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Abstract

This study used a joint multilevel probit model to examine the determinants 

of nutrition label use and the relationship between mother’s nutrition label 

use and children’s propensity for being overweight. We found that the 

mother’s concern for health, breakfast with family, mother’s education lev-

el, as well as her employment status have impacts on how the mother 

uses nutrition labels. The estimation results also showed that the effect of 

siblings is significant while mother’s nutrition label use and children being 

overweight are negatively correlated.
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Ⅰ. Introduction

Childhood obesity has been considered an important health policy issue. 
Accordingly, several studies examining the determinants of obesity have been car-
ried out in recent years (Auld 2011; Coe and Zamarro 2011; Deb et al. 2011; 
Duffey et al. 2007; Ruhm 2012; Webbink et al. 2010; Wehby and Courtemanche 
2012; Zhao and Kaestner 2010). A large number of studies have investigated the 
relation between maternal employment and childhood obesity (Anderson et al. 
2003; Cawley and Liu 2012; Morrissey et al. 2011; Nie and Sousa-Poza 2014; 
Ruhm 2008); however, there are only a handful of studies examining the effects 
of parental behavior on childhood obesity (Anderson et al. 2003; Chang and Nayga 
2011; Chen and Yang 2004; Gennetian et al. 2010). 

Interestingly, several studies have illustrated the impacts of nutrition label 
use on adult health outcomes (Kim et al. 2000; Kim et al. 2001; Loureiro et al. 
2012; Mandal 2010; Neuhouser et al. 1999; Satia et al. 2005; Teisl and Levy 
1997); those studies found that use of nutrition label is significantly associated with 
dietary intakes. To our knowledge, however, Chang and Nayga’s (2011) is the only 
study that examined the impacts of the mother’s use of nutrition label on children’s 
body mass index. They found that mothers’ nutrition label uses are negatively re-
lated with the probability of their children being overweight, but the correlation is 
relatively weak.

“Nutrition label” is one of the most representative health-related in-
formation that consumers access at the time of purchase. Attention towards health 
has led to growing consumer and industry interest in nutrition labels. Since the reg-
ulation of nutrition labeling requires additional social costs, governments need to 
decide whether the provision of nutrition information should be voluntary or 
mandatory. Table 1 shows the current status of nutrition labeling regulations in 
many countries. United States adopted mandatory nutrition labeling in 1994, and 
now there are more than ten countries where nutrition labeling is mandatory. In 
addition, the European Union will designate nutrition labeling mandatory starting 
December 2016. 
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Table 1. Current status of nutritional labeling policy in various countries

Mandatory
Voluntary unless 
nutrition claim
(or health claim)
is made

Voluntary
except for foods 
with special 
dietary uses

Always voluntary, 
but need to abide 
by formatting 
standards if 
nutrition labeling 
is used

No regulation

Australia
New Zealand
Canada
United States
Argentina
Brazil
Chile
Paraguay
Uruguay
Hong Kong
Malaysia (on most 

foods)
Thailand (on 

some foods)
South Korea (on 

some foods)
Israel

All 27 European 
Union countries

Switzerland
China
Colombia
Costa Rica
Ecuador
El Salvador
Mexico
Brunei
Indonesia
Japan
Philippines
Singapore
Thailand
South Africa
Tunisia
Turkey

Bahrain
Jordan
Kuwait
Oman
Qatar
United Arab 

Emirates
Venezuela

Bolivia

Bahamas
Barbados
Bermuda
Belize
Dominican 

Republic
Haiti
Honduras
Bangladesh
Pakistan
Cambodia
Kenya
Ghana
Jamaica

Source: Hawkes (2010); updated by authors 

Although nutrition labeling regulations have been introduced in many 
countries, obesity is constantly increasing. The World Health Organization (2015) 
indicated that worldwide obesity has increased by 11.4% between 2008 and 2014. 
Thus, public policymakers are faced with the question whether nutrition labeling 
regulations work (Variyam and Cawley 2006).

Many studies suggest that providing health-related information would lead 
consumers to switch to healthy products and thus, result in positive health outcome 
(Graham and Laska 2012, Guthrie et al. 1995, Kim et al. 2000, Neuhouser et al. 
1999). As more countries are adopting mandatory regulation on nutrition labels, 
there are critical questions to consider. Do consumers really use nutrition labels and 
what makes them do so? In order to answer these questions, several previous stud-
ies examined the status and determinants of nutrition label use. Although some 
studies examined the determinants of nutrition label use, their findings were limited 
to socio-demographic information; therefore, available literature carries limited im-
plications for policy makers. Accordingly, it still remains to be fully understood 
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what factors lead consumers to use nutrition labels, as well as how policy makers 
can best respond. Therefore, this research focuses on the drivers for mothers’ label 
use and the linkage between the mother’s behavior and her children’s probability 
of being overweight. 

Child obesity in South Korea is growing rapidly. According to the Korea 
National Health and Nutrition Examination Survey (KNHANES), child obesity rates 
in Korea increased from 5.8% in 1997 to 9.6% in 2012. Although adult obesity 
rates in Korea are among the lowest in the Organization for Economic Co-oper-
ation and Development (OECD) member countries, child obesity rates are the 12th 
highest among the members (OECD 2015). Therefore, studies on child obesity are 
being actively pursued in Korea (Kim and Moon 2010, Kang et al. 2010, Yoo 
2011, Byun and Kim 2012, Lee and Park 2013). Especially, child obesity might 
adversely impact children's physical health, self-esteem, social relation, and emo-
tional well-being (Jeon and Gwak 2011, Kim et al. 2013, Seo and Lee 2014). 
Currently, nutrition labeling in Korea is required for only some food products (e.g., 
snacks, bread, noodles, and beverages). In Korea, homemakers are the main pur-
chasers of food in a family (81.3% of total household food purchases), and 52.5% 
of homemakers use nutrition labels when they purchase food (Lee et al. 2007); 
therefore, nutrition label used by mothers may influence their children’s obesity.

We conducted an empirical analysis using a national health survey in 
South Korea. For estimation, this study employed a multilevel random effects pro-
bit model for the correlation between mother’s use of nutrition label and children 
being overweight. This study also examined the determinants that lead to a moth-
er’s use of nutrition label at the mother level and the probability of her children 
being overweight at the child level. The methodology that allows for mother-child 
correlation through random intercepts is distinctive from the two-stage model, used 
for the study on mother’s use of nutrition label and children’s likelihood of being 
overweight by Chang and Nayga (2011).

Our objectives in this research were (1) to examine the determinants of 
mother's use of nutrition label and children's obesity, (2) to determine whether 
children's propensity of being overweight is related to the mother’s nutrition label 
use, and (3) to suggest useful policy tools that could enhance nutrition label use 
and thereby mitigate childhood obesity. 
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Ⅱ. Methods

1. Model specification

In this study, a joint framework was used to find the relationship between mothers’ 
nutritional label use and their children’s probability of being overweight. Compared 
to Chang and Nayga (2011) who used a two-stage model including one child and 
one mother in a cluster, we employed a multilevel model using information on 
more than one child in a family. This approach provides a more robust method-
ology that takes into consideration commonly unobserved characteristics and sibling 
effects in a family, by analyzing both multilevel (mother-child) and intra-class 
(child-child) correlations.  Furthermore, we explicitly addressed the factors Chang 
and Nayga (2011) did not consider: family meals and mother’s obesity, the moth-
er’s employment status, and physical activity. The additional covariates have im-
plications on how regulations may target specific groups.

Our framework is exhibited graphically in Figure 1. This framework has 
simultaneity in that childhood obesity enters the probability of mother’s nutrition 
label use and mother’s nutrition label use enters the probability of children being 
overweight. Thus, we presume that the mother’s label use can affect her children’s 
rate of being overweight through unobservable factors and vice versa. Unobservable 
factors may include any kinds of maternal characteristics, child heterogeneity, 
and/or any variables omitted from the model. At the mother level, the factors may 
include the mother’s work intensity and the father’s attentive efforts towards child’s 
diet habits, and at the child level, the unobservable factors may include individual 
characteristics. The unobservable factors can be approximated using the ran-
dom-effects term included in our model. 

Based on the findings of the previous studies (Chang and Nayga 2011; 
Drichoutis et al. 2009; Loureiro et al. 2012; Nayga et al. 1998), a system of equa-
tions is generated to represent the relationship, including one equation in which the 
mother’s label use is the dependent variable, and the other equation for each child 
in which the indicator of being overweight is the dependent variable. 

Following (albeit in a simplified form) the empirical model used by 
Drichoutis et al. (2008), we included covariates on label use by mothers. The eco-
nomic factor (household income), the mother’s demographic factors (age, educa-
tion, and employment status), mother’s genetic factors (obesity indicator), mother’s 
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concern for health (exercise intensity), and the household’s dietary habits (breakfast 
with family and dinner with family, included based on the results of Kageyama et 
al. (2007)) are explanatory variables in the mother’s nutrition label use equation. 
For the equation involving children, the child’s demographic factors (sex and age), 
child’s dietary habits (snack frequency and food away from home [FAFH] fre-
quency), along with all explanatory variables used in the mother’s nutrition label 
use equation are added as explanatory variables. 

Motivated by the working hours suggested by Drichoutis et al. (2008), we 
included employment status to reflect time availability and interests in health 
among the factors. Other demographic and economic factors are used in a similar 
manner as in previous studies (Chang and Nayga 2011; Drichoutis et al. 2009; 
Loureiro et al. 2012; Nayga et al. 1998). Drichoutis et al. (2008) found that over-
weight individuals are more likely to use nutritional labels than non-overweight 
ones. They also showed significant effects of age, slight effects of education level, 
and insignificant effects of household income on nutritional label use. Based on the 
findings of Lee (1999) and Yeo and Kim (2010), which indicate that respondents 
who have higher health concerns generally exercise more, we included an exercise 
intensity indicator to assess the attitude of mothers concerning their own health. 

The explanatory variables specified in the equation for overweight children 
are based on variables adopted from previous studies. Anderson et al. (2003) and 
Takahashi et al. (1999) found that body mass index and demographic factors of 
mothers (e.g., household income, age, education and employment status) had sig-
nificant effects on their children’s obesity. Studies have also shown that parents’ 
physical activity and dietary patterns are significantly related to children being 
overweight (Birch and Davison 2001; Davison and Birch 2002; Vanhala et al. 
2009). In addition, studies have found a positive correlation between a child’s diet-
ary behaviors, (e.g., snack consumption and the frequency of eating away from 
home) and the probability of being overweight (Alviola et al. 2014; Mancino et al. 
2009).  
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Figure 1. Child obesity model with the effects of label use 

A two-level random effects probit model was used to examine the inter-
action between the probability of mother’s nutrition label use (level 2) and the 
probability of children being overweight (level 1). We revised the model introduced 
by Francavilla et al. (2013). The level-2 (mother level) equation is assumed to have 
a random effects structure, which allows for the correlation between mother and 
children residuals. This correlation may imply joint nature of mother’s nutrition la-
bel use regarding children’s propensity for being overweight. We can also get with-
in-class correlation, which implies the residual correlation of children’s probability 
of being overweight among their siblings.

Let    indicate mothers and    denote the children of 

mother  . Let the observed mother’s use of nutrition label be 
  (1 = use of nu-

trition label; 0 = otherwise) and the observed overweight status of each of her chil-
dren be  (1 = overweight; 0 = otherwise). Superscripts within parentheses denote 
the level of the variables such that (2) indicates the level 2 (mother level) and no 
superscript implies the level 1 (child level). Then the probability of mother ’s nu-
trition label use is assumed as:

(1)   
   i f 

  

 otherwise

and the probability of mother ’s child   being overweight is assumed as:

(2)      i f 
  

 otherwise
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where 
 and 

  are the latent variables for mother   and her child  , respectively. 

We assume that the joint model for the probabilities has the form of two level 

equations following Francavilla, Giannelli and Grilli (2013):

(3)   
   

  
 (mother level)

(4)   
           (child level)

where  is the vector of child level covariates (child’s age, gender and 

food consumption behavior),  is the vector of mother level covariates (household 

income, mother’s age, education, meals with family, exercise, obesity and employ-

ment status), and   and   are mother-specific and child-specific constants. Note 
that mother level covariates are included in the child level equation since the model 

assumes that the mother’s characteristics affect children’s probability of being 

overweight. We will discuss the assumptions on the random effects and error terms 

below.

The model assumes that the random intercepts (
) are independent 

among mothers and normally distributed such that 
 ∼    and  ∼    

where 
       

 . The variance of the random intercept 


  is fixed at a unity (  ) to make the equations identifiable. The mother level 

random intercept  is indifferent for siblings within a family by construction. We 

also assume that the error terms are independent and identically distributed such that 


 

∼   and 
   ε′ε    ′≠ . Additionally, we 

assume that the random intercepts () are independent of any error terms (). Under 

these assumptions the child level equation (3) becomes a random effects probit mod-

el because the random intercept at mother level differs across mothers, and  dif-

fers within the same mother  . 

The mother level equation (4) can be written as a single error term 


  

  
  where both 

  and 
  vary between mothers. Using this decom-

position, we estimated a correlation between mother and child equations, since im-

plementing 
  allows the random effects model enable correlated random effects. 

For the estimation, we used a user-written Stata command, gllamm, which was de-

veloped by Rabe-Hesketh et al. (2005). This command uses, numerically, a 

Newton-Raphson method to maximize the likelihood function with an adaptive 

Gauss-Hermite quadrature1. The simultaneous system equation structure of this 
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model permits a correlation between the unobservable factors pertaining to the 

probabilities of mother’s label use and whether a child is overweight. Furthermore, 

this model considers the correlation between siblings under the same mother 

through the mother level random effects term. Note that, in the multilevel probit 

model, the effect of a covariate for children being overweight is conditional on the 

mother’s covariates, rather than marginal, as discussed in the study by Francavilla 

et al. (2013). If there is a high correlation among siblings, the random effects mod-

el would be more appropriate than the standard probit model. The multilevel model 

may not make a huge difference compared to the simple model when the number 

of children in a family is relatively small, but at least it allows us to control more 

unobservable characteristics among children than otherwise.

2. Data and variables

The survey data for this study pertaining to mothers and children were drawn from 
the Fourth Korea National Health and Nutrition Examination Survey (KNHANES 
IV) from 2008 to 2012 (Korea Centers for Disease Control and Prevention, 2007, 
2008, 2009). KNHANES is a national survey conducted by Korea Centers for 
Disease Control and Prevention; it consists of a health examination, health interview, 
and nutrition survey. We used data on education, income, diet and other demo-
graphic information from the face-to-face interviews and height, weight and other 
health conditions from the physical examinations over the period from January 2007 
to December 2009. KNHANES is stratified into 16 provisional regions and again 
into age groups proportional to the corresponding sizes of population. Thus, the sur-
veyed samples can be combined across years with appropriate weights. Overall, 
KNHANES is similar to the US NHANES in terms of survey design and 
methodology. KNHANES also provides information about the mother–child rela-
tionship that is essential for our multilevel model that NHANES does not provide.

Since our data have a multi-period cross-sectional structure, it is hard to 
differentiate the family’s fixed effects over time. As indicated in Francavilla et al. 
(2013), the two-level model cannot assess whether label use results in being over-
weight among children or vice versa, but under the assumption that label use by 
mothers and being overweight of children are determined simultaneously, we can 

1 The estimation involves 7 quadrature points for each random effects term for accuracy 

and speed.
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Age
Boy's BMI Girl's BMI

Underweight Overweight Obese Underweight Overweight Obese
2 14.33 19.15 – 14.12 18.94 –

3 14.15 18.40 – 13.92 18.19 –

4 14.01 18.34 – 13.76 18.03 –

5 13.91 18.78 – 13.64 18.33 –

6 13.87 17.86 19.59 13.59 17.48 18.96
7 13.93 18.86 20.93 13.63 18.27 20.05
8 14.06 19.80 22.13 13.77 19.05 21.05
9 14.27 20.76 23.34 14.01 19.88 22.09
10 14.57 21.71 24.48 14.33 20.71 23.08
11 14.93 22.57 25.00 14.73 21.51 23.99
12 15.35 23.32 25.00 15.20 22.22 24.77
13 15.82 23.93 25.00 15.71 22.83 25.00
14 16.32 24.40 25.00 16.25 23.31 25.00
15 16.83 24.74 25.00 16.78 23.67 25.00
16 17.33 24.95 25.00 17.27 23.89 25.00
17 17.80 25.08 25.00 17.68 23.99 25.00
18 18.20 25.18 25.00 17.96 23.98 25.00

examine whether the covariates at the different levels have similar effects on the 
two outcomes, without further assuming which occurs first.

Since our aim was to examine the relationship between nutrition label use 
and children’s probability of being overweight, each child’s body mass index 
(BMI) was calculated using her/his weight and height (kg/m2) from the KNHANES 
database. For adults, a BMI of 25 or more is considered to indicate overweight and 
a BMI of 30 or more is considered obese according to the recommended interna-
tional BMI classification by WHO (WHO Expert Consultation 2004). However, 
children’s BMI is classified differently by their sex and age based on the dis-
tribution of the population, where a BMI greater than the 85th percentile is consid-
ered as overweight and a BMI greater than the 95th percentile is considered as 
obese. Table 2 shows criteria for overweight and obesity for children in Korea 
(Korea Centers for Disease Control and Prevention and the Korean Pediatric 
Society 2007). The criteria are not increasing in a linear manner by ages and we 
find that in general the criterion for boys is higher than that for girls.

Table 2. Criteria that indicate underweight, overweight and obesity for Korean children

Source: Korea Centers for Disease Control and Prevention and the Korean Pediatric Society (2007)



Multilevel Analysis on Mother’s Nutrition Label Use and Children’s Propensity for Being Overweight 99

Variables
Using label Not using label

Mean SD Mean SD
Household income: 2nd quartile 0.239 (0.427) 0.261 (0.440)
Household income: 3rd quartile 0.357 (0.479) 0.378 (0.485)
Household income: 4th quartile 0.358 (0.480) 0.293 (0.455)
Number of children aged 1-12 1.643 (0.619) 1.647 (0.631)
Mother's age 36.713 (4.871) 36.687 (5.028)
Family breakfast 0.747 (0.435) 0.681 (0.466)
Family dinner 0.911 (0.285) 0.894 (0.308)
Mother's education level: Middle 0.046 (0.209) 0.051 (0.221)
Mother's education level: High 0.476 (0.500) 0.564 (0.496)
Mother's education level: College and above 0.474 (0.500) 0.358 (0.480)
Mother's exercise intensity 1.173 (1.593) 1.022 (1.481)
Mother being overweight 0.226 (0.419) 0.211 (0.408)
Mother's employment status 0.414 (0.493) 0.471 (0.499)

Number of observations 1003 1109

We extracted a sample of 3298 children, aged 2–12 years and their 2112 
mothers from the KNHANES database. The average number of children per mother 
is 1.56. In the survey, the mothers were asked: “When you buy food items, do you 
read the nutrition label?” (Translated by the authors) According to the ques-
tionnaire, mothers are classified as users of nutrition label or non-users of nutrition 
label.

As mentioned above, for the mother equation (3), mother’s age, education 
levels [1=elementary school graduate (base); 2=middle school graduate; 3=high 
school graduate; 4=college graduate and above], household income quartile [1st 
(base); 2nd; 3rd; and 4th quartiles], number of children aged 2–12 in a family, 
breakfast with family, dinner with family, intensity  of exercise activity, overweight 
indicator, and employment status were measured. For example, Household income: 
2nd quartile indicates that the level of household income is in the second quartile 
income class. To reflect the mother’s attitude towards health concerns, an exercise 
intensity2 indicator was included. Summary statistics for each variable of the moth-
er equation (3) are shown in Table 3. 

Table 3. Sample means of mother level covariates by mother’s behavior (n = 2112)

Note: SD indicates sample standard deviations whose values are in parentheses.

2 Intensity of exercise activity was calculated as the weighted average of hours of walking 

(1), modest exercise (2) and intensive exercise (3).
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Variables
Overweight Not overweight

Mean SD Mean SD
Child's sex (0=boy; 1=girl) 0.444 (0.497) 0.482 (0.500)
Child's age 8.307 (2.625) 6.948 (3.135)
Household income: 2nd quartile 0.259 (0.439) 0.263 (0.440)
Household income: 3rd quartile 0.351 (0.478) 0.374 (0.484)
Household income: 4th quartile 0.315 (0.465) 0.308 (0.462)
Number of children aged 1-12 1.805 (0.672) 1.879 (0.643)
Mother's age 37.388 (4.591) 36.274 (4.524)
Family breakfast 0.723 (0.448) 0.720 (0.449)
Family dinner 0.892 (0.311) 0.919 (0.273)
Mother's education level: Middle 0.052 (0.223) 0.042 (0.200)
Mother's education level: High 0.584 (0.493) 0.529 (0.499)
Mother's education level: College and above 0.333 (0.472) 0.418 (0.493)
Mother's exercise intensity 1.255 (1.621) 1.086 (1.537)

Summary statistics for each variable of the child equation (4) are shown 
in Table 4. As we mentioned above, each child’s probability of being overweight 
is classified as overweight or not-overweight. The KNHANES survey also provides 
some information on children’s lifestyle. For example, children participating in the 
study were asked questions such as: “How often did you exercise last week?” 
(Translated by the authors) However, the answers to those questions inform us of 
only their very recent activities, which are not appropriate for our study. Thus, 
among the other annual basis questions, we included children’s sex, age, snack fre-
quency and frequency of food away from home (FAFH)  as shown in Figure 1. 
The KNHANES survey also provides information on a respondent’s dietary habits. 
For example, respondents were asked questions such as “In the past year, on aver-
age, how often did you eat out?” (Translated by the authors) Respondents chose 
one of five predetermined frequencies from “rarely” to “quite frequently”. The re-
spondents were also asked questions such as “In the past year, did you mostly have 
dinner with your family?” (Translated by the authors). In our sample, 47% of 
mothers used the nutrition label and 15% of children were considered overweight 
or obese. The nutrition label users showed, on average, slightly higher levels of 
the income quartile, breakfast with family, dinner with family, education level, ex-
ercise intensity, and overweight but lower levels of employment status and number 
of children in a household.

Table 4. Sample means of child level covariates by children’s probability of being over-

weight including mother level covariates (n = 3298)
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Variables
Overweight Not overweight

Mean SD Mean SD
Mother being overweight 0.351 (0.478) 0.201 (0.401)
Mother's employment status 0.486 (0.500) 0.428 (0.495)
Child's snack frequency 3.711 (0.926) 3.835 (0.892)
Child's food away from home frequency 3.110 (0.626) 3.086 (0.634)

Number of observations 498 2800
Note: SD indicates sample standard deviations whose values are in parentheses.

Ⅲ. Results and discussion

Mother and child equations were fitted simultaneously using the gllamm Command 
of Stata to estimate the covariance between unobservable factors related to mother 
and children (). This process allows us to derive the correlation between the un-
observable factors at mother and child levels. We estimated variance, covariance, 
and correlation of random effects of the following as discussed by Francavilla et 
al. (2013):

(5) 
   

  
       ;

(6) 
           ;

(7) 
 ′ ′         ;

(8) 
 ′ ′     ;

(9) 


    
   ; and

(10) 


       .

Table 5 shows the results of the maximum likelihood estimation of the 
child equation (4). In the child equation, all siblings from the same mother have 
the same random intercept . The random effect  represents unobserved elements 
at the mother level. If the residual correlation between siblings’ probabilities is 
high, it justifies employing a multilevel analysis. High intra-class correlation within 

(continued)
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data pertaining to a mother means that siblings’ weights are strongly related. The 
variance of the child random effects   is estimated to be significant at 0.456. 
Thus, an increase in one value of the standard deviation of the random effects 
leads to an increase by 0.675 in the probability of a child being overweight. This 
standard deviation was used to calculate intra-class correlation coefficients (ICC) 
such that the mother’s probability of her children being overweight yielded 0.313. 

In the child equation estimates, the child level estimates show that girls 
have a lower probability of being overweight, and that the child’s age has a pos-
itive impact with decreasing rate on the probability of being overweight. Also, we 
found that the effects of the mother’s education level and being overweight are 
significant. However, it is intrinsically difficult to interpret the estimates directly, 
because the coefficients in nonlinear models do not imply partial effects, unlike in 
the case in linear regressions.

Accordingly, we also estimated the average partial effects (APE) to make 
the results easier to interpret. In a probit model, APE is calculated as the mean 
of partial effects evaluated at each observation with the k-th covariate varying by 

one unit,  ≡ 
      

 Φ  Φ for discrete 
covariates and   

   
  for continuous covariates in the mother’s 

equation, where  is the standard normal probability density function. It is sim-
ilarly evaluated in the child’s equation. 

We can see that the average partial effects have the same signs as the co-
efficients for each covariate, but the APE also has implications for the magnitude 
of change in probability due to the one unit change of the relevant covariate. Thus, 
we can compare the effects of covariates and consider the implications on how the 
predicted probability would change. For instance, the probability of child A being 
overweight increases by 0.113 when his/her mother is overweight but if the mother 
is an elementary school graduate, then the probability decreases by –0.140 com-
pared to children having a middle school graduate mother. Thus, compared to child 
A having a mother who is overweight and a middle school graduate, child B hav-
ing a mother who is not overweight and an elementary school graduate has less 
probability of being overweight by 0.028. This relationship over a child’s age can 
be shown as A being (2, 1) and B being (1, 0) in Figure 2, in which the dashed 
and solid lines indicate the elementary school and middle school graduates, 
respectively.
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Covariates Coefficients SE APE APE SE
Child equation
Child's sex (0=boy; 1=girl)=1 –0.119* (0.067) –0.021* (0.012)
Child's age 0.413*** (0.067) 0.013*** (0.002)
Child's age squared –0.020*** (0.004)
Child's snack frequency 0.029 (0.040) 0.005 (0.007)
Child's food away from home frequency –0.068 (0.057) –0.012 (0.010)
Household income: 2nd quartile –0.157 (0.157) –0.029 (0.030)
Household income: 3rd quartile –0.138 (0.156) –0.026 (0.030)
Household income: 4th quartile –0.094 (0.160) –0.018 (0.031)
Number of children aged 1-12 –0.147** (0.060) –0.026** (0.010)
Mother's age –0.064 (0.083) –0.003 (0.002)
Mother's age squared 0.001 (0.001)
Family breakfast=1 0.063 (0.081) 0.011 (0.014)
Family dinner=1 –0.126 (0.123) –0.023 (0.024)
Mother's education level: Middle –0.635** (0.298) –0.141* (0.075)
Mother's education level: High –0.551** (0.267) –0.127* (0.073)
Mother's education level: College and above –0.629** (0.272) –0.140* (0.074)
Mother's exercise intensity 0.025 (0.022) 0.004 (0.004)
Mother being overweight=1 0.555*** (0.084) 0.113*** (0.019)
Mother's employment status=1 0.033 (0.073) 0.006 (0.013)
Constants of child equation –0.563 (1.532)
Mother equation
Household income: 2nd quartile 0.152 (0.187) 0.049 (0.060)
Household income: 3rd quartile 0.082 (0.185) 0.027 (0.060)
Household income: 4th quartile 0.256 (0.188) 0.084 (0.061)
Number of children aged 1-12 –0.032 (0.067) –0.011 (0.022)
Mother's age 0.031 (0.082) 0.002 (0.003)
Mother's age squared –0.000 (0.001)
Family breakfast 0.250*** (0.090) 0.082*** (0.029)
Family dinner 0.026 (0.140) 0.009 (0.045)
Mother's education level: Middle 1.401*** (0.417) 0.354*** (0.080)
Mother's education level: High 1.327*** (0.389) 0.330*** (0.058)
Mother's education level: College and above 1.705*** (0.394) 0.456*** (0.060)
Mother's exercise intensity 0.061** (0.026) 0.020** (0.008)
Mother being overweight 0.157 (0.096) 0.051 (0.031)
Mother's employment status –0.202** (0.082) –0.066** (0.027)
Constants of mother equation –2.562* (1.512)

Number of observations (Child) 3298
Number of observations (Mother) 2112 


Estimated intra-class correlation coefficient (ICC)

0.456*** (0.137)

0.313*** (0.065)


Estimated correlation between unobservable factors

–0.113* (0.063)

–0.067* (0.037)

Table 5. Estimates of cases where a child is overweight in the child equation and the 

mother uses nutrition labels in the mother equation

Note: APE indicates the average estimates of partial effects for each covariate. SE indicates standard errors of the
estimates, which are shown in parentheses on the right of the relevant coefficients and APEs. ***, **, and
* indicate statistical significance at the levels 1%, 5%, and 10%, respectively.  indicates the estimated 
variance of the child random effects.  indicates the estimated covariance of mother-child unobservable
factors. A likelihood-ratio (LR) test comparing our model with the model without  was conducted (LR 
chi-square = 24.85, p = 0.0000). The LR test result implies that our model is in favor of the alternative model, 

and  and the estimated correlation between the unobservable factors are significant.
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As shown in Table 5, the average partial effects of mother’s education lev-
el are very similar among middle school, high school and college graduates com-
pared to the elementary school graduates. This implies that policy makers need to 
focus on mothers who are given less education to mitigate childhood obesity. 
Furthermore, the mother’s propensity for being overweight is likely to result in her 
children’s probability of being overweight. As discussed in studies by Danielzik et 
al. (2004), Sekine et al. (2002), and Wu and Suzuki (2006), the positive relation-
ship may be linked to epidemiological factors and parental diet behaviors. In addi-
tion, a contrasting probability of being obese or overweight is observed based on 
the number of siblings. In other words, as the number of siblings increases, the 
child has lower probability of being overweight. This conforms to the existing ob-
servations that only children have a higher risk of being overweight and increasing 
the number of siblings reduces the risk of obesity as discussed in Haugaard et al. 
(2013) and Wang et al. (2007). 
 
Figure 2. Predicted probability of child being overweight over child’s age by mother's edu-

cation level and being overweight

Figure 3 shows the predicted probability of a child being overweight by 
child’s age, sex and mother’s weight status. It generally follows the average partial 
effects estimates, and we find a nonlinear relationship between the child’s age and 
the probability of being overweight. Overall, the child’s probability of being over-
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weight is the highest in boys with obese mothers and the lowest for girls with 
non-overweight mothers. This may imply that policy makers need to have various 
approaches for each group to alleviate childhood obesity.
 
Figure 3. Predicted probability of a child being overweight over the child’s age, by the 

child’s sex and mother being overweight 

Maximum likelihood estimates of the mother equation (3) are presented in 
Table 5. The probability of the mother’s nutrition label use increases with her edu-
cation level. This result is consistent with the expectation that mothers who are 
more educated tend to read nutrition labels. Our results also indicate that the moth-
er who has breakfast with her family has a significant and strong tendency of read-
ing nutrition labels. This supports our belief that a mother having breakfast has a 
greater concern for health and nutritional balance. Exercise also has a positive cor-
relation with the choice of nutrition label use, as a mother exercising more is likely 
to have more concern for health. However, a mother who is employed is less likely 
to read nutrition labels. This might be because employed mothers have less time 
and inclination for shopping and cooking foods. 

In Figure 4, we show the predicted probability of mothers using nutrition 
labels based on their education level, employment status and ability to have break-
fast with family. The dashed lines indicate the status of being unemployed and the 
solid lines imply employed status. As shown in the estimates of average partial ef-
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fects, a higher education level increases the probability of the mother’s use of la-
bels compared to the base level (elementary school graduates). However, all the 
other education levels starting from the middle school have similar average partial 
effects. This also indicates that policy makers and nutrition educators require differ-
ent approaches for each group to improve the mother’s use of nutrition labels. 

Figure 4. Predicted probability of mothers using nutrition labels based on education level, 

by employment status and breakfast with family

The covariance   between the random intercepts of the two equations 

(
) is estimated using the simultaneous model defined previously in this paper. 

The model also allows us to test the correlation between ‘unobservable factors’ in 
equations. In Table 5, the mother-child covariance   is estimated as –0.113, and 
the residual correlation between the probabilities of nutrition label use and child 
being overweight is estimated as –0.067, after conditioning on the observed 
covariates. The interdependence hypothesis is justified by this significant moth-
er-child correlation; therefore, using a joint model is also reasonable. The negative 
mother-child correlation indicates that if a mother uses nutrition labels, her child 
is less likely to become overweight. This result is consistent with the findings of 
the study by Chang and Nayga (2011) that indicate that mothers’ use of nutrition 
label is related with a low probability of their children being overweight. 
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Ⅳ. Conclusions

In a large body of literature on alleviating childhood obesity, very little actionable 
information is available on associations between parental use of nutrition labels and 
children’s rate of being overweight. This analysis aimed to examine the determi-
nants of nutrition label use and to see whether a mother’s use of nutrition labels 
and her children being overweight are related. We found that mothers’ propensity 
to use nutrition labels depend on their exercise intensity, ability to have breakfast 
with family, education level and employment status. The findings of this paper also 
indicate that the mother-child correlation is significant and negative, controlling for 
observed covariates. In other words, if mothers use nutrition labels, their children 
are less likely to be overweight. This finding implies that mothers’ use of nutrition 
labels may reduce children’s likelihood of being overweight. However, this study 
could not examine the causality between label use by mothers and her children be-
ing overweight, due to limitations inherent to our multi-period cross-sectional data, 
in which the households sampled across years are not necessarily the same. As a 
result, further research should be conducted to determine how the benefits derived 
from use of nutrition labels by mothers alleviate obesity for children.

The results of this study have some implications for policy makers in 
Korea. On the one hand, the utilization of nutrition labels may be promoted 
through providing education programs on the importance of label use and the role 
of essential nutrients. Customized programs for working mothers who have diffi-
culty acquiring nutrition information may enhance the utilization of nutrition labels. 
Furthermore, the Korean government may expand the scope of food products cov-
ered by nutritional labeling regulation to benefit child health. It should, however, 
be noted that use of the labels does not necessarily ensure better nutritional 
behavior. Therefore, when the objective is to bring down the rate of childhood obe-
sity, further studies are required to determine what specifically reduced obesity 
when mothers used labels, so that policy makers can develop and implement strat-
egies and programs that will result in better health practices. 
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