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MIGRATION HISTORY, HEALTH BEHAVIORS, AND CARDIOVASCULAR DISEASE RISK

FACTORS IN OVERWEIGHT MEXICAN-AMERICAN WOMEN

Purpose: This research examined whether the
migration history of overweight Mexican-
American women had an independent effect
on cardiovascular risk factors, or whether it
was mediated by health behavior changes.

Data and Methods: Cross-sectional data from
390 overweight, non-diabetic Mexican-Amer-
ican women (aged 18 to 65 years), all recruited
from Starr County, Texas, were used for this
analysis. Migration history was inferred from
birthplaces of subjects and relatives, and length
of residence in the United States. Health be-
haviors included tobacco and alcohol use,
sleeping, exercise, and dietary practices. The
cardiovascular disease risk factor variables
(CDRFVs) studied were plasma glucose, ab-
dominal obesity, blood pressures, and blood
lipids. A migration history score (MHS) was de-
veloped from factor analysis, almost equally
contributed to by the 9 migration history var-
iables. Healthy habits were defined by 6 vari-
ables, and 3 factors (blood pressures, lipids/glu-
cose, and body fat/glucose) were used for the
CDRFVs.

Findings and Conclusion: MHS was correlat-
ed positively with socioeconomic status, and
negatively with family stress. Older women
had healthier drinking and sleeping habits.
Women with a higher migration history score
exhibited poorer exercise habits, and in-
creased blood pressures. After adjusting for the
effect of healthy exercise habits on blood pres-
sures, the impact of migration history on blood
pressures became non-significant (P..05),
leading to the conclusion that healthy exercise
behaviors mediated the negative relationship
of MHS with blood pressures. Age was inde-
pendently positively correlated with all
CDRFVs. Age also weakly moderated the neg-
ative relationship of MHS and healthy exercise
habits. (Ethn Dis. 2003;13:94–108)
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INTRODUCTION

Studies in Mexican-American pop-
ulations have demonstrated that healthy
behavioral practices (such as physical ac-
tivity, moderate alcohol consumption,
tobacco avoidance, weight control, and
regular sleeping habits) are correlated
with improved physical health and have
a positive influence on survival in mid-
dle-aged, as well as elderly, men and
women.1,2 Consequently, unhealthy be-
haviors are major factors contributing to
an increased risk of cardiovascular dis-
eases in Mexican Americans.3,4 In addi-
tion, a body of literature, largely sepa-
rate from the one mentioned above, has
reported that health behaviors change in
response to adaptation to the host cul-
ture among immigrants.5–8 Thus, a
question can be raised as to whether: 1)
the high prevalence of cardiovascular
disease risk factors in Mexican Ameri-
cans is directly associated with their mi-
gration history (ie, whether this ethnic
association is a consequence of migra-
tion-related stress), independent of their
health behaviors; or 2) the association
of migration history and cardiovascular
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disease risk factors is mediated by health
behaviors.

No study to date has examined the
effects of health behavior on cardiovas-
cular disease risk in conjunction with
the migration history of Mexican Amer-
icans to address the above questions.
Our research examined this 3-way link
of cardiovascular disease risk factors,
health behavior, and migration history
in a cross-sectional sample of Mexican-
American women from several com-
munities of Starr County of South Tex-
as. Specifically, the question addressed
was whether or not migration history
and health behavior interactively affect
disease risk factors, and, if so, we want-
ed to ascertain the direction and
strength of this effect. We also wanted
to determine whether the women’s age
and socioeconomic status would mod-
erate the effects of migration and health
behaviors on cardiovascular health. In
particular, the 3 study objectives were:
1) to examine whether health behaviors
were dependent on age and migration
history. Hypothesis: With a longer his-
tory of residence in the United States,
there will be a change in health habits
toward ‘unhealthy’. As a corollary, age
and/or family stress (socioeconomic sta-
tus, unemployment, and disturbed fam-
ily environment) may moderate the in-
fluence and direction of migration ef-
fects; 2) to assess the degree to which
health behaviors were associated with
cardiovascular disease risk factors in
Mexican-American women. Hypothesis:
Healthy behaviors are inversely related
to cardiovascular disease risk factors (in-
creases in body mass index, waist/hip
circumference ratio, blood pressure,
plasma glucose, cholesterol, and triglyc-
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‘‘Our research examined this

3-way link of cardiovascular

disease risk factors, health

behavior, and migration

history in a cross-sectional

sample of Mexican-American

women from several

communities of Starr County

of South Texas.’’

eride levels). Age, family stress, and so-
cioeconomic status may act as moder-
ating factors in such associations as well;
and 3) to examine whether or not the
migration history was associated with
chronic disease risk factors in Mexican-
American women. Further, we wanted
to investigate whether this association is
a direct one, or whether differences in
cardiovascular disease risk factors are
mediated by the effects of health prac-
tices. Hypothesis: The effects of migra-
tion history on health outcomes are me-
diated by health behaviors, as indicated
by a reduction in the contribution of
migration history to health outcomes,
after adjusting for health behaviors. Fur-
ther, this effect is independent of poten-
tial interactions of these predictor vari-
ables with age, socioeconomic status,
and family stress.

Therefore, the 3 study objectives
and their relevant hypotheses were
prompted by the rationale of establish-
ing a 3-way link of migration history,
health behaviors, and cardiovascular dis-
ease risk factors in overweight Mexican-
American women. It was postulated that
a statistical analysis of this 3-way link
would determine whether migration
history had an independent effect on
cardiovascular risk factors, or whether it
was mediated by health behavior chang-
es in these women.

MATERIALS, CONSTRUCTS
OF VARIABLES, AND
ANALYTICAL METHODS

Study Population
Baseline cross-sectional data from a

study entitled ‘‘Unidos en Salud: Weight
Loss for Mexican Americans’’ were used
to address the above objectives. ‘‘Unidos
en Salud’’ was initiated in 1993, at
which time 390 Mexican-American
women were recruited from several
communities (predominantly Rio
Grande City, Roma-Los Saenz, and La
Grulla) of Starr County in southern
Texas along the US/Mexico border, ap-

proximately 550 kilometers southwest
of Houston, Texas. In order to be in-
cluded in this study, the subjects had to
be of Mexican-American descent (deter-
mined by self-identification), aged 18–
65 years, with a body mass index (BMI,
kg/m2) of 25–40 (ie, overweight); sub-
jects could not be diabetic or pregnant.
Other details of the sampling design of
the weight loss study are described by
Poston et al.9 The sample was represen-
tative of the high risk group of over-
weight women in Starr County, Texas.
A bilingual questionnaire consisting of
12 parts (each administered by trained
bilingual interviewers to the subjects)
was used in data collection at the Rio
Grande City Diabetes Alert office, es-
tablished by the University of Texas Hu-
man Genetics Center as a field office in
Starr County, Texas. During interviews,
the subjects were instructed to respond
in either Spanish or English, according
to their preference. The cross-sectional
data generated the following 4 different
categories of variables, which are used in
the present analysis.

Demographic Variables
This category includes 3 separate

types of variables
1) Age of Subjects: Age, verified

from birth records and family inter-
views, was computed in nearest years.
The range was from 18 to 65 years, with

a mean age of 39.4 years (SD510.7),
and with approximately 71.5% (279 of
the 390) of subjects being age 45 years
or less, while the remaining 111
(28.5%) were aged 45 years and older.

2) Socioeconomic Status (SES): In
the context of a study on cardiovascular
disease risk factors in a population of
similar socio-cultural background, Ha-
zuda and colleagues demonstrated the
reliability of the Duncan Socioeconomic
Index (SEI), a global measure based on
occupational prestige, in determining
SES.10–12 Household income data were
not available from the ‘‘Unidos en Sal-
ud’’ project; therefore, SES for the pres-
ent analysis was measured by SEI based
on the occupation of the subject and her
spouse (where available).

3) Family Stress: Stability of family
conditions (ie, marital status), levels of
income and employment are among
variables that have been used previously
in assessing the health effects of stressor
conditions.13 Marital and employment
status were recorded for all women.
Family stress was measured on the basis
of marital status (scored as 05married;
15single; 25widowed; and 35di-
vorced), and the employment status
(scored as 05working; 15retired;
25unemployed; and 35disabled) of the
subject and her existing spouse. The
women sampled were predominantly
married (73.8%), and/or were employed
(68.9%) or had a working husband
(75.9%). For married women, the 2
employment status variables (subjects’
and their husbands’) were used with the
marital status score to assign a family
stress score (average of the 3). With sub-
jects for whom one or more of these
items was not recorded, the average of
the remaining became the family stress
score. Family stress was treated as a con-
tinuous variable.

Migration History
Information regarding the partici-

pants’ migration history was also col-
lected by trained bilingual research as-
sistants using questionnaires validated
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Table 1. Migration history variables, scores assigned to each category and the fre-
quency distribution of subjects

Item Category Score Frequency (%)

Years of residence ,5 years
5–9 years
$10 years

0
1
2

21 (5.4)
30 (7.7)

339 (86.9)
Immigration status 1st generation

2nd generation
$3rd generation

0
1
2

109 (27.9)
11 (2.8)

270 (69.2)
Birthplace of

Subjects

Father

Mexico/other
USA
Mexico/other
USA

0
1
0
1

109 (27.9)
281 (72.1)
127 (33.6)
251 (66.4)

Mother

Father’s father

Father’s mother

Mexico/other
USA
Mexico/other
USA
Mexico/other
USA

0
1
0
1
0
1

145 (37.8)
239 (62.2)
177 (53.8)
152 (46.2)
180 (54.2)
152 (45.8)

Mother’s father

Mother’s mother

Mexico/other
USA
Mexico/other
USA

0
1
0
1

192 (55.8)
152 (44.2)
192 (54.9)
158 (45.1)

for use among Mexican-American pop-
ulations. Migration history variables in-
cluded birthplace of subject, her par-
ents, and her grandparents (Mexico- vs
US-born); and length of residence in the
United States. Language preference was
not used in the migration history score
because this variable presented several
methodological problems. For example,
opportunities for community exposure
to alternative languages for the women’s
daily activities were not specifically not-
ed; further, the responses to the lan-
guage preference questions were also in-
ternally inconsistent. Table 1 lists the 9
migration history variables with their re-
spective frequency distributions.

Missing items were present in some
migration history variables (mostly for
birthplaces of grandparents). However,
they represented a random loss of infor-
mation, as the frequencies shown in Ta-
ble 1 did not differ from those in the
sub-sample (N5303) with complete re-
cords. As seen from these distributions,
the majority of the women (86.9%) had
resided in Starr County, Texas, for 10 or
more years, and more than 69% of
them were at least third-generation im-

migrants. Two-thirds or more of the
subjects and their parents were born in
the United States, with only slightly
more than 50% of the grandparents
having been born outside the United
States (mostly in Mexico).

A composite score of migration his-
tory (MHS) was obtained by standard-
izing each variable (mean50, SD51.0),
then averaging scores from all available
items, thereby maximizing the number
of subjects for whom the MHS variable
could be defined, without introducing
any systematic bias. This method of de-
fining MHS was validated by a factor
analysis of the 9 items of migration his-
tory variables (in which the principal
factors were extracted with varimax ro-
tation—employing the software of SPSS
9.1). The first principal factor had an
eigenvalue of 5.505, with 61% of the
variance explained. The next compo-
nent accounted for only 11% of the var-
iance. The scree plot suggested that one
factor suffices the summarization of the
9-item migration history variables. The
coefficients of the component matrix for
the first principal factor were nearly
equal (ranging from 0.755 for paternal

grandfather’s birthplace to 0.932 for im-
migration status), except for the years of
residence (with a coefficient of 0.257).
The correlation of the first factor with
MHS was 0.995, lending support to the
validity of using MHS as a migration
history score. Tertiles of the distribution
of MHS defined the 3 categories of mi-
gration history described operationally
as ‘recent,’ ‘intermediate,’ and ‘long-
term’ migrants. While in principle, this
method of defining MHS was similar to
those employed by others,14,15 we avoid-
ed a simple sum of all 9 items, because
the number of categories within each
item were not equal (Table 1).

Health Habits
Three different and specifically de-

signed and validated (bilingual) ques-
tionnaires were used to collect data for
this group of variables: one for smoking
and drinking history, a second for food
frequency, and a third for physical ac-
tivity. These yielded health behavior
data consisting of tobacco use, alcohol
consumption, hours of sleep, physical
exercise, and dietary habits (Table 2).
For current smokers and drinkers, the
number of cigarettes smoked per day (in
units of pack/day) and the number of
drinks (beer, wine, and liquor) con-
sumed per week were also recorded.
However, since quantitative information
on tobacco and alcohol use was incom-
plete for most smokers and regular
drinkers, we used simple categories to
designate health habits: non-smokers
(ie, score of 1, representing a healthy
habit); past/present smokers (ie, score of
0, representing an unhealthy habit);
moderate or non-drinkers (scored as 1);
and heavy-drinkers (scored as 0, un-
healthy). This method of scoring the
consumption of tobacco and alcohol as
healthy or unhealthy was adopted for 2
reasons. First, the method was identical
to those used in other migration-related
health studies.1,14 Second, separate vali-
dation studies of self-reported smoking
habits of Mexican Americans indicated
a tendency among moderate to heavy
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Table 2. Health behavior variables, scores assigned to their categories and the
frequency distribution of subjects

Item Category Score Frequency (%)

Tobacco

Alcohol use*

Sleeping habits†

Never smoked
Past/current smoker
Moderate or non-drinker
Heavy drinker
7–8 hours/night
,7 or .8 hours/night

1
0
1
0
1
0

305 (78.2)
85 (21.8)

293 (75.1)
97 (24.9)

222 (57.5)
164 (42.5)

Exercise habits

Dietary habits:
Total fat

Saturated fat

Healthy ($37 kcal/kg/day)
Sedentary (,37 kcal/kg/day)

,30% of TFEI‡
$30% of TFEI
,10% of TFEI
$10% of TFEI

1
0

1
0
1
0

109 (28.2)
278 (71.8)

115 (35.1)
213 (64.9)
109 (33.2)
219 (66.8)

Note: Data on sleeping and exercise habits are from the 7-day PAR questionnaire, and total/saturated fat data
are from a 3-day recall specialized questionnaire. Tobacco and alcohol use data are from a separate questionnaire.

* Moderate drinkers are defined as those who drink 1–2 drinks per setting once or more times per week. Heavy
drinkers are those who drink 3 or more drinks per setting once or more times per week.

† Sleeping habits defined as healthy (ie, score 5 1) for women who sleep 7–8 hours/night for 4 or more nights
during the week, and unhealthy (ie, score 5 0) for those who sleep ,7 or .8 hours/night 4 or more nights
during the week.

‡ TFEI is the total food energy intake, measured in units of calories/day.

smokers to under-report the number of
cigarettes smoked; however, self-report-
ing bias considerably reduced the mis-
classification of past/present smokers vs
non-smokers.16,17

Sleeping and exercise habits were re-
corded with an established and validated
7-day Physical Activity Recall (PAR).18,19

The PAR estimates hours of sleep and
time spent in 4 levels of daily activity
(light, moderate, vigorous, and very vig-
orous). This procedure is validated as an
estimate of energy expenditure with ac-
celerometers (r50.79).20 The informa-
tion from the 7-day PAR was translated
into kcal/kg/day energy expenditure, us-
ing an algorithm demonstrated to pro-
vide valid estimates of physical activity
in general population studies, and in La-
tino populations, in particular.21 Sleep
was measured as the number of hours
spent sleeping per night, and the num-
ber of times the subjects slept for any
specified number of hours/night over a
7-day recall period, information which
was extracted from the physical activity
recall questionnaire. Using this proce-
dure to measure sleeping habits gener-
ated a continuous variable. However,

epidemiological studies have indicated
that either too much or too little sleep
is generally unhealthy.1 Cantero and col-
leagues defined 7–8 hours of sleep per
night on a frequent basis as a healthy
(regular) habit, with fewer or more
hours of sleep per night on a continual
basis categorized as unhealthy.14 There-
fore, for the present analyses, the sleep-
ing habit variable was dichotomized as
‘healthy’ (ie, score of 1, for subjects who
sleep 7–8 hours/night for 4 or more
nights during the week), and ‘unhealthy’
(ie, score of 0, for subjects who sleep
,7 or .8 hours/night at least 4 nights
during the week).

Nutritional data were collected
through a 3-day dietary recall question-
naire, transformed into total food en-
ergy intake (TFEI, measured in units of
calories/day), and intake of fat and sat-
urated fat. This questionnaire was a
modified version of the one developed
as part of an epidemiologic study of
gallbladder disease in the same popula-
tion of Starr County,22 which was, in
turn, adapted from a quantified food
frequency questionnaire (FFQ), which
can be easily administered, requires no

post interview coding, and can be com-
pleted quickly and inexpensively.23 A
separate validation study in the same
population of Mexican Americans re-
ported the correlations between nutri-
ents computed from the 3-day food re-
cords and the original FFQ as 0.77,
0.76, and 0.74 for energy, total fat, and
saturated fat, respectively.24 In the same
study, administration of this popula-
tion-specific FFQ in Mexican-American
subjects for 3 consecutive months re-
sulted in high repeatability. For exam-
ple, correlations ranged from 0.90 for
energy, to 0.85 for total fat, between es-
timates based on repeat FFQ measure-
ments a month apart; and 0.84 for en-
ergy to 0.70 for total fat for measure-
ments taken 2 months apart. Total food
energy intake (TFEI) was defined as all
nutrients (ie, protein, fat, carbohydrate,
and alcohol) derived from consumption
of food and beverages, measured in ki-
localories (kcal). The percentages of
TFEI from total dietary fat and saturat-
ed fat were selected as indicators of di-
etary health habits in relation to chronic
disease risk factors. This was prompted
by the observation that excessive dietary
fat intake is associated with increased
risk of obesity, coronary heart disease,
and certain cancers.25–29

With regard to sleep, and tobacco
and alcohol use, the women had pre-
dominantly healthy habits (Table 2).
Over 78% of the women had never
smoked; approximately 75% were non-
or moderate drinkers; and 57.5% had
regular sleeping habits (7–8 hours per
night for at least 4 nights/week). In con-
trast, exercise habits were predominantly
unhealthy, with 71.8% being sedentary
(with ,37 kcal/kg/day energy expendi-
ture); 64.9% had a total fat intake of
more than 30% of the total food energy
intake (TFEI); and 66.8% reported un-
healthy levels of saturated fat intake (ie,
.10% of TFEI). As in the case of the
migration history items, complete data
on all 6 health habits were available for
323 women (largely contributed by 68
records with missing data for fat intake
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Table 3. Chronic disease risk factor (CDRF) variables, scores assigned to their cat-
egories, and frequency distribution of subjects

Item Category Score Frequency

Body mass index (BMI, kg/m2) 25 , 30 (overweight)
30 , 35 (obesity class-I)
35 , 40 (obesity class-II)
$40 (extreme obesity)

0
1
2
3

109 (28.0)
150 (38.6)
76 (19.5)
54 (13.9)

Waist-hip ratio (WHR) 1st quartile
2nd quartile
3rd quartile
4th quartile

0
1
2
3

97 (25.0)
97 (25.0)
98 (25.3)
96 (24.7)

Triglyceride (mg/dL) ,200 (desirable)
200–399 (borderline high)
400–999 (high)
$1000 (very high)

0
1
2
3

345 (88.7)
37 (9.5)
7 (1.8)
0 (0.0)

Total cholesterol (mg/dL) ,200 (desirable)
200–239 (borderline high)
$240 (high)

0
1
2

211 (54.2)
118 (30.3)
60 (15.4)

Plasma glucose ,110 (normoglycemia)
110–125 (impaired glucose)
$126 (diabetes mellitus)

0
1
2

334 (85.9)
32 (8.2)
23 (5.9)

Systolic blood pressure ,120 (optimal)
120–129 (normal)
130–139 (high normal)
$140 (hypertension)

0
1
2
3

251 (64.9)
80 (20.7)
26 (6.7)
30 (7.8)

Diastolic blood pressure ,80 (optimal)
80–84 (normal)
85–89 (high normal)
$90 (hypertension)

0
1
2
3

313 (80.9)
50 (12.9)
15 (3.9)
9 (2.3)

Note: The cut-off values are selected based on criteria set by NHLBI expert panels, reports of which are
summarized in the American Heart Association web: www.americanheart.org/HeapandpStrokepApZpGuide.

measurements, attributed to the incom-
plete answers in the FFQ administered).
Frequency distribution computations,
excluding records on missing observa-
tions yielded virtually identical univari-
ate distributions for 6 health habit
items, suggesting there was not a non-
respondent bias in the data. However,
we did not follow the current practice
of defining a composite health behavior
score as the summed score of the 6 item
health behaviors for two reasons.1,14

First, the different health items did not
contribute equally to a single factor,
evaluated through a factor analysis of
the 6 health habit variables. In fact, a
single factor did not adequately explain
the total variance of the 6 health habit
variables. Second, the first 4 principal
factors (together accounting for 85.3%
of the variance) grouped the 6 health
habit variables in 4 separate and uncor-
related groups (fat intake, healthy exer-
cise habit and alcohol use, tobacco and
alcohol use, and sleeping habits), with
items within each group partially relat-
ed. Thus, the 6 binary health behavior
scores were individually used as 6 di-
mensions of health behavior variables.

Cardiovascular Disease Risk Factors
The cardiovascular disease risk factor

variables (CDRFVs) are shown in Table
3, along with the frequency distribu-
tions of the subjects for each category.
Body measurements included height,
measured with a stadiometer, and
weight, in kilograms, measured with a
balance beam scale; both measurements
were taken with participants barefoot
and wearing light clothing. Body mass
index (wt/ht2 in kg/m2) was used as a
general measure of obesity, and waist-
hip ratio (WHR), as a measure of ab-
dominal fat distribution, both of which
characteristics are known to be associ-
ated with cardiovascular disease risk.30–36

Trained technicians measured the waist
at the umbilicus, or at the largest cir-
cumference, with a non-stretchable
tape, and the hip at the level of the wid-
est extension of the buttocks. Lipids (to-

tal cholesterol and triglycerides) and
plasma glucose concentration were de-
termined from a fasting (at least 10
hours) blood sample obtained by veni-
puncture. At the Starr County, Texas,
Diabetes Alert office in Rio Grande
City, lipid (cholesterol and triglycerides)
and glucose measurements were taken
using the Reflotront machine (Boehrin-
ger Mannheim Diagnostics) following
the manufacturer’s protocol. Validation
studies indicate that the field measure-
ments of cholesterol by Reflotron cor-
relates .0.90 with standard laboratory-
based measurements,37 and at an even
higher rate (r.0.98) for glucose and tri-
glycerides.38 For measuring fasting glu-
cose and lipid levels, blood was sent to
the Human Genetics Laboratory of the
University of Texas Health Science Cen-
ter at Houston, where these variables
were measured by protocols after those
used in other epidemiologic studies.22,39

Blood pressure was measured by using a
random zero sphygmomanometer. As
the guidelines of the American Heart
Association specify, averages of the last
2 of the 3 blood pressure measurements
(for systolic as well as diastolic) were
used.40

Frequency distributions of the sub-
jects for the 7 CDRFVs (with the ex-
ception of BMI and WHR) showed that
few subjects had high or borderline high
risk factors for cardiovascular disease,
with the exception of BMI and WHR.
Moderate pairwise correlations of the 7
CDRFVs (16/21) were statistically sig-
nificant, with the highest (0.46) be-
tween blood pressures, indicating that a
simple summed score may be inade-
quate to characterize risk. This was con-
firmed by factor analysis. A scree plot,
as well as the examination of the eigen-
values suggested that the data could be
summarized adequately by 3 factors.
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The first factor reflected blood pressure,
the second, lipids, and the third, BMI,
with WHR and glucose being equally
split between the second (lipid) and
third (body fat) factors. The positive
loadings for each variable in each factor
score indicated that the larger the factor
score, the greater the risk for cardiovas-
cular disease. A composite risk score,
CRS, was defined by summing the 3
factor scores, CRS 5 F1 1 F2 1 F3.

Previous researchers have used
summed scores of risk variable catego-
ries, as shown in Table 3, as indices of
cardiovascular disease risk.1,4 A compar-
ison of this summed disease risk score
with the one defined by the above factor
analysis (CRS), indicated that the mea-
sures are virtually identical (r50.997,
P,1024), and that either could be used.
However, for the subsequent analyses,
F1, F2, and F3 separately, as well as
CRS, were retained as indices of cardio-
vascular disease risk, since: 1) CRS ex-
plained 63.6% of the total variance of
the seven CDRFVs; and 2) the uncor-
related F1, F2, and F3 grouped the 7
risk variables into 3 distinct and inter-
pretable sets of variables.

Analytic Methods
With the definition of variables as

described above, the health behavior
variables were binary, and all others
(age, SES, family stress, MHS, and car-
diovascular risk factor scores) were con-
tinuous. Therefore, for assessing corre-
lations, both parametric (Pearson’s prod-
uct moment) and nonparametric
(Spearman’s r) measures were employed.
Logistic regression was used with the bi-
nary dependent variables (ie, healthy
habits), but when the dependent vari-
able was continuous, multiple linear re-
gression models were used for hypoth-
esis testing.

Hypothesis 1: (Longer history of mi-
gration adversely changes health behav-
iors; age, socioeconomic status and fam-
ily stress may act as potential confound-
ers, moderators, or mediators in this re-
lationship). To test this hypothesis, the

6 binary health behavior variables (total
and saturated fat intake, alcohol and to-
bacco use, exercise, and sleeping habits)
were the dependent variables with MHS
(continuous) as the principal indepen-
dent predictor. Age, socioeconomic sta-
tus, family stress, and the interactions of
these (among themselves as well as with
MHS) were additional independent var-
iables, as they could potentially con-
found, mediate, or moderate the rela-
tion of migration history (MHS) and
health behaviors. The logistic regression
routine of the SPSS (9.1 version) soft-
ware was used for parameter estimation
and for testing the adequacy of the fit-
ted models.

Hypothesis 2: (Healthy behaviors
are inversely related to chronic disease
risk factors; age, SES, and family stress
may be potential confounders/modera-
tors/mediators in this relationship). The
influence of health habits on chronic
disease risk factors was analyzed by mul-
tiple regression analysis of the 3 cardio-
vascular disease risk factor scores (F1,
F2, and F3), and their sum on the 6
health behavior variables that were sig-
nificantly related to one or more of the
4 dependent variables. Terms involving
age, SES, family stress, and the intereac-
tions of these with all 6 health behavior
variables were also entered in the re-
gression equations, in order to deter-
mine whether these variables played any
confounding, moderating, and/or me-
diating roles. WHR was added as an ex-
tra predictor in the final model of de-
pendence of F1 and F2 on health be-
haviors so that we could ascertain
whether the relationships of health be-
haviors to blood pressures (F1) and lip-
id/glucose (F2) were affected by inclu-
sion of only overweight women in this
study.

Hypothesis 3: (Migration effect on
chronic disease risk factors is mediated
through health behavior changes). The
combined influence of MHS and health
habits on cardiovascular disease risk fac-
tors was studied by a set of 2-stage mul-
tiple regression analyses. Again, the 3

cardiovascular disease risk factor scores
(F1, F2, and F3) and their sum were the
dependent variables (used in 4 separate
sets of analyses). In the first stage, MHS
was the predictor, along with age, SES,
family stress, and all 2-factor interac-
tions. Eliminating terms with consis-
tently non-significant contributions, the
simplest model was taken as the final
model (Model I), specifying the influ-
ence of MHS on cardiovascular disease
risk factors. In the second stage, the 6
health behavior variables (and their in-
teractions with terms of the predictors
of Model I) were added as additional
predictors. Terms were eliminated that
were not significantly related to the out-
come measures, producing a final model
(Model II). This was compared with
Model I to determine the change of ex-
plained variance (R2), in order to eval-
uate whether healthy habits had a me-
diating role on the influence of MHS
on CDRFVs.

RESULTS

Migration History and Its
Dependence on Age, SES and
Family Stress

The first block of 4 rows and col-
umns of Table 4 displays the correlation
coefficients (with Spearman’s nonpara-
metric correlation, r, above the diago-
nal, and Pearson’s product moment cor-
relation, r, below the diagonal) of the
continuous scores of age, family stress,
SES, and MHS. Age was not signifi-
cantly related to MHS or family stress
by either measures of correlation. Only
the rank correlation (Spearman’s r) be-
tween age and SES was marginally sig-
nificant (r50.085, P5.046), but the
product-moment correlation was not
(r50.069, P5.088). Thus, MHS and
family stress were not age-dependent in
these Mexican-American women, and
the positive correlation of age and SES
was weak, at best. In contrast, MHS was
positively correlated with SES
(r50.288, r50.264, P,.001 for both),
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and negatively correlated with family
stress (r520.171, r520.175; P,.01
for both). Women with higher MHS
scored higher on SES and had less fam-
ily stress. Consistent with this finding,
a significant negative correlation was ob-
served between SES and family stress
(r520.353, r520.300; P,.001 for
both).

Effects of Migration History on
Health Behavior

Correlations of age, family stress,
SES, and MHS (continuous scores of
all) with the 6 health habit variables (all
treated as binary) are shown in the sec-
ond block of Table 4 (again, the above
diagonal entries are Spearman’s r, and
below the diagonal are Pearson’s product
moment correlations, r). Healthy exer-
cise habit (ie, energy expenditure $37
kcal/kg/day) was the only variable sig-
nificantly correlated (negatively) with
MHS (r520.152, P,.01; r520.111,
P,.05). Women with higher MHS ex-
ercised less, compared to groups who
had lower scores of MHS. While the
other health habit variables were not sig-
nificantly correlated with MHS, sleep-
ing and drinking habits were positively
correlated with age (P,.05 for r as well
as r). Compared to younger women,
older women had healthier sleeping and
drinking habits.

Logistic regression analyses (Table 5)
of healthy behaviors on the predictors
(age, SES, family stress, and MHS) sup-
ported the results of the correlation
analysis. Healthy exercise behaviors di-
minished for women with higher values
of MHS, with bMHS520.432 6 0.156
(P5.006). This yielded an odds ratio
for MHS of 0.65 (95% CI 0.48–0.88),
implying that for every unit increase in
the MHS score, the odds of healthy ex-
ercise decreased by a factor of 0.65.
Healthy drinking and sleeping behaviors
were more prevalent among older wom-
en (bage50.025 6 0.011, P5.031, and
bage50.022 6 0.010, P5.027, respec-
tively, for drinking and sleeping). Nei-
ther age, SES, family stress, nor MHS
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Table 5. Logistic regression coefficients (logit 6 s.e.) of health habits on age, SES, family stress and composite migration history
score (MHS)

Independent
Variables

(all continuous)

Health Habit Variables

Smoking Drinking Exercise Sleeping Total Fat Saturated Fat

Age
Family Stress
SES
MHS

20.015 6 .012
20.007 6 .207
20.002 6 .007

0.042 6 .171

0.025 6 .011*
0.024 6 .202

20.004 6 .006
20.096 6 .165

0.004 6 .011
20.239 6 .202
20.006 6 .006
20.432 6 .156†

0.022 6 .010*
20.134 6 .177

0.007 6 .006
20.197 6 .146

0.006 6 .011
20.107 6 .197

0.003 6 .006
20.210 6 .161

0.010 6 .011
20.230 6 .203
20.001 6 .006
20.213 6 .163

Note: With age, SES, family stress, and MHS treated as continuous variables in the above regression models, no interaction term (including the age 3 MHS term) was
significant (at 5% level).

* P,.05.
† P,.01.

influenced other health habit variables
significantly, nor were there any signifi-
cant interactions.

In view of the negative influence of
MHS on healthy exercise behaviors, we
also examined how the proportion of
women with healthy exercise behaviors
varied among the 3 categories of migra-
tion history (Figure 1). Women cate-
gorized by two age classes (#45, and
.45 years of age) and 3 migration his-
tory classes (recent, intermediate, and
long-term), showed different trends of
healthy exercise behaviors by migration
history in younger and older women.
The proportion of younger women with
healthy exercise behavior was the lowest
among the intermediate class of migra-
tion history (20.5%), with both recent
and long-term migrants exhibiting sig-
nificantly greater percentages of healthy
exercise behavior (32.6% and 30.3%,
respectively). In contrast, among older
women, the recent class of migration
history had the highest proportion of
healthy exercise behavior (51.2%),
which decreased to 17.5% among the
intermediate and long-term migrant
classes, according to the computed
MHS scale.

Correlations of CDRF Variables
and Their Predictors (Table 4,
third block of rows and
columns)

The first CDRF score (F1, blood
pressures) was significantly related to age
(r50.312, P,.001), SES (r50.087,

P,.05), healthy exercise behavior
(r520.146, P,.01), and migration
history (MHS, r50.128, P,.01).
Therefore, blood pressures increased
with age and with improved SES, di-
minished with healthy exercise behavior,
and increased with MHS. The second
CDRF score (F2, lipids/glucose) was
also related to age (r50.243, P,.001),
and to healthy smoking habits
(r520.093, P,.05). In other words,
lipid and glucose levels increased with
age and were lower among non-smok-
ers. The third CDRF score (F3, body
fat/glucose) was related only to age
(r50.122, P,.01). The sum of the 3
risk factors, CRS, was positively corre-
lated with age (r50.391, P,.001), and
negatively correlated with healthy exer-
cise behavior (r520.132, P,.01).

Regression of CDRF Factor
Scores on Health Habits, Age,
SES, and Family Stress

To examine the effect of health be-
havior variables on CDRFVs, regression
models were constructed to test for
main effects and 2- and 3-factor inter-
action terms of all independent variables
(age, SES, family stress, and 6 health be-
haviors; excluding interaction terms in-
volving more than one health behavior).
The regression models were simplified
by dropping the insignificant interac-
tion terms, and by eliminating main ef-
fects that were insignificant.

The simplest regression models for
the 3 factor scores of CDRFVs, and for

the composite risk score (CRS5F1 1 F2
1 F3), are shown in Table 6. F1 (blood
pressure) was significantly related to age
and healthy exercise behavior. Blood
pressures were higher in older women
(bage50.029 6 0.005, P,.001), and
lower in those with healthier exercise be-
havior (bexercise520.324 6 0.107,
P,.01). F2 (lipids/glucose) and F3
(body fat/glucose), in contrast, were only
affected by age. CRS, the sum of all 3
risk factors, followed the pattern of F1,
increasing with age and poorer exercise
behavior. All effects were independent of
SES and family stress, and no interaction
term was significant in any of the regres-
sion models.

Since the sampled women were all
overweight, the relationships of the
CDRF scores with age and exercise hab-
its were also examined by adding WHR
as an extra predictor in the first two re-
gression models (lower half, Table 6).
The addition of WHR in the regression
models slightly, but significantly, im-
proved the proportion of explained var-
iance (R2) in both regression models.
However, there was no change in the
contributions of the other predictors to
either the blood pressure (F1) or lipid/
glucose (F2) factor scores.

Regression of CDRF Scores on
Health Habits, MHS, and
Other Predictors

The effect of migration history on
cardiovascular risk, and the combined
effects of health behaviors and migra-
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Fig 1. Frequency (in percent) of women with healthy exercise habits (ie, with $37
kcal/kg/day energy expenditure) by 3 categories of migration history and 2 age
groups. The lines above each bar represent 6 s.e. of the estimated proportions in
each group.

Table 6. The effect of healthy habits§ on chronic disease risk factors: linear multiple regression

Significant Predictors

Factor Scores of Chronic Disease Risk Variables

F1
(SBP/DBP)

F2
(Lipids/Glucose)

F3
(BMI/WHR/Glucose)

CRS
(F1 1 F2 1 F3)

Age
Exercise
R2

0.029 6 .005‡
20.324 6 .107

0.118

0.023 6 .005‡
—

0.059

0.011 6 .005*
—

0.015

0.063 6 .008‡
20.503 6 .180†

0.168
With adjustment for WHR:

Age
Exercise
WHR
R2

0.026 6 .005‡
20.297 6 .107†

0.111 6 .045*
0.132\

0.017 6 .005‡
—

0.190 6 .045‡
0.101\

* P,.05.
† P,.01.
‡ P,.001.
§ Of the 6 healthy habit variables, only exercise habits was related to CDRFs.
\ R2 change with inclusion of WHR as an additional predictor is significant (P,.05). SBP5systolic blood pressure; DBP5diastolic blood pressure; BMI5body mass index

(weight/height2, in kg/m2); WHR5waist-hip ratio; lipids include triglyceride and total cholesterol; CRS5composite chronic disease risk factor score5F1 1 F2 1 F3.

tion history, are shown in Table 7. Being
guided by the results of the first two ob-
jectives, it was only necessary to exam-
ine how F1 (blood pressures) was influ-
enced by MHS, and how this associa-
tion was affected by healthy exercise be-

haviors. Further, this analysis also
examined whether or not the joint in-
fluence of MHS and healthy exercise be-
haviors on blood pressure remained val-
id, after adjusting for overweight. Two
stepwise models of linear regression of

F1 consisted of using age and MHS as
the predictors (Model I), with the sub-
sequent addition of healthy exercise be-
havior as an extra predictor (Model II).
To adjust for the effects of only includ-
ing overweight women in this study,
WHR was subsequently added as an ad-
ditional predictor in both models.

The regression model II better de-
scribed the joint effects of (age), MHS,
and healthy exercise behavior on blood
pressures, as seen from the significant
improvement in the proportion of ex-
plained variance (R2). More importantly,
the regression of MHS on F1 (blood
pressures), significant in Model I, be-
came insignificant when healthy exercise
behavior was added as an additional pre-
dictor (Model II). The same trend was
seen when the effect of WHR was ad-
justed for in the regression models I and
II (lower half of Table 7).

Age as An Independent
Predictor of Chronic Disease
Risk

To examine whether the non-signif-
icant age 3 exercise habit interaction ef-
fect on blood pressures was influenced
by treating age as continuous, and
healthy exercise behavior as binary, the
relationship of blood pressures with
healthy exercise behavior was re-exam-
ined by categorizing age in two classes:
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Table 7. The combined effects of healthy exercise habits and migration history on
blood pressure risk factor (F1): linear multiple regression

Predictors Model I§ Model II\ Change of R2

Age
MHS
Exercise habit
R2

0.028 6 .005‡
0.146 6 .065*

—
0.109

0.029 6 .004‡
0.120 6 .065

20.294 6 .108†
0.126 0.017†

With adjustment of WHR:
Age
MHS
WHR
Exercise habit
R2

0.025 6 0.05‡
0.141 6 .064*
0.121 6 .045†

—
0.125

0.025 6 .005‡
0.118 6 .064
0.110 6 .045*

20.268 6 .108*
0.139 0.014*

Note: Other variables (eg, socioeconomic status and family stress) considered as additional predictors are not
significant (at 5% level), and so are the interaction terms. Hence, they are excluded in the models shown above.

* P,.05.
† P,.01.
‡ P,.005.
§ CVDR Factor 1 (SBP/DBP) on age and MHS (with/without WHR).
\ CVDR Factor 1 (SBP/DBP) on age, MHS, and exercise habit (with/without WHR). MHS5composite migration

history score; WHR5waist-hip ratio.

Fig 2. Mean (6 s.e.) blood pressure factor score of women (panel a) and proportion
(6 s.e.) of hypertensive women (ie, with SBP $90, panel b), classified by their
healthy exercise habits (unhealthy: ,37 kcal/kg/day energy expenditure; healthy:
$37 kacl/kg/day energy expenditure) and age (#45 years, and .45 years).

#45 years, and .45 years. Mean values
of F1 and the proportion of hyperten-
sive women (ie, SBP$140 and/or
DBP$90), along with their respective
standard errors, are shown in Figure 2,
separated by healthy and unhealthy ex-
ercise behaviors. Consistent with the re-
gression analysis results, ANOVA anal-
ysis of this data showed that older wom-
en scored significantly higher (P,.001)
on the scale of F1 (blood pressures, pan-
el a). By the criterion chosen, hyperten-
sion was also more common among old-
er women (panel b). In addition, the re-
lationships of healthy exercise behaviors
with the F1 score (blood pressures), and
with the prevalence of hypertension,
were consistent with each other, with
both the F1 score and hypertension de-
creasing with healthy exercise behaviors.
However, the age 3 exercise habits in-
teraction effect, not significant in the re-
gression analysis, became significant
(P,.05), showing a more pronounced
effect of age on blood pressures and hy-
pertension among women with poorer
(unhealthy) exercise habits.

DISCUSSION AND
CONCLUSION

Three basic objectives of this re-
search were to examine: 1) the associa-
tion of migration history and health be-
haviors; 2) the association of health be-
haviors and cardiovascular disease risk
factor variables (CDRFVs); and 3) the
combined effect of migration history
and health behaviors on CDRFVs. For
all of these analyses, the possible effects
of age, social class and family stress were
considered as potential intervening or
moderating variables.

Before reporting the conclusions of
hypotheses tested in relation to these 3
objectives, it would be worthwhile to
discuss some general implications of the
described results. First, in a multi-di-
mensional study such as this one, as ex-
pected, several subjects failed to provide
valid information on a number of items
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in all categories of variables. However,
as described in the methodology section,
non-respondents did not introduce sys-
tematic bias in the marginal distribution
of any variable. We maximized the
number of observations to construct the
composite variables such as MHS and
family stress by defining averages over
available information on relevant vari-
ables per subject. Since the cardiovas-
cular disease risk factor variables
(CDRFVs) were the ultimate set of de-
pendent variables, however, the 3 factor
scores of these variables were derived
from the subjects with complete data on
all 7 CDRFVs (only 3 subjects had
missing data for this set of variables, in
any case). Therefore, we contend that
the results described used a data analysis
design that maximized the number of
observations without introducing any
non-respondent bias to data gathered in
the baseline survey of the ‘‘Unidos en
Salud’’ project. Second, in relation to
the dependence of MHS on SES and
family stress, our observation of a posi-
tive correlation of MHS and SES, and
a negative correlation between MHS
and family stress (Table 4), can be re-
garded as support for a simple accultur-
ation model,41 suggesting that migration
history is linearly related (negatively)
with family stress and positively with
SES. Any impact of migration history
on health behavior change should be
studied in relation to these observations.
Third, data presented in Figure 1 imply
that the influence of MHS on healthy
exercise behaviors was different for the
younger and older women, though this
was not directly observed in the logistic
regression analyses. ANOVA results of
the categorical data (2 age categories 3
2 exercise classes 3 3 migration history
classes) demonstrated that MHS and
MHS 3 age interaction effects were sig-
nificant (P,.001 and P,.05, respec-
tively), while the main effect of age was
not. Thus, even though age, per se, did
not influence healthy exercise behavior,
the effect of migration history on
healthy exercise behavior was different

for younger and older women. Fourth,
analyses shown in Table 6 imply that all
3 cardiovascular disease risk factors in-
creased with age; however, the relation-
ship of cardiovascular disease risk with
MHS and healthy exercise behavior was
restricted to blood pressures alone.

Conclusions for Test of
Hypothesis 1

Migration history was associated
with both SES and family stress in Mex-
ican-American women. Such changes
were independent of age; those with a
higher migration history score had high-
er SES and lower family stress, irrespec-
tive of age. When age was taken into
account, however, health behaviors were
unequally influenced by migration his-
tory. Healthy exercise behavior deterio-
rated with higher MHS in older wom-
en; in younger women, the relation be-
tween healthy exercise and MHS was
non-linear, with exercise habits deterio-
rating from recent to intermediate, and
improving subsequently among those
with the highest category of MHS.
While no other health behavior was in-
fluenced by MHS, healthy sleeping and
drinking habits improved with age in
these Mexican-American women.
Therefore, in relation to the hypothesis
of the first objective of this study, the
following conclusion can be reached:
With a higher score of MHS, the exer-
cise habits of the Mexican-American
women changed toward ‘unhealthy,’ and
this migration-history related health be-
havior change was not mediated or
moderated by SES, and family stress.
With older age, women had healthier
drinking and sleeping habits, indepen-
dent of migration history. Even though
age, per se, did not influence healthy ex-
ercise behavior, the relationship of MHS
and healthy exercise behavior was dif-
ferent in younger (#45 years) and older
(.45 years) women (Figure 1).

Conclusions for Test of
Hypothesis 2

In relation to the second objective,
the data (see Table 6) supported the hy-

pothesis: Healthy exercise habits were
inversely related to the cardiovascular
disease risk factor of high blood pres-
sures, independent of age, SES, and
family stress. However, all CDRFVs in-
creased with age. These conclusions re-
mained unaltered when WHR was con-
sidered as an additional predictor of the
cardiovascular disease risk factors.

Conclusions for Test of
Hypothesis 3

Data analysis for the third objective
supported the hypothesis: Blood pres-
sures (F1) increased with higher MHS.
However, this association was mediated
by the cardiovascular disease risk reduc-
ing effect of healthy exercise behaviors.
In other words, the significant positive
association of blood pressures with
MHS was an indirect consequence of
the deterioration of healthy exercise be-
haviors in women with a higher MHS,
and of the positive influence of healthy
exercise behaviors in reducing blood
pressures. This relationship of migration
history and exercise habits was indepen-
dent of age, which by itself increased
blood pressure.

Age as a Moderator of the
Effects of Migration History on
Healthy Exercise Habits

Baron and Kenny42 defined a mod-
erator variable as: 1) initially uncorrelat-
ed with both predictor and criterion
(dependent) variables; and 2) in inter-
action with the predictor, significantly
related to the criterion variable. In re-
lation to the effects of migration history
(MHS) on healthy exercise behaviors,
age mildly satisfied these criteria. Data
shown in Table 4 demonstrate that age
was not correlated with either MHS or
exercise behaviors. The regression effect
on healthy exercise behavior was also
not significant. Although age 3 MHS
interaction effect was not significant (at
5% level) when taken as a continuous
variable in the logistic regression model
for exercise habits, discrete treatment of
age (2 classes) and MHS (3 classes)
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showed a somewhat different result
(Figure 1). The effect of MHS on ex-
ercise habit in younger women was non-
linear; exercise behaviors worsened from
recent to intermediate class of MHS,
and subsequently improved for long-
term class of MHS, while in older wom-
en a more linear decline was seen. Thus,
age may be considered as having a mild
moderating effect on the relationship of
MHS on exercise habits. As might be
expected, the younger Mexican-Ameri-
can women, in comparison with the
older ones, may have a different set of
social and cultural circumstances relat-
ing to their migration history, which
possibly affect their differential health
behaviors, thus explaining the trend
seen in this data. Larger family sizes and
the resulting greater household work-
load of older women may also have con-
tributed to their lack of involvement in
calorie-burning vigorous exercise behav-
ior. Since family size was not recorded,
however, this possibility could not be di-
rectly examined.

The cardiovascular disease risk vari-
ables (CDRFVs) scores were, as expect-
ed, directly influenced by age. The only
interaction effect observed was in an
analysis that treated age as a dichoto-
mous variable, in which a mild inter-
action of age with exercise was observed
(Figure 2). The blood pressure reducing
effect of healthy exercise was more
prominent in older (.45 years of age)
women, compared with younger (#45
years). However, the main effect of age
on blood pressures persisted.

The adverse effects of poor exercise
habits may be cumulative over time and
may therefore have appeared more
prominent in older women.43–46 There
were no data indicating the length of
time the women had been adhering to
the health habits reported in the 7-day
recall survey. There are suggestions of
such moderating effects of age in the lit-
erature as well. Although Cantero et al
only studied migration history in rela-
tion to health behavior change, they
concluded that the effect of migration

history on changes in health habits is
less pronounced, and probably different,
in older women (aged 65 years 1),
compared to younger women.14 The
present study involved women aged 65
years or younger, so a strict comparison
with the previous study is not possible.
In the present sample, increased age ap-
parently accentuated the deteriorating
effects of migration history on exercise
behavior and the beneficial effects of ex-
ercise in reducing blood pressure.

Healthy Exercise Habits
Mediate the Influence of
Migration History on Blood
Pressures

Baron and Kenny indicated that a
mediating variable in a relation between
a putative predictor and an outcome ex-
hibit the following characteristics: 1)
The presumed mediator is significantly
related to an independent variable (eg,
through a path labeled as a); 2) The pre-
sumed mediator should also be signifi-
cantly related to the dependent variable
(eg, path b); 3) When paths a and b are
controlled, a previously significant rela-
tionship between the independent and
dependent variables is diminished; and
4) A mediator is a variable which is
changeable, and, therefore, a factor
through which a health intervention
could be influenced.42 In the present
analyses, healthy exercise behaviors
completely satisfied these descriptions
(Tables 4–7).

The logistic regression analysis of
healthy exercise behaviors (Table 5)
demonstrated that MHS had a signifi-
cant regression coefficient (bMHS520.432
6 0.156, P,.01) as a predictor. There-
fore, a causal path, such as (a), may exist
in the 3-way link of MHS, exercise be-
haviors, and blood pressures. Further,
healthy exercise behaviors were negative-
ly correlated (Table 4), and had signifi-
cant negative regression coefficients as
one of the multiple predictors of blood
pressure (Table 6). This finding is con-
sistent with the existence of a causal
path, such as Baron and Kenny’s b

path.42 Finally, when MHS and exercise
habits were used jointly as predictors of
blood pressure (together with age, in
presence/absence of WHR), the contri-
bution of MHS in the regression model
was no longer significant (Table 7). In
fact, the addition of healthy exercise
habits in such regression models signif-
icantly improved the proportion of ex-
plained variance by the regression equa-
tion. This meets the third criterion of a
mediator, as defined above. Therefore,
the data supported the notion that
healthy exercise habits play a mediating
role in the relationship of MHS and
chronic disease risk associated with
blood pressure.

Although it was not a major focus
of this study, our findings were consis-
tent with the Mexican-American health
paradox, as noted previously by Marki-
des et al.47 These researchers demon-
strated that Mexican Americans (partic-
ularly males) have trends of cardiovas-
cular risk factors as high as in other pop-
ulations, but have lower rates of heart
disease. In the present work, we also
found that the overweight Mexican-
American women of Starr County, in
spite of being predominantly (72%)
obese (ie, BMI exceeding 30 kg/m2, see
Table 3), had glucose, lipid, and blood
pressure levels that were not generally
elevated, as would have been expected.
This is particularly noteworthy since
nearly 72% of these women were also
sedentary, and about 65% had fat-rich
diets (Table 2).

Synthesis of Major Conclusions
A synthetic model of the 3-way inter-

relationship of migration history, health
behavior, and chronic disease risk factors
is proposed in Figure 3. Certain com-
ponents of CDRFVs are affected by spe-
cific health behaviors, in a somewhat
complex fashion. As discussed earlier, the
cumulative effect of health behaviors,
practiced over a certain period of life,
may also influence the observed results
(Figures 1 and 2). Therefore, interven-
tion programs to reduce CDRFVs, cru-
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Fig 3. A path diagram representing the inter-relationship of migration history (MH),
healthy habits (HH), and chronic disease risk factors (CDRF).

‘‘Causal models, such as the

one suggested here, can help

to meet these challenges, since

they would allow

identification of the possible

barriers to lifestyle changes.’’

cial to the long-term health of persons
susceptible to chronic diseases, should be
designed in view of the network of re-
lationships, such as the one proposed
here. Foreyt and Poston discussed some
of the challenges for diet, exercise, and
lifestyle modification in the management
of obese individuals.48 Causal models,
such as the one suggested here, can help
to meet these challenges, since they
would allow identification of the possible
barriers to lifestyle changes.

In this sense, the results of this
study, as summarized in Figure 3, may
offer some guidance. For example, data
presented here showed migration history
to be associated with less healthy blood
pressures in overweight Mexican-Amer-
ican women; however, this appeared to
be mitigated by healthy exercise behav-
iors. It could therefore be argued that
health promotion activities targeted to-
ward this population should include an
exercise component, and should proceed
with an understanding of what moti-

vates some of these women to exercise.
In addition, since smoking increased
lipids, such health promotion programs
should attempt to modify smoking be-
havior, although this is not associated
directly with migration history (Table
4).

Age should also be considered in tai-
loring health promotion programs to
this population. The effects of MHS on
the health of Mexican-American women
are somewhat different for older and
younger women. Younger women
scored higher on exercise than the older
women, except for those classified as
‘‘recent’’ on the MHS scale (Figure 1).
However, the usual effect of increasing
blood pressures with age seemed to be
mitigated by exercise (Figure 2). There-
fore, it would be particularly important
to determine ways to encourage older
women to exercise. Our data also sug-
gest that the motivating or facilitating
factors of exercise promotion may differ
in younger vs older women of different

MHS classes. Finally, although the
women of the present study were all
overweight, there is no indication that
these results are influenced by this cri-
terion of the sample (Tables 5 and 6),
thus enabling the above conclusions to
be generalized to Mexican-American
women living in other parts of the Unit-
ed States.
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