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Abstract

Objective—To test the contribution of maternal depression during late infancy to physical activity
in children five years later.

Method—Children (n=168) from very low-income households in semi-urban Mexico were assessed
as toddlers (15 mo, Time 1) and at pre-school age (4-6 y, Time 2). Child low activity level (<20
minutes of activity daily for <7 d/wk) at Time 2 was the primary outcome measure and maternal
depressive symptoms (Center for Epidemiologic Studies — Depression Scale) by self report at Time
1 was the primary independent variable. Covariates tested included child age, sex, BMI percentile,
television viewing and behavior (Behavior Problem Index sub-scales), current maternal depressive
symptoms, age, BMI and physical activity level, and family socio-economic status; all covariates
were assessed at Time 2 except for socio-economic status.

Results—At 4-6 years old, 27.5% of children were categorized with low activity level. Exposure
to high maternal depressive symptoms at child age 15 months was associated with an increased risk
of having a low activity level at age 4-6 years (OR, 2.38; 95% CI, 1.05-5.40); results were unchanged
with the inclusion of current maternal depressive symptoms. High child TV-viewing was
significantly associated with low activity level (OR, 5.44; 95% Cl, 2.06-14.3), but did not change
the effect of maternal depressive symptoms in early childhood. Tests of mediation revealed that
current child internalizing behavior, but not externalizing behavior, significantly attenuated the
association between early high maternal depressive symptoms and later childhood activity level.

For correspondence and/or reprint requests: Lia Fernald, School of Public Health, University of California, Berkeley, USA, 50 Warren
Hall, MC 7360, Berkeley, California, 94720-7360, (510) 643-9113 (phone) / (510) 295-2795 (fax), fernald@berkeley.edu.

Competing interests: The authors do not declare any competing interests.

Author Contributions: All authors had full access to all the data in the study and take responsibility for the integrity of the data and the
accuracy of the data analysis.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Fernald et al. Page 2

Conclusion—Exposure to maternal depressive symptoms in late infancy is a risk factor for low
activity level in later childhood and the association may be mediated by child internalizing factors.

Keywords
poverty; nutrition transition; depression; physical activity

INTRODUCTION

Results from Mexico’s most recent nationally representative Health and Nutrition Survey
indicate that over 25% of Mexican children aged 5 to 11 are currently classified as overweight.
1 The prevalence of overweight among some sub-groups or in some regions is much higher;
for example, over 31% of adolescents were overweight in one recent report from Mexico City.
2 Overweight during childhood puts children at higher risk for numerous conditions, such as
early-onset type 11 diabetes mellitus.3 We have shown previously that the prevalence of
overweight and risk for overweight was equal to or greater than 20% in a large sample of low-
income, rural Mexican children 2—6 years old.# These findings are similar to what was reported
recently in the Mexico’s 2006 National Nutrition Survey.®

The prevalence of chronic diseases associated with obesity is already very high in Mexico, and
is increasing.> © Insufficient physical activity is a critical risk factor for obesity,’» 8 diabetes,
and cardiovascular disease.® Physical activity is important for child development because it
improves cardiovascular and musculoskeletal health, as well as increasing aerobic capacity,
muscular strength and endurance.19 Levels of physical activity have been shown to be far less
than recommended in Mexican adults® and adolescents,11: 12 as have levels of aerobic fitness
in school-aged children.13; 14

Increased television viewing®: 15 and a greater prevalence of internalizing behaviors!6: 17 are
both risk factors for low physical activity in children. These behaviors in children are also
associated with greater depressive symptomatology in their mothers. However, the association
between maternal depressive symptoms and child physical activity has not previously been
examined. A large proportion of women of child-bearing age in Mexico have a high scores on
scales of depressive symptoms 18: 19 Children of depressed mothers are at a higher risk for
psychopathology than children of non-depressed mothers, and this risk extends from infancy
through adolescence.29~22 Maternal depression has been linked with inadequate parenting
behavior23 and with increased television viewing in their children.24 No previous studies have
evaluated physical activity in children and how it is associated with high maternal depressive
symptoms.

To address this important research gap, the current analyses explore the associations between
maternal depressive symptoms at child’s age 15 months and physical activity in young children
4 10 6 yrs of age and whether this relationship is modified by concurrent depressive symptoms
in the mother. In addition, we examined other variables, including child BMI and behavior,
maternal BMI and physical activity, and patterns of child television viewing that could be
factors contributing to the associations between high maternal depressive symptoms and child
activity. We hypothesized that exposure to maternal depressive symptoms in early childhood
would be related to later physical activity in these very low-income children, and that child
behaviors may be part of the pathway mediating the association.
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All study participants were previously part of a randomized controlled micronutrient
supplementation trial with pregnant women and later with the children born to those women.
No differences in child birth size were seen between the control and intervention groups in the
original study, and detailed methods and results have been published elsewhere.2: 26 The
original sample consisted of 873 pregnant women who were identified by community
surveillance between 1998 and 2000, who were eligible and willing to participate and who
were randomly assigned to treatment.2®> The psychosocial measures, including maternal
depressive symptoms when the children were 15 months old (Time 1) were assessed as part of
a sub-study (n=242) designed to look at maternal caregiving practices and growth and
development outcomes.2” From April to August 2005 (Time 2), we attempted to relocate all
women from the original sample with the objective of monitoring weight change and chronic
disease risk factors over time.28-30 Additional funds were obtained for the assessment of
anthropometry, physical activity and potential predictors of these of a sample of 265 children.
To strengthen the design of this component, we attempted to recruit the 242 mother-child pairs
who had participated in the original maternal caregiving sub-study and then interviewed
additional women who comprised a convenience sample of those who had not yet been
interviewed when funds were received. For the analysis presented here we include only those
mother-child pairs for whom complete data were available for our analysis from Time 1 and
Time 2.

We were able to locate and interview 178 of the 242 (73.5%) of the sample of children for
whom data were available at Time 1. Of these, 163 (91.6%) had complete data for all covariates
of interest and were included in the current analysis. For the 15 mother-child pairs who were
missing information on covariates, 1 was missing maternal age, 2 were missing child body
mass index, 1 was missing hours the child watched television, 7 were missing internalizing
score, and 4 were missing externalizing score. There were no statistically significant
differences between the 163 mother-child pairs included in this analysis and the 15 who had
missing information on key measured variables such as low activity, maternal depressive
symptoms and family SES. Nor were the 163 children different from the n=87 children included
in Time 2 who had not been part of the original Time 1 sub-study for measured variables
including, maternal depressive symptoms at Time 2, SES, child weight status, and child TV
watching.

Main outcome measure: physical activity

Physical activity was assessed in children via interview at Time 2, and the assessment was
based on the International Physical Activity Questionnaire (IPAQ), which has been widely
used in adults,3%: 32 adolescents,33 and children.3% 35 The use of the IPAQ has been validated
in a 12-country study,3! as well as in individual studies in Latin America, including Brazil33:
36 and Mexico,3” and is considered to be a good approximation of the gold standard
measurement of physical activity.38

As part of the IPAQ, mothers were asked to report the activity level of their children by
reporting how many days in the past 7 days their child had completed vigorous, age-
appropriate, sweat-producing activities for 20 minutes; culturally appropriate examples were
provided in order to make it easier for mothers to respond accurately. Current recommendations
for physical activity level in children are 60 minutes each day of moderate to vigorous activity.
39 The use of this cut-off would have resulted in almost all children being classified as low
active and would not have provided sufficient variation in our analysis. Thus, we classified
<20 minutes, 7 days a week as definitively less than recommended and coded these children
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as being “low active”. Using this cut-off allowed us to identify the least active segment of our
population while providing sufficient sample size to permit exploration of association in the
model (approximately 1/3 of children were below this cut-point).

Main independent variable: maternal depressive symptoms

Maternal depressive symptoms were measured at two time points using the Spanish language
version of the Center for Epidemiological Studies Depression (CES-D) Scale, which is a 20-
question tool that has been validated in Spanish-speaking populations in Mexico*0 and in the
United States.*! The symptoms included in the CES-D are depressed mood, loss of interest
and/or pleasure in activities, fatigue, feelings of excessive guilt and/or worthlessness, sleep
and appetite disturbances, and social difficulties. The scale has shown some variation according
to ethnic and cultural differences in terms of the types of symptoms more commonly reported.
41,42 The CES-D is most often used as a self-report scale but was administered by an
interviewer in this study due to the low literacy levels of participants. Before using this
instrument, we went through an extensive process to translate and modify it order to adapt it
appropriately to the conditions of poverty in which the families were living. We started with
a version of the test that had already been translated an used in Spanish.*? Then, we did
cognitive testing with several groups of women from communities of similarly low socio-
economic status to ensure that the questions used in the CES-D were conveying the intended
meaning. Thereafter, we reworded the questions as necessary in order to make sure that the
language being used was as simple as possible. Then we did individual structured interviews
asking open-ended questions examining what each question was conveying so that the major
point of each question had not been altered by simplification of language. In an iterative
process, we field-tested and revised questionnaires to develop the final instrument. We have
used this scale in large studies in both urban and rural Mexico.18: 19, 22

The generally accepted cutoff for the CES-D used in the United States and many other countries
to represent that a respondent is “at risk” for clinical depression is 16 on the scale of 0 to 60,
with 0 representing no depressive symptoms.*3 Salgado de Snyder and colleagues recommend
a higher cutoff for rural Mexican women,*0 but this higher cutoff is not widely used due to
various limitations. Consistent with the standard convention, and in order to facilitate clinical
interpretation of our results, we dichotomized depressive symptoms at a score of 16. The CES-
D was administered at two time points: At Time 1 when the children were 15 months old and
again in the current survey when the children were 4-6 years old (Time 2). Chronbach’s alpha
for the CES-D in this population was 0.82 at Time 1 and 0.87 at Time 2. The correlation of the
CES-D scores from Time 1 and Time 2 was 0.30.

Additional variables

Anthropometry—Height and weight of the mothers and children were obtained at Time 2;
all anthropometric measurements were obtained by highly trained staff according to standard
procedures.** Mother and child weights were measured in light clothing without shoes to the
nearest 100g on a digital Tanita Mother-Baby scale (Tanita Mother-Baby scale, model 1582,
Tanita Corp., Arlington Heights, IL, USA). Height measurements were measured in a standard
position with a portable convertible stadiometer (Schorr Industries, Glen Burney, MD, USA)
and recorded to the nearest millimeter. Stunting was defined as having a Z-score for height-
for-age (HAZ) less than or equal to —2 S.D. below the median.*® Child’s date of birth was
validated using birth records.

Body mass index (BMI) was calculated for children and adults as weight in kilograms divided
by height in meters squared. In children, BMI was converted to age and sex specific z-scores
according to the 2000 CDC Growth Charts as a reference population.#6 Overweight was

defined as BMI for age percentile greater than or equal to the 85t percentile of the reference
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curve developed by the Centers for Disease Control and was used as a dichotomous variable
in the analyses.4” In adults, body mass index (BMI) was calculated as weight in kilograms
divided by the square of height in meters. Overweight in adults was defined as BMI greater
than 25.0 and was used as a dichotomous variable in the analyses.*® Values of BMI greater
than 60 and HAZ greater than 9.0 were excluded as implausible (<0.05% values were removed).

Child behavior and TV viewing—Child behaviors were assessed at Time 2 using a Spanish
translation and adaptation of the Behavior Problems Index (BPI) administered through personal
interview to the participating mothers who were asked to report on the behaviors of their
children.#® This tool has been used in many contexts and populations,39=52 and the
Chronbach’s alpha for the BPI in this population was 0.74. Ordinarily, the BPI is broken into
six categories: antisocial, anxious/depressed, headstrong, hyperactive, immature dependency,
and peer conflict/social withdrawal. However, for ease of analysis and interpretation, we
reduced the data to just two categories: internalizing and externalizing. We excluded from the
factor analysis BPI characteristics that were answered “I don’t know” by >5% of the sample
to maintain quality of the data; BPI questions falling into this category were about disobedience
at school, feeling scared, being a perfectionist, and acting overly guilty. We then used factor
analyses to generate factor scores for each child on externalizing (eg, “impulsive” or “demands
a lot of attention™) and internalizing (eg, “fearful” or “anxious™) behaviors (Table 1). For the
mediation analyses of externalizing and internalizing behaviors, the scores were divided by
tertile, to reflect low, medium and high expression of the behaviors, and to account for
potentially non-linear effects. We grouped the lower two tertiles together to create a
dichotomous variable and to enable a comparison of those with the highest scores to the other
two tertiles.

Because of the important associations between TV viewing and physical activity, mothers were
asked at Time 2 how much television their children watched.>3 This variable was split into a
dichotomous variable of high TV viewing (>10 hours per week) in comparison with lower
viewing, which is similar to cut-offs used in other studies.?4: 52

Maternal SES and physical activity—Mothers were interviewed by trained personnel at
Time 1 and Time 2. A detailed description of socio-economic status (SES), which included
details of education, housing conditions, ethnicity, family size, occupation and possession of
common assets (e.g. blender, television, refrigerator) was obtained at Time 1. A composite
measure of SES was determined from a principal component analysis of a large number of
assets that have been found to reflect SES in semi-rural populations.>* ° All participants in
this study were poor and the index provided a relative comparison of families within the sample
with no reference to the larger Mexican population. The index scores were used to classify the
population into SES tertiles, which were used as indicator variables in our models.

Mothers were also asked the number of days in which they had completed “moderate” activity
for 30 minutes or “vigorous” activity for 20 minutes during a typical week at Time 2. The
questions were described in detail using a variety of culturally appropriate examples.

Data analysis

We used logistic regression to examine whether high maternal depressive symptomology (e,
CES-D score >16) was associated with low child physical activity levels. We began with a
bivariate model for high maternal depressive symptoms at Time 1 and low child physical
activity. Next we modeled the bivariate association between depressive symptoms at Time 2
and low child physical activity. We then tested the effects of having high depressive symptoms
at both Time 1 and Time 2 in the same model. We evaluated potential confounders (child age,
sex, mother’s age, family SES, child television watching, child physical activity, maternal
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physical activity, child weight status and maternal weight status) by sequentially adding them
to the model.

Next, we used the “causal step” method proposed by Baron and Kenny to evaluate covariates
that we hypothesized a priori to be mediators in the relationship between high maternal
depressive symptoms and low child physical activity;® these included internalizing and
externalizing child behaviors. The causal steps method involves fitting four models to assess
mediation. In the first model, the effect of the independent variable (maternal depressive
symptoms at Time 1) on the dependent variable (low child physical activity) was assessed
(Model 1). Next, the effect of the independent variable (maternal depressive symptoms at Time
1) on the mediator (child behavior) was assessed (Model 2). Third, the path from the mediator
to the dependent variable was assessed. Fourth, the mediator was added in the presence of the
independent variable; if the independent variable no longer exhibited a significant effect on
the dependent variable, then the effect is considered to have been completely mediated. If there
is an effect, but it is attenuated, then there is partial mediation. For each of our potential
mediating variables, we evaluated these four models.

Ethical review

RESULTS

The protocol for the follow-up study was approved by the Ethics, Biosecurity and Research
Commissions of the National Institute of Public Health in Mexico and by the Center for the
Protection of Human Subjects at the University of California, Berkeley. The original protocol
was reviewed and approved by the INSP review commissions and by the Internal Review Board
of Emory University. An informed consent declaration was signed by all women willing to
participate at both Time 1 and Time 2; women were also asked to provide consent for their
children after receiving complete information about the study objectives, procedures, risks and
benefits. At time 2, women were also asked to provide consent that some of the information
from the original study could be used for the follow-up analysis.

A total of 163 (91.6%) children had complete data available from Time 1 and 2. The final
analysis sample of children was aged 5.0£0.4 years old. About half the sample was male, and
over 25% of the sample was overweight or at risk for overweight. Despite the low economic
status of the population, over 90% of the families reported having a television at Time 2.

Approximately 30% of the sample of children was classified as “low active” (Table 2). In
bivariate analyses, low activity was significantly associated with high maternal depressive
symptoms at Time 1, internalizing behaviors, and television viewing. Low activity was not
significantly associated with child gender, child age, child weight status, maternal depressive
symptoms at Time 2, maternal physical activity or weight status, or family SES status.

Maternal depressive symptoms and later child physical activity

Being exposed to high maternal depressive symptoms at Time 1 was significantly predictive
of lower child activity levels at Time 2 in a bivariate analysis (OR 2.26, 95% confidence interval
(1.14, 4.47)) (data not shown). After adjusting for child’s age and sex, mother’s age, family
SES, child television watching, child and mother’s weight status, and mother’s activity level
and current depressive symptoms, the association between early exposure to high maternal
depressive symptoms (Time 1) and low child physical activity remained significant (OR 2.38,
95% ClI: 1.05, 5.40) (Table 3). TV-viewing was significant in the model (OR 5.44, 95% ClI:
2.06, 14.3) but did not attenuate the contribution of high depressive symptoms at Time 1. None
of the other variables was significant.
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Potential mediators of association between high maternal depressive symptoms and child

activity

We evaluated current child behavior — both externalizing (e.g. attention problems, aggressive
behavior and rule-breaking) and internalizing behaviors (e.g. anxiety, depression, withdrawal)
— as potential mediators of the relationship between early childhood high maternal depressive
symptoms and later low levels of child physical activity.

Child internalizing behaviors satisfied all the criteria for partial mediation. High maternal
depressive symptoms were significantly associated with higher odds of child internalizing
behaviors (OR: 2.38, 95% CI: 1.20 — 4.75), and when child internalizing behaviors were
included in the model of the association between high maternal depressive symptoms and low
child physical activity levels, the effect of early high depressive symptoms was partially
attenuated (OR: 1.97, 95% CI: 0.97 — 3.98), meaning the p-value was reduced to no longer
significant and the estimate of effect was diminished. Additionally, child internalizing
remained significantly associated with low child activity levels (OR: 2.22, 95% CI: 1.08 —
4.56).

In contrast, child externalizing behaviors were not significantly associated with high maternal
depressive symptoms at Time 1, and were not significant in the logistic regression on child
physical activity in the presence of high maternal depressive symptoms. Thus, externalizing
behaviors did not appear to play a mediating role in the association of early depressive
symptoms and low physical activity in later childhood.

DISCUSSION

The results of this study of low-SES families in semi-urban Mexico indicate that exposure to
high maternal depressive symptoms at the age of 15 months is a risk factor for low physical
activity in later childhood, irrespective of concurrent maternal depressive symptoms. Current
child TV viewing was significantly associated with an increased risk of low activity in children,
but did not alter the significant and independent contribution of early high maternal depressive
symptoms. Child age and sex, maternal physical activity and household socio-economic status
did not contribute significantly to low activity in young children.

While there is an extensive literature in high-income countries on the adverse impact of
maternal depression on children’s social and psychological development,?1: 57 this study is the
first to our knowledge to demonstrate an association between worse maternal mental health
and children’s lowered physical activity, a key risk factor for obesity and chronic disease. Our
finding that early maternal depressive symptoms uniquely predicted children’s behavioral
problems and activity levels at age 5 — over and above the contribution of concurrent maternal
depressive symptoms — is consistent with prior research showing later decrements in
functioning for children exposed to maternal depression early in their development.23: 58, 59
These results are inconsistent, however, with literature demonstrating that exposure to maternal
depression in later childhood and adolescence continues to be linked concurrently with higher
levels of behavioral problems and lower levels of self-esteem and social competence.?!

The relative influence of maternal depression at earlier versus later stages of child development
has been the focus of much recent research, with mixed evidence for the view that there is
heightened sensitivity to maternal psychopathology for infants and very young children. A
more chronic and severe course of maternal depression throughout the child’s development
has been associated with worse behavioral problems in several studies,59 although this
relationship appears to be stronger for externalizing rather than internalizing symptoms.62 In
the present study, maternal depressive symptoms were assessed at two time points and while
this design provides a major advantage over a cross-sectional study, the frequency of
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assessments was not sufficient to adequately describe the dynamic course of maternal
depression over time. It is also important to note that we did not seek to conduct formal
diagnoses of major depression from the depressive symptoms assessed in our sample of
mothers; thus, our findings provide evidence for the relevance of depressive symptoms for
child inactivity, but do not constitute an investigation of the role of major depression. Future
research that assesses maternal mental health and depression over multiple time points would
be useful in mapping the course of the disorder and would further enable the use of statistical
techniques such as growth mixture modeling that permit more definitive conclusions regarding
the timing of maternal mental health on child activity levels.

To understand potential pathways explaining the association between maternal depressive
symptoms and children’s low physical activity, we examined whether children’s current
internalizing and externalizing problems served as mediators of this relationship. Current child
internalizing behavior was a statistically significant mediator that partially attenuated the
relationship between high maternal depressive symptoms in early childhood and later risk for
low physical activity and current externalizing behavior was not. Prior research has shown that
toddlers of depressed mothers show reduced social competence, react more negatively to
stressful events and appear to have a delay in the acquisition of effective self-regulation
strategies when compared with toddlers of non-depressed mothers.20

Our findings suggest several possible routes by which maternal depressive symptoms may
influence children’s psychosocial development and, in turn, children’s levels of physical
activity. We consider the finding regarding internalizing symptoms first: It is likely that
children who are more anxious or depressed may be less motivated to engage in active play,
particularly if it would require social interactions with other children.62 An alternative
explanatory mechanism is that mothers who are more depressed facilitate fewer opportunities
for active play for their children, perhaps because they themselves are more socially withdrawn,
or because they harbor more anxieties about permitting their children to explore their
environment and interact with other children.23 Because the present study assessed
internalizing symptoms and physical activity levels at one time point only (Time 2), it is not
possible to determine the directionality of the association between children’s internalizing
symptoms and physical activity levels; future research that assesses both dimensions at several
time points throughout childhood would address this limitation.

Children’s externalizing problems did not mediate the relationship between maternal
depressive symptoms and children’s activity level, and this finding suggests several possible
interpretations. First, the externalizing spectrum of problems is characterized by hyperactive
and aggressive patterns of behavior.63 Thus, unlike children experiencing the internalizing
spectrum of anxious/depressive symptoms, children with higher externalizing problems would
actually be expected to be more physically active if the types of play activities were more
individualized and did not demand cooperation and positive relationships with other children.
If, on the other hand, play opportunities required peer cooperation and acceptance (e.g. soccer,
other ball sports, tag), externalizing problems would likely get in the way of children’s
sustained participation. The present study did not gather data about the specific kinds of active
play engaged in by children from this small town in Mexico, and how they are facilitated by
the efforts of adult caregivers and the quality of peer relationships. Future research that
addresses this limitation could help refine these mediating analyses and clarify the social
processes that link maternal depressive symptoms, children’s internalizing and externalizing
problems, and children’s physical activity levels.

We did not find any differences in physical activity by SES, in contrast to other studies from
Mexico and Latin America, which have found greater physical activity in higher-income
populations.8: 10 However, this discrepancy is likely to be due to the fact that the population
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from which we sampled was fairly homogenous. Our indictor of socio-economic status
provides a relative comparison of the participants in this study without any objective measure
of economic wellbeing or comparison to the larger Mexican population. The community where
this study took place is poor (as characterized by the lack of infrastructure and the high
percentage of persons living in homes with dirt floors, without formal education above a
primary level, among other factors). There are no parks or formal safe and clean spaces for
physical activity (either free or paid) in the community. A number of such factors including
access to recreational space, neighborhood design, weather, or safety have been shown to be
predictors of physical activity % 65 and future studies should include a more formal
documentation of these variables. However, given that all study participants came from the
same very low-income, semi-urban region of Mexico, it is likely that the environmental
conditions for all children were homogenous.

Stunting, defined as growth retardation secondary to undernutrition, is highly prevalent in many
regions of Mexico, and 19.6% of children in this sample were stunted at the follow-up visit.
Although we were not testing any main hypotheses relating to stunting, we did want to rule
out the possibility that stunting was a critical factor mediating the association between early
childhood high maternal depressive symptoms and later physical activity. However, we found
no evidence that stunting was related either to high maternal depressive symptoms or to
physical activity.

There are some limitations to this study. First, we do not have data about other factors that may
be associated with childhood physical activity in this population, such as parenting style, which
has been shown to be directly associated with maternal depression.23 Future studies should use
include detailed assessments additional maternal factors, such as sensitivity and
responsiveness, frequency of hostile or coercive behavior, engagement with the child, and
frequency of positive social interactions. A second major limitation is that we used a measure
of depressive symptoms that was not developed in Mexico, and thus may be culturally biased.
A wide anthropological literature demonstrates the importance of interpreting depressive
symptoms within a cultural context because cultural factors influence which symptoms are
experienced within the condition of “depression,” what words or expressions are used to
describe those symptoms, and what decisions are made about how to move forward with
treatment.56 However, we went through an extensive process to translate and modify the CES-
D in order to adapt it appropriately to the conditions of poverty in which the families were
living. Also, we adjusted the language to ensure that women of a low literacy level could
comprehend the questions, but we were not able to psychometrically validate the instrument.
Third, we were limited in the sensitivity of some of our measures due to time constraints in the
questionnaire. We used a very crude assessment of television viewing, for example, which can
be measured much more sensitively.1® In addition, the IPAQ has not been used widely in this
population; future research should use a more sensitive measure for physical activity. Fourth,
many measures, including child activity, child behaviors and maternal depressive symptoms
were based on maternal self-report, which may have been biased. Fifth, some research suggests
that excessive levels of outdoor air pollution are an important factor contributing to reduced
physical activity in Mexican school-aged children,%” and we did not measure this variable.
However, this issue is mostly relevant for those living in Mexico City and other large urban
centers in Mexico, and not in the semi-urban regions where this study took place. Finally, due
to the fact that child internalizing symptoms and child activity were both assessed at Time 2,
we are not able to disentangle temporality in order to determine causality. In contrast, the
advantage of using the maternal depressive symptoms measures is that we had assessments
from both Time 1 and Time 2.

Inadequate physical activity has become a critical public health issue in Latin America and
around the world because it is a risk factor for obesity, cardiovascular diseases, diabetes and
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cancer, and its prevalence is increasing.1? The study reported here has shown an association
between high maternal depressive symptoms during early childhood and low physical activity
in children five years later in a low-income semi-urban population in Mexico. Several
community-based intervention campaigns to promote physical activity have been successfully
initiated in Latin America, including Agita, in Brazil and Muévete Bogata in Colombia.58 Our
findings suggest that another approach to increasing physical activity in children may be by
addressing mental health issues in mothers while their children are very young.
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Externalizing Characteristics

Factor Loadings

Argues

Vain

Cruel

Seeks attention
Destroys own things
Destroys others' things
Disobedient

Jealous

Annoying

Fights

Makes Problems
Lies

Internalizing Characteristics
Lonely

Cries easily

Guilty

Loves

Worthless

Prefers to be alone
Nervous

Sick

Tires easily

Factor Loadings

0.52
0.30
0.49
0.34
0.44
0.44
0.47
0.33
0.40
0.64
0.30
0.42

0.31
0.24
0.15
0.55
0.36
0.30
0.32
0.09
0.20
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Table 2
Characteristics of Children and their Mothers by Child’s Physical Activity Level at Age 4-6 Years (n=163)

Low activity High activity
<20 min PA >20 min PA
for <7 d/iwk for 7 diwk
Characteristic (n=49) (n=114)
Mothers
CES-D (SD) at Time 1 (child age 15 m) 16.1 (7.6) 13.7(8.3),
High depressive symptoms (CES-D>16), % 26 (53.1%) 38 (33.3%)
CES-D (SD) at Time 2 (child age 4-6) 14.4 (8.5) 14.9(10.6)
High depressive symptoms (CES-D>16), % 18 (36.7%) 37 (32.4%)
BMI (SD) 28.0(5.2) 27.7 (4.5)
Underweight (BMI1<18), % 2 (2.0%) 1(0.9%)
Normal weight (18<BMI1<25), % 9 (18.4%) 35 (30.7%)
Overweight (25<BMI<30), % 23 (47.0%) 42 (36.8%)
Obese (30<BMI), % 15 (35.7%) 36 (31.6%)
Schooling completed (SD), y 6.4 (3.3) 7.0(3.5)
Age (SD), y 29.7 (6.0) 28.4(5.3)
Moderate or vigorous activity each week (SD), hrs 5.6 (1.2) 6.0 (1.8)
Family SES
Lowest tertile SES, % 18 (36.7%) 33 (28.9%)
Middle tertile SES, % 9 (18.4%) 36 (31.6%)
Highest tertile SES, % 22 (44.9%) 45 (39.5%)
Children
Sex, %
Male 26 (53.1%) 62 (54.3%)
Female 23 (46.9%) 52 (43.6%)
Age (SD), y 5.1 (0.6) 4.9(0.5)
BMI (SD) at age 4-6 years 15.5(1.2) 15.7 (1.2)
BMI z-score (SD) at age 4-6 years —-0.03 (1.0) 0.2 (0.9)
Underweight (BMI percentile <5th), % 1(2.0%) 3 (2.6%)
Normal weight (BMI percentile 5th-85), % 39 (79.6%) 82 (71.9%)
At risk for overweight (BMI percentile >85 & <95), % 8 (16.3%) 26 (22.8%)
Overweight (BMI percentile >=95th), % 1(2.0%) 3 (2.6%)
BPI score
Externalizing factor score (SD)® 0.17 (1.0) -0.05(0.8)
Internalizing factor score (SD)® 0.18 (0.8) -0.13(0.71)
TV-viewing time (SD), h/wk 7.7 (4.5) 5.9 (2.6)
>10 hours per week, % 15 (30.6%) 11 (9_5%)*

Abbreviations: PA, physical activity; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CES-D, Center for
Epidemiologic Studies Depression Scale; SES, socio-economic status; BPI, Behavior Problems Index.

*
p-value<0.05 for comparison of low activity group to high activity group. For continuous variables, difference in means was tested with Students T-test;
for categorical variables Pearson’s chi-square was used to test for statistical significance of proportions.

a . . . . . . .
Factor analyses were used to generate scores with a standardized mean of 0 for each child on externalizing (e.g. acting out) and internalizing (e.g.
withdrawal) behaviors
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Adjusted Odds Ratios for Low Child Physical Activity at Age 4-6 Years (n=163)

|Adjusted Odds Ratiol

High maternal CES-D, Time 1!

=
2.38 (1.05-—5.40)

High maternal CES-D, Time 2

0.89 (0.38 — 2.07)

Child age (months)

1.05(0.99-1.11)

Child sex (1=male)

0.83(0.63 -1.77)

Mother's age, v

1.04(0.97-1.11)

Family SES. middle tertile?

0.48 (0.17— 1.34)

Family SES. highest tertile

1.15(0.47 - 2.85)

Mother's physical activity (h/wk)

0.84 (0.65 —1.08)

Child TV-viewing (>10 hiwk)

*%
544 (2.06-14.3)

Child BMI > 85" percentile for age and sex|

0.63 (0.24 — 1.64)

Mother overweight (BMI > 25)

1.99 (0.79 — 4.96)

95% confidence intervals in parentheses

*
p<0.05

*

Table 3

=3
p<0.01, BMI: Body mass index; CES-D: Center for Epidemiologic Studies — Depression Scale

1Time 1 when child was 15 months old; Time 2 when child was 4-6 years old.

2 . .
Lowest tertile used as comparison group
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