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Objective. To prospectively assess the relationship between
overweight/obesity and incidence of type 2 diabetes mellitus
(T2DM) among Mexicans aged 50+, assessing effects of age,
genetic predisposition, education, physical activity, and place of
residence. Materials and methods.The Mexican Health
and Aging Study (MHAS) was used to prospectively follow
respondents free of diabetes in 2001 who became diabetic
by 2012. Multivariate random effects logistic regression was
used to assess covariates effects on the incidence of T2DM.
Results. Obese or overweight individuals at baseline (2001)
were about 3 and 2 times, respectively, significantly more likely
to become diabetic by 2012. Genetic predisposition increases
the risk of diabetes by about three times compared to those
with no family history of diabetes. Conclusion. Overweight/
obesity and genetic predisposition are the primary drivers
of diabetes incidence among Mexican older adults. Reducing
body weight and having access to health care may ameliorate
the disease burden of T2DM.

(1)

Objetivo. Cuantificar prospectivamente la relación entre
sobrepeso/obesidad e incidencia de diabetes entre mexicanos
mayores de 50 años mediante la medición de los efectos de
la edad, predisposición genética, educación, actividad física y
lugar de residencia. Material y métodos. Se utilizó el Estudio Nacional de Salud y Envejecimiento en México (Enasem)
para seguir a adultos mayores sin diabetes en 2001 y que se
convirtieron en diabéticos en 2012. Se utilizó el modelo de
regresión logística de efectos aleatorios para cuantificar el
efecto de covariables en la incidencia de diabetes. Resultados. Quienes tenían obesidad y sobrepeso en 2001 fueron
3 y 2 veces más propensos a adquirir diabetes en 2012, respectivamente. La predisposición genética aumentó tres veces
el riesgo de padecer diabetes en comparación con aquéllos
sin historia familiar de diabetes. Conclusiones. Sobrepeso,
obesidad y predisposición genética son causantes de diabetes
en adultos mayores mexicanos. Reducción de peso y acceso
a atención de salud podrían reducir las consecuencias que
tiene la diabetes.
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revalence of adult obesity in Mexico has grown at
an unprecedented pace during the last two decades,
reaching the highest level (33%) in the Latin America
region in 2012.1 The health consequences of overweight
and obesity are beginning to emerge as exemplified by
the increasing prevalence and disease toll from type 2
diabetes mellitus (T2DM), particularly among older
adults.2,3
Epidemiologic evidence consistently shows that
being overweight or obese is a major risk factor for
developing T2DM. In Mexico, evidence indicates that
overweight or obese individuals have a higher likelihood of having T2DM.4-6 In addition, prevalence of
overweight and obesity differs significantly by sex,
socioeconomic status (SES) and place of residence,7,8
suggesting that T2DM status also varies by these factors. Only a small number of epidemiologic studies
have estimated this relationship in Mexico (e.g., in
Mexico City9). Yet, these studies are not nationally
representative of the older adult Mexican population
and are usually based on cross-sectional data, which
limit our understanding of the relationship between
overweight/obesity and T2DM as the latter condition
develops over the individual’s life course.
In this paper we study the link between overweight/obesity and incidence of T2DM among older
adults using nationally representative prospective data
of Mexico. Our study adds to the existent literature in
two main areas. First, we clarify how overweight/obesity links with the incidence of T2DM among Mexicans
aged 50 or older by exploiting the prospective (longitudinal) nature of the Mexican Health and Aging Study
(MHAS in English or Enasem in Spanish) between 2001
and 2012. We improve the assessment of this relationship by using robust longitudinal methods that result
in incidence estimates that control for unobserved confounders present in cross-sectional data and account for
time dependence in the variables of interest. As most
studies document this link in high-income countries,
we extend previous research by analyzing this association in a nationally representative sample of older
Mexican adults. Second, as the association between
overweight/obesity and T2DM is likely to vary by place
of residence, education and between younger and older
adults, we examine this association by controlling for
area of residence (urban/rural), educational level (no
education/elementary/secondary or more), and age
groups (50-64/65-79/80 or older). This allows us to get
a better understanding of the incidence of T2DM across
population subgroups.
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Materials and methods
Data
Our analysis is conducted on individual-level data from
a prospective three-wave panel study of a nationally representative cohort of Mexican adults ages 50 and older
at the baseline (2001), the MHAS. MHAS is designed to
have both urban and rural representation and provides
data on demographic traits, self-perceived health status
and chronic conditions, lifestyle choices (tobacco use,
alcohol consumption, or physical activities), functional
and cognitive performance, labor and economic status,
income and assets, transfers, family arrangements, use
of health services, health insurance and housing. The
study was approved by the Institutional Review Boards
or Ethics Committees of the University of Texas Medical
Branch in the United States, as wellas the Instituto Nacional de Estadística y Geografía (INEGI) and the Instituto
Nacional de Salud Pública (INSP) in Mexico. Detailed
information on the MHAS survey design is presented
elsewhere.10
The MHAS dataset includes information from three
waves: 2001, 2003 and 2012. The sample baseline consists
of 15 402 interviews gathered during 2001. The second
wave was conducted during 2003; questionnaires were
administered to 14 386 surviving respondents and a new
sample of 220 new spouses. Finally, a third survey was
carried out during 2012 including 12 569 respondents
and a new replacement sample of 5 896 new subjects
and spouses. In this study, we use all respondents and
their spouses aged 50 or more interviewed at baseline
and in any of the two follow-up waves.
At baseline, 10 919 persons out of 15 402 were
diabetes free, and during the follow-up period, 1 640
respondents became diabetic, either by 2003 (487) or by
2012 (1 153).

Measures
Diabetes was measured using self-reported information
obtained from the following question: “Has a doctor or
medical personnel ever told you that you have diabetes
or high blood sugar levels?” The variable “diabetes”
takes the value of 1 if the respondent says “yes” to the
previous question in 2001, 2003 and 2012. Body weight
and height are also based on self-reports and body
mass index (BMI) is computed as weight divided by the
square of height. We used the WHO11 standard cut-off to
define BMI categories as underweight (< 18.5), normal
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or healthy weight (18.5 to 25), overweight (25 to 30)
and obese (> 30). In all statistical models, the control
group corresponds to healthy weight individuals. Thus,
coefficient estimates represent the effect of being obese,
overweight, or underweight on diabetes relative to their
normal-BMI counterparts.
We consider how the incidence of T2DM is associated with three main factors: a) genetic predisposition
coded as 1 if either the respondent’s parents or siblings
were told by a physician or medical personnel they have
diabetes and 0 otherwise; b) physical activity coded as 1 if
the respondent reported having exercised, or done some
hard physical activity three or more times a week, and 0
otherwise, and c) smoking status, coded as 1 if the respondent currently smokes (active smoker) and 0 otherwise.
We additionally control for respondent’s age using three
categorical variables: 50-64, 65-79, and 80+ years old, and
two additional variables to account for socioeconomic
differences: a) education coded as three categorical variables: no education (0 years of schooling), elementary (1
to 6 years of schooling), and secondary or more (7+ years
of schooling); b) current place of residence coded as 1 if
respondent lived in an urban area (locality size more than
15 000 inhabitants) and 0 if respondent lived in a rural site
(locality size less than 15 000 inhabitants).

Methods
To model incidence of T2DM we used a random effects
logistic regression model especially suited to handle
longitudinal data. We begin our analysis with a sample
of diabetes-free individuals in 2001 and modeled their
transition into (incidence of) T2DM by the follow-up
in either 2003 or 2012. This model takes into account
differences across and between individuals that could
have an influence on T2DM.
The model assumes that diabetes is not directly
observable but instead it is reported by the respondents
themselves and represented by a binary variable. The
propensity-to-diabetes equation is specified over individuals (i) and time (t) as follows:

[

Diabetes

]

it
= b0+b1BMIit+b2Ageit+b3Educit+b4PAit+
log ––––––––––
1-Diabetesit
b5GPit+ b6Smkit+ b7Urbanit+ µi+ eit

where Educ=education, PA=physical activity, GP=genetic
predisposition, Smk=current smoker, µ i=betweenindividual error, and eit=within-individual error.
“Diabetes” is the chronic condition reported by
the respondent. This model specification monitors the
effects of respondent’s individual traits such as BMI
category, age, education, smoking, physical activities,
salud pública de méxico / vol. 57, suplemento 1 de 2015
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genetic predisposition, and place of residence on T2DM
incidence. We additionally included a time variable that
accounts for changes over time in the incidence rate
of self-reported diabetes. We estimated three models:
for the total population (i.e., pooled sample with a sex
indicator), and separately for males and females.

Results
Descriptive characteristics of the studied sample in 2001
are displayed in table I. Results indicate that almost
two-thirds (63%) of the older adult Mexican population
Table I

Sample characteristics of Mexicans
aged 50 or older at baseline.* MHAS, 2001
Covariates
BMI
Obese

Total (%)

Males (%)

Females (%)

21.9

21.0

22.6

Overweight
Normal

40.7
34.9

40.5
35.7

40.8
34.4

Underweight

2.5

2.8

2.3

Age
50-64
65-79

61.9
30.1

64.3
29.4

59.4
30.9

80+

8.0

6.4

9.7

Physical activity

32.5

37.7

27.7

Genetic predisposition

26.9

26.9

27.0

Education
No education

31.2

29.5

32.7

Elementary

50.4

51.7

49.3

Secondary+

18.4

18.8

18.1

Current smoker

40.6

42.1

38.7

Place of residence
Urban
Rural
Sample size

59.6

55.0

63.8

40.4

45.0

36.2

10 919

5 183

5 736

* All values shown are percentages taking into account the complex sampling
design of the survey. The sample size corresponds to the actual analytic
sample. BMI categories correspond to underweight (<18.5), normal weight
(18.5 to 25), overweight (25 to 30) and obese (>30). Physical activity corresponds to self-reports on having exercised, or done some hard physical
activity three or more times a week. Genetic predisposition represents
the respondent’s parents or siblings were told by a physician or medical
personnel they have diabetes. Education corresponds to no education (0
years of schooling), elementary (1 to 6 years of schooling), and secondary
or more (7+ years of schooling). Urban area represents a place with
>15 000 inhabitants and rural place <15 000 people

S17

Pinto G, Beltrán-Sánchez H

Artículo original

is either overweight (41%) or obese (22%), with slightly
higher obesity and overweight prevalence among
females. Physical activity shows that about one-third
(33%) reported having exercised or done some physical
activity three or more times a week with higher prevalence among males. Similarly, about one-fourth of the
sampled population self-reports having parents or siblings with diabetes (genetic predisposition to diabetes),
according to a physician or medical personnel. About
half of the older Mexican population reported having
some elementary education, with another one-third
having no schooling and the remaining one-fifth with
secondary or more. Males tend to show slightly higher
proportions of schooling (either elementary or secondary or plus) than females.
Changes in diabetes status by age and BMI categories are shown in figure 1. Results clearly show that
obese or overweight individuals at baseline were more
likely to become diabetic by 2012; while the opposite is
true for underweight people. These patterns are similar
for males and females, although obese or overweight
males become diabetic in larger numbers than females.
For instance, about one-third of obese males aged 50-59
in 2001 became diabetic by 2012, while the corresponding fraction among females is only one-fifth. Differences
in diabetes incidence by BMI categories reduce at older
ages reaching levels of about 10%.

The net effect of obesity on diabetes
incidence
Results from multivariate logistic random effect models
Total

Diabetes incidence by 2012 (%)

35

assessing the incidence of diabetes with overweight/
obesity are shown in table II. These results show net
effects of overweight/obesity and genetic predisposition on diabetes; that is, the effects that are not “confounded” by all other factors included in the model.
Results show positive and statistically significant effects
of overweight and obesity as well as hereditary factors
on the incidence of diabetes, after controlling for other
individual traits.
In fact, obese or overweight individuals were more
likely to develop diabetes over the follow-up period
relative to normal BMI individuals; while underweight
respondents show a negative association, suggesting
that they were less likely to develop this chronic condition during the period of study. For example, being
obese or overweight at baseline increases the likelihood
of developing T2DM by about 3 and 2 times, respectively, over an 11-year follow-up period relative to their
normal-BMI counterparts.
Genetic predisposition to diabetes also has a strong
positive effect in this population. Having parents or
siblings diagnosed with T2DM increases the risk of
developing the disease by almost three times compared
to those with no-family history of diabetes.
The remaining variables also show significant effects on diabetes in the expected direction. For example,
being active reduces the chances of being diabetic by almost 1.5 times when compared to no-active respondents.
Importantly, younger older adults (aged 50-64) are more
likely to become diabetic than their older counterparts
(aged 65-79 and 80 or older). Finally, individuals with
low levels of education (no schooling) are more likely to
Male

Female

30
25
20
15
10
5
0
50-59

60-69

70-79

80+

50-59

60-69
70-79
Age in 2001

80+

50-59

60-69

70-79

80+

or older.*

MHAS,

BMI category
Underweight

Normal

Overweight

Obese

* BMI categories correspond to underweight (<18.5), normal weight (18.5 to 25), overweight (25 to 30) and obese (>30)

Figure 1. Diabetes
2001-2012
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Table II

Longitudinal random effects logistic models
for diabetes incidence among Mexican aged
50 or older by sex.* MHAS, 2001-2012
Covariates

Total

Males

Females

BMI (ref= normal)
Obese
Overweight
Underweight

1.120‡
0.821‡
-1.784#

1.055‡
0.889‡
n/a

1.513‡
0.870‡
-1.913

Gender (ref= female)
Male

-0.019

Age (ref= 50-64)
65-79
80-+

-0.319#
-1.749‡

-0.211
-1.725‡

-0.582
-2.284‡

Physical activity
Genetic predisposition

-0.343#
1.056‡

-0.290
1.027‡

-0.480
1.339‡

Education (ref= no education)
Elementary
Secondary+

-0.223
-0.443

0.155
-0.060

-0.780#
-1.037#

Current smoker

-0.223

-0.293

-0.072

Place of residence (ref= rural)
Urban

-0.107

-0.053

-0.233

Time indicator
Yearly time trend

0.583‡

0.506‡

0.941‡

* BMI categories correspond to underweight (< 18.5), normal weight (18.5 to
25), overweight (25 to 30) and obese (> 30). Physical activity corresponds
to self-reported having exercised, or done some hard physical activity three
or more times a week. Genetic predisposition represents the respondent’s
parents or siblings were told by a physician or medical personnel they have
diabetes. Education corresponds to no education (0 years of schooling),
elementary (1 to 6 years of schooling), and secondary or more (7+ years
of schooling). Urban area represents a place with >15 000 inhabitants and
rural place <15 000 people
‡
p<0.001
#
p<0.05

become diabetic than to those with secondary or higher
education. Results also show no significant difference in
the incidence of diabetes by smoking status and place
of residence (urban vs. rural).
Overall, there is a similar association between each
factor and the incidence of T2DM for both males and
females, but there are some noticeable differences. For
instance, relative to normal BMI respondents, obese females are about 4.5 times more likely to become diabetic
over the follow-up period, compared to an about 2.9
salud pública de méxico / vol. 57, suplemento 1 de 2015

times higher likelihood among obese males. Similarly,
hereditary factors increase more strongly the predisposition of becoming diabetic among women (3.8 times)
than men (2.7 times), holding constant all other factors
in the respective models. Additionally, there are no
educational differences in the likelihood of developing
T2DM among males but females with no schooling are
significantly more likely to become diabetic relative to
their counterparts with some schooling (either elementary or secondary or more education). Finally, physical
activity does not seem to have a significant effect on
T2DM incidence among males and females.

Discussion
Random-effects logit regression models using data
from MHAS produces positive, strong, and significant
estimates of the effect of overweight/obesity on T2DM
at the population-level, after adjusting for respondent’s
individual traits. Our results indicate that obesity and
overweight are strongly and significantly associated
with the incidence of T2DM among older Mexican
adults: obese or overweight individuals are about 3 and
2 times, respectively, more likely to develop T2DM than
their normal-BMI counterparts over an 11-year period.
This result raises important concerns given the rapid
increase in overweight and obesity prevalence among
older adults (aged 50 or more) in the last decade.12 The
rapid growth in body weight among Mexicans has been
fueled by recent changes in both nutritional intake and
the epidemiologic profile, which have led to improvements in health and survival status.13,14 However, these
changes may have reached a point of diminishing returns as Mexico switched from a state of under-nutrition
to over-nutrition in a short period of time.4
In addition, young older adults (aged 50-64) were
significantly more likely to become diabetic over an 11year period than their older counterparts (aged 65+).
This result can have important implications for the
health status of the upcoming aging population and
the future mortality prospects of older Mexican adults.
For instance, there is evidence indicating that diabetes
is associated with large reductions in overall life expectancy15 and disability-free life expectancy among older
Mexican adults.16
Our results also show a strong association between
genetic predisposition and T2DM. Individuals with
this trait have about three times higher likelihood of
developing diabetes as they age, net of obesity/overweight and other inter-individual characteristics. In
addition, about one-third (31%) of older adults (table I)
self-reported a genetic predisposition to diabetes.
These results underscore the significance of access to
S19
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health care for older Mexican adults, particularly that
of Seguro Popular.17,18 For instance, preventive care may
allow these individuals to get an early diagnosis of the
disease thereby reducing the disease associated comorbidities. Similarly, access to health care can also provide
patients with adequate medical treatment to reduce
the progression of the disease and its associated health
consequences. This is particularly important since previous evidence indicates that a large portion of diabetic
patients (85%) aged 20 or older in 2006 received poor
medical treatment19 which have led to sizeable economic
costs and disease burden due to diabetes.20
Thus, the findings gleaned in this paper provide
additional evidence of the role of obesity/overweight
and genetic predisposition as the main and independent
drivers of diabetes. This means that reductions in obesity
rates may lead to important declines in morbidity and
mortality from diabetes, which consequently may lead
to cost reductions for the health system. For instance,
diabetes is the leading cause of death among women
and the third among men in Mexico.21
This study has a limitation. We rely on self-reported
data on diabetes, body weight and height which may
be producing some bias in our estimates. On the one
hand, self-reported diabetes may bias our estimates
resulting from undiagnosed cases; however, if this is
the case, our estimates will likely lead to lower than
expected coefficient estimates which suggest that our
results are indeed conservative (i.e., lower bounds). On
the other hand, self-reported weight and height could
bias effects of overweight/obesity if there is large discrepancy between objective measures and self-reports.
However, evidence shows significant agreement between self-reported height and weight and objective
measures in MHAS22 and lack of agreement between
objective measures and self-reports has been shown to
be mostly attributable to random noise.23 Thus, although
consistency between self-reports and objective measures
varies by age and gender, the overall concordance of
measures in MHAS is surprisingly high and secures
valid inferences.22
Diabetes as a major chronic disease places a high
burden due to its associated comorbidities and increased
medical costs as well as for being a risk factor for oldage disability and mortality. Diabetes prevalence in the
adult Mexican population (aged 20 or older) has more
than doubled between 1994 and 2006, from 6.7 to 14.4%,2
but it remained fairly constant between 2006 and 2012
at about 14%.12 However, the prevalence among older
adults is much higher, reaching about 19 and 24% among
those aged 50-59 and 60-79, respectively, in 2012.12 In
addition, the majority of diabetic patients (85%) aged
20 or older in 2006 have been reported to receive poor
S20

medical treatment, regardless of their access to health
care, type of institution, or type of health insurance.19
As a result of poor disease control, there are sizeable
economic costs and disease burden associated with
diabetes; some research suggests that diabetes accounts
for about 7% of all health expenditures in Mexico.20
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