07, p = 0.012) and lower self-reported sitting time at work (β −0.06, p = 0.004)
in women. In conclusion, later infant motor development was associated with higher
light PA and lower sedentary time at middle age. PA is a multifactorial behavior influenced by various factors from early childhood to midlife. Further research is required
before more general conclusions can be drawn.
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IN T RO D U C T IO N

Physical activity (PA) is one of the most important actions
that people of all ages can engage in to improve their overall
well-being.1 PA fosters normal growth and development; improves daily functioning, quality of life,2 and cognitive performance3; and reduces the risk of many chronic diseases.4
Emerging evidence also indicates that excessive time spent
engaging in sedentary behaviors, defined as any waking behavior performed in a sitting or lying posture with an energy
expenditure of 1.5 or less metabolic equivalents (METs),5 is
a risk factor for premature mortality in all but the most physically active individuals who are active ≥1 h/d of moderate
intensity PA.6
It has been suggested that many patterns of PA involvement are established early in life7 and that the stability of
PA is moderate to high along the life course from youth to
adulthood.8 During the first year of life, infants develop
rapidly and achieve several developmental milestones, for
example, sitting without support, standing with assistance,
walking with assistance, standing alone, and walking
alone.9 Although children achieve particular milestones at
a fairly wide range of ages, it is generally recognized that
developmental milestones usually occur in a predictable
sequence over time.10 The skills developed during these
milestones form the foundation for fundamental motor
skills and PA.9
Previous studies have suggested that earlier motor skill
development is associated with higher PA levels during
an individual's preschool, childhood, and adolescent
years11,12; however, less is known about the associations of
early motor skill development with adulthood PA, and the
evidence is inconclusive. For example, in a recent study of
34-year-old Finnish twins, earlier learning to stand unaided
in infancy was associated with higher self-reported leisure-
time PA (LTPA) in young adulthood,13 whereas limited evidence was found between ages at reaching infant motor
milestones and self-reported LTPA in adulthood in the
study of 1946 British birth cohort.14 Only two studies had
examined the association between motor development and
accelerometer-measured ST, and both were conducted in
childhood, and the sample sizes were relatively small.15,16
Both these studies found association between later motor
development and higher ST in childhood. Studies on the
Northern Finland Birth Cohort 1966 (NFBC) revealed several age-specific relationships. Infant motor development
was associated with sports participation in adolescence,12
as well as physical performance17 and blood pressure18 in
adulthood.
In light of recent evidence, ST increases with age,19 and
studies with larger sample sizes and longer duration of follow-up are warranted to examine whether later achievement
of developmental milestones acts as a predictor of sedentary
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behavior.20 This population-
based birth cohort study and
design allowed us to investigate the associations between
multiple infant motor milestones and self-
reported and
accelerometer-measured ST and PA with different intensity
levels over a 45-year follow-up, enabling us to consider several confounding factors.
We aimed to examine whether the timing of infant
motor development is associated with self-
reported and
accelerometer-measured overall PA and ST in midlife. We
hypothesized that later achievement of developmental milestones is associated with lower levels of PA and with higher
ST in midlife.

2
2.1

|

M ATERIAL S AND M ETHOD S

|

Study design and participants

The NFBC 1966 is an ongoing longitudinal birth cohort of
women and offspring collected at intervals from the provinces of Oulu and Lapland with an expected birth date in
1966 (n = 12,068 mothers and n = 12,231 children).21 The
cohort members have been carefully monitored prospectively from the prenatal period onward with interviews,
questionnaires sent via the postal service, and clinical measurements. Follow-ups have been performed at the ages of 1,
14, 31, and 46. At the age of 46, the postal questionnaires
including LTPA questions were mailed to all the participants
(n = 10,321) whose addresses were known in 2012–2014
(response rate 66%, n = 6,851) (Figure 1). The questionnaires included items on health, health behavior, and socioeconomic background. Information on each participant's
education, employment status, and prevalence of diagnosed
diseases was obtained. Information on smoking history and
alcohol consumption (g/d) was obtained based on multiple
questions about drinking and smoking habits.
The present study population consisted of 4,098
(women 52.1%) individuals with measures of six or more
early motor developmental milestones and appropriate data
of either self-reported or accelerometer-measured PA and
ST at the age of 46, see Figure 1. The study was reviewed
and approved by the Ethical Committee of the Northern
Ostrobothnia Hospital District, Oulu, Finland (94/2011).
The study participants provided their written informed
consent for the study.

2.2

|

Infant motor development

Data on the age of reaching the main developmental
milestones in the first year were gathered during regular visits to the Finnish child welfare clinics by nurses
and doctors interviewing the parents and observing the
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F I G U R E 1 Northern Finland Birth
Cohort 1966 (NFBC 1966) study population

NFBC1966 members
(n=12,231)

Still born
(n=173)
Live born
(n=12,058)

Invited to the study at 46 years
(n=10,321)

Responded to the postal
questionnaire
(n=6,851)

Attended to the clinical
examination
(n=5,852)

PA questionnaire
data available
(n=6,384)

Participants wearing
Polar Active monitor
(n=5,621)

Inclusion:
Enough Infant motor milestone data
(n=4,098)

Exclusions:
No appropriate
data on Light PA
data (n=380)
Not appropriate
Brisk PA data
(n=268)

PA questionnaire
Light PA=3,718; Brisk PA
n=3,830; both n=3,660

Exclusions:
Non-participants
(n=231)
Corrupted data
(n=23)
Not enough PA
data (n=693)

Exclusions:
No appropriate
data on sitting
data (n=224)
>18h/d
(n=9)

Questionnaire
Sitting time n=3,865

Included in the analyses
(enough PA data)
n=3,151

child during infancy and early childhood in monthly intervals during 1966–1 967. This is a routine procedure
in Finnish public health care, and the protocol was not
organized for study purposes. Thereafter, the data were
retrospectively completed as previously described. 18 The
following milestones were addressed: making sounds,
holding up the head, grabbing objects, turning from back
to tummy, sitting without support, standing with support, walking with support, standing without support,
and walking without support. The achievement times, in
months, of separate developmental milestones were assessed for each infant and recorded on a separate chart.
In case the infant did not meet a developmental milestone
by 14 months, the number of the month was written in
numerical form.

2.3

|

Self-reported LTPA and sitting time

Participation in LTPA was self-reported with the following
question: how often and for how long do you participate in
light and brisk physical activities/exercises during leisure
time.22 Brisk PA was described to cause at least some sweating and breathlessness, while light PA was defined causing
no sweating or breathlessness. PA frequency had six response
options: (1) once a month or less often, (2) 2–3 times a month,
(3) once a week, (4) 2–3 times a week, (5) 4–6 times a week,
and (6) daily. PA duration had the following response options: (1) not at all, (2) less than 20 minutes, (3) 20–39 minutes, (4) 40–59 minutes, (5)1–1.5 hours, and (6) more than
1.5 hours.23 The weekly averages of MET-minutes of light
and brisk PA were calculated by multiplying the PA volume
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(duration*frequency) by its intensity (light PA 3 METs and
brisk 5 METs).24
Previously, it was reported in the same study population
that the association between self-
reported LTPA (MET-
minutes) and accelerometer-measured MVPA was significant
but relatively low (r = 0.296, p < 0.001),25 and the question
on the frequency of MVPA has been shown to be strongly
associated with measured cardiorespiratory fitness at the age
of 31 years.26
Sitting time was determined with the question “How
much time do you spend sitting on a normal weekday?”
The responses were divided to describe the amount of sitting in five domains such as work, at home and watching
TV, at home in front of the computer, in a vehicle, and
in another place.27 This kind of question that assesses
structured weekday sitting in different contexts has shown
acceptable measurement properties.28 The average daily
sitting time (min/d) was calculated as the sum of durations
of these sedentary behaviors. Those responding total sitting time higher than 18 h/d were excluded from analyses
concerning sitting time (n = 9).

2.4

|

Accelerometer-measured PA and ST

At the age of 46, the study participants’ PA was measured
using the wrist-worn waterproof accelerometer (Polar Active,
Polar Electro Ltd, Kempele, Finland). Polar Active provides
daily PA based on estimated MET values for every half
minute using background information (body height, body
weight, age, and gender).29 Polar Active has been shown to
explain well of the variation of double-labeled water technique during daily living (78%) and training period (62%).30
The participants were instructed to wear the activity monitor
24 h/d for 14 days on their non-dominant hand. The accelerometers were blinded, not showing measured information
to the user. The activity monitors were given to the participants (n = 5861) during clinical examinations, and they were
instructed to mail them back after the measurement period.
The intensity of PA was defined by using MET values and
divided into ST and four levels of PA: ST (1–1.99 MET),
light PA (2–3.49 MET), moderate PA (3.5–4.99 MET), vigorous PA (5–7.99 MET), and vigorous+PA (≥8 MET). The
term “moderate-to-vigorous physical activity” (MVPA) corresponds here to all activity higher than 3.5 METs and total
PA higher than 2 METs.31 In our earlier comparison of different accelerometry-based methods, the threshold <2 MET for
Polar Active provided similar results as threshold <100 cpm
for ActiGraph, and the mean difference between the methods was 7.0 min/d (95% confidence interval from −17.8 to
31.7 min/d).32 The participants with at least four valid days
were included in the analyses, and the daily averages of duration spent in five activity levels (min/d) were calculated.
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The criteria for valid days were defined as at least 600 min/d
monitoring time during waking hours.33

2.5

|

Other variables

The following variables were considered as potential confounders and included as covariates in the analyses of the PA
levels and ST: sex, birth weight, social status of the father at
birth, body mass index (BMI), the level of education, strenuousness of work, and smoking habits at the age of 46 years.
Birth weight was measured immediately after birth by
midwives and provided in kilograms and was rounded to the
nearest 100 g.21 The social status of the father at birth of the
study participants was collected by a self-report questionnaire and classified into four categories: (1) professionals, (2)
skilled workers and farmers with large ranches, (3) unskilled
workers, and (4) small-area farmers.12
Body mass index at 46 years was based on the measurements at the clinical examination and was calculated as
weight (in kilograms) divided by height (in meters) squared
(kg/m2). The education level of the participant at the age of
46 was classified into the following categories: (1) tertiary
(university and polytechnic degree), (2) secondary (vocational or college level education), and (3) basic (vocational
course or no education). The employment status was categorized into two types: (1) employed and (2) student, unemployed, retired, or other.
The physical strenuous of the work at 46 was calculated
using multiple questions about tasks and postures of participant's work. We summed the recorded answers of nine questions and also divided the scores into two groups, using the
median as cutoffs (1) light work and (2) strenuous work.34
Smoking status and habitual alcohol consumption (g/d)
at 46 years were based on multiple questions concerning
drinking and smoking habits. Smoking was categorized as
(1) non-smoker (non-smoker or former smoker) and (2) current smoker. Alcohol consumption was categorized as (1)
other (abstainers or moderate drinkers [≤20 and ≤40 g/d for
women and men] and (2) heavy drinkers [>20 and >40 g/d
for women and men]).35
Perceived health was queried with the question “How
would do you evaluate your general health at the moment?”
with five options (excellent, good, moderate, poor, and very
poor). The options were further grouped into two classes:
good (excellent and good) and other (moderate, poor, very
poor).36

2.6

|

Statistical analyses

The rate of missing data on individual milestones varied from
8.9% (walking with support) to 47.9% (capable of standing).
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The missing values of the milestones were imputed by multiple imputing (MI) with 10 different data sets,37 where the
missing values were predicted based on non-missing milestone values. The values were imputed only if three or less of
the total nine values were missing. The method of imputation
was a Markov chain Monte Carlo (MCMC), which means
fully conditional specification.37 This method is suitable for
data with an arbitrary pattern of missing values.37 The MI
model type for milestone scores was linear regression. Linear
regression analyses were run across 10 imputed data sets.
A principle component analysis (PCA) was used to form
combination variables of nine infant motor developmental
milestones. PCA is a data reduction technique describing
the variance in a set of variables into fewer dimensions.38
The first principal component (locomotor score) was mostly
driven by six later milestones such as turning from back to
tummy, sitting without support, standing with support, walking with support, standing without support, and walking without support. The second component (non-locomotor score)
was driven by the three earlier milestones (making sounds,
holding up the head, and grabbing objects). Higher score indicated later motor development. In the PCA, the eigenvalue
was set as >1. In men, the first factor had an eigenvalue of
3.67 with 40.8% of explained variance, and the second had
an eigenvalue of 1.64 with 18.2%. Communalities ranged between 0.35 and 0.78. In women, the first eigenvalue was 3.93
with 43.7% of explained variance, and the second eigenvalue
was 1.52 with 16.8% of explained variance. Communalities
ranged between 0.34 and 0.79.
The characteristics of the samples and PA at 46 years were
presented as frequency distributions for categorical variables,
means, and standard deviations (SD) for normally distributed
continuous variables and medians and 25th and 75th percentiles for variables with skewed distributions.
Sex differences were analyzed using the independent t test
or the Mann–Whitney U test for each of the scale variables
and the Chi-squared test for the categorical variables. The
relationships between continuous variables were analyzed
using either Pearson's or Spearman's correlation.
To analyze the statistical significance of the association
between selected variables and main outcomes (self-reported
and accelerometer-measured PA and ST), a multivariable linear regression was used. Skewed dependent variables were
log-or square root-transformed to normalize the distribution.
A multivariable analysis was performed separately for non-
locomotor and locomotor scores to examine their association
with the several outcome variables. The final models included
all predictors associated with the outcome at p < 0.10 in the
univariate analysis and remained significant at that level after
multivariable adjustment.
Model 1 was adjusted for sex. Model 2 was further adjusted for potential early-life factors: birth weight, and social status of the father at birth. Model 3 was additionally

KARPPANEN et al.

adjusted for potential adult mediators: education level, BMI,
strenuousness of work, and smoking at 46 years. No significant collinearity between independent variables was present
in the final models (VIF < 2). The missing data for each covariate are presented as the variation in the number of subjects in the results. The variation in the number of subjects
in the analyses was reported in the results. Probability values
of p < 0.05 were used to determine statistical significance.
All the statistical analyses were performed using IBM SPSS
Statistics version 24.

3

|

RESULTS

The characteristics of the study population in midlife are presented in Table 1. The study population consisted of 1964
(47.9%) men and 2134 (52.1%) women. The mean age of the
participants in the present study was 46.6 (SD 0.6) years. The
majority of the participants were employed (3252/87.8%),
non-smokers (2964/77.1%), and moderate drinkers of alcohol or abstainers (3514/90.1%); had at least secondary-level
education (3490/92.2%); perceived their health as good at
46 years (2546/65.7%). The mean BMI of the participants
was 27.0 (SD 4.9).
The mean age of motor milestone achievement and the
early life characteristics of the participants are presented by
sex in Table S1. Almost all the participants achieved motor
milestones within the normal WHO age ranges.10 Using the
WHO windows of milestone achievement as reference,10 approximately 3% of the participants were unable to sit without
support at 8 months, 0.3% were unable to walk without support at 18 months, and 0.1% experienced delayed achievement of walking with support and standing without support.
Men achieved walking with support and were capable to
stand slightly earlier than women (p = .001); however, no sex
differences existed in other milestones or early-life factors.
At 46 years, complete PA questionnaire was filled by
3660 (1713 men and 1947 women) participants and sitting-
time questions were answered by 3865 (men 1823 and
women 2042) participants. Women reported more total PA
(MET-min/wk) than men (825 [375–1500] vs 680 [225–
1350], p < .001) and an hour less daily sitting time than
men (p < .001) (Table 2). A total of 3151 (1450 men and
1701 women) participants provided valid accelerometer
data. The average wearing time during the waking hours was
16 (SD 1.0) h/d. No significant difference between sex in
accelerometer-measured total amount of PA was observed.
However, women had more light PA (min/d) than men [288
(73) vs 266 (70), p < .001], whereas men spent more time in
MVPA (min/d) than women [79 (39) vs 60 (29), p < .001].
Furthermore, men spent more time (min/d) in accelerometer-
measured ST than women [645 (97) vs 623 (86), p < .001]
(Table 2).
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T A B L E 1 Characteristics of the
Northern Finland Birth Cohort 1966 study
population at the age of 46 years (n = 4098)

Characteristics

Men
n = 1964

Women
n = 2134

All
n = 4098

Age, years, mean (SD)

46.7 (0.7)

46.6 (0.6)

46.6 (0.6)

Height (cm), mean (SD)

178.6 (6.2)

164.8 (6.0)

171.2 (9.2)

|
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p-
value
<.001
<.001

Weight (kg), mean (SD)

87.8 (15.3)

72.4 (15.0)

79.5 (17.0)

BMI, (kg/m2), mean
(SD)

<.001

27.5 (4.4)

26.6 (5.4)

27.0 (4.9)

<.001

WC, (cm), mean (SD)

98.0 (12.0)

87.6 (13.3)

92.4 (13.7)

<.001
<.001

Educational level at 46,
n (%)
Tertiary
Secondary
Basic

417 (23.1)

607 (30.6)

1024 (27.1)

1201 (66.6)

1265 (63.9)

2466 (65.2)

185 (10.3)

109 (5.5)

294 (7.8)

Employment status,
n (%)
Employed
Other

.822
1536 (88.0)

1716 (87.7)

3252 (87.8)

210 (12.0)

240 (12.3)

450 (12.2)
<.001

Smoking, n (%)
Non-smoker

1348 (74.3)

1616 (79.7)

2964 (77.1)

466 (25.7)

412 (20.3)

878 (22.9)

g/d, md (IQR)

8.7 (2.4, 22.3)

3.0 (0.6, 8.4)

5.0 (1.1, 14.5)

Heavy drinker, n (%)

212 (11.5)

173 (8.4)

385 (9.9)

Good

1178 (64.3)

1368 (66.9)

2546 (65.7)

Other

654 (35.7)

676 (33.1)

1330 (34.3)

Current smoker
Alcohol consumption

Perceived health, n (%)

<.001
.001
.086

Note: Significant results (p < .05) are indicated in bold.
Abbreviations: BMI, body mass index; IQR, interquartile range; MD, median; SD, standard deviation; WC,
waist circumference.

3.1 | Motor development and self-
reported and accelerometer-measured PA
Sex-adjusted analyses showed that higher infant locomotor
score (indicating later infant locomotor development) was
positively and with borderline statistical significance associated with accelerometer-measured light PA and total PA in
adulthood; nevertheless, these associations did not remain
significant after the model was adjusted for adult variables
(Table 3, model 3). When analyzed separately by sex (Table S2
and S3), this positive association between later locomotor development and higher light PA at 46 years remained statistically significant only in women after the model was adjusted
for birth weight, social status of the father at birth, education
level, and BMI (B 4.46 [0.91, 8.01], p = .014). Most of the
covariates were also independently associated with the light
PA in women. Higher birth weight (β 0.10, p < .001), lower
social status of the father at birth (β −0.07, p = .004), lower
education level at 46 years (β −0.22, p < .001) and lower BMI
at 46 years (β −0.16, p < .001) were associated with higher

light PA. When the model was also adjusted for strenuousness of work at 46 years, the positive association between locomotor development and light PA weakened, but remained
of borderline significance (B 3.83 [0.11, 7.54], p = .044), in
women (Table S2). Physically strenuous work was positively
associated with light PA (β 0.31, p < .001). Women with
physically strenuous work had higher light PA (min/d) compared to women having lighter work [319 (72) vs 265 (62),
p < .001]. The association between infant motor development
and accelerometer-measured MVPA did not reach statistical
significance. Infant locomotor development was not associated with the self-reported PA.

3.2 | Motor development and self-reported
sitting time and accelerometer-measured ST
The univariate analysis showed that later achievement of
infant locomotor development was associated with lower
self-
reported sitting time and accelerometer-
measured

1456

|

  

Variable

KARPPANEN et al.

Men

Women

All

n = 1964

n = 2134

n = 4098

p

Self-reported leisure-time PA and total sitting time, median (25th, 75th percentile)
Light PA, min/wk

75 (30,210)

113 (50,210)

113 (30,210)

<.001

Brisk PA, min/wk

75 (15,188)

75 (23,188)

75 (15,188)

<.001

Total PA (Light and
Brisk PA), min/wk

188 (65,338)

225 (108,390)

210 (90,375)

<.001

Total PA, MET-min/wk

680 (225,1350)

825 (375,1500)

780 (315,1418)

<.001

Total sitting time, min/d

480 (320,600)

420 (270,570)

458 (300,600)

<.001

288 (73)

278 (72)

<.001

T A B L E 2 Self-reported and
accelerometer-measured physical activity
(PA) and sedentary time (ST) among
Northern Finland Cohort 1966 study
population at 46 years (n = 4098)

Accelerometer-measured PA and ST, mean (SD)
Light PA, min/d

266 (70)
79 (39)

60 (29)

69 (35)

<.001

Total PA (light PA and
MVPA), min/d

345 (94)

348 (86)

347 (90)

.297

ST, min/d

645 (97)

623(86)

633 (92)

<.001

MVPA, min/d

Note: Significant results (p < .05) are indicated in bold.
ST, Total sedentary time; MVPA, Moderate to vigorous physical activity; MET, Metabolic equivalent of task.

ST. Both these associations attenuated, but self-reported
sitting time remained statistically significant after adjustment for sex, social status of the father at birth, and
BMI, education level, strenuousness of work and smoking
habit at 46 years (Table 4). When analyzed separately by
sex, there was no statistically significant association between infant locomotor development and accelerometer-
measured ST and self-reported total sitting time in men
(Table S4), whereas in women, the relationship remained
significant also after adjustments (β −0.07, p = .012)
(Table S5). Most of these covariates were independently
associated with higher ST; lower birth weight (β −0.11,
p < .001), higher level of education at 46 years (β 0.12,
p < .001), higher BMI at 46 years (β 0.24, p < .001).
Physically strenuous of work was associated with less
accelerometer-measured ST (β −0.31, p < .001); women
with physically strenuous work had 61 min/d less accelerometer measured ST compared to women with light work
(590 [86] vs 651 [76], p < .001).
Association between infant locomotor development and
self-reported sitting time weakened after adjustment for
BMI at 46 years, education level, strenuousness of work,
and smoking habit at 46 years in women (β −0.05, p = .030)
(Table S5). When considering only self-reported sitting at
leisure time at 46 years, the association with infant locomotor development was no longer statistically significant
(p = .815), while the association between later locomotor
development and lower self-reported sitting time at work
remained significant in women after adjustments (β −0.06,
p = .004). Infant non-locomotor development was not associated with the self-reported sitting time or accelerometer-
measured ST.

4

|

DISCUSSION

This large population-based birth cohort study evaluated
the association between the timing of infant motor development and both self-reported and accelerometer-measured
PA and ST in midlife. We found that later achievement of
infant locomotor development milestones was significantly
and positively associated with accelerometer-
measured
light PA in women although the associations weakened
after adjusting the models with adulthood lifestyle variables. Few studies have examined the association between
infant motor development and adult PA.13,14 Our findings
are in accordance with a previous longitudinal study14 that
found limited evidence of association between age at first
standing and walking and LTPA from age 36 to 68. In
that study, the authors used mother-reported information
on ages at first standing and walking, and LTPA was only
self-reported.
Since we found no association between infant locomotor
development and self-reported LTPA, we suggest the part of
the association between infant locomotor development and
accelerometer-measured light PA might be due to the participants’ education level and physical strenuousness of the
work. Physically demanding work was less common in higher
than lower educated group in both sexes. Self-reports in this
study only considered PA at leisure time, whereas accelerometer measurement also captures PA garnered throughout
the working day.
We found a weak inverse association between infant locomotor development and middle-age sedentary behavior
based on both self-reported and accelerometer-measured
data. When analyzing men and women separately, these
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T A B L E 3 Association between infant motor development (higher score indicating later development) and self-reported and accelerometer-
measured physical activity (PA) according to multivariable linear regression analyses among Northern Finland Birth Cohort 1966 study population
at 46 years (n = 4098)
Model 1
Variable

B

Model 2
β

95% CI

Model 3

B

β

95% CI

B

β

95% CI

2.76

0.04

0.21 to 5.30*

1.10

0.02

−1.60 to
3.81

3.98

0.04

0.75 to 7.21*,†

2.17

0.02

−1.21 to
5.55†

Self-reported leisure-time PA
Light PA, min/wk
Non-locomotor score

0.05

0.01

−0.17 to 0.26

Locomotor score

0.02

0.00

−0.19 to 0.23

Non-locomotor score

−0.07

−0.01

−0.27 to 0.13

Locomotor score

−0.05

−0.01

−0.24 to 0.14

Brisk, min/wk

Total PA (Light and Brisk PA), min/wk
Non-locomotor score

0.01

0.00

−0.25 to 0.27

Locomotor score

−0.01

0.00

−0.25 to 0.24

Non-locomotor score

0.74

0.01

−1.95 to 3.42

Locomotor score

2.88

0.04

0.37 to 5.39*

Non-locomotor score

0.00

0.00

−0.07 to 0.07

Locomotor score

0.00

−0.00

−0.07 to 0.07

Accelerometer-measured PA
Light PA, min/d

MVPA, min/d

Total PA (Light and MVPA), min/d
Non-locomotor score

0.64

0.00

−2.72 to 4.00

Locomotor score

3.98

0.04

−0.08 to 6.22

Abbreviations: CI, Confidence Interval; Model 1, Adjusted with gender; Model 2, Adjusted with gender and social status of the father at birth; MVPA, Moderate to
vigorous physical activity.
*p-value < .05; Separate models were run for non-locomotor and locomotor scores, B refers unstandardized regression coefficient, β refers standardized regression
coefficient.
†Adjusted also with birth weight; Model 3 –Adjusted with gender, social status of the father at birth, body mass index at 46 y, education level, strenuousness of work
and smoking at 46 y; Adjusted also with birth weight.

associations were no longer statistically significant in men;
however, the trend of estimates remained the same. Our
finding regarding the association between later achievement of locomotor development and lower accelerometer-
measured ST might be partially explained by the fact that
in our data later achievement of locomotor score was also
associated with lower education level at 46 years and there
were slightly more women with tertiary-level education
than men. Few studies have examined the association
between infant motor development and accelerometer-
measured ST, and most of these studies were conducted in
childhood. Aoyama et al.15 found an association between
later timing of independent walking and higher ST in childhood (n = 388); the ST data for that study were obtained
using a triaxial accelerometer worn for seven consecutive
days. Wijtzes et al.16 examined the association between
gross motor development and PA and ST in two-year-old

toddlers (n = 347), and they found an association in the
crude analysis between later motor development and higher
ST. However, this association failed to remain significant
after adjusting sex, age, number of siblings, and season.
The sample sizes in both these studies were relatively
small. It may be that motor development is a more relevant
predictor of ST in childhood than in midlife when considering that ST tends to increase with age.19 Nevertheless, PA
behavior is complex, and it is also choice-driven. Multiple
factors can enable or hinder individuals in their efforts to
make healthy choices.
Previous evidence suggests that earlier development is
associated with a higher level of education39 and adult intelligence.40 It is well-known that intellectually challenged or
white-collar jobs have high amounts of ST.41,42 Moreover, a recent study of young Finnish adults demonstrated that high education level was associated with high ST and lack of light PA.43
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T A B L E 4 Association between infant motor development (higher score indicating later development) and self-reported total sitting time and
accelerometer-measured sedentary time (ST) according to multivariable linear regression analyses among Northern Finland Birth Cohort 1966
study population at 46 years (n = 4098)
Model 1
Variable

B

Model 2
β

95% CI

Model 3

B

β

95% CI

B

β

95% CI

Adj. R2

−0.27

−0.06

0.43 to −0.12**

−0.17

−0.04

−13.38 to −0.50*

0.30

−4.93

−0.05

−8.24 to −1.63**,†

−3.49

−0.04

−6.98 to −0.00†,‡

0.18

Self-reported total sitting time, min/d
Non-locomotor
score

−0.04

−0.01

−0.20 to 0.13

Locomotor score

−0.30

−0.06

−16.86 to −4.53**

Accelerometer-measured ST (1–1.99 MET-min/d)
Non-locomotor
score

−1.79

−0.02

−5.24 to 1.67

Locomotor score

−4.70

−0.05

−7.91 to −1.49**

Note: Separate models were run for non-locomotor and locomotor scores, B refers unstandardized regression coefficient, β refers standardized regression coefficient.
Abbreviations: CI, Confidence Interval; MET, Metabolic equivalent of task; Model 1, Adjusted with sex; Model 2, Adjusted with sex and social status of the father at
birth; Model 3, Adjusted with sex, and social status of the father at birth, body mass index, education level and strenuousness of work at 46 years.
*p < .05.
**p < .01.
†Adjusted also with birth weight.
‡Adjusted also with smoking at 46 years.

Since prolonged ST is recognized as a risk factor for chronic
disease and mortality,4,6 individualized interventions are warranted to increase PA levels and to reduce the amount of ST. In
our study, women had less ST and less MVPA; however, they
spent more time engaged in light PA compared to men. These
findings are consistent with other studies that used the objective measures of PA among young adults43 and older adults.44
This study has some limitations. There may be unobserved confounding factors associated with both infant motor
development and adulthood ST or PA that were not included
in the analyses. Such factors could be psychological (motivation, beliefs, self-efficacy) and social environmental (parenting style, behavioral modeling) factors.45 Contradicting
findings may also arise from methodological differences in
data collection and sample size, use of different devices (e.g.,
different PA measurement technologies), and variation in adjustment for confounders.
Our study may have lacked power to detect stronger association because of relatively narrow variation in infant
motor development, and individuals who are more physically active may have participated in the study in adulthood.
Nevertheless, nurses and doctors at the Finnish child health
clinics assess the physical, mental, and social condition of
the children, and multi-professional support is provided for
the families if needed. At least nine visits to a child health
clinic are scheduled for the first year of a child's life in
Finland. It is possible that during these checkups, preventive interventions might have started in the case of lateness in children's milestones; unfortunately, data were not
available. A key factor in monitoring change in stages of
development is the time lapse between the observations.10

In our study, following the standard protocol in Finnish
healthcare, observations occurred in monthly intervals and
achievement times of the developmental milestones were
recorded in months. If the achievement times were collected in weeks, a more accurate information of the infant
motor development would have been available. However,
the standard procedure could not be changed for the study
purposes. Contrary, strength of this research is the study of
multiple milestones together since a delayed development
of a single milestone has limited clinical value.
The most evident strength of the study is large population
cohort and its prospective study design, which allowed us to
examine the associations concerning infant motor development and PA and ST over the course of 46 years. The use of
wrist-worn accelerometer over a 2-week period strengthens
the internal validity of this study. Although wrist-worn accelerometers may provide more relevant information about
PA, especially on ST and light intensity PA, than data based
on questionnaires, they may underestimate the intensity of
some activities such as bicycling and resistance training.
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PERSPECTIVE

In this population-based birth cohort study, later infant motor
development was associated with higher light PA and lower
ST. These relationships are influenced by other contextual
factors such as education level and physically strenuousness of work. Further research is needed to identify factors
directly or indirectly associated with PA, sedentary behavior,
or behavioral change toward a physically active lifestyle.

KARPPANEN et al.

ACKNOWLEDGMENTS
We thank the participants in the NFBC study and the NFBC
project center. The study has been financially supported by the
Ministry of Education and Culture in Finland [grant numbers
OKM/86/626/2014, OKM43/626/2015, OKM17/262/2016,
OKM47/626/2017]. The sponsors of the study did not have
any role in the study, data collection, analysis, and interpretation or writing of the manuscript.
CONFLICT OF INTEREST
There is no conflict of interest related to the study.
AUTHOR CONTRIBUTIONS
We state the following author contributions: AKK, JM, TH,
MN, and RK involved in literature search; RK, JM, and TH
contributed to study design; RK, JM, MN, and TT collected
the data; AKK, JM, TH, TT and RK analyzed the data; AKK,
JM, TH, TT, and RK involved in data interpretation; and
AKK, JM, TH, TT, MN, and RK involved in writing. All
authors have read and approved the final manuscript.
DATA AVAILABILIT Y STATEMENT
The data that support the findings of this study are available
from the Northern Finland Birth Cohort (NFBC) for researchers who meet the criteria to access confidential data. Please
contact the NFBC Project Center (NFBCprojectcenter@oulu.
fi) and visit the cohort Web site (Northern Finland Cohorts
http://www.oulu.fi/nfbc/) for more information.
ORCID
Anna-Kaisa Karppanen https://orcid.
org/0000-0001-9670-1247
Maisa Niemelä https://orcid.org/0000-0002-1008-3263
R E F E R E NC E S

1. Piercy KL, Troiano RP, Ballard RM, et al. The physical activity
guidelines for Americans. JAMA. 2018;320(19):2020-2028.
2. Stubbe JH, de Moor MH, Boomsma DI, de Geus EJ. The association between exercise participation and well-being: A co-twin
study. Prev Med. 2007;44(2):148-152.
3. Donnelly JE, Hillman CH, Castelli D, et al. Physical activity, fitness, cognitive function, and academic achievement in children: A
systematic review. Med Sci Sports Exerc. 2016;48(6):1197-1222.
4. Lear SA, Hu W, Rangarajan S, et al. The effect of physical activity
on mortality and cardiovascular disease in 130 000 people from
17 high-income, middle-income, and low-income countries: The
PURE study. The Lancet. 2017;390(10113):2643-2654.
5. Tremblay MS, Aubert S, Barnes JD, et al. Sedentary behavior research network (SBRN) -terminology consensus project process
and outcome. Int J Behav Nutr Phys. 2017;14(1):75.
6. Ekelund U, Steene-Johannessen J, Brown WJ, et al. Does physical activity attenuate, or even eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis
of data from more than 1 million men and women. Lancet.
2016;388:1302-1310.

  

|

1459

7. Loprinzi PD, Davis RE, Fu Y. Early motor skill competence as
a mediator of child and adult physical activity. Prev Med Rep.
2015;2:833-838.
8. Telama R, Yang X, Leskinen E, et al. Tracking of physical activity
from early childhood through youth into adulthood. Med Sci Sports
Exerc. 2014;46(5):955-962.
9. Clark JE, Metcalfe JM. The mountain of motor development: A
metaphor. Vol 2. 12th ed. Reston, VA: NASPE Publications:
Motor development: Research and reviews. 2002;163-190.
10. Multicentre Growth Reference Study Group, WHO, de Onis
M. WHO motor development study: Windows of achievement
for six gross motor development milestones. Acta Paediatr.
2006;95(Supplement 450):86-95.
11. Mattocks C, Ness A, Deere K, et al. Early life determinants
of physical activity in 11 to 12 year olds: Cohort study. BMJ.
2008;336(7634):26-29.
12. Ridgway CL, Ong KK, Tammelin TH, et al. Infant motor development predicts sports participation at age 14 years: Northern finland
birth cohort of 1966. PLoS One. 2009;4(8):e683-e6837.
13. Aaltonen S, Latvala A, Rose R, et al. Motor development and physical activity: A longitudinal discordant twin-pair study. Med Sci
Sports Exerc. 2015;47(10):2111-2118.
14. Elhakeem A, Hardy R, Bann D, et al. Motor performance in early
life and participation in leisure-time physical activity up to age 68
years. Paediatr Perinat Ep. 2018;32(4):327-334.
15. Aoyama T, Tanaka S, Tanaka M, et al. Association between age at
onset of independent walking and objectively measured sedentary
behavior is mediated by moderate-to-vigorous physical activity in
primary school children. PLoS One. 2018;13(9):e0204030.
16. Wijtzes A, Kooijman M, Kiefte-de JJ, et al. Correlates of physical
activity in 2-year-old toddlers: The generation R study. J Pediatr.
2013;163(3):79-799.e2.
17. Ridgway C, Ong K, Tammelin T, et al. Birth size, infant weight
gain, and motor development influence adult physical performance. Med Sci Sports Exerc. 2009;41(6):1212-1221.
18. Pillas D, Kaakinen M, Tzoulaki I, et al. Infant locomotive development and its association with adult blood pressure. Eur J Pediatr.
2014;173(10):1309-1317.
19. Diaz K, Howard V, Hutto B, et al. Patterns of sedentary behavior
in US middle-age and older adults: The REGARDS study. Med Sci
Sports Exerc. 2016;48(3):430-438.
20. Oglund GP, Stensrud T, Ekelund U. Early life determinants of
physical activity and sedentary time: Current knowledge and future research. Nor Epidemiol. 2014;24(1–2):177-186.
21. Rantakallio P. Groups at risk in low birth weight infants and perinatal mortality. Acta Paediatr Scand. 1969;193(Suppl 193):1+.
22. Tammelin T, Nayha S, Laitinen J, et al. Physical activity and social
status in adolescence as predictors of physical inactivity in adulthood. Prev Med. 2003;37(4):375-381.
23. Tammelin T, Näyhä S, Hills AP, Järvelin MR. Adolescent participation in sports and adult physical activity. Am J Prev Med.
2003;24(1):22-28.
24. Suija K, Timonen M, Suviola M, et al. The association between
physical fitness and depressive symptoms among young adults:
Results of the Northern Finland 1966 birth cohort study. BMC
Public Health. 2013;13:535.
25. Niemela M, Kangas M, Ahola R, et al. Dose-response relation
of self-reported and accelerometer-measured physical activity to
perceived health in middle age-the Northern Finland Birth Cohort
1966 Study. BMC Public Health. 2019;19:21.

1460

|

  

26. Tammelin T, Nayha S, Rintamaki H. Cardiorespiratory fitness of
males and females of northern Finland birth cohort of 1966 at age
31. Int J Sport Med. 2004;25(7):547-552.
27. Wennman H, Härkänen T, Hagstromer M, et al. Change and determinants of total and context specific sitting in adults: A 7-year
longitudinal study. J Sci Med Sport. 2020;23:596-602.
28. Marshall A, Miller Y, Burton N, et al. Measuring total and domain-
specific sitting: a study of reliability and validity. Med Sci Sports
Exerc. 2010;42:1094-1102.
29. Hautala A, Martinmaki K, Kiviniemi A, et al. Effects of habitual
physical activity on response to endurance training. J Sports Sci.
2012;30(6):563-569.
30. Kinnunen H, Hakkinen K, Schumann M, et al. Training-induced
changes in daily energy expenditure: Methodological evaluation
using wrist-worn accelerometer, heart rate monitor, and doubly labeled water technique. PLoS One. 2019;14(7):e0219563. https://
doi.org/10.1371/journal.pone.0219563.
31. Jauho AM, Pyky R, Ahola R, et al. Effect of wrist-worn activity
monitor feedback on physical activity behavior: A randomized controlled trial in Finnish young men. Prev Med Rep. 2015;2:628-634.
32. Leinonen A, Ahola R, Kulmala J, et al. Measuring physical activity in free-living conditions –Comparison of three accelerometry-
based methods. Front Physiol. 2016;7:681.
33. Husu P, Suni J, Vaha-Ypya H, et al. Objectively measured sedentary behavior and physical activity in a sample of Finnish adults: A
cross-sectional study. BMC Public Health. 2016;16:920-y.
34. Punakallio A, Lusa S, Ala-Mursula L, et al. Personal meaning of
work and perceived work ability among middle-aged workers with
physically strenuous work: A Northern Finland Birth Cohort 1966
Study. Int Arch Occup Environ Health. 2019;92(3):371-381.
35. Department of Mental Health and Substance Dependence
Noncommunicable Diseases and Mental Health Cluster World
Health Organization. International guide for monitoring alcohol
consumption and related harm. 2000:62-64.
36. Idler E, Benyamini Y. Self-
rated health and mortality: A review of twenty-seven community studies. J Health Soc Behav.
1997;38(1):21.
37. Rubin D, Schenker N. Multiple imputation in health-
care
databases: An overview and some applications. Stat Med.
1991;10(4):585-598.

KARPPANEN et al.

38. Ringnér M. What is principal component analysis? Nat Biotechnol.
2008;26:303-304. https://doi.org/10.1038/nbt0308-303.
39. Taanila A, Murray G, Jokelainen J, et al. Infant developmental milestones: A 31-
year follow-
up. Dev Med Child Neurol.
2015;47(9):581-586.
40. Murray G, Jones P, Kuh D, Richards M. Infant developmental
milestones and subsequent cognitive function. Annals Neurol.
2007;62(2):128-136.
41. Kirk M, Rhodes R. Occupation correlates of adults’ participation
in leisure-time physical activity: A systematic review. Am J Prev
Med. 2011;40(4):476-485.
42. Thorp A, Healy G, Winkler E, et al. Prolonged sedentary time and
physical activity in workplace and non-work contexts: A cross-
sectional study of office, customer service and call centre employees. Int J Behav Nutr Phys. 2012;9(1):128.
43. Kantomaa M, 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(7):e0158902.
44. Biddle G, Edwardson C, Rowlands A, et al. Differences in objectively measured physical activity and sedentary behaviour between white Europeans and south Asians recruited from primary
care: Cross-sectional analysis of the PROPELS trial. BMC Public
Health. 2019;19(1):95.
45. Bauman A, Reis R, Sallis J, et al. Physical activity 2: Correlates
of physical activity: Why are some people physically active and
others not? The Lancet. 2012;380(9838):258.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.
How to cite this article: Karppanen A-K, Hurtig T,
Miettunen J, Niemelä M, Tammelin T, Korpelainen R.
Infant motor development and physical activity and
sedentary time at midlife. Scand J Med Sci Sports.
2021;31:1450–1460. https://doi.org/10.1111/sms.13954

