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Abstract
Objective. To estimate the effects of physical activity (PA)
and obesity on the cumulative incidence of disability on the
basic activities of daily living in the elderly. Materials and
methods. Longitudinal study. We selected 2 477 participants
aged 65-74 years from the impact evaluation study of a noncontributory pension program in Mexico. Participants were
without disability at baseline. Katz index was used to assess
disability both at baseline and follow-up. PA, body mass index,
and covariates were measured at baseline. Results. After
14-months of follow-up, the cumulative incidence of disability
reached 10.1%. High PA was found to reduce disability risk
(OR=0.64; 95%CI [0.43-0.95]), and the association between
obesity and disability was marginally significant (OR=1.36;
95%CI [0.96-1.95]). Conclusions. There is a need to
perform a functional assessment of older adults in primary
care to identify patients with functional dependence , and to
promote physical activity to maintain muscle mass and thus
reduce the incidence of disability.

Resumen
Objetivo. Estimar el efecto de la actividad física (AF) y la
obesidad sobre la incidencia acumulada de discapacidad en
actividades básicas de la vida diaria en adultos mayores (AM).
Material y métodos. Estudio longitudinal. La muestra
procede del estudio de evaluación de impacto del Programa 70 y más; seleccionamos 2 477 AM de 65-74 años sin
discapacidad en la medición basal. La AF, el índice de masa
corporal y otras covariables se midieron en el estudio basal.
Resultados. La incidencia acumulada de discapacidad, a 14
meses de seguimiento, fue de 10.1%. Después de ajustar por
covariables, la AF alta disminuyó el riesgo de discapacidad
(RM=0.64; IC95% 0.43-0.95). La obesidad se asoció marginalmente con el riesgo de discapacidad (RM=1.36; IC95%
0.96-1.95). Conclusión. Se requiere incorporar la valoración
funcional de los adultos mayores en los niveles primarios de
atención para identificar sujetos con dependencia funcional
y fomentar la actividad física para mantener la masa muscular
y así disminuir la incidencia de la discapacidad.
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T

he negative consequences of disability in the elderly are multifold. It undermines their health, selfesteem, perception of well-being, and quality of life;1,2
exacerbates the burden on hospital services, heightens
the demand for health care3 and constitutes an important
mortality predictor.4
Numerous health conditions can lead to disability:
cognitive impairment, depression, specific co-morbidities, arthritis, visual, and hearing problems, falls, lower
extremity function limitations and slow gait, in addition
to current smoking and alcohol consumption.5,6
Obesity has also been mentioned in the literature
as a correlate of disability, and has been associated with
high risk for limited physical mobility,7-10 which in turn
leads to the development and acceleration of disability
among the elderly.11-14
Regarding physical activity (PA), several prospective studies have also identified that regular PA8,9,15
or intense PA7,16,17 decreases the risk of disability or
mobility problems. However, little has been studied
about these relationships among rural populations in
Mexico.
In Mexico, older adults (OA) represent the highestgrowth segment and constitutes almost 10 million
individuals aged 60 and older (8.9% of the total population), of whom 27% reside in rural communities.18
Lack of access to health services poses a particularly
critical issue for the rural elderly, most of whom have
never worked in the formal sector of the economy and
therefore reach old age without retirement pensions or
health care.19,20 This translates into inadequate health
care, undiagnosed illnesses and, consequently, not opportune treatment.21
Furthermore, it has been reported that the poorer
the elderly, the more likely they are to develop functional limitations,22 thus confirming that the frequency
of many chronic conditions affecting physical function
escalates among populations suffer greater economic
vulnerability. Mexico, for example, has reported a high
prevalence of disability in rural elderly (30%), reflecting
a heavy burden of this disease in this population.23 The
present study was conducted with the aim of estimating
the effect of obesity and PA on the cumulative incidence
of basic activities of daily living (ADL) disability within
a sample of poor rural elderly in Mexico.

Materials and methods
Design and sample
The elderly in our analytic sample were part of the
impact evaluation study of Program 70 y más that was
conducted in Mexico during 2007-2009. 70 y más was a
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program of non-contributory social pension which initially benefited older people, ≥70 years, residing in localities with a population of up to 2 500 inhabitants in 2007
and was expanded to localities of up to 30 000 inhabitants
in 2008. The evaluation was designed to estimate the effect of 70 y más on the lives of its beneficiaries in terms
of income, physical and mental health, and nutritional
status. Details of the methodology of evaluation as well
as the sampling procedures have been previously reported.24 Nevertheless; we summarize some of the overall
characteristics of the previously stated study.
The evaluation study consisted in a prospective
study of 6 000 elderly aged 65 to 74 years in 2007, and
residents of seven Mexican states. The response rate for
the evaluation study in the basal measurement (2007)
was 91%. Additionally, follow-up measurements were
conducted in November 2008 and March 2009.
The present study used a subsample selected from
the larger 70 y más sample. From the full 70 y más baseline sample of 5 465, with the purpose of obtaining the
cumulative incidence of disability, we selected OA who
did not present the event of interest at baseline, that is,
those who had no difficulty executing any basic ADLs
in 2007. In addition to the 681 (12.5%) elderly excluded
and who showed at least one disability in basic ADLs,
we also excluded who: presented incomplete information on basic ADLs (n=17), were unable to move (n=12)
and lacked body mass index (BMI) or PA data (n=1
654). This procedure left a follow-up sample of 3 101
individuals, of whom 624 were excluded due to: death
(n=9), impossibility of achieving the interview (n=150),
as well as missing values in study covariates (n=465).
Our analytical sample was thus composed of 2 477
subjects (figure 1); which corresponds to 51% of original
cohort.
The OA excluded from the analysis generally shared
similar characteristics with the subjects in the analytical
sample in the following variables: age, literacy, living
arrangement, smoking status, and current alcohol consumption. However, OA excluded were significantly
different in the following characteristics: more women
(52 vs. 48.9%, p=0.033), higher visual problems (15.9 vs.
11.6%, p<0.001) and greater number of chronic diseases
(0.78±0.96 vs.0.68±1.04, p=0.002).
Data Collection
Elderly were interviewed at home by standardized
personnel working for the National Institute of Public
Health (Instituto Nacional de Salud Pública, INSP). Data
collected featured the following socio-demographic
characteristics: education, lifestyles, physical and mental
health, nutrition and use of health services.
5
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Baseline sample
n= 5 465

Excluded from the baseline sample
1 654 Missing values in BMI
and physical activity data
681 With ADL disability
12 Cannot move
17 Missing values in several ADLs

Follow-up sample
n= 3 101
Excluded from the follow-up sample
150 Impossible to achieve interview:
3 inappropriate informants
7 refusals to provide information
7 disabled household dwellers
38 absent household dwellers
46 could not be located
49 other reasons
465 Missing values in covariables
9 Dead

Analytical sample
n= 2 477

With ADL disability= 249
Without ADL disability= 2 228

Figure 1. Selected study sample, México 2007-2009

Measurement of variables
Outcome. Disability was evaluated (based on self-report)
in relation to the basic ADLs. The elderly were asked
whether they needed help in performing any ADLs
(ie., walking, bathing, eating, going to bed or using the
bathroom) and, based on Katz’s index,25 a dichotomous
variable was defined, where 1 was attributed to reports
of at least one difficulty in performing ADLs and 0 otherwise. Disability incidence was established at follow-up
(after 14 months) and only among those subjects who
presented no disability at baseline.
Exposure variables. Physical activity was assessed using
the same short version of the International Physical
Activity Questionnaire (IPAQ) administered in the
Mexican National Health and Nutrition Survey 2006.26
The IPAQ collects data on the frequency (days/week)
and duration (minutes/day) of three domains (vigorous activity, moderate activity and walking), and asks
for activities of work, leisure-time, house and garden
6

work, and transportation. Participants self-reported the
number of days and the time spent in the last seven
days. Since many elderly performed activities of the
primary sector of the economy, questions were adjusted
and examples were provided. Vigorous activity included: aerobics, bicycling at high speed, lifting heavy
objects, digging and performing agricultural tasks,
such as harvesting, etc. Moderate activity included:
lifting light objects and moving them from one place to
another, bicycling at normal speed, etc. Walking question included: walks for work, exercise, recreation or
transport. According to these responses, total PA was
calculated by adding the number of MET/minutes/
week for each domain with the following mean values:
8.0 MET for vigorous activity, 4.0 MET for moderate
activity and 3.3 MET for walking.27 Then, total PA
was categorized into low (<600 MET/minutes/week),
moderate (≥600 to <3000 MET/minutes/week), and
high (≥3000 MET /minutes/week). Low PA was the
reference group.
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Standardized personnel measured weight and
height at baseline according to a protocol.28,29 BMI was
calculated as kg/m2, and classified into: underweight
(<18.5 kg/m2), normal (18.5-24.9 kg/m2), overweight
(25.0-29.9 kg/m2) and obesity (≥30.0 kg/m2). Subjects
with normal BMI were taken as the reference group.30
Covariates. We included several socio-demographic and
health-related characteristics measured at baseline, specifically: sex (1=female), age, literacy (1=could read and
write, and 0 otherwise), and living arrangements (1=lived
alone and 0 otherwise). Co-morbidities were measured
asking participants if a physician had diagnosed them
with hypertension, diabetes, dyslipidemia, myocardial
infarction, angina pectoris, heart disease, stroke, chronic
lung disease, osteoporosis, and cancer. We computed the
number of co-morbidities, and the sum ranged from 0 to 8
diseases. Data on current smoking status (1=if at the time
of interview, reported smoking at least 100 cigarettes, and
0=otherwise), current alcohol consumption (1=if at the
time of interview, reported alcohol consumption, and
0=otherwise), visual problems (1=self-report of poor or
severe impairment of distant or near vision even if they
wear glasses and 0=otherwise), and cognitive impairment, which was operationalized by using five variables
that assessed the following dimensions: spatio/temporal
orientation, primary and secondary verbal memory, language, and motor activity (1= yes and 0=no).
Statistical analysis
Descriptive statistics are presented as percentages for
categorical variables. Age and co-morbidities are presented as mean±SD. Chi-square statistic or t test was
used to determine the differences in the onset of disability by socio-demographic and health-related characteristics. A logistic regression model was used to estimate
the effect of PA and BMI on the cumulative incidence of
disability. We adjusted two consecutive models: the first
reports the effect of PA and BMI without the covariates
adjustment; while the second includes the covariates.
Both models were evaluated in terms of residual analysis, influence measures and collinearity. Differences
were considered statistically significant if p<0.05, and
considered marginally significant if 0.05<p<0.10. All
analyses were performed using STATA 11.0.
Ethical review
The Research and Ethics Committees of Mexico’s National Institute of Public Health approved the original
study. Participants received a detailed explanation of the
procedures and signed an informed consent declaration
before data collection occurred.
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Results
Table I shows the baseline characteristics of the elderly
in our sample. Mean age was 69.4±2.9 years, nearly 50%
were female, 34.6% were literate, 7.4% lived alone, 61.8%
performed high levels of PA and 13.7% were obese.
At the 14-month follow-up, the cumulative incidence of disability in basic ADLs was 10.1%. Table I
compares the baseline characteristics according to ADL
disability status at the follow-up. Differences were not
statistically significant in terms of current smoking,
current alcohol consumption, cognitive impairment and
BMI; but significant in terms of high PA (p=0.022), visual
problems (p=0.085), and co-morbidities (p<0.001).
Table II presents the results of the logistic regression
model for the cumulative incidence of disability, for both
models, with and without covariates adjustment. Being
engaged in high PA reduced disability risk significantly,
for both the unadjusted (OR=0.61; CI95% 0.42-0.89) and
the adjusted model (OR=0.64; CI95% 0.43-0.95). There
was no significant association between moderate level
of PA and incidence of disability; however, it is possible
to observe a trend of decreases in the risk of disability
when PA increases. Regarding BMI, the model without
covariates indicated that obese elderly were particularly
prone to developing disability (OR=1.51; CI95% 1.072.13). Likewise, the model adjusted for baseline characteristics showed a lower but still marginally significant
relationship between obesity and disability (OR=1.36,
p<0.10; CI95% 0.96-1.95). Being under- or overweight
did not associate with the incidence of ADL disability
in the study sample.

Discussion
The results of our study found that, at the 14-month
follow-up, high PA is a protective factor against disability, and that obesity is associated with increased risk
of disability. Over the years, human beings become less
physically active,31 but the elderly in our study sample
remained highly active; six in ten subjects reported
participating in activities that, as a whole, generated a
considerable requirement (high PA). Some prospective
studies have showed that high levels of PA in the elderly
have a protective impact.15-17,32 Among OA in our study,
dwelling in rural areas constituted a potential factor
that determined greater levels of PA and, thus, a more
active lifestyle.
While 60-65 years is considered retirement age in
Mexico, in rural environments, where social security is
uncommon (only 14% of rural elderly are covered by
social security), reaching that age is not equivalent to
retiring from economic activity.33 Regardless of their
7
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Table I

Baseline characteristics by incident ADL disability. Mexico 2007-2009

Exposure variables
Physical activity (%)
Low
Moderate
High
Body mass index (%)

All
n=2 477

ADL disability
n=249

Non ADL Disability
n=2 228

p-value*

12.0
26.2
61.8

16.5
28.9
54.6

11.5
25.9
62.5

0.023
0.304
0.014

Underweight

5.6

5.6

5.6

Normal range
Overweight
Obesity

46.5
34.2
13.7

42.6
33.7
18.1

47.0
34.2
13.2

Covariates
Age (years)
Female (%)
Literacy (%)
Elderly living alone (%)
Current smoking (%)
Current alcohol consumption (%)
Cognitive impairment (%)
Visual problems (%)
Co-morbidities‡

69.4 ± 2.9
48.9
34.6
7.4
6.6
10.3
5.9
11.6
0.68 ± 0.96

69.5 ± 2.9
50.6
34.5
7.2
6.0
9.6
4.0
14.9
0.91 ± 1.0

0.994
0.189
0.872
0.034

69.4 ± 2.9
48.7
34.6
7.4
6.7
10.4
6.1
11.2
0.66 ± 0.95

0.463
0.578
0.983
0.919
0.690
0.719
0.185
0.085
<0.001

* Chi-square test or t-test comparing the incident ADL and Non-ADL disability groups
‡
Hypertension, diabetes, dyslipidemia, myocardial infarction, angina pectoris, heart failure, other heart conditions, stroke, chronic lung disease, osteoporosis, cancer

Table II

Effect of physical activity and obesity on cumulative incidence of ADL disability. Mexico 2007-2009

OR

Model 1
Without covariates

Model 2
With covariates*

CI95%

OR

1.00

Reference

1.00

Reference

0.78

(0.52-1.18)

0.80

(0.52-1.22)

0.61**

(0.42-0.89)

0.64‡

(0.43-0.95)

Body mass index
Underweight

1.11

(0.62-1.97)

1.09

(0.60-1.98)

Normal range
Overweight

1.00
1.09

Reference
(0.81-1.46)

1.00
1.01

Reference
(0.74-1.36)

Obesity

1.51‡

(1.07-2.13)

1.36§

(0.96-1.95)

Physical activity
Low
Moderate
High

CI95%

OR= odds ratio
CI= confidence interval
* Adjusted for covariates: age, sex, literacy, living arrangements, current smoking, current alcohol consumption, cognitive impairment, visual problems, and
number of co-morbidities
‡
p-value < 0.05
§
p-value < 0.10
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health status, the elderly are compelled to continue
performing occupational activities.34
The idea that a high level of PA is associated with
lower risk of disability is based on the fact that more
demanding activities play a key role increasing insulin
sensitivity, reducing risk of cardiovascular diseases and
increasing life expectancy, and these mechanisms might
have positive effects on posture balance, inflammation
biomarkers, and maintaining muscular strength.35 Some
studies have suggested that resistance training programs
improve physical condition and independence.36
Some studies have found that obesity is associated
with disability11,12,14 but we only found a marginal association. However, this is consistent with findings on
the association between obesity and risk of disability in
Hispanic populations.37,38 In this context, our study can
contribute to a better understanding of the association
between body weight and disability, particularly among
rural populations. It is possible that the marginal effect
of BMI on disability can be explained by the particular
profile of our study group. The elderly in our study
belong to a select group that has survived conditions of
shortage, deprivation, infections and diseases throughout their lives and the effect of BMI could have been
more evident. Another explanation may reside in the
use of BMI, which in itself is not an optimum indicator
among elderly people. While BMI captures total body
fat, it is seriously limited in its ability to distinguish
body-fat distribution or between fat mass and lean
mass.39 This is relevant, as loss of lean mass is a part of
ageing and therefore linked to loss of independence.40
Even so, evidence has shown that is necessary a complete and exhaustive revision about the use of BMI,
and the appropriateness of its cutoffs to the older adult
population.41
Our study revealed that 10.1% elderly had developed disability. This number is similar to those reported
for Mexican and Hispanic populations, where disability
incidence ranged between 6.5% and 10.9% in a two year
period. 7,21 Given that our follow-up term was barely
over a year and our sample of elderly participants pertained to the younger segment of the OA (65-74 years),
the incidence under our research can be considered
high. Results suggest that unobserved variables, such
as the environment, may influence disability. With
mobility identified as the basic activity most affected
in this population,14 it can be argued that settings with
substantial obstructions (i.e., badly paved streets, insufficient sidewalks, hillside dwellings, uneven terrain,
limited infrastructure and deficient public services)22
may be responsible for falls and then cause disability.
This is an issue of great concern, because it has been
reported that functionally disabled individuals residing
salud pública de méxico / vol. 56, no. 1, enero-febrero de 2014
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in marginalized social contexts have fewer labor opportunities, lower incomes and less tools to face adversity.
Additionally, they commonly lack access to medical and
rehabilitation services.4,15,25
The main limitation of this study is the duration of
our follow-up which did not allow for identifying which
OA were in the process of functional impairment. A
longer follow-up period would have probably revealed
a higher disability incidence. Another limitation was
the self-reported functional status and PA assessment,
which could be subject to recall bias. In general, people
tend to over-report PA.42 However we use standardized
instruments to obtain reliable information on functional
status and PA, and professional and fully standardize
interviewers followed a detailed protocol. An additional
limitation of our study is the definition of the analytical
sample; elderly excluded from the analytical sample,
were mostly women, with vision problems, and had a
greater number of co-morbidities. In all likelihood, this
means that the elderly excluded from the analysis, may
have been in a position of greater disability and that it
may be susceptible to selection bias.
Finally, the evidence presented here should prompt
health personnel to refine routine check-ups with an assessment of ADL performance in the elderly as a means
of detecting the risk of disability. In fact, this functional
assessment could be performed in the primary care
health services. On the other hand, assuming PA is important to minimize the impact of disability, it should
be included as part of a strategy in maintaining muscle
mass.36 Specially, exercise programs like the multicomponent strength training, appear to be the most effective
interventions to delay disability.43
Declaration of conflict of interests. The authors declare that they have no
conflict of interests.
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