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Abstract

We analyze the Body Mass Index (BMI) in a distinct way of its traditional
use and it lets us use it as a proxy of standard of living for the case of
Colombia. Our approach is focused on studying how far the people are
from the normal range and not on the score of each one and this lets us
to treat equally extreme cases as severe thinness and obesity. We use a
probabilistic model (Ordered Probif) that evaluates the probability of being
within the normal range or another level. We found that socioeconomic
variables have a significant effect on the dependent variable and that
there are no linear effects. Besides, people with difficulties for walking
and adults have less probability of having a normal BMI.
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1. Introduction

There has been a worldwide concern about obesity and severe thinness during the last
decades. Although these situations are equally undesirable, most of the efforts focus on
only one of them. In this document, we want to determine if the Body Mass Index —BMI
hereafter, could be associated with an alternative measure of standard of living. Although
traditional studies on standard of living have been focused on expenditure, per capita
Gross Domestic Product, wages, income, income distribution and poverty, the literature
has recognized that sometimes such measures do not allow for real comparisons among
countries, because of the difficulties that arise when using monetary variables (i.e.
purchasing power parity) and their dependence on income distribution, (i.e. Poverty gap,
Human Development Index and Gini Index). Other theoretical approaches, such as Sen
(1987, 1987b), state that standard of living is not the same as opulence, even though it is
influenced by it. In this sense, it is different from welfare and well-being in the traditional

form.

In contrast with traditional literature, we do not use the BMI as a continuous variable.
Here, we are interested in assessing how far the people are from the normal BMI range and
to explain what determines the probability of being in a normal range or being out of it. We
do that by evaluating the relation between the BMI and some socioeconomic variables such
as: educational level, socioeconomic stratification, or wealth index, among others. In
particular, although there are distinct causes for low or high values in the BMI, it is clear

that both are associated to worse health and physical living conditions.

We think our approach is important for several reasons: First of all, it undertakes BMI
extreme values as a synonym of bad standard of living which reformulates the continuous
policy emphasis in obese people and follows other similar studies as Contoyannis and
Wildman (2007). Second, we include health perception among the explanatory variables in
order to capture the relationship between actual BMI and self-reported health status. This
is a way to evaluate the physiological impact of BMI on the individual. Among the studies
that undertake this phenomenon, we find some in this area as Etile (2007) who links ideal
body weight and social norms, and Atlantis and Baker (2008) that review epidemiological

studies of obesity effects on depression. Other studies about this phenomenon are: Carr



and Friedman (2005), Paquette and Raine (2004), Prentice and Jebb (2001) Williamson et al
(1993), Cash and Brown (1989) and Cash and Green (1986), among others. Third, we use
two different measures of BMI. on the one hand, we use the traditional and standard
international ranges of obesity. On the other hand, we propose a relative measure that
takes into account the distribution of BMI among the people in the sample. In this sense,
Ideal BMI as an indicator of individual aspirations and average BMI in each social group
could reflect a proxy of how the individual believes she/he ought to behave, given one’s

group membership (see Etile (2007) for details).

We also think Colombia is an interesting study case because geographical and climatic
conditions generate many differences in feeding and work habits, and government has
made considerable efforts in public health in order to stimulate healthy habits (i.e. sports
practicing sports and intake of food). It is also important to note that Colombia is a
developing country with relatively high poverty levels.

The document is subdivided as follows. The next section briefly summarizes some of the
main approaches that link standard of living and health theories. The third section shows
the summary descriptive statistics, and the next is dedicated to the model. Finally, we

present some policy highlights.

2. Standard of Living and Health.

There are many approaches to the standard of living concept. Some of them are focused in
economic terms and other are linked to a wider concepts. When Sen (1987) states, “...you
could be well off, without being well, you could be well without being able to lead the life
you wanted, you can have this life without being happy and so on”, the idea of standard of
living change its meaning from a perspective of opulence to a situation in which feelings
and desires matter. Sen (1987)’s definition of standard of living includes the capabilities and
functionings that the individual can do. A functioning is an achievement, whereas capability
is the ability to achieve. Standard of living includes what the people can be or do with their
goods and it lets us understand the link among goods and living conditions. This
assumption lets us to link standard of living with non-monetary things such as health
concepts (i.e. height, weight, illness among others). However, there are some measures
traditionally used in economics as the Human Development Index (HDI) that includes

both types of variables (income, life expectancy, and education). Other measures as



proposed in Gamboa and Guerra (2006) include information from self-perception of
household’s living conditions, physical and human capital variables, and demographic
aspects. Kahneman and Krueger (2006) provide a detailed study of subjective measures of
well-being, happiness and self reported utility and their evolution in the literature. From
their approach we can extract the importance of surveys with questions about individual
preferences. Acceptance of self-reported measures of well-being could influence
economics. As they say, subjective measures of well-being would enable welfare analysis in
a more direct way. Focusing on subjective well-being could lead to a shift in emphasis from
the importance of income in determining a person’s well-being toward the importance of
his or her rank in society. They say life satisfaction is relatively stable, but it can be affected

by changes in circumstances.

In contrast, we can find several studies that link anthropometric conditions with standard
of living. Steckel (1995) and Fogel (1989) associate standard of living with the stature of
the people and their respective studies confirm the utility of anthropometric indicators in
the analysis of quality of life. According to Steckel (1995), stature is an appropriate
indicator of health status (indirectly) that reflects not only genetic but also environmental
conditions and it can even give information about history of net nutrition. Besides this, it is
highly correlated with production —a more common measure of standard of living - and it
allows us to analyze the relation between nutrition and productivity since height depends
on factors such as diet, medical care and exercise during childhood, among others, which
may be influenced by socioeconomic factors. Nubé ez a/ (1998) and Meisel and Vega (2000)
say that measures such as the Body Mass Index, nutrition, literacy rates, life expectancy,
morbidity and access to drinking water, are useful proxies to evaluate standard of living.
According to Nubé ez a/ (1998) some studies have found that in developing countries the
BMI for adults is positively related to other measures of development as income or
expenditure. Specifically, in Ghana there is evidence that confirms that the BMI can be
used as an indicator of standard of living. Nubé ez a/ (1998) found that the direct
relationship between BMI and the characteristics of households analyzed makes it possible
to expect that differences in standard of living may be reflected on BMI. Although weight
is also positively related to other indicators of standard of living, height is not considered
an appropriate proxy due to genetic conditions. As a result, the BMI is a better way to

approach it because it includes both.



Ford et a/ (2001) found that people who have a BMI with extreme values are those
individuals with an impaired quality of life, and specifically they find a higher risk of being
unhealthy in people with the lowest scores of BMI. They use variables related to activity
limitation and mental and physical health to evaluate the standard of living. This study goes
further, comparing with other documents, because the negative association between
overweight and obesity and Health-Related Quality of Life (HRQL) is corroborated for

males and females from all the age groups and ethnicities.

From the BMI point of view, we can distinguish two distinct subsets: people with lower
BMI and people with higher BMI. In low-income countries, Nubé ez 2/ (1998) state that
there is an important number of individuals that have a BMI under the scores considered
as normal (18.5-24.9), which is considered as Chronic Energy Deficiency (CED). In the opposite
side, the average of BMI among adults is higher in developed countries. Nevertheless,
obesity is almost as undesirable as CED; although being cither above or under certain
range of BMI could be considered undesirable in terms of quality of life, the dimension in
standard of living is different. Energy deficiency is associated with a higher vulnerability to
illness, lower productivity, increased mortality, and it has special negative effects on
pregnant women since it enhances the risk of low birth weight with the respective

intergenerational health and malnourished problems (Shaheen and Lindholm, [2000]).

In a recent essay, Steckel (2008), examines valuable contributions of biological measures to
understand levels and changes in human well-being (life expectancy, morbidity, stature, and
certain features of skeletal remains). These aspects are final desires, no means, to get other
things. In this approach health is so important to their quality of life that most researches

refer to them as “biological standard of living.”

On the other hand, high levels of BMI are not healthy, because they are related to heart
attacks, some types of cancer, diabetes, among other illnesses. Obese people have different
problems when compared to very thin people, for example in terms of mobility, self-
esteem, or the reasons (including the socioeconomic ones) for being out of the normal
BMI range. Nevertheless, these differences are manifested not only among the different
groups (very thin or very fat people), but also inside one group. In this sense, Kolotkin ez 2/
(2002) analyzes the impact of overweight in the standard of living using variables like

physical function, sexual life, and public distress, among others, and they conclude that



there are important differences in standard of living among obese people. He finds that
HRQL of people with high scores of BMI is statistically and significantly different. The
worst HRQL, according to this papet, is for the group of people enrolled in treatments for
losing weight, but even for these people, HRQL varies depending on the way people use

for losing weight (gastric bypass, clinical trials...).

As it can be seen, considering that the standard of living is the same for people being in
opposite sides of the scale of BMI (very thin or very fat), could be as questionable as
considering that people in the same range of BMI have the same standard of living.
Nevertheless, for the purpose of this paper the conditions that explain a too low or too
high BMI, although different, are in both cases undesirable for the individuals. In a similar
way, Waaler (1984) found that in the case of Norway, men who have a BMI under 22 or
above 28, have higher death rates. Other studies also confirm the negative association
between obesity and quality of life (Han e a/ [1998], Lean e a/ [1998, 1999], Ford ef a/
[2001]). In summary, having a BMI out of the normal range could be linked to a lower
standard of living and it is a public health concern since it can bring some intergenerational

effects.

In the case of overweight, Delva ef a/ (2007) affirm that some lifestyle behaviors affect the
BMI, and also affect standard of living (exercising, consumption of fruits and vegetables
and little time watching television). He found that these reduce the risk of overweight
(being at or above de 85" percentile of age and gender adjusted BMI). Besides, Delva ef a/
(2007) mention that the effects of television could be stronger for people from low
socioeconomic status and ethnic minorities because, in general, they spend more time
watching television than people from higher status groups. This illustrates the fact that
lifestyle behaviors and income have consequences on health variables such as BMI and
hence on the standard of living. In general, socioeconomic status and health disorders may
be correlated; in the case of obesity, Sobal and Stunkard (1989) and Delva e a/ (2007) find a

negative correlation between overweight and socioeconomic status.

The relationship among BMI and personal habits has been studied in several works. Some
examples are Jeffery and French (1997) for the impact of fast food on obesity, Garrow and
Summerbell (1995) analyze the effect of exercise on body composition with or without

dieting, Fernald (2007) who explores the effect of beverage consumption in rural (low-



income) Mexican population. Shannon et al (1991), Risse (1991), and Tucker and Friedman
(1989), among others, relate television use and weight disorders and they find a positive

relationship between these variables.

On the other hand, Sobal and Stunkard (1989) find a negative relationship between
socioeconomic status and obesity or overweight for women in developed countries, but the
relation seems to be inexistent in the case of children and men. For developing countries
the relation is positive for both men and women. It is common to associate obesity with
low income for the kind of food people intake. On the other side, people with high income
levels have types of work that could be related to obesity. As can be seen, there are
different aspects that explain why BMI is below or above the ‘Normal’ range and the
association of BMI and SES is not definitive. In studies such as Sarlio-Lihteenkorva ef a/
(2004), obesity is associated with a clear income disadvantage, particularly among women

with higher socioeconomic status.

The relationship between weight disorders (obesity or underweight) and SES could be also
analyzed by using the literature that attempts to explain the correlation between health and
education by means of education as a SES indicator. This relation could be interpreted in
two different ways. On the one hand, a better education allows people to be healthier, but
the relation in the opposite direction could be true since better health can enhance the
performance in school. On the other hand, Mac Innis (2006) proposes that variables such
as genetics could affect both health and education in the same direction. He studies the
relation between education and obesity and concludes that college completion reduces the
probability of overweight and other disorders in the case of Vietnam. According to Mac
Innis (2000) the impact of college education on health (smoking, obesity, among others)
can operate through the relation with productivity (healthier people are more productive)

and income (wealthier people can afford a better protection).

Besides weight, we can study the relationship between stature and socioeconomic variables
as proposed by Steckel (1995) and Fogel (1989). Nevertheless -at the individual level- the
height-income relation may not be linear because although poverty is importantly related to
malnutrition (and the respective consequences on stature), the fact of having been brought
up in a wealthier family does not ensure the possibility of being a “giant” (Steckel [1995]).

He found that in the case of United States, the link between stature and per capita income



should incorporate things such as income or wealth distribution and diet or nutritional

requirements when we are interested in height as indicator of standard of living.

For the Colombian case, Meisel and Vega (2004) analyze the evolution of height between
1910 and 1984 and they found an improvement in the bivlogical standard of living -that is one
of the aspects of quality of life as a whole-. They not only found that stature has
significantly increased for both men and women, for all socioeconomic status and all the
Colombian regions, but also that this progress has been accompanied by an important
reduction in dispersion. They find g-convergence that allows affirming that regions with
less stature at the beginning of the period were those which reported the highest growth
rates’. This increase in height of Colombians could be explained because of the better
performance in health, nutrition and labour conditions. Studying stature at an inter-regional
level, Meisel and Vega (2004) report that average height is explained by both racial
composition and per capita GDP. They conclude that quality of life has increased in this

petiod and it has also become more equitable, thanks to the reduction in dispersion.

3. Data

WHO (1995) states that when the index is associated to differences in the society, or is
affected by socioeconomic factors (even factors such as health or nutrition), it could be
used cither as a socioeconomic or equity indicator. Consequently, the index can be seen as
a proxy of socioeconomic status. Formally our measure of BMI is given by BMI= weight
[Kg]/height [mts]’). Data about BMI are no frequent in Colombia, as in other developing
countries. Our data base is the Demography and Health National Survey (Encuesta Nacional de
Demografia y Salnd), -DHNS hereafter-, which is carried out each five years, but the

measurement of BMI was done in 2005 for first time.

DHNS includes information about socioeconomic conditions and anthropometry of the
population. We do not take into account all the observations due to the following reasons.
First, we exclude people under 15 years old because the anthropometric measures such as
height and weight could depend on the stage of growth in childhood. Second, we also
discard those observations with a BMI scores out of the interval 13-50 (more than 70

cases) that could be considered either outliers or information containing mistakes (for

1 . .
In economic growth p-convergence refers to the fact that poor economies have
higher growth rates than richer ones.



instance, errors at the moment of the interview)’. Finally, we take out of the sample people
without BMI information, pregnant women and people whose information about

education is not available. After that, our database is about 72.239 observations.

Table 1.
Distribution of BMI in Colombia 2005

BMI Female Male Total
Severe Thinness <16 0,38 0,49 0,42
Moderate Thinness 16-17 0,85 1,20 0,98
Underweight 17-18,5 3,68 495 4,16
Normal 18,5-25 48,87 57,71 52,24
Overweight 25-30 31,05 27,78 29,80
Obese Level-1 31-35 14,30 7,72 11,79
Obese Level-11 36-40 0,86 0,16 0,59
Total 38% 62% 100

Source: DHS 2005, Colombia.

As we can see, there are more females with higher scores in BMI than men, and we found
that about 50 percent of the people are out of the normal range (Table 1). The sample
consists of 62% women; three out of four observations come from urban areas and almost
6% are from Bogota. The fact of having an important difference between the observations
of men and women is not associated to sample design and it is explained by the purpose of
the survey which seeks to gather specific variables in the case of women. As can be seen,

higher IMC is more frequent in women.

In the case of the variables used to obtain the BMI, neither weight nor stature has a normal
distribution (Table 2). This can be explained because of the different factors (such as
genetics, nutrition, physical activity or exercise) that can affect these variables in different
directions (enhancing or reducing weight) depending, for instance, on age. After certain
age, the index only changes due to weight. Nevertheless, in the case of the height
distribution, mean and median coincide. The information suggests that men are taller than

women and are expected to have a higher weight, on average.

? For people whose BMI is less than 13, we find an average height of 1.6 m and an
average weight of 18 kg. In the case of people with a BMI above 50, the averages are
1.34m and 80.6 kg respectively.



Table 2.
Sample Characteristics of Weight (Kgms) and Height (M.)

Women Men Total
Weight Height BMI Weight Height BMI Weight Height BMI
Mean 60.46 1.55 2523 67.15 1.67 24.00 63.07 1.6 2475
Standard Deviation 12.14 0.06 4.88 131 0.07 421 1294  0.09 4.67
Median 58.8 1.55 24,58 654 1.67 2344 614 1.59 2412
Skewness 0.86 -0.04 081 0.76 -0.16  0.79 0.8 0.22  0.84
Kurtosis 4.28 369 396 417 446 412 414 295 413

Source: DHS 2005, Colombia.

We also find that the mean of BMI in Colombia is in the normal range, although it is
located near the upper limit of this range (24,75). Nevertheless, there is a statistical
difference between women and men. The standard deviation of this indicator suggests that
there is more homogeneity in the group of men (the standard deviation is lower) than in

the group of women.

There seems to be no important differences in the distribution of BMI by regions of
residence, although in the case of Bogotd the population is more homogeneous and we
find less people in the extreme cases of BMI categories. People from urban areas have, on
average, a higher score of BMI (24.941) compared to people from rural areas (24.28). This
situation may be a consequence of factors such as job and nutrition, which are very specific
in each area. Rural inhabitants in Colombia normally have jobs that are intensive in physical
effort and they usually have a diet rich in carbohydrates; the opposite is true in the case of

people who live in urban areas.

Even if people are in the extreme categories of BMI, they may consider themselves as
healthy (Figure 1). Meanwhile, the 75 percent of people who declare having an excellent or
good health have a BMI of 27 or less and in the case of people that feel unhealthy, this
value is 28. It is also found that the group of people who feel healthy is more
homogeneous (SD of BMI is 4,5) than the group of people who states they are not very
healthy (SD=5). We can conclude that there is a direct relationship between self-reported
health status and BMI.
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Figure 1.

BMI and Self-reported health status
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It is interesting to note that the distribution of BMI by age exhibits similar patterns of

other international findings. In general, mean tends to increase as age does and women and

men have very similar distributions. When we take into account the educative level and the

area of residence at the same time, we find similar patterns between urban and rural people.
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Figure 2.

BMI Distribution by Area

Colombia 2005
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Figure 3.

BMI Distribution by Age
Colombia 2005
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4. The Model

As we mentioned above, our approach depends on two distinct definitions of our
dependent variable. One of them is #omnative because it takes into account the standardized
BMI ranges in order to sort the population, whereas the other is relative to the actual

distribution of the people. In the former, we define our categorical variable y, as follows:

0 if 185<BMI <25

1 if BMIe (17,18.5) or (25, 30)
2 if BMIe (16, 17)or (30,39)
3 if BMI <16 or BMI > 39

N =

In this specification, we valuate in the same way people who are under or above the normal
range, but it includes more categories for taking into account how far from normal range
they are. This variable lets us establish how far an individual is from the ‘normal’ range, but
it gives the same treatment to observations above or below that range. Normal BMI is
given a zero value, people with overweight and thinness gets a 1 and so on. Then, our

marginal coefficients can be read as the probability of being in each of the variable levels.

The second specification of the dependent variable is related to the distribution of the
people around the index. In this sense, our interest is in assessing the differences with

respect to the mean in the population. The variable vy, is defined as:

0 if BMI € (BMI — o, BMI + o)
y, =141 if BMI € (BMI 20, BMI — ¢) U (BMI + &, BMI + 20)
2 if BMI € (BMI - 30, BMI - 20) U (BMI + 20, BMI + 30)

Where, BMI is the mean of the BMI and ois its standard deviation in the sample. In
contrast of y1, this measure includes equally size ranges and it is calculated with respect to
the sample distribution. As a result, people who are closer to the sample-mean get a value

of zero, people with a BMI score between one and two standard deviations of the sample-

13



mean, get a value of one and so on. Then, we have two different analyses: y, represents a

normative measure and y, is a relative measure.

As in other studies, control variables are limited to data availability. In our case, as
explanatory variables we include gender, age (continuous or ranges), age squared (Age2)
socioeconomic variables (educative level, wealth index, LCI, LCI squared (LCI2) and the
stratification for public services), region, type of habitation place (urban or rural), self-
reported health status, a dummy variable for taking into account any physical disability, and
another dummy for their health security condition. We include the zone where individuals
live (urban or rural) because of the particular differences in the type of work and food
among both areas, which may influence the BMI and hence, the standard of living. Among
the variables related to health status, we take account of difficulties for walking, since it is
reasonable to think that a person with such disabilities may exercise less and consequently
may have a higher BMI, associated to an impaired quality of life. As it can be seen, this set

of variables lets us to include most of the information incorporated in previous studies.

The LCI is an indicator estimated by principal components, which includes information
about household characteristics (wall and floor material among others), educational
achievement, school attendance of children and overcrowding (according to the number of
people and rooms for sleeping at home). It is not an asset index and it may give more
information about the standard of living of families. The definition of the variables is as

shown in the Table 3.

Table 3.
Explanatory Variables
Mean (Stdar.

variable Definition Dev.)

Age Years 34,3 (13,05)

(Continnons)
Socioeconomic | Gender e _ 0,39
Charactetistics | (Dumny) 0=Women, 1=Men.

Residence (Region) Dummies for each region: Atlantic, Eastern, Central,

(Dummiies) Pacific and national Orinoquia. The reference is Bogota.
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0,75
Urban 0 = Rural, 1= Urban.
(Dummy)
Educational Level 0=No schooling at all; 1=Incomplete primary school;
(Categorical  or continuous in | 2=Complete primary; 3=Incomplete Secondary school;
completed years) 4=Complete Secondary complete; 5=Higher education;

Asset Index (Cartegorical)

1 = Poorest; 2 Poorer; 3 Middle; 4 Richer; 5 = Richest.

o s 56,04(17,0)
lemg Conditions index From 0 (wortst conditions) to 100 (the best condition).
(Continnons)
Medical insurance in Health | 0= No, 1 = Yes. 0,67
(Dunmy)
Self-Reported _ o Al o
Vardeibiles Health Status (Categorical 1= Very good; 2= Good; 3=Regular; 4= Not good
related to - - 064
health status Medical Consultation last 0 = Not or do not know; 1 = Yes ’
year (Dummy)
. . . 0,01
Difficulties for walking 0 =No: 1 = Yes
(Dunamy)
5. Results

Table 4 summarizes the distribution of the dependent variables that will be used in the

different models estimated. In both specifications, zero categories may be considered as the

normal or reference categories, since compared to the others, these categories reflect a

better standard of living. Although almost all the people are concentrated in the group that

has a better quality of life, there are individuals located in the worst extremes.

Table 4.
Distribution of the Dependent Variables
Y1 Y2

Categories* Freq. % Freq. %

0 37.369 51,7 50.358 69,7

1 24.522 33,9 18.827 26,1

2 9.603 13,3 3.054 42

3 745 1,0 - -
Total 72.239 72.239

* Values that take a variable in the same category have different meanings.
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Source: DHS 2005, Colombia.

Due to we are working with a probabilistic model, we only show the marginal effects of the
Ordered Probit’. Results show that, in general, marginal effects of the ordered probit
estimation using y, (Table 5) and y, (Table 6) are analytically the same when we use either

LCI or education as a proxy of socioeconomic conditions.

Besides these two specifications, the socioeconomic variable was approached by using an
asset index -that ignores a more complete approach to the standard of living- or
socioeconomic strata instead, and the main results were the same. In all the cases we
incorporated to the model the educational achievement of the household head or his/her

BMI and the main conclusions did not change.

Marginal effects indicate that being man or living either in Bogota or in rural areas
enhances the probability of being in the range of normal standard of living (y=0) and
reduces the probability of being out of it. In other words, the fact of being a woman or
living in a different place increases the probability of having weight problems (either
overweight or low weight). This result also shows us that gender differences are along the
same lines than in other previous findings, as we have shown above. It is interesting to
point out that rural people tend to exercise more (at work and to go there) than urban
inhabitants, who have access to more transportation facilities and whose jobs demand less
physical effort, in general. The result related to Bogota could be a consequence of having

more places for practicing sports, such as gyms, parks, spas, etc, compared to other cities.

There are non-linear and significant relationships between the BMI and the living
conditions; the same is found in the relationship between BMI and years of education
completed. This finding is important for health policy, because it implies that the standard
of living varies among people with different education levels and hence, it does not have
the same behavior across the life cycle since, for example, as people get more educated try
to take more care about their health by either improving his nutritional habits or exercising.

However, the sign and the size of the coefficients show that the impact of additional years

? For those interested in detailed results, please contact the authors. For more details
about Ordered Probit Models see Wooldridge (2002).
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of schooling on the probability of being in any BMI category (as defined previously) is
small. We test other specifications with dummies for identifying educative levels and the

results are similar.

It is also important to state that increases in age reduce the probability of being in a normal
range. From the health policy point of view it is one aspect to take into account in their
preventive programs and in the diffusion of good nutritional habits starting from

adolescence.

According to the variables associated with health status, marginal effects show that people
who consider themselves healthy, individuals who have not had recent medical
consultation, or people without problems for walking, have less probability of being out of

the normal range of BMI. These results are robust to both specifications of the model.
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Table 5.
Marginal Effects — Y1

Marginal Effects Model 1

Marginal Effects Model 2

dy/dx z dy/dx z dy/dx Z dy/dx z dy/dx z dy/dx z Dy/dx z dy/dx z

Age (years) -0.02 28.27 001 2678 001 2793 000 2199 |-0023 -2932 0011 2771 0011 2891 0.001 22.43
Age2 0.00 17.31 000 -1689 0.00 -17.24 8(7)2E 41577 | 0000 17.89 0.000 -17.45 0000 -17.81 0.000 -16.18
Gender 0.08 23.04 2004 2211  -004 -2313 -0.0041  -18.55 | 0.083 2277 -0.041 -21.85 -0.038 -22.87 -0.004 -18.46
Adlantic -0.05 -5.73 002 592 002 558 00025 524 |-0037 -470 0017 483 0018 460 0.002 4.38
Eastern -0.03 -3.69 001 383 002 359 00017 341 |-0031 -361 0014 375 0015 352 0.002 3.34
Central -0.01 -1.77 001 180 001 176 00007 173 |-0015 -1.82 0007 184 0007 1.80 0.001 1.77
Pacific -0.04 -4.84 002 507 002 469 00022 440 |-0039 -469 0018 490 0019 454 0002 4.27
Otinoquia -0.07 8.17 003 895 003  7.68  0.0041 683 |-0060 -7.23 0027 7.83 0030 685 0004 6.18
Utban -0.02 -5.05 001 496 001 512 00012 512 |-0059 -13.11 0029 1255 0027 1352 0.003 12.60
LCI -0.01 14.42 000 1425 000 1437 00004  12.99 - - . . - - - .
LCI2 0.00 12,62 000 -1252 000 -12.59 00000  -11.63 . . . . . . . §
Education . B B § - § . . 20010 -7.08 0005 7.06 0005 7.08 0001 6.91
(years)
Education2 - - - - - - - - 0001 752 0000 -7.50 0000 -7.51 0.000 -7.30
Medical
lnsurance -, -5.91 001 584 001 597 00012 592 | -0025 -637 0012 628 0012 643 0001 637
Health
Self-Reported | 492 001 492 001 492 00007 482 |-0010 -343 0005 343 0005 342 0.001 3.39
Health Status
Medical

. -0.03 734 001 724 001 740 00014 727 |-0033 -858 0016 844 0015 866 0.002 843
Consultation
dificultiesfor 2,99 002 322 002 285 00024 264 |-0045 -317 0020 343 0022 3.02 0.003 278

walking

Source: DHS 2005, Colombia.
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For the y, case, conclusions are very similar to those found eatlier. According to the
definition of the dependent variable, the standard of living decreases with higher values of
v, The results indicate that the fact of being a man, living in Bogota or in rural areas,

increases the probability of enjoying a better quality of life (Table 06).

In both models -either the one that includes education or LLCI - coefficients of marginal
effects have the same sign; besides, signs of the categories 1 and 2 are always opposite to
the sign of the category 0. In the case of the variables that approach to socioeconomic
conditions, the results show that both LCI and years of education have small coefficients

that always have statistical significance and indicate that the effect of these variables is

nonlinear.
Table 6.
Marginal Effects — Y2
Marginal Effects Model 1 Marginal Effects Model 2
0 1 2 0 1
dy/dx z dy/dx z dy/dx z dy/dx z dy/dx z dy/dx z

Age (years) 0.015 2229 00113 -21.66 -0.0038 -22.83 | 0015 21.27 -0.0109 -20.71 -0.0036 -21.79
Age2 0.000 2295  0.0002 2236 00001 2322 | 0000 -21.94 0.0002 2142 0.0001 2221
Gender 0.047 1411  -0.0358 -14.08 -0.0116 -13.85 | 0.047 1408 -0.0358 -14.05 -0.0116 -13.82
Atlantic 0.087 21022 0.0635 1047 00232 9.47 | -0.086 -10.14 00628 1039  0.0229  9.40
Eastern 20.041 443 00300 451 00107 420 | -0.042 -452 00306 461 00109 429
Central -0.049 574 00363 583 00128 547 | -0.050 -583 00368 593 00130 556
Pacific -0.049 540 00358 551 00128 509 | -0.049 -547 00362 559 00130  5.15
Orinoquia 0.047 511 00346 522 00125 480 | -0.046 -498  0.0336 509 00121  4.69
Utban 0036 807 00276 798 00088 828 | -0.047 -11.56 00358 1139 0.0112 11.87
LCI -0.003 662 00026 661 00009 659 y . § § . .
LCI2 0.000 672 0.0000 -672  0.0000  -6.69 - - - - - -
Education (years) - - - - - - 20.005 -371 00041 371 00014 370
Education2 - - - - - - 0000 517  -0.0003 -517 -0.0001 -5.17
Medical insurance
in Health -0.008 234 00064 233 00021 235 | -0.009 -257 00070 257  0.0023 258
Self-Reported 20.022 821 00168 820  0.0056 818 | -0.021 -7.65 0.0156  7.64 00052  7.62
Health Status
Medical

. -0.007 2197 00054 197 00018 197 | -0.009 -245 0.0067 244  0.0022 245
Consultation
Difficulties for 0.061 411 0.0442 427 00169 372 | -0.062 -418  0.0451 436 00173  3.78
walking

Source: DHS 2005, Colombia.

19



In order to test the robustness and predictive level of these models, we estimated the mean
probabilities and the out of the sample forecast probabilities. Table 7 shows the values that
takes the dependent variable (in rows) and the average of the predicted values for all the
observations in the correspondent category (in columns). For example, it means that on
average, for the observations in the zero category of the first model (y,) the model predicts
a probability of 56% for being in that category, and probabilities of 32.1%, 11.1% and 0.8%
for being in the first, second, and third categories. As can be seen, there could be an
important relationship between the mean probabilities reported and the distribution of the
frequencies of the variables (see Table 4). In each specification the highest mean
probability corresponds to the predicted value for the zero category. It means that even for
the group of observations that takes values different from zero (in either specification), the

model leans to predict that those observations would be in the zero category.

Table 7.
Mean Probabilities
PO P1 P2 P3
0 0.560 0.321 0.111 0.008
1
Model 1 0.485 0.356 0.146 0.013
2 0.438 0.375 0.171 0.017
vi 3 0.498 0.342 0.146 0.014
0 0.559 0.321 0.112 0.008
1
Model 2 0.486 0.355 0.146 0.013
2 0.439 0374 0.170 0.016
3 0.500 0.342 0.145 0.014
0 0.702 0.257 0.041 -
Model 1 1 0.688 0.268 0.045 -
2 _
2 0.679 0.274 0.047
0 0.702 0.257 0.041 -
Model 2 1 0.688 0.268 0.045 -
2 0.679 0.273 0.047 -

Source: DHS 2005, Colombia.

Finally, the last exercise consists of the analysis of the forecast outside the sample. In order
to evaluate the power of prediction of the models in all the specifications, we follow a
methodology in which we only use 90 percent of the sample (65.000 observations
approximately) and estimate both models. Then, with the estimators obtained we predict
the values over the 10 percent that were drawn forth. As a result, we get two probabilities

and we take the difference between the mean probability obtained with the complete
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sample and the mean obtained with 10% of the observations. Then, we calculate the
difference among these values. According to this methodology results in Table 8 show that

the models have a good fitness outside the sample, because differences are insignificant.

Table 8.
Differences in probability between full and random reduced sample
PO P1 P2 P3
0 -0.002 0.001 0.001 0.000
1 _ ]
Model 1 0.001 0.001 0.001 0.000
2 -0.001 0.000 0.000 0.000
vi 3 -0.029 0.015 0.012 0.002
0 -0.003 0.002 0.001 0.000
1 _ ]
Model 2 0.001 0.001 0.001 0.000
2 0.000 0.000 0.000 0.000
3 -0.023 0.012 0.000 0.001
0 0.001 -0.001 0.000 -
Model 1 1 0.001 -0.001 0.000 -
2 ]
Vo 0.001 0.000 0.000
0 0.000 0.000 0.000 -
Model 2 1 0.000 0.000 0.000 -
2 0.001 -0.001 0.000 -

Source: DHS 2005, Colombia.

Concluding remarks

The exercise proposed in this document sheds some light on the relationship between BMI
and standard of living in Colombia. First, socioeconomic status is a significant determinant
of quality of life when the standard of living is proxied by the BMI for all the specifications
and its forecast capacity is robust. The evidence presented, confirms that there are
nonlinear relationships between the variable that approaches the quality of life (BMI) and

age and socioeconomic status.

Second, assuming that too high or too low scores of BMI do not reflect ideal conditions of
life, estimations confirm that the fact of living in Bogota —capital city-, in rural areas, or
being a man is associated with a better standard of living (i.e. there is a higher probability
for the population, to be in a normal range of quality of life). In the case of women, the
association with low weight could be explained because of the social pressures that may

particularly affect this population. In the case of overweight, the positive association
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between being woman and having a BMI out of the one considered as normal can be the
consequence of the important differences in height by gender. For the sample analyzed
there is a difference of 5 centimeters in the stature of men and women and if there are no

important differences in diet, we could expect women to weigh more than men.

A health policy that secks the reduction of weight problems among people should be
focused on women, at least in the short run. This population is especially important since
weight problems in pregnant women can have intergenerational consequences. Moreover,
weight problems among women who have been pregnant are common, since many of
them cannot return to their pre-pregnancy weight. An externality of this type of policy is
the indirect effect on their children habits, (See Price et al, (2000) and Cole et al(2008), for
details).

Besides, health policy ought to take account of the differences in nutrition habits between
rural and urban areas, which may be the cause of the fact that people living in urban areas
have a higher probability of being in an upper range of BMI, and hence, of having an
impaired quality of life, compared to individuals in rural areas. In order to achieve an
improvement in the standard of living by means of an advance in BMI indicators, health
policy makers would need to encourage healthier nutrition and exercise habits among the
population. Two examples of these policies are in Bogota: Bogota is a leader city in the
construction of more than 100 km of ways specially designed for biking, and it also uses to
have some of its main streets for walking, skating and biking on Sundays and holydays,

which are known as “ciclovias’.

One important aspect for health policy is the direct relationship between BMI and age.
This is one task for policy makers because increases in IMC are strongly related to heart
attacks and other health problems. Taking into account the costs generated by health
problems associated with weight —even in developed countries-, and the deaths caused by
such motives, it is really important to give a central role in health policy to programs
focused on forming adequate nutrition and exercise habits among children. During the last
decades, some increasing concerns over excessive weight and fashion trends have
augmented the amount of people with anorexia and bulimia. Then, it is important to give

the same attention to those extreme cases and focus efforts in vulnerable population.
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