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|. Introduction

In developing countries, particularly in Latin America and the Caribbean, obesity
rates are growing steadily reaching levels similar or even greater than those of the US.
According to the World Health Organization (WHO, 2006), the prevalence of obesity in
Mexico (in 2000) for people over 15 years old was 28.1% for women and 18.6% for men.
In Chile (in 2003) obesity prevalence was 25.0% for women and 19.0% for men; while in
the US (in 2003) for people of the same age group was 21.4% for women and 19.7% for
men.

The increasing trend in the prevalence of obesity and overweight in Latin
America and the Caribbean may be the result of changes in lifestyle and diet that are
similar to those occurring in industrialized countries (Popkin, 1994; Uauy et al., 2001).
Obesity is indisputably associated with a high disease burden (Caballero and Wang,
2006). As Caballero (2001) stated, concern over increments in obesity rates in developing
countries is amplified by the overall rise in the rates of non-communicable diseases for
which, in many cases, obesity is a major risk factor.

Although the association between socioeconomic status and obesity is positive in
countries that are at the initial steps of their economic development, several studies show
that the bulk of obesity quickly shifts to the less economic advantaged sectors of the
population (PAHO/OPS, 2006). At present in Latin American countries, in general, the
association between socioeconomic status and obesity is negative (Drewnowski and

Specter, 2004; PAHO/OPS, 2006; Zhang and Wang, 2004). Particularly for Mexico,



obesity and overweight are concentrated in the poorest sectors of population, and this
phenomenon is greater than for other Latin American countries (Ferald et al., 2004).

Compared to people with normal body weight (18.5<BMI'<25) obesity increases
the risk of heart disease, hypertension and osteoarthritis (in the knees) by two to three
times, doubles the risk of cancer and triples the risk of type 2 diabetes (WHO, 1999).

Worldwide, excess mortality that can be attributed to diabetes in 2000 was
estimated as 5.2% (from 6% to 27% for people 35 to 64 years old); estimates ranged from
2% to 3% in poor countries to more than 8% in the US, Canada, and the Middle East
(Roglic et al., 2005). In general, an increment in the average values of BMI is expected to
result in increments in the prevalence of diabetes, which in turn highly increases the
mortality risk due to heart disease and hypertension (WHO, 1999).

Valiente and colleagues (1988) stated that it is in Latin American cities where the
concept of malnutrition is really understood. The interaction of undernourishment with a
sedentary life and excessive consumption of fat and cheap food experienced by “the
survivors of undernourishment” is responsible for diseases like obesity, diabetes, and
atherosclerosis. Changes in the environment that produced the metabolic adaptation of
the body to work under conditions of low energy intake and low fat diets may result in
higher sensitivity to obesity and overweight (Baschetti, 1998; 1999). In Brazil, for
example, obesity is replacing undernourishment in certain strata of the adult population.
Monteiro et al. (2004) showed differentials in the prevalence of obesity by
socioeconomic status for Brazil, with the less advantaged groups having a greater obesity
risk. Obesity among the poorest strata of a population is of a different nature than obesity
among the highest strata of the same population. In the latter case it is a result of an
excessive intake of animal fats and refined sugars accompanied by a low intake of fibers,
while in the former it presents itself together with a lack of essential nutrients,
particularly the proteins obtained from meat consumption. The conditions in Latin
America regarding nutrition are changing from a situation characterized by low stature
and below-normal body weight to one with a growing prevalence of chronic diseases like

cancer, CVD and diabetes (Albala et al., 2001).

! Body Mass Index: BMI = (weight in kg) / (height in meters)’



Because obesity and overweight are related to an increase in the risk of
hypertension, diabetes, heart disease, and some kinds of cancer, among other diseases, it
is possible that the observed trend may be influencing the mortality patterns.

An almost linear relationship was found between body mass index and mortality,
once weight loss and smoking behavior are taken into account (WHO, 1999). Even
though in countries where prevalence of obesity (BMI > 30) and incidence of diabetes are
increasing, there is also evidence that mortality rates are decreasing. In the US, the
decrease is mainly due to a decrease in the mortality rate due to cardiovascular disease
(CVD), but is not clear whether in the future these improvements will compensate for an
increase in the prevalence of all the obesity-related diseases, particularly for the
population at the bottom of the income distribution -- the group mainly affected by

obesity.

I1. Objective

In the US, excess mortality due to obesity has been acknowledged and
investigated and the debate it generates is increasing (Allison et al., 1999; Flegal et al.,
2005; Mokdad et al., 2004; Olshansky et al., 2005). This phenomenon needs to be
carefully analyzed in Latin America due to the frequent combination of obesity and
overweight with frail conditions among those populations and because of the high
prevalence and the rapid growth of obesity and diabetes in the region. Therefore, the aim
of the present study is to measure mortality differentials in Mexico and produce
comparable estimations for the US. The novelty of this study is to evaluate the effect of
obesity on mortality in these two countries measured in terms of years of life expectancy
lost, as well as the relative effect of the main non-communicable diseases related to the

excess of weight.

111. Data and Methods
We used data from the Mexican Health and Aging Study (MHAS) and the Health
and Retirement Study (HRS). The MHAS is a longitudinal survey of Mexican people 50




years old and older. The present study is focused on older adults (60 years and over).” In
2001, 16,071 individuals were interviewed, including targets and spouses (7,880 aged 59
or more). Follow-up interviews were completed in 2003 with 15,150 individuals (MHAS
2001 and MHAS 2003). During the interviewing period a total of 465 people aged 59
years or older died. The richness of this survey offers the opportunity to study mortality
differentials for BMI adjusting by demographic and health factors such as sex, age,
smoking behavior and various chronic conditions.

The HRS is a longitudinal survey that was designed to gather information on
persons from pre-retirement into retirement in the US. The first wave (1992) includes
individuals aged 51-61 living in households. A total of 15,497 individuals, including
spouses or partners regardless of their age, were eligible for interviews in 1992 from
whom 12,654 respondents were finally interviewed. In 2004 a new sample cohort of
individuals aged 51-56 was introduced (from 4,420 eligible individuals, 3,340 interviews
were completed). The survey consists of a total of seven waves with interviews
conducted every two years. A total of 7,066 deaths were registered over the whole period.
In order to have a similar periods for the two countries, the present study analyzes
mortality differentials taking as a baseline the sixth (2000) wave of the survey. The
sample size for people 59 years and older includes 7,880 individuals, from whom a total
0f 4,395 died between 2000 and 2004.

MHAS provides self-reported data regarding height and weight, as well as on
chronic conditions. Anthropometric measures were taken for a selected subsample. The
present study used the self-reported data in order to calculate BMI, but the corresponding
anthropometric values were used in the case that the self-reported ones were missing.
According to these data we observed that, among people aged 59 years or more, 38% had
a normal body weight (18.5<BMI<25), 37% were overweight (25 < BMI < 30), and 16%
were obese (BMI > 30). In the HRS study height and weight, as well as the rest of the
variables, are self-reported. In 2000, the HRS study observed that 32% of the respondents
59 years old or more had a normal body weight according to WHO standards, while 42%

were overweight, and 26% were obese.

? To take into account people who died at 60 years and older between 2001 and 2003, we consider people
59 years and older and we assume that death occurs in the middle of the interval.



With regard to self-reported obesity-related non-communicable diseases, a 17%
prevalence of diabetes was observed in Mexicans over 59 years old (MHAS, 2001), and
the same prevalence (17%) observed for the US population of the same age (HRS, 2000).
42% of respondents reported hypertension in Mexico compared to 53% in the US. For
heart attack, the US prevalence was 12% compared to 4% in Mexico. 27% of US

individuals reported heart disease; MHAS does not have information on this condition.

Figure 1 - The model used for estimating mortality differentials
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Figure 1 shows that we can decompose the probability of dying being obese as:

0x(0) = Ox(d1,0) * prx(dy,0) + ....... + 0x(dk,0) * pr(dx,0), )
Where:
gx(0) = probability of dying between age x and x +1, conditional on being obese;
gx(d;,0) = death probability conditional on being obese and suffering from disease 1;
prx(d;,0) = probability of suffering from disease 1 conditional on being obese;
qx(dx,0) = death probability conditional on being obese and suffering from disease k;

prx(di,0)- probability of suffering from diseases k conditional on being obese.

The subscript 1 to k refers not only to the obesity-related chronic conditions such
as diabetes, hypertension and cardiovascular diseases but also to all possible

combinations of those diseases including not suffering any of them.



In a similar way we can decompose the death probability of people with normal

body weight as:

0x(n) = gx(ds,n) * prg(dy,n) + ....... + gx(dk,n) * pry(dk,n). 2

Comparing the left term of expressions (1) and (2) we can evaluate the relative
risk of dying for an obese individual (compared to someone of normal weight).

In order to get a detailed understanding of the differences in mortality risks
between obese people and people with normal weight we decompose the expressions (1)
and (2) into the effect due to each obesity-related disease (each product of right side). The
effect by disease is composed of two terms: the first one is the risk of dying for people
who suffer from each of the “k” diseases among obese individuals (gx(dg,0)) in
expression (1) and people of normal weight (qx(dg,n)) in expression (2); the second term
is the probability of suffering from each of the “k” diseases among obese individuals
(prx(dk,0)) in expression (1) and for normal weight persons (prx(dg,n)) in expression (2).
This decomposition evaluates the importance of the probability of suffering from each
disease and the importance of the risk of dying from each one of those diseases, allowing
the comparison of these components between Mexico and the US.

The conditional probabilities are estimated by means of two groups of logistic
regressions using STATA 9.2. The first group of logistic models evaluates the
probabilities of dying conditional on suffering each disease and having the weight

o
1

condition “i” (obese or normal weight). The dependent variable is a dummy one equal to
1 if the individual died during the period analyzed (2000 and 2004 for HRS and 2001 and
2003 for MHAS). The second group evaluates the probabilities of experiencing each
disease conditional on weight status. The dependent variables are constructed through the
interaction of the variables indicating if the individual suffers from each obesity-related
chronic disease and their possible combinations. These logistic regressions are adjusted
for demographic factors, like age and sex, behavioral factors, like smoking status, and the

presence of other confounding effects. The product of the mean probability of dying and

the mean probability of suffering from each disease conditional on the respective BMI



gives us the relative risk of dying for obese individuals compared to the individuals with
normal weight.

In order to evaluate the effect in terms of lost of life expectancy due to obesity we
construct period life tables for obese individuals using the probability of dying between
age x and x +1 conditional on being obese (qx(0)), and period life tables for individuals
with normal weight using the respective probabilities (qx(n)). The life expectancy forgone
due to obesity will be the result of subtracting the life expectancy for obese individuals

from the life expectancy for individuals of normal weight.

IV. Results

The results of the regression analysis show that death probabilities are highly
sensitive to variations in the cutting points used to define obesity and overweight. We
compared the estimation obtained using the standard definition given by the WHO with
those obtained using relative values of BMI as cutting points (quintiles) for defining
obesity and overweight. Using the latter definition the results reflect the effect of obesity
and overweight in a way that was more consistent with the existing literature than the
ones obtained using the WHO definition. Fixed cutting points, as a general measure of
the amount of body fat, have been criticized due to differences in body composition
among different populations and age groups. For specific populations it has been founded
that the cutting points reflecting higher risk of suffering obesity-related diseases are
different than the ones proposed by the WHO. For example, among some Asiatic
populations those cutoff points were found to be lower than the fixed ones, while for
Asian-Pacific Islanders they were higher (Hubbard, 2000). It has also been shown that
individuals with short stature may be consider “obese” at lower levels of BMI because
those with short stature have higher levels of body fat at each level of BMI (Lopez-
Alvarenga et al. 2003). On the other hand, among the elderly we may find higher levels
of BMI (that do not reflect higher levels of body fat) due to changes in height because of
vertebral compression, lost of muscular tone and postural changes (WHO, 1995).

For both Mexico and the US, we observed that the effect of higher levels of
obesity (BMI>35) is not statistically significant for the WHO cutting points of BMI even

when we are controlling for confounding effects such as low weight and smoke (Table 1



and Table 2). Also, for the obesity (30<BMI<35) and overweight (25 < BMI < 30)
coefficients, the direction is not the expected one.

On the other hand, using the relative cutting points criteria we observe that for the
highest BMI quintiles (4th quintile and 5th quintile), compared with people with BMI in
the 3rd quintile, the effect of obesity on mortality is not only in the expected direction,
but also statically significant for both Mexico and the US. With regard to the variable
years of education, we obtained the inverse effect on mortality in all cases (as expected),

but it is only statically significant for the US logistic regression.

Table 1
Logistic Regression — Independent Variable: Death between 2001 and 2003
(MHAS 2001, MHAS 2003)

WHO Quintiles @

Variable Coeff. P value Coeff. P value

Age 0.08%* 0.000 0.08** 0.000
Sex -0.28%* 0.016 -0.32%* 0.007
Education -0.02 0.218 -0.01 0.354
Obese_high (or 5™ quintile) 0.21 0.392 0.47%* 0.028
Obese (or 4™ quintile) -0.44%x 0.023 0.54%* 0.009
Overweight (or 2" quintile) -0.34%* 0.011 0.40* 0.050
Low Weight (or 1% quintile) 0.23 0.346 0.99%* 0.000
Smoker 0.17 0.269 0.13 0.394
Constant -7.81%% 0.000 -8.34%* 0.000

* p-value <0.10 ** p-value < 0.05
1% quintile: BMI<21.9; 2™ quintile: 21.9<BMI<24.7; 3" quintile 24.7<BMI<27.3;
4" quintile: 27.3<BMI<30.5 and 5" quintile: BMI>30.5.



Table 2
Logistic Regression — Independent Variable: Deaths between 2000 and 2004
(HRS 2000, HRS 2004)*

WHO Quintiles @

Variable Coeff. P value Coeff. P value

Age 0.10%* 0.000 0.10%* 0.000
Sex -0.57** 0.000 -0.54%* 0.000
Education -0.05%* 0.000 -0.05%* 0.000
Obese_high (or 5" quintile) 0.18 0.197 0.33%* 0.007
Obese (or 4™ quintile) -0.20%* 0.009 0.19 0.108
Overweight (or 2" quintile) -0.29%* 0.001 0.23%* 0.044
Low Weight (or 1* quintile) 1.69 0.000 0.72%* 0.000
Smoker 0.65* 0.000 0.65%* 0.000
Constant -7.46%** 0.000 -7.94%* 0.000

* p-value < 0.10 ** p-value < 0.05

(D1 quintile: BMI<23.42; 2nd quintile: 23.42<BMI<25.77; 3" quintile 25.77<BMI<28.00;
4™ quintile: 28.00<BMI<31.12 and 5" quintile: BMI>31.12.

In order to compare differentials in mortality due to obesity in the US and Mexico, we
estimated the annualized probabilities of dying (by BMI group) through the previous
coefficients. Using the annualized probabilities of dying we construct period life tables
and we estimate life expectancies for people belonging to the 3™ quintile of BMI
(individuals belonging to the middle group of weight) and for the 4™ and 5™ quintiles.
Note that the 3" quintile is the group of reference in our analysis.

The life expectancy forgone due to overweight or obesity is evaluated through the
differential of life expectancies among people in the two last quintiles of BMI compared
to people in the 3™ quintile of BMI. In Figure 2, in the graph on the left side, we show
life expectancies adjusting for the mean value of the three control variables (smoker, sex
and level of education) in each dataset (MHAS and HRS). As there is an acute difference
between the level of education for elderly Mexicans and those in the US, we also selected
several sub-samples for different levels of education in search of more “homogeneous”
(in terms of education) sub-populations for comparing the US and Mexico. Mean years of
education for elderly cohorts in Mexico is 3.6 years (with 4 years of standard deviation)
whereas in the US this value is 11.8 years (3.5 sd). In Appendix 1 we present the

distribution of quintiles of BMI for different groups of levels of education. For

? There is no substantial difference between the coefficients calculated for the period 1998-2004 and the
ones obtained for the period 2000-2004. The latter period was preferred because it is closer in time than the
MHAS period and for being a conservative one regarding mortality differentials in Mexico.



individuals with no formal education or lower levels of education (0-6 years) there are
larger proportions of people concentrated in the two last quintiles of BMI (4th and 5th
quintiles) in the US than in Mexico.

In Figure 2 (graph on the right side) we also show the life expectancy forgone for
populations with the lowest levels of education in the US and Mexico. For the US we
selected people with 6 years of education or lower (elementary school or less). For
Mexico we considered people with no formal education (zero years of school). Selecting
exactly the same number of years of education was not possible in all cases due to the
sharp differences in levels of education in these countries®. For example, considering
people with no education in the US reduces the sample from 10,032 individuals to 90
individuals (and logistic analysis produces results which are statistically not significant).
On the other hand, working with people from 0 to 6 years of education in Mexico
produces results equivalent to the entire population (people in this range of education
represent around 85% of the total sample of elderly Mexicans in MHAS). In Appendix 2
we show the parameters for the logistic regression for different sub-groups of education
in Mexico and in the US (including the coefficients that produce the results showed in the
right side of the figure 2).

We observe that, for the entire population, the lost of life expectancy due to obesity in
Mexico is much higher than for the US (Figure 2) despite the fact that the prevalence of
obesity and chronic diseases among the elderly are higher in the United States. For 60
year-old individuals, the life expectancy forgone due to obesity in Mexico would be 4.4
years whereas in the US it would be 2.1 years (graph on the left side). But when we
evaluate this effect among the individuals with the lowest levels of education in those
countries we obtain the reverse result: for 60 year-old individuals with no formal
education in Mexico the loss in life expectancy due to obesity would be 5 years whereas
in the US for individuals from 0 to 6 years of formal education the loss reaches 6.75

years.

* In the US, over 70% of the elderly population has 11+ years of formal education. In contrast, in Mexico,
70% of elderly have 0-5 years of education.
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Figure 2
Life Expectancy Forgone Due to Obesity
For Elderly in Mexico and in the US*

8.00 - 8.00 -

—B— Ex_Forgone_Mexico —B— Ex_Forgone_Mexico_edu0

7.00 + 7.00 +

6.00 -

Ex_ Forgone_USA 6.00 + Ex_ Forgone_USA_educ0-6

5.00 - 5.00 Bag

All Levels of Education Lowest Levels of Education

* Note: Difference between Ex 5 - 4™ quintile of BMI and Ex 3" quintile.
Source: MHAS (2001-2003) and HRS (2000-2004).

As our results point out, despite the fact that the prevalence of obesity and chronic
diseases are higher among elderly in the United States, differentials in mortality among
obese individuals are higher in Mexico than in the US. The previous result also shows
that the higher amount of lost life expectancy in Mexico than in the US seems to be
associated with poorer socio-economic conditions among elderly Mexicans. In order to
investigate the mechanism underlying the connection between poor socio-economic
conditions and higher effect of obesity on mortality we carried out a decomposition
analysis. Such analysis, as specified in the methodology section, has two components that
allow us to verify whether the higher risk of dying among obese individuals is associated
with either a higher probability of suffering obesity-related chronic diseases or with a
higher risk of dying conditional on suffering obesity-related chronic diseases
(distinguishing each one of these diseases).

The chronic diseases were selected according to the aforementioned evidence
about the effect of obesity on the probability of experiencing chronic diseases. Diabetes,

heart diseases and hypertension stand out among them. Additionally, for both countries
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analyzed, we verify a strong effect of obesity on the probability of suffering diabetes,
hypertension and heart attack.” Since the effect of obesity on the probability of suffering
a heart attack disappears after controlling for hypertension, we only consider diabetes and
hypertension in the decomposition analysis.® Based on the interaction of these two
variables, we get the following groups: suffering neither hypertension nor diabetes;
suffering hypertension and not diabetes; suffering diabetes and not hypertension; and
suffering both. To avoid compositional differences such analysis is carried out for several
groups defined by sex and age. Figure 3 shows the results for the largest homogeneous
group found in the samples: females between 59 and 69 years old. This group is around
23% of the total valid data of each sample (excluding missing values).

The graph on the left side of Figure 3 shows the probability of experiencing each
chronic condition (none, hypertension, diabetes or both conditions) for obese people
(belonging to the fifth quintile of the BMI distribution) relative to the individuals with
normal weight (belonging to the third quintile of the BMI distribution). As we can
observe, the relative probability is higher for elderly individuals in the US than for
Mexicans. For example, in the US the probability of experiencing diabetes and
hypertension together is 141.14% higher for obese individuals relative to those with
normal weight. This percentage is much lower among Mexicans, whose relative
probability is equal to 31.98% (two last bars in the left graph of Figure 3).

The reverse results are observed when we analyze the graph on the right side of
Figure 3. This graph displays the relative risk of dying conditional on experiencing each
chronic disease. According to it, the probability of dying is higher among obese people
than among individuals with normal weight. Clearly this differential is stronger for
Mexican elderly. In Mexico, the relative risk probability of dying for people experiencing

both hypertension and diabetes is 33.5%, whereas in the US this percentage is 0.54%.

> Appendix 3 shows the results of the regression analysis performed in order to evaluate the effect of
obesity on the probability of suffering from each disease.

® Another important obesity-related factor of risk is heart disease. This variable is available only for United
States (HRS). Since we want to compare results for Mexico and United States, we consider only heart
attack. Despite the fact that this variable measures only one type of cardiovascular disease, it is the only
one available in both datasets used in this paper.
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Figure 3
Decomposition Analysis of the Relative Risk of Death for Obese People*
Women aged 60-70
Comparison for Mexico and the US
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* Note: The relative risk refers the risk for people in 5" quintile of BMI compared to people in the 3™
quintile of BMI.
Source: MHAS (2001-2003) and HRS (2000-2004).

V. Discussion

The main contribution of this paper is to produce comparable estimations of the
effects of obesity on mortality for elderly people in Mexico and in the US, as well as
identifying the main mechanism underlying such effects.

The increase in the prevalence of obesity and its related chronic diseases under
frail socio-economic conditions in Mexico suggests that effects on mortality in less-
developed countries may be more acute than in more developed countries. These frail
socio-economic conditions are related not only to more difficult access to health care but
also to greater exposure to infectious diseases and worse nutrition early in life. The
distinctive conditions in countries of Latin America and the Caribbean define a profile of
obese individuals characterized by having suffered a lack of essential nutrients,

particularly the proteins obtained from meat consumption early in life.
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Our results show that despite the fact that obesity and related chronic diseases are
more prevalent among US elderly, the effect of obesity on lost life expectancy is much
more acute in Mexico (over twice that of the US). Analyzing the effects among different
socio-economic strata, we can observe a greater effect among lower-educated individuals
compared to the population as a whole. For the US, life expectancy lost due to obesity for
the entire population is 2.1 years (for individuals 60 years old and over) and 6.75 years
for individuals having 0 to 6 years of education. For Mexico, forgone life expectancy for
all obese individuals in the same age group is 4.4 years whereas for individuals with no
formal education, the loss reaches 5 years.

These findings are in accordance with the hypothesis that suggests that the effect
of obesity on mortality is inversely related to the socio-economic level of the population.
When we analyze more homogeneous groups (in terms of education) the gap in the
effects of obesity on mortality decreases and even reverses the results between the
countries.

Is the higher relative risk of mortality observed in Mexico due to the higher
probability of suffering obesity-related diseases? Or it is a consequence of the higher
relative risk of mortality conditional on having these chronic diseases? The
decomposition analysis carried out was useful for answering these questions and helping
us to better understand the mechanism underlying the connection between poor SES and
the effect of obesity on mortality. According to our analysis, despite the fact that the
probability of suffering obesity-related chronic diseases among obese individuals (as
compared to people of normal weight) is much higher for US elderly, the relative risk of
dying conditional on experiencing these diseases is higher in Mexico.

Evaluating these results for females from 60 to 69 years old we can note that in
the US, the probability of experiencing diabetes and hypertension together is 141.14%
higher for obese individuals relative to those with normal weight, while it is only 31.98%
higher in Mexico. We found only one condition, hypertension, for which the relative
probability is higher for Mexicans than for Americans (24% and 14%, respectively).

On the other hand, for Mexican elderly the relative risk of dying for people

suffering both hypertension and diabetes is 33.5%, whereas in the US this percentage is
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0.54%. For the other conditions the relative risk of dying is: diabetes 48% in Mexico and
14% in the US; hypertension 47% for Mexico and 9% for the US.

The higher probability of suffering chronic conditions in the US could be
associated with a larger risk of becoming ill due to the higher prevalence of obesity (or
other causes) or it could be the result of a selection effect, that implies a premature
mortality in Mexico among obese people that does not allow us to observe people with
these conditions at older ages. The previous hypotheses could be operating
simultaneously; in fact there is evidence for both scenarios. On the one hand, there is a
higher prevalence of obesity among the US elderly; on the other, we observe a larger risk
of mortality among obese Mexicans.

Higher mortality among obese Mexicans could be due to a combination of factors.
First, inferior access to health services would proportionally affect people who suffer
chronic conditions more often (obese more than non—obese individuals). The proportion
of elderly people in Mexico (MHAS, 2001) who do not have any health insurance is 32%
(52% for people with no formal education), whereas in the US (HRS, 2000) this
proportion is equal to 4% (9% for people with 0-6 years of education). Second, the higher
mortality among elderly obese in Mexico could be the result of a combination of
infectious diseases, undernutrition and poor conditions, in general, early in life. These
findings lead us to ask what will happen in Mexico if the prevalence of obesity among the
elderly reaches current US levels. A future increase in obesity prevalence for Mexico
seems to be the most probable scenario if we observe the prevalence of obesity at
younger ages in Mexico (which already is higher than for the US).

The next steps of this work will be simulating the effect on chronic diseases and
losses in life expectancy associated with different scenarios of prevalence of obesity. In
addition, these scenarios will take into account the role of early conditions on this

process: the risk of being obese, suffering chronic conditions and dying.

15



ACKNOWLEDGMENTS

We are especially grateful to Alberto Palloni for his invaluable comments and
suggestions. The study was supported by grants from the National Institute of Aging and
Fogarty International Center (FIC) training program (5D43TWO001586) to the Center for
Demography and Ecology (CDE) and the Center for Demography of Health and Aging
(CDHA), University of Wisconsin-Madison. CDE is funded by the NICHD Center Grant
5R24HD04783; CDHA by the NIA Center Grant SP30AG017266.

16



References

Albala C; Vio F.; Kain J. and Uauy R. (2001). Nutrition transition in Latin America: the
Case of Chile. Nutr Rev; 59 (6): 170-176.

Allison, David B.; Fontaine, Kevin R.; Manson, JoAnn E.; Stevens, June; Vanltallie,
Theodore B. (1999). Annual Deaths Attributable to Obesity in the United States.
Journal of the American Medical Association; 282 (16): 1530 - 1538.

Baschetti R. (1998) “Diabetes epidemic in newly Westernized populations: is it due to
thrifty genes or to genetically unknown foods?” J R Soc Med. 91: 622-5.

Baschetti R. (1999) “Genetically unknown foods or thrifty genes?” Am J Clin Nutr.; 70:
420.

Caballero, Benjamin and Wang, Joufa (2006). Commentary: Obesity and Mortality —light
at the End but still a Long Tunnel. International Journal of Epidemiology; 39: 21-
22.

Caballero, Benjamin (2001). Introduction. Presented as part of the symposium “Obesity
in Developing Countries: Biological and Ecological Factors” given at the
Experimental Biology 2000 meeting held in San Diego, CA on April 15-19, 2000 .
Journal of Nutrition; 131; 866S — 870S.

Drewnowski, Adam and Specter, S. E. (2004). Poverty and Obesity: The Role of Energy
Density and Energy Cost. American Journal of Clinical Nutrition; 79: 6 — 16

Ferald, Lia; Gutierrez, Juan Pablo; Bertozzi, Stefano; Mietus-Snyder, Michel; Gertler,
Paul. (2004) Letter: High Prevalence of Obesity among the Poor in Mexico. Journal
of the American Medical Association; 291 (21): 2544 — 2544

Flegal K.M; Graubard B. I.; Williamson D.F and Gail M.H. (2005). Excess Deaths
Associated with Underweight, Overweight, and Obesity. Journal of the American
Medical Association; 293 (15): 1861-1867.

Hubbard, VS (2000). Defining overweight and obesity: what are the issues? Am J Clin
Nutr 72:10167-68.

Lopez-Alvarenga JC, Montesinos-Cabrera RA, Veldzquez-Alva C and Gonzélez-
Barrancoa J, 2003. Short Stature Is Related to High Body Fat Composition Despite

17


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNM-48BBDD1-9&_user=443835&_coverDate=04%2F30%2F2003&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000020958&_version=1&_urlVersion=0&_userid=443835&md5=6c055bb40a16e21b5c7e3e1e9491fcf0#aff1#af

Body Mass Index in a Mexican Population. Archives of Medical Research
34(2): 137-140.

Mokdad, A. H.; Marks, D. F.; Stroup, D. F.; Gerberding, J. L. (2004). Actual Causes of
Death in the United States, 2000. Journal of the American Medical Association; 291
(10): 1238 - 1245

Monteiro C. A.; Conde W.L and Popkin B.M. (2004). The Burden of Disease from
Undernutrition and Overnutrition Countries Undergoing Rapid Nutrition Transition:
A View from Brazil. American journal of Public Health; 94 (3): 433 - 434.

Olshansky S.J; Douglas J.P. Hershow R.C; Layden J.; Carnes B.A; Brody J. et al. (2005)
A potential Decline in Life Expectancy in the United States in the 21* Century. The
New England Journal of Medicine. 352;11, 1138-1145.

PAHO/OPS (2006). Relacion entre la situacion socioecondomica y la obesidad en paises
de diferente nivel de desarrollo. Revista Panamericana de Salud Publica; 19(4):

Popkin, Barry M. (1994) The Nutrition Transition in Low-Income Countries: An
Emerging Crisis. Nutrition Review; 52 (9): 285 — 298

Roglic, Gojka; Unwin, Nigel; Bennett, Peter; Mathers, Colin; Tuomilehto, Jaakko; Nag,
Satyajit; Connolly, Vincent; King, Hilary. (2005). The Burden of Mortality
Attributable to Diabetes. Diabetes Care; 28 (9): 2130 —2135.

Uauy, Ricardo; Albala, Cecilia; Kain, Juliana. (2001). Obesity Trends in Latin America;
Transition from Under- to Overweight. Presented as part of the Symposium:
“Obesity in Developing Countries: Biological and Ecological Factors”. Journal of
Nutrition; 131: 893S — 899S

Valiente, S.; Albala, C.; Avila, B., Monckeberg, F. (1988) Nutritional Pathology in Latin
American and the Caribbean. Arch Latinoam Nutr; 38 (3): 445 — 465

WHO (1995). Physical Status: The Use and Interpretation of Anthropometry. Report of a
WHO Expert committee. World Health Organization. Geneva 1995. WHO
Technical Report Series 854

WHO (1999). WHO Technical Report Series 894 Obesity: Preventing and Managing the
Global Epidemic. World Health Organization. Geneva 2000.

WHO (2006). Retrieved June 9, 2006, from
http://www3.who.int/whois/core/core_select process.cfm

18


http://www.sciencedirect.com/science?_ob=PublicationURL&_cdi=6182&_pubType=J&_auth=y&_acct=C000020958&_version=1&_urlVersion=0&_userid=443835&md5=1b5018e9953bc3cfb0aa88c4680c7f8b
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236182%232003%23999659997%23416406%23FLA%23&_cdi=6182&_pubType=J&view=c&_auth=y&_acct=C000020958&_version=1&_urlVersion=0&_userid=443835&md5=bb0a7c32eca1dacbe22fd25f4c97a931
http://www3.who.int/whois/core/core_select_process.cfm

Zhang, Qi and Wang, Youfa (2004). Trends in the Association between Obesity and
Socioeconomic Status in U.S. Adults: 1971 to 2000. Obesity Research; 12 (10):
1622 — 1632.

19



Appendix 1

Distribution of Individuals by Quintile of BMI and by Level of Education

in Mexico (2001) and in the US (2000)

Years of BMI — Quintiles
Education %
MHAS 1St Q 2nd Q 3I’d Q 4th Q 5th Q
0 26.04 20.40 16.25 18.63 18.68
0-6 20.07 20.01 19.34 19.93 20.66
7-12 13.45 21.79 23.16 21.67 19.93
12 and more 13.79 26.60 2291 20.20 16.50
12 - 15 14.13 27.72 20.65 16.85 20.65
14 and more 13.46 26.15 25.38 21.92 13.08
15 and more 13.39 25.94 24.69 23.01 12.97
HRS 2000
0 11.96 21.74 19.57 25.00 21.74
0-6 14.78 19.10 19.40 25.07 21.64
7-12 19.47 19.35 20.24 20.72 20.22
12 and more 20.98 21.56 20.64 19.70 17.11
1215 20.54 19.96 20.63 20.54 18.34
14 and more 21.71 24.03 21.52 18.11 14.63
15 and more 22.24 25.64 20.72 17.54 13.87
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Appendix 2

Table Al
Logistic Regression — Independent Variable:
Death between 2001 and 2003
Mexican with no Formal Education

N =1,747 Quintiles
Variable Coeff. P value
Age 0.07%* 0.00
Sex -0.33% 0.08

5™ quintile 0.76%* 0.05

4™ quintile 0.65* 0.09

2" quintile 0.77%* 0.04

1° quintile 1.02% 0.00

Smoker -0.20 0.47

Constant -7.98%** 0.00
* p-value < 0.10 ** p-value < 0.05

1% quintile: BMI<21.9; 2™ quintile: 21.9<BMI<24.7; 3™ quintile 24.7<BMI<27.3;
4™ quintile: 27.3<BMI<30.5 and 5" quintile: BMI>30.5.

Table A2
Logistic Regression — Independent Variable:
Deaths between 2000 and 2004
US population from 0 to 6 years of formal education

N =656 Quintiles
Variable Coeff. P value
Age 0.08%* 0.00
Sex -0.53* 0.05
Education 0.03 0.47
5™ quintile 0.96* 0.05
4" quintile 0.70 0.15
2" quintile 1.35%+ 0.00
1% quintile 1.46%* 0.00
Smoker 0.31 0.315
Constant -8.03%* 0.00

* p-value <0.10 ** p-value < 0.05

1* quintile: BMI<23.42; 2nd quintile: 23.42<BMI<25.77; 3™ quintile 25.77<BMI<28.00;
4™ quintile: 28.00<BMI<31.12 and 5" quintile: BMI>31.12.
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Table A3
Logistic Regression — Independent Variable:
Deaths between 2000 and 2004
US population over 14 years of formal education

N =3,067 Quintiles
Variable Coeff. P value
Age 0.11%* 0.00
Sex -0.59%* 0.00
Education -0.08 0.19
5™ quintile 0.23 0.38
4™ quintile 0.33 0.15
2" quintile 0.24 0.26
1% quintile 0.45%* 0.04
Smoker 0.99% 0.00
Constant -8.21%** 0.00

* p-value < 0.10 ** p-value < 0.05

1% quintile: BMI<23.42; 2nd quintile: 23.42<BMI<25.77; 3™ quintile 25.77<BMI<28.00;
4™ quintile: 28.00<BMI<31.12 and 5™ quintile: BMI>31.12.

For Mexico it was not possible to estimate the effect for people with 6 years of

education or higher (secondary school finished) because the sample comes down to 300
individuals and of those there are only 20 deaths.
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Appendix 3
Results of the Decomposition Analysis

a. Logistic Regression — Independent Variable:
Deaths between 2000 and 2004 (HRS) and between 2001 and 2003

(MHAS)
Variable HRS MHAS

Coeff.  Pvalue Coeff. P value
Age 0.10 0.000 0.08 0.000
Sex -0.54 0.000 -0.40 0.001
Education -0.04 0.000 -0.02 0.263
Obese_high (or 5th quintile) 0.15 0.241 0.41 0.054
Obese (or 4th quintile) 0.11 0.370 0.49 0.017
Overweight (or 2nd quintile) 0.31 0.008 0.40 0.051
Low Weight (or 1st quintile) 0.85 0.000 1.05 0.000
Smoker 0.70 0.000 0.25 0.107
Hypertension 0.25 0.003 0.26 0.068
Diabetes 0.55 0.000 0.79 0.000
Hypertension and Diabetes 1.21 0.000 1.02 0.000

Constant -8.24 0.000 -8.69 0.000




b. Multinomial Logistic Regression — Independent Variable: Groups of

diseases (Reference Category: Suffer neither hypertension nor

Diabetes)
Variable HRS MHAS

Hypertension Coeff. P value Coeff. P value
Age 0.02 0.000 0.01 0.029
Sex 0.08 0.079 0.59 0.000
Education -0.02 0.001 0.01 0.062
Obese_high (or 5" quintile) 0.67 0.000 0.48 0.000
Obese (or 4™ quintile) 0.34 0.000 0.26 0.007
Overweight (or 2" quintile) -0.17 0.010 -0.17 0.071
Low Weight (or 1° quintile) -0.54 0.000 -0.31 0.002
Smoker -0.18 0.005 -0.56 0.000
Constant -1.45 0.000 -1.98 0.000
Diabetes Coeff. P value Coeff. P value
Age 0.01 0.197 -0.02 0.038
Sex -0.44 0.000 0.23 0.027
Education -0.07 0.000 0.00 0.857
Obese_high (or 5™ quintile) 0.70 0.000 0.04 0.800
Obese (or 4™ quintile) 0.25 0.085 0.00 0.976
Overweight (or 2" quintile) -0.37 0.017 -0.08 0.605
Low Weight (or 1% quintile) -0.60 0.000 -0.36 0.035
Smoker -0.29 0.052 -0.23 0.099
Constant -1.60 0.037 -1.09 0.044
Hypertension and Diabetes Coeff. P value Coeff. P value
Age 0.04 0.000 0.00 0.804
Sex -0.04 0.545 0.69 0.000
Education -0.09 0.000 0.01 0.203
Obese_high (or 5™ quintile) 1.38 0.000 0.53 0.000
Obese (or 4™ quintile) 0.71 0.000 0.38 0.008
Overweight (or 2" quintile) -0.57 0.000 -0.20 0.199
Low Weight (or 1% quintile) -1.04 0.000 -0.18 0.251
Smoker -0.22 0.031 -0.82 0.000
Constant -3.01 0.000 -2.83 0.000
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c. LOGISTIC REGRESSION - EFFECT OF OBSESITY ON
CHRONIC DISEASES

C.1. HRS
Variables Heart Attack (1) Heart Attack (2) Hypertension Diabetes
Coeff. P Value  Coeff. P Value Coeff. P Value Coeff. P Value

Age 0.02 0.036 0.02 0.081 0.02 0.000 0.02 0.000
Sex -0.75 0.000 -0.79 0.000 0.11 0.011 -0.19 0.001
Education -0.05 0.001 -0.05 0.003 -0.03 0.000 -0.07 0.000
Obese_high (or 9 0.146 0.14 0.475 0.76 0.000 0.83 0.000
5th quintile)
Obese (or 4th 0.03 0.884 -0.06 0.768 0.40 0.000 0.42 0.000
quintile)
Overweight (or  , ) 0.920 0.02 0.914 2021 0.001 -0.41 0.000
2nd quintile)
Low Weight
(or 1st -0.07 0.738 0.04 0.845 -0.58 0.000 -0.67 0.000
quintile)
Smoker 0.14 0.410 0.19 0.281 -0.17 0.004 -0.16 0.049
Hypertension - - 0.96 0.000 - - - -
Constant 3.71 0.000 -4.05 0.000 -1.41 0.000 -1.94 0.000

C.2. MHAS

Variables Heart Attack (1) Heart Attack (2) Hypertension Diabetes

Coeff. P Value Coeff. P Value Coeff. P Value Coeff. P Value

Age 0.03 0.000 0.03 0.000 0.01 0.010 -0.01 0.069
Sex -0.58 0.000 -0.79 0.000 0.58 0.000 0.22 0.001
Education 0.02 0.114 0.02 0.237 0.01 0.051 0.00 0.957
Obese_high (or 0.36 0.059 0.22 0.259 0.51 0.000 0.12 0.241
5th quintile)
Obese (or 4th 0.14 0.461 0.05 0.814 0.29 0.001 0.12 0.258
quintile)
Overweight (or 0.819 0.00 0.986 -0.16 0.065 -0.08 0.470
2nd quintile)
Low Weight (or ¢ 0.768 0.17 0.423 -0.23 0.009 -0.12 0.301
1st quintile)
Smoker -0.81 0.000 -0.60 0.007 -0.59 0.000 -0.30 0.003
Hypertension - - 1.48 0.000 - - - -
Constant 429 0.000 -4.71 0.000 -1.89 0.000 -1.29 0.000
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