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ABSTRACT
Introduction: Obesity is a public health threat because of the increasing prevalence in childhood and its causal relationship to the
leading cause of death in America, heart disease. Detecting early signs of cardiovascular disease (CVD) risk factors in children and
appropriately intervening to reverse the unhealthy trajectory associated with childhood obesity is of great importance. The objective
of this study is to observe parental perception of their child’s body mass index (BMI) and find associations between inaccurately
estimated children and CVD risk factors.
Methods: This study analyzed the association between 147 rural fifth grade students’ lipid profiles and parents’ self-reported
survey who participated in the 2008–2011 Coronary Artery Risk Detection in Appalachian Communities study.
Results: After controlling for covariates, underestimated children were more likely to have higher log-transformed triglyceride
and systolic blood pressure values and overestimated children were more likely to have lower systolic blood pressure.
Conclusions: Underestimating a child’s BMI is associated with coronary risk-related factors, while overestimating a child’s BMI is
associate with a protective CVD marker. A follow-up study examining the development of CVD risk factors in children of parents
who inaccurately estimate their BMI would help clarify this relationship. Knowledge of how parental perceptions directly influence
higher lipid levels in children could have an impact on public health efforts in the fight against childhood obesity in rural
environments.
Key words: BMI, cardiovascular disease, childhood obesity, family-centered intervention, parental misperceptions.
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Introduction
The obesity pandemic is a global public health threat that requires
urgent action to reverse its alarming increase in prevalence.
According to current data from the Centers for Disease Control
and Prevention1, obesity rates have approximately tripled in the
past two decades, with over one-third of American adults and
17% (12.5 million) of children and adolescents classified as obese.
Furthermore, an additional 8.6 million children in the USA are
hypothesized to be at risk of becoming overweight2. Obese
children have a higher probability of becoming obese adults, and
have an increased risk for negative, short-term and long-term
obesity-related health outcomes3-8. For example, a longitudinal
study of 2392 children (aged 13 ± 2 years) observed that 70% of
overweight children had at least one and 39% had two or more
risk factors for cardiovascular disease (CVD)6.
Children raised in rural communities are at a higher risk of being
overweight and/or obese than children in urban settings. It is
estimated that rural children have 30–55% greater risk of
becoming obese than their urban counterparts9,10. This trend holds
true even after adjusting for ‘obesogenic’ environmental factors
that are common in rural settings10,11. Increased risk is due, in part,
to rural parents’ unique set of barriers to sustaining healthy
lifestyles for their children12. Citizens living in rural settings are
also at an increased risk of developing CVD compared to
individuals residing in non-rural areas13-15. This can be explained by
a higher prevalence of CVD risk behaviors (eg cigarette smoking,
obesity, physical inactivity, high lipid diet), which are prevalent in
rural communities. Challenges presented in rural settings include
the lack of availability of fresh fruits and vegetables and accessibility
to exercise facilities and hospitals/clinics9. Another barrier to
maintaining child healthy environments for rural families is lower
family income, which is often due to seasonal incomes and is
commonly associated with lack of family health insurance9,12.
Literature has documented that parents often misperceive
their children’s risk. When this happens, parental
misperceptions can create additional barriers to care. Skinner
et al discovered that type 2 diabetic adolescences experienced

unhealthy diet behaviors and greater perceived barriers with
regard to weight loss efforts when having parents who
underestimated their weight16. According to Vanhala et al’s
2011 Finland study, parents’ recognition of their child being
overweight was inversely related to the child’s health eating
habits and physical activity17. In overweight or obese adults
the association between weight loss efforts was inversely
related to misperception of their body mass index (BMI)18.
Therefore, adults who correctly recognize their BMI are
more apt to welcome a healthy behavior change. However, it
is not known how parents' interpretation of their child’s
fasting lipid profiles and their perception of their child’s body
composition are associated with CVD risk factors, and in turn
can foster a successful intervention.
To better understand parents’ perceptions of their child’s weight
and related health effects, the current study tests the hypothesis
that parents who misclassified their child, by over- or
underestimating their child’s BMI category, have children with
higher lipid levels compared to their correctly classified peers. To
approach this question, researchers analyzed retrospective cohort
data from the Coronary Artery Risk Detection in Appalachian
Communities (CARDIAC) Project to determine the direct
association between parents’ perception and presence of their
children’s CVD risk factors. To the authors’ knowledge, this is the
first study to connect parents’ perceptions of their children’s
weight status to actual lipid values that represent children’s
coronary risk-related factors.

Methods
Participants
The current study incorporated a 4-year subsample of the fifth
grade CARDIAC screening data (2008–2011). CARDIAC is a
statewide child CVD screening project, which was initiated in
1998 as a means of reversing the high rates of CVD in rural
Appalachia. Data were collected from the state of West Virginia
(central eastern USA), which is the only state entirely covered by
the Appalachian region. Comprehensive in design, CARDIAC has
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two components: a school-based surveillance and intervention
initiative, and a targeted individualized approach toward
identification and referral of treatment to those individuals with
the most severe genetic cause of death from premature CVD,
familial hypercholesterolemia19. Another mission of CARDIAC
involves supporting the clinical and community-based research.
This research is established on CARDIAC screening outcomes and
related research programs that improve the current understanding
for the causes and impact of obesity, metabolic disease, and
associated risk factors among children and adolescents.
A total of 161 families participated in both the fifth grade
screening and Active 8 follow-up survey between 2008 and
2011. This study excluded children of parents who reported
any medical conditions or disabilities that limited their child’s
physical activity, resulting in 147 participants, between the
ages of 9 and 13 years.
Demographics: Basic family demographic information
included parents’ report of their children’s gender, race,
BMI, and annual household income. Annual household
income was stratified into three categories utilized by CDC20:
low socioeconomic status (SES) (<US$25,000), medium SES
(US$25,000–$49,999), and high SES (≥US$50,000).
Family history and environmental risks: Child’s
smoke exposure was assessed by parental report of smoking
occurrence in the home (‘present’ if a parent or sibling
smokes, and ‘absent’ if it is unknown or there is not smoking
in the household). Family history of diabetes and high
cholesterol was collected from the parents by asking whether
the child’s biological mother or father ever had diabetes or
high cholesterol. The children’s diet was evaluated according
to the current CDC guidelines: sufficient (versus insufficient)
nutritious diet if they consumed at least five servings of fruit
and vegetables daily21.
Parental concern: Parental concern was measured by the
question ‘Please indicate how concerned you are about your
child’s weight?’ and responses were dichotomized into ‘present’
(very or little concerned) versus ‘absent’ (non-concerned).

Child’s actual body composition: Child’s BMI status was
calculated for each participant using recorded weight and height
values (kg/m2) from the CARDIAC Project school screenings
using CDC Epi Info NutStat v9.1 software (CDC;
http://wwwn.cdc.gov/epiinfo/html/prevVersion.htm). This
software was also used to calculate age- and-sex specific BMI
percentiles derived from the CDC 2000 growth charts that were
classified as follows: underweight: BMI<5th; normal: 5≤BMI<85,
overweight: 85≤BMI<95; obese: BMI≥9522.
Parent perceptions of child’s body composition: Parent
perceptions of their child’s BMI were analyzed by comparing
responses to the question ‘How would you describe your child’s
weight?’ to the child’s actual BMI. Parents’ perceptions were
reported on a five-point Likert scale, with response options ‘very
underweight’, ‘slightly underweight’, ‘normal’, ‘slightly
overweight’ and ‘very overweight’. Parents’ responses ‘very
underweight’ and ‘slightly underweight’ were combined to equate
against children’s underweight BMI.
For the purpose of this study, weight status was dichotomized
into ‘under and normal weight’ versus ‘overweight and
obese’. Parents who labeled their child’s weight status higher
than the actual were categorized as overestimating; this group
was compared against ‘others’ (ie children of parents who
accurately or underestimated their child’s BMI). Likewise,
parents who labeled their child’s weight status lower than
actual were categorized as underestimating.
CVD risk factors: Child’s CVD risk factors utilized in this
study included high-density lipoprotein (HDL-C), lowdensity lipoprotein (LDL-C), triglycerides (TRIG), and
systolic blood pressure (SBP).

Procedures
Detailed procedures for the CARDIAC Project have been
presented elsewhere23,24.
All screenings were conducted by trained health professionals and
health science students in order to administer the blood pressure
and anthropometrical testing with compliance to CARDIAC

© ME Stabler, L Cottrell, C Lilly, 2014. A licence to publish this material has been given to James Cook University, http://www.rrh.org.au
3

screening methodologies. The SECA Road Rod stadiometer
(78’/200 cm) and SECA 840 Personal Digital Scale instruments
were used to measure the participants’ heights without shoes (cm)
and weight (kg) respectively25. Participants were asked to rest for
5 minutes before giving a blood pressure reading, which used the
fifth Korotkoff sound for the diastolic pressure measurement.
Volunteer phlebotomists and local Lab Corp laboratories followed
standard procedure to conduct blood draws and analysis for lipids.
Lipid analyses conducted included total cholesterol (TC), HDL-C,
LDL-C, very low density lipoprotein (VLDL-C), and TRIG.
Participating families received a health report, with a fasting
lipid profile, that included information outlining the
importance of each test, results, interpretation of their
results, and instructions on how to follow up with medical
referrals if necessary. Parents were also offered access to a
free healthcare hotline to obtain answers if they had
additional questions regarding their results.
In eight counties, parents were given the opportunity to
participate in a follow-up questionnaire following their receipt of
the screening results. For this study, only parent-reported
questionnaire results were used, and only one parent from each
family reported on the outcomes. These surveys were matched to
the child screening results for analysis.

Statistical analyses
All statistical analyses are performed using the Statistical Package
for the Social Sciences v18.0 (SPSS Inc.; http://www.spss.com).
Normality of continuous variables and potential outliers were
detected and addressed as follows: variables not conforming to
normality assumptions had the appropriate statistical
transformations conducted, extreme outliers found to be
impossible values were omitted, and missing data was treated with
pairwise deletion. To determine the demographic characteristics
of the participants, means and standard deviations of continuous
variables, and frequencies using valid responses of categorical
variables, were calculated. Consistent with state demographics,
over 96% of the participants reported being Caucasian; therefore
child’s race was not further included in the analyses. TC and
VLDL-C were also not included in the analyses because their

values were computed by manipulating other variables of interest,
and their exclusion allowed researchers to resolve
multicollinearity issues26-28.
Two multivariable logistic regression models were used to test the
hypothesis that groups (‘overestimators versus other’ and
‘underestimators versus other’) differ, with respect to CVD risk
factors, while controlling for significant independent variables. To
determine the associations between independent variables and
parental estimates of their child’s weight status, cross-tabulations
were conducted using χ² tests for the categorical variables
(covariates) and t-tests for the continuous variables (CVD risk
factors). Significant covariates adjusted for in the ‘underestimated
children’ multivariable model included parental concern and living
in a smoking environment. The ‘overestimated children’ model
controlled for parental concern and family history of diabetes. All
of the key independent variables (ie CVD risk factors) were
included in the models.
Covariates were entered first, and then children’s fasting lipid
profile values were entered last into the model to explain parental
estimates. Omnibus testing was assessed looking at the model fit;
p<0.05 was considered significant. The Hosmer and Lemeshow
test was also examined for goodness of fit; p>0.05 was considered
good fit. Nagelkereke R2 was examined for a pseudo R2 assessment
of effect. After model fit was assessed and deemed appropriate,
individual predictors were examined. Wald statistic was
considered significant if p<0.05, and all tests were two-sided.

Ethics approval
Ethics approval was not required for the current study
because all identifiers were removed from the dataset prior to
initiation of research. Therefore, the researchers could not
identify study participants.

Results
Descriptive statistics
Demographic characteristics of the sample are depicted in Table 1.
The sample included 147 fifth grade public school children and
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parents (97.6% female parents; mean age 39.3 ± 6.45 years).
More than half (64.2%) of children had underweight or normal
BMI levels (2.8% were underweight), followed by 14.5%
overweight, and 21% obese. Less than half of the parents
accurately accessed their child’s BMI (41.4%), while nearly 21%
and 38% underestimated and overestimated their child’s BMI,
respectively.
Children in the sample exhibited other factors that put them
at an increased risk for obesity and obesity-related health
outcomes. Participants predominantly did not meet the
CDC’s recommended nutritional guidelines, more than half
reported a family history of diabetes, and more than a third
reported having a family history of high cholesterol. HDL-C
was strongly correlated with TRIG (r = –0.52), which
provided a less powerful model when compared to TRIG,
thus it was not included as a predictor due to collinearity.

Multivariable logistic regression
Table 2 shows the adjusted associations between child CVD
risk factors with parental estimates of their child’s weight
status. In the final block of the underestimated group, the
model χ² was significant (5) = 30.19, p<0.001. Hosmer and
Lemeshow χ² (8) was not significant (p=0.551) and the
Nagelkerke R2 was 0.421.
Children of parents who underestimated their BMI were over
three times more likely to have parents who reported very or
little concern about their child’s weight (odds ratio
(OR): 4.3; 95% confidence interval (CI): 1.08, 17.16).
These children were nearly seven times more likely to live in
a smoking environment (OR: 7.97; 95% CI: 1.86, 34.07).
Parental underestimation was positively associated with a
child’s TRIG (OR: 6.35; 95% CI: 1.30, 31.05).
In the final block of the overestimated group, the model χ²
was significant (5) = 25.885, p<0.001. Hosmer and
Lemeshow χ² (8) was not significant (p=0.547) and the
Nagelkerke R2 was 0.298.

Children of parents who overestimated their BMI were
67.4% less likely to have parents who were concerned about
their child’s weight (OR: 0.33; 95% CI: 0.11, 0.93). These
children were nearly four times more likely to have a family
history of diabetes (OR: 4.9; 95% CI: 1.87, 12.98). Parental
overestimation was inversely associated with child SBP.
These children had lower SBP (OR: 0.95; 95% CI:
0.91, 0.99) compared to those children whose parents
accurately or underestimated their BMI.

Discussion
The results of this study confirm that even after parents reviewed
their child's health profiles, the majority of parents inaccurately
assessed their offspring’s weight status. The key findings suggest
that children of parents who underestimated their BMI had higher
SBP and TRIG values than children of parents who accurately or
overestimated their weight status. Lipid levels are indicators in
which the National Cholesterol Education Program (NCEP)
observes to detect CVD risk factors in children29. Therefore,
parents’ underestimation of their child’s BMI is associated with
health consequences for the child.
Existing literature supports the common occurrence of
parents’ inaccurate assessment of their child’s weight. These
inaccuracies most commonly occur with parents
underestimating their BMI, for example saying that their
overweight or obese child has a normal BMI30. In the current
study parents observed their child’s fasting lipid profiles prior
to estimation; therefore, researchers hypothesized that most
parents would accurately perceive their child’s BMI and the
majority who were inaccurate would have underestimated.
The findings were inconsistent with the hypothesis; instead,
most inaccurate parents overestimated their child’s weight
status. This result could be explained by the recency effect,
which states one’s actions, attitudes, and beliefs reflect recent
experiences31. Parents reviewed their child’s health profiles
prior to estimating offspring’s BMI, and therefore participants
could have been hypervigilant to possible health issues
resulting from participation in the CARDIAC Project.
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Table 1: Demographic, descriptive and cardiovascular characteristics of participants (n=147)
Characteristic
Female gender
Income
Low (<US$25,000)
Med (US$25,000–$49,999)
High (>US$49,999)
Smoke present
Nutrition sufficient
Parental concern present
Family history of high cholesterol
Family history of diabetes
Cardiovascular measure
LDL-C (mg/dL)
SBP (mmHg)
TRIG (mg/dL)
HDL-C (mg/dL)

n (% of sample)
87 (59.2)
29 (25.4)
23 (20.2)
62 (54.4)
22 (19.0)
31 (25.6)
43 (35.2)
41 (37.6)
65 (56.5)
Mean
88.75
107.30
76.08
52.64

SD
22.97
10.12
38.60
12.58

HDL-C, high-density lipoprotein. LDL-C, low-density lipoprotein. SBP, systolic blood pressure. SD, standard deviation. TRIG,
triglycerides.

Table 2: Association between child lipid profiles and parent estimates of child’s body mass index (n=103)

Underestimate versus other†
LDL-C
SBP
Log TRIG
Overestimate versus other¶
LDL-C
SBP
Log TRIG

Beta

Standard
error

Odds
ratio

95% confidence
interval

Wald
statistic

–0.005
0.073
1.848

0.014
0.380
0.810

1.00
1.08
6.35

(0.97, 1.02)
(1.00, 1.16)
(1.30, 31.05)

0.155
3.806*
5.21*

–0.014
–0.049
–0.203

0.010
0.025
0.513

0.99
0.95
0.82

(0.97, 1.01)
(0.95, 0.99)
(0.30, 2.23)

1.889
4.008*
0.156

* p<0.05
†
Adjusted for parental concern of child’s weight and living in a smoking environment.
¶
Adjusted for parental concern of child’s weight and family history of diabetes.
HDL-C, high-density lipoprotein. LDL-C, low-density lipoprotein. SBP, systolic blood pressure. TRIG, triglycerides.

While comprehending the negative health consequences of
children whose weight is underestimated by parents, one
needs to consider the social mechanisms that could influence
why parents would underestimate their child’s weight status.
These children had higher CVD risk factors, largely lived in a
smoking environment, and had parents who reported
concern about their child’s weight. This finding is in contrast
with the trans-theoretical model of behavior change, which

states that parents who are aware and concerned about their
child’s weight are more prepared to take action about
reversing the issue32. The contrast could result from a stigma
parents feel while disclosing information about their child’s
health, which could reflect their parenting33.
The current study shows disconnect between parental actions
(ie misperceiving child’s BMI and raising a child in a smoking
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environment) and attitudes (ie higher concern). Due to the
fact that these children have higher than average SBP and
TRIG values, reporting parental concern might not be
enough to foster a child healthy environment. Higher level of
concern could indicate that parents are in a state of readiness
to take action against a weight issue, but in the presence of
potential social barriers, parents may be unable to influence
their child’s healthy behaviors and environments34.
Raising a child in a smoking environment is one of the
previously addressed unhealthy behaviors that was positively
associated with underestimation of a child’s BMI. This finding
is indirectly supported in current literature. It is known that
mothers who smoke during pregnancy, or those who are
exposed to environmental tobacco, are more likely to give
birth to low-weight babies35,36. Low birth weight infants have
an increased risk of disease onset later in life37. This
association is evident in Johnson and Schoeni’s 2011 study,
which observed low birth weight babies to have increased
health risks later in life after controlling for sociodemographic
factors corresponding to birth weight. Their study found that
low birth weight babies were more than two times more
likely to have hypertension and over seven times more likely
to have a stroke, heart attack, or heart disease later in life37.
A second key finding of the current study is that children with
parents who overestimated their BMI had lower SBP levels
compared to their accurately and underestimated
counterparts.
Childhood high blood pressure is associated with the
occurrence of high blood pressure later in life38. Therefore,
future research should explore whether overestimating a
child’s weight status is protective against developing
hypertension. The overestimated subgroup was more likely
to have a family history of obesity-related chronic conditions
(eg diabetes) and less likely to be concerned about their
child’s weight status.
A family history of diabetes could influence parents’
perception of cardiovascular health in general. The presence
of an obesity-related disease brings about knowledge and

awareness of its etiology and consequences. A reason that
parents in this subgroup overestimated their child’s BMI
could be due to hypervigilancy about their child’s overall
health. Greater overall health consciousness may lead to
parents practicing health-related behaviors, resulting in lower
SBP values in children.
Although the parents who overestimated their child’s weight
status possess hypervigilant characteristics, they reported
being less concerned about their child’s weight. This could be
due to prior parental actions taken to fill a potential void of
concern. These children are healthier (ie have lower SBP),
which could suggest they have health-conscious parents. If the
question about parental concern was targeted to address
concern about future presence of chronic disease, then the
researchers would expect a positive relationship between
concern and parental estimation.
The aforementioned findings have practical implications in a
clinical and rural health realm. Although children’s average
lipid levels did not yet exceed the CDC’s CVD at-risk cutoff
points, over a third of these children were overweight or
obese and the vast majority of them did not meet the
guidelines for adequate levels of nutrition, which is associated
with developing CVD risk factors39. The sample is considered
an at-risk population for developing obesity-related
conditions because of the children’s weight status, the
majority of their guardians being overweight or obese, and
the rurality of the sample40 . It is important for childhood
obesity interventions to target young children, who are not
yet above the CVD at-risk cutoff points, in order to
understand and reverse the trajectory of developing these
risks and therefore CVD later in life.
After parents reviewed their child’s fasting lipid profiles,
58.6% still inaccurately estimated their child’s weight status,
which is a public health concern because this research
demonstrates the children of parents who underestimated
their weight had higher SBP and TRIG levels. Also, parental
perceptions are known to affect children’s success41. These
parents may need more than just health-related information
(ie review of their child’s health profile) to accurately assess
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and then address treatment needs. Specific interventions with
this parental subgroup should focus on increasing motivation,
concern, and knowledge pertaining to obesity-related health
issues and ways of overcoming barriers. Rather than assuming
that the parents have the skills and understanding necessary to
promote healthy change, appropriate interventions could help
parents learn to provide a home environment that fosters
success for weight loss interventions33,42.

Limitations
After accounting for outliers and missingness, the sample size
was small. Therefore, researchers were unable to test the
independent associations between a three-group comparison
of children whose parents overestimated, correctly
estimated, or underestimated their offspring’s BMI status.
Because most of the children were classified as normal or
overweight (only two were underweight and 29 were obese),
underweight and normal BMI categories were grouped and
overweight and obese were combined. A potential limitation
is that it is impossible to overestimate an obese child and
underestimate an underweight child, and therefore this
method of analysis helps to explain the results. Despite this
limitation, it shows underlying differences between
underestimated and overestimated children. This finding is
important because it indicates researchers should analyze
these groups separately, versus the common practice of
comparing ‘inaccurate’ to ‘accurate’ estimated groups.
The average level of physical activity the child experienced
and maternal education level are variables that are associated
with both CVD risk predictors and maternal estimates of a
child’s BMI, but researchers were unable to test these factors
due to the variable’s low response rate and the small sample
size43-48. Parental concern had missing responses (17% of the
responses were missing) and more than half of the completed
respondents indicated being ‘not concerned’. Despite the
limitation, parental concern was categorized for analytic and
conceptual reasons (ie the researchers were interested in
separating parents who had indicated any concern versus no
concern).

Common limitations of a secondary analysis and crosssectional study design were present in this study. Researchers
could only use existing data and examine differences of
parent perceptions and lipid profiles taken at one point in
time; therefore, causal implications cannot be
observed. Generalization of results to other populations is
also a limiting factor because the sample consisted of fifth
grade children in a predominantly rural, Appalachian region.
It would be ideal to prospectively collect data and repeat the
current study with a larger sample size.

Conclusion
Although public health efforts have focused on childhood
obesity prevention, many parents still are not aware and/or
do not report being concerned with resolving their child’s
weight issues. The current study shows that many parents are
inaccurately assessing their child’s weight, even after
reviewing their children’s health profiles. Also, children of
parents who underestimate their weight tend to have higher
SBP and TRIG values. This finding is relevant because it
supports the study of whether underestimated children are at
a higher risk for developing obesity-related CVD risk factors
and whether they are more in need to partake in an
intervention than their correctly classified peers.
To the researchers’ knowledge, this is the first study that
examines the direct association between accuracy of parental
estimates of child’s weight status and the presence of child
CVD risk factors, particularly after parental review of their
child’s fasting lipid profiles. Future studies should continue to
observe this relationship to help public health professionals
better understand alternative explanations for the presence of
health risk markers in children. Known associations of
parental perceptions and adverse child health outcomes can
channel public health efforts in rural areas to use tailored
methods to appropriately educate parents of their child’s
weight status and weight-related risk factors. This can enable
them to take action against childhood obesity.
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