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ABSTRACT

Background: Adolescent obesity is associated
with high cardiovascular and metabolic risk.
Western diet and reduced physical activity are
strong environmental determinants. The “Health
Production” model posits that individuals born
with a certain amount of health stock, which
depreciates over life, but can be augmented by
individual behaviors, including exercise and
dieting. Objective: To study the association be-
tween health production and obesity in a ran-
dom sample of 1692 Chilean adolescents (14.8 =
0.7 years old), and to study the effect of gender
and socioeconomic characteristics on health
production. Method: We used an indicator that
considered the quality of food intake and physi-
cal activity, establishing three categories: good
(GHP), intermediate (IHP) and poor health pro-
ducers (PHP). Multivariate analysis was used to
study the odds of obesity and good health pro-
duction. Results: There was 31% of GHP, 32% of
IHP and 38% of PHP. Obesity (Adj. OR: 1.59;
95%CIl: 1.04 - 2.42) and abdominal obesity (Adj.
OR: 2.24; 95%CI: 1.35 - 3.40) were significantly
higher in the PHP group, compared to the GHP
and IHP group. Health production was signifi-
cantly associated with socioeconomic factors
and gender. Female sex and coming from a less
wealthy household significantly reduced the
odds of good health production. Conclusions:
Poor health production in adolescence, as de-
fined by food intake and physical activity, de-
preciates individuals’ “health stock”, increasing
the risk of obesity. In our sample, health pro-
duction was strongly associated with socio-
economic factors and gender.
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1. INTRODUCTION

In the last two decades, Chile has undergone a re-
markable nutritional and epidemiological transition, with
a significant increase of obesity and related co-morbid-
ities, as a result of Western dietary patterns and reduced
physical activity [1,2]. It ranks fourth among OECD
countries with the highest prevalence of obesity (25%),
after the US (34%), Mexico (30%) and New Zealand
(27%) [3]. Relying on data from the last National Health
Survey [4], prevalence of obesity is higher in women of
all age groups (average rate of 30.7%), and in low educa-
tion level groups (35.5%). Since obesity and overweight
rate rose from 61% in 2003 to 67% in 2010, so did the
prevalence of T2DM (from 6.3% to 9.4%), while 3.6
million (or 27%) suffered from HTA [4]. The burden of
diseases could increase in coming years since obesity at
early stages-especially central obesity, is associated with
insulin resistance as well as high cardiovascular and met-
abolic risk [5-8]. Indeed, the prevalence of obesity in
Chilean children and adolescents grown from 4.5% to
20% over the time period 1985-2004 [9,10].

As obesity and related co-morbidities pave the way for
significant additional healthcare costs as well as social
and individual welfare losses, they have become major
public health concerns in both developed and developing
countries [11,12]. While efforts have focused on medical
treatment of obesity and associated diseases, encouraging
behaviors that increase the stock of health in young
populations have been persistently put off as a public
policy strategy.

It is possible to approach differences in health status
using the “Health Production” model, developed in the
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early 1970s [13,14]. The level of health depends on the
amount of inputs and time individuals allocate to the
production of health. Initially, an individual is born with
a certain amount of “health stock”, which is affected by
genes and environment. This stock depreciates over life,
but can be augmented by individual behaviors, including
exercise and dieting. The model identifies returns on the
accumulation of “health capital”, i.e. an increase in the
amount of productive time (or “healthy days”), and
greater efficiency in combining goods and time in order
to produce health.

While this model is foremost a tool for economic
analysis, it has clear public health implications. On the
one hand, overweight and obesity would be, to some
extent, the result of individual behavioral choices, since
individuals make consumption choices that may have
either positive or negative effects on their net “health
stock”. On the other hand, “health stock” is built up over
the life course; therefore, the development of “health
capital” might be encouraged from early stages. In fact,
both the seminal model and subsequent updates under-
score the importance of education and the role of family.
While the lack of education and poverty are associated
with a higher prevalence of non-communicable chronic
diseases [15-19], investment in children’s health depends
on parental time as well as parental decisions concerning
the demand of goods and services that affect their chil-
dren’s health [20,21].

Whereas past empirical research on the “health pro-
duction” model have focused on medical care, less atten-
tion has been devoted to the role of non-medical goods,
like physical activity and food intake. Similarly, there is
a lack of evidence concerning the production of health
among children and adolescents. This paper aims at im-
proving the understanding on how adolescents produce
health through non-medical goods. To do so, we first
studied the association between nutritional status and
central obesity with the quality of health production, as
defined by food intake and physical activity. Then, we
examined the relation between health production and
gender and socioeconomic characteristics. Particular
emphasis was devoted to examining the odds of good
health production as we understand that the achievement
of such a profile should be a public health goal.

2. METHOD
2.1. Population

The Research Ethics Committee of the Institute of Nu-
trition and Food Technology (INTA) at the University of
Chile approved this study. A random sample of 1692
high-school students (14.8 £+ 0.7 years old) from urban
Santiago was taken to study the production of health us-
ing an indicator that considered the quality of food intake
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and physical activity, and established three categories of
health producers. Data were collected in 2003-2004, in
publicly funded, partially subsidized and privately funded
schools.

2.2. Measurements

Standardized procedures were used to measure weight
to the closest 0.1 Kg, using a SECA scale, and height to
the closest 0.1 cm, using a Holtain stadiometer. Body
Mass Index (BMI = Kg/m®) was calculated from body
weight and height. Waist circumference (WC) was
measured with non-elastic flexible tape at the high point
of the iliac crest around the abdomen and recorded to 0.1
cm. All measurements were taken twice, with a third
measurement if the difference between the first two ex-
ceeded 0.3 kg for weight and 0.5 cm for height and waist.
Obesity (BMI > 95th percentile) and abdominal obesity
(WC = 90th percentile and WC > 80 cm in women or >
94 c¢cm in men) were diagnosed according to CDC/NCHS
2000, NHANES III/USA and IDF criteria, respectively.

Food intake (FI) and physical activity (PA) habits
were assessed by two standardized tests made up of five
items each. Every item ranged 0 - 2, so total score per
test ranged 0 - 10, with higher scores denoting better
quality of habits [22,23]. The quality of food intake was
measured by the amount of saturated fat, fiber, sugars
and salt in the food the individual consumed. The quality
of physical activity was measured by the total amount of
time spent per activity. In order to measure the produc-
tion of health, our indicator considered a total of 8 items:
5 from the FI test and 3 from the PA test, in a scale from
0 to 8 points, according to the following score pattern: 1)
Number of daily meals (<4 = 0 and >4 = 1); 2) Nutri-
tional quality of breakfast (<1.5 points = 0 and >1.5
points = 1); 3) Nutritional quality of lunch (<1.5 points =
0 and >1.5 points = 1); 4) Nutritional quality of dinner
(<1.5 points = 0 and >1.5 points = 1); 5) Nutritional qual-
ity of snacks (<1.5 points = 0 and >1.5 points = 1); 6)
Time spent in class, studying and screen-based enter-
tainment (=10 h = 0 and <10 h = 1); 7) Hours of daily
recreational activity (<1 h =0 and >1 h = 1); 8) Hours of
weekly scheduled exercise (<4 h = 0 and >4 h = 1). Fi-
nally, three categories of health production were defined
according to the percentile distribution of this health pro-
duction indicator; p25th, pS0th and p75th were used as
thresholds denoting poor health producers (PHP), inter-
mediate health producers (IHP), and good health pro-
ducers (GHP).

Information concerning socioeconomic characteristics
was collected by standardized interviews administered
by a physician and measured through 3 items (educa-
tional level and labor activity of parents, and household
equipment), each rating in a 0 to 5 scale (1 = High level;
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2 = Mid-high level; 3 = Middle level; 4 = Mid-low level
and 5 = Low level).

2.3. Statistical Analysis

Variables with normal distribution were expressed as
mean and standard deviation, while those with non-
normal distribution as median and interquartile range.
Kruskal-Wallis rank sum test was performed to compare
them, according to categories of “health production”.
Chi2 test (Pearson) was used to study the association
between health production and obesity and abdominal
obesity. Logistic regression models were used to esti-
mate the odds of obesity and abdominal obesity (out-
comes) after adjusting for selected covariates denoting
health production, gender, type of school and socioeco-
nomic characteristics (exposures). To estimate the odds
of behaving as GHP we used binary outcome models.
Gender, type of school and socioeconomic characteristics
of household were used as covariates. Overall signify-
cance, goodness of fit and sensitivity/specificity were
tested. Statistical analysis was performed in Stata for
Windows version 10.0 (Lakeway Drive College Station,
TX, US). A p value of <0.05 denoted statistical signifi-
cance.

3. RESULTS
There was 31% of GHP, 32% of IHP and 38% of PHP,

Table 1. Descriptive statistics (n = 1692).
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while 98% of the whole sample had 4 points or less
(score ranging 0 - 8). Table 1 describes the general char-
acteristics of the sample according to the production of
health. Adolescents behaving as GHP (>3 points) showed
significantly higher values in height z-score, and lower
values in BMI z-score and WC than adolescents behave-
ing as IHP (2 points) and PHP (<1 point). On the other
hand, there was a significantly higher prevalence of obe-
sity and abdominal obesity (ATP III and IDF) to lower
health production (p < 0.001; p <0.001; p <0.01) (Table
2).

Percentage of PHP was significantly higher at lower
SES, education and activity of household head as well as
among women and adolescents attending public schools
(Table 3).

After adjusting for gender and socioeconomic charac-
teristics, adolescents behaving as PHP showed a signifi-
cantly higher risk of obesity compared to adolescents
behaving as GHP (OR: 1.59; 95%CI: 1.04 - 2.42). Simi-
larly, poor health production and intermediate health
production significantly increased the odds of abdominal
obesity in comparison to good health production (Table
4).

Odds of GHP significantly reduced at lower SES (ad-
justed OR: 0.46; 95%CI: 0.26 - 0.82 for Low SES), edu-
cation level of household head (OR: 0.39; 95%CI: 0.22 -
0.71 for the lowest instruction level), and activity of
household head (OR: 0.43; 95%CI: 0.25 - 0.74 for the

VARIABLE GHP IHP PHP p¢
Age (years) 14.9 (0.6)" 14.8 (0.7) 14.8 (0.7) 0.159
Gender (M/F) 368/152 349/186 294/343 0.000°
Height (z score) -03+0.9° -0.4+0.9 -0.4+0.9 0.112
BMI (z score) 0.3 (0.9) 0.4 (1.2) 0.5(1.2) 0.005
WC (cm) 74.3 (8.6) 74.8 (11.7) 76.0 (11.5) 0.001
FI habits (score) 5.9+0.2 5.1+1.1 44+1.1 0.000
PA habits (score) 6(2) 5(2) 3(2) 0.000

Observations 520 535 637

*Median (IQ); "Mean + S.D.; “Statistically significant difference (Kruskal-Wallis rank-sum test); “Pearson Chi2(2)
p value. GHP: Good Health Producers, IHP: Intermediate Health Producers, PHP: Poor Health Producers.

Table 2. Prevalence of obesity and abdominal obesity by health production profile.

VARIABLE GHP IHP PHP p

BMI > p95th 48 (9.2) 85 (15.9) 114 (17.9) 0.000
WC > 80/94 cm (IDF) 53(10.2) 88 (16.4) 150 (23.5) 0.000
WC > p90th (ATP I1I) 23 (4.4) 44 (8.2) 64 (10.1) 0.002

Values expressed as n (%). “Statistically significant difference (Chi2 Pearson). GHP: Good Health Producers,
IHP: Intermediate Health Producers, PHP: Poor Health Producers.

Copyright © 2012 SciRes.
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Table 3. Health Production Profile by gender and SES charac-teristics.

VARIABLE GHP IHP PHP p?

Gender 0.000
Male 368 (36.4) 349 (34.5) 294 (29.1)
Female 152 (22.3) 186 (27.3) 343 (50.4)

Socioeconomic status 0.000
High 64 (41.3) 54 (34.8) 37(23.9)
Mid-high 112 (40.0) 78 (27.9) 90 (32.1)
Middle 128 (29.6) 145 (33.6) 159 (36.8)
Mid-low 182 (35.0) 200 (30.5) 274 (41.8)
Low 34(20.1) 58 (34.3) 77 (45.6)

Type of School 0.000
Private 160 (40.7) 116 (29.5) 117 (29.8)
Partially subsidized 73 (32.3) 78 (34.5) 75(33.2)
Public 287 (26.7) 341 (31.8) 445 (41.5)

Education level HH 0.000
Full higher education 155 (39.9) 116 (29.9) 117 (30.2)
Complete secondary 96 (34.4) 92 (33.0) 91 (32.6)
Incomplete secondary 193 (27.2) 226 (31.8) 291 (41.0)
Complete primary 61 (25.7) 72 (30.4) 104 (43.9)
Incomplete primary 15 (19.2) 29 (37.2) 34 (43.6)

Activity of HH 0.000
Professional 21(36.2) 19 (32.8) 18 (31.0)
Technical occupation 176 (38.5) 139 (30.4) 142 (31.1)
Skilled (manual/non-) 193 (37.1) 205 (38.3) 271 (42.5)
Partially skilled 112 (26.9) 145 (34.9) 159 (38.2)
Unskilled 18 (19.6) 27(29.3) 47 (51.1)

Values expressed as n (%). “Statistically significant difference (Chi2 Pearson). GHP: Good Health Producers,
IHP: Intermediate Health Producers, PHP: Poor Health Producers, HH: household head.

Table 4. Risk of suffering from obesity according to different standards (n = 1692).

Obesity (WHO/CDC) Central Obesity (IDF) Central Obesity (ATP 111)
OR [95%CI] OR [95%ClI] OR [95%CI]
IHP 1.42 [0.92 - 2.20] 1.74 [1.20 - 2.50]" 1.94[1.94 -3.26]°
PHP 1.69 [1.13 - 2.55]" 2.71[1.94-3817" 2.41[1.48-3.95]"

OR: Odd Ratio, CI: Confidence Interval. ~"Significant at & < 0.01. “Significant at & < 0.05. GHP: Good Health
Producers, IHP: Intermediate Health Producers, PHP: Poor Health Producers. Models adjusted by gender, envi-
ronmental and household characteristics.
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unskilled group). The association between type of school
and the likelihood of behaving as GHP was also signifi-
cant.

Adolescents attending publicly funded schools showed
the lowest probability of behaving as GHP. In those ado-
lescents, the odds were 48% of that in adolescents at-
tending private schools (95%CI: 0.34 - 0.66).

While in adolescents attending partially subsidized
schools, the odds of GHP were 61% that of adolescents
attending privately-controlled centers (95%CI: 0.36 -
0.57) (Table 5). Finally, in female adolescents the like-
lihood of behaving as GHP was significantly lower than
male adolescent. In fact, that probability was less than
half that of males (OR: 0.47; 95%CI: 0.37 - 0.59).

4. DISCUSSION
4.1. Findings and Implications

Our results support the association between obesity
and the quality of health production as defined by food
intake and physical activity. Incentives to increase the

Table 5. Relation between GHP and gender and socioeconomic
characteristics in adolescents (n = 1692).

Independent variables GHP OR [95%Cl]

Gender
Female 0.47 [0.37 - 0.59]"

Socioeconomic Status

Middle SES 0.61[0.42 - 0.88]™

Mid-low SES 0.62 [0.40 - 0.96]"

Low SES 0.46 [0.26 - 0.82]"
Type of School

Partially subsidized 0.61[0.36 - 0.57]"

Publicly funded 0.48 [0.34 - 0.66]"
Education level of household head

Incomplete secondary 0.59 [0.47 - 0.77]"
Complete primary 0.56 [0.40 - 0.791"
Incomplete primary 0.39[0.22-0.71"

Activity of household head

Skilled (manual an non manual) 0.58 [0.45 - 0.75]"
Partially Skilled 0.55[0.42 - 0.74]"

Unskilled 0.43[0.25-0.74]"

OR: Odd Ratio, CI: Confidence Interval. ““Significant at « < 0.01. "Significant
at a < 0.05. Reference categories: Male, High and Mid-high SES, Private
school, HH with at least complete secondary education, HH with at least
technical occupation. Models adjusted by variables denoting gender, socio-
economic and environmental characteristics. HH: household head.

Copyright © 2012 SciRes.

amount of “health stock” since early stages may be a
useful strategy to address overweight and obesity. As this
would be the source of several positive outcomes, to
what extent should government institutions play an ena-
bling role in “health production™? Our results show that
young individuals seem not to be aware about the effects
of unhealthy behaviors, so they are less likely to engage
in health promoting activities. On the other hand, a high
prevalence of poor health production means that the pro-
vision of health capital in adolescents is far from socially
optimal, when decisions are made at the individual level.
And last but not least, these trends appear to be quite
general in countries undertaking nutritional and epidemi-
ological transitions [24,25].

In the current context, several other reasons support
the case for “health production” through healthy dieting
and exercise. First, life expectancy reached nearly 80
years in 2009 across OECD countries. Secondly, health
spending in these countries tends to rise faster than the
economic growth, and is expected to keep this trend as
aging population and non-communicable chronic dis-
eases remain increasing at the current rates. In addition,
the growing burden of out-of-pocket health spending (i.e.
over 40% of total Chilean health spending in the 2000s)
creates important disparities in health financial protect-
tion [26,27]. Finally, government budget constraints will
keep getting harder as deficit and debt control remain
major economic goals.

Another interesting finding from our research has to
do with the socioeconomic and gender disparities in the
production of health through non-medical consumption
goods. Indeed, socioeconomic factors and gender would
be strongly associated in young populations with the
quality of this kind of health production. Chilean adoles-
cents are at a disadvantage in the production of health
when they are women, attend public schools, come from
less wealthy households or when their parents have low
and mid-low instruction and labor activity levels.

These findings strongly support the conclusions
reached by investigations based on the “Health Produc-
tion” model concerning the link of education and poverty
with the prevalence of non-communicable chronic dis-
orders [15-19].

4.2. Limitations and Strengths

This study has several limitations. First, data was col-
lected in schools from urban Santiago, so our sample is
not nationally representative. However, the city of
Santiago concentrates more than 40% of Chilean high
school students. On the other hand, it is in urban areas
where young people are more exposed to unhealthy way
of lives. Secondly, we assessed health production based
on data collected almost a decade ago. Yet, the latest
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National Health Survey showed that obesity keeps
growing while lifestyles have worsened in all age groups.
Third, and due to data constraint, we were unable to link
the production of health as defined by food intake and
physical activity good in adolescents with cardiovascular
risk factors. In order to associate the production of health
and the risk of certain chronic diseases, this might be the
aim of subsequent research.

Yet this paper provides new insights into the produc-
tion of health, focusing on inputs over which individuals
are able to have control, such as food intake and physical
activity. On the other hand, these non-medical inputs
enable to delay the onset of a range of non-communica-
ble chronic diseases at a relatively lower cost in com-
parison to medical care. Thus, in the current situation,
the “health production” model remains a useful research
and policymaking tool for designing, analyzing and as-
sessing public health strategies to prevent and control
overweight and obesity. Since our results support the role
of socioeconomic factors and provides some evidence
concerning the role of gender in the production of health,
focused policies are needed to encourage healthy behave-
iors in adolescent women and students coming from less
wealthy households. Relying on our results, we believe
that such policies should be carried out within the scholar
system, mostly when incentives to commit time and re-
sources in health promotion at the household level ap-
pear not to be enough. In addition to promote equity in
“health production”, this would improve adherence and
reduce administrative costs.
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