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A Meat, Processed Meat, and French Fries
Dietary Pattern Is Associated with High
Allostatic Load in Puerto Rican Older Adults
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ABSTRACT
Background Consumption of certain dietary patterns, such
as a Western diet, has been associated with unfavorable
physiologic outcomes. Diet has been proposed as a con-
tributor to allostatic load, a composite measure of physi-
ological dysregulation.
Objective To determine the association of dietary patterns,
defined by “meat and french fries,” “traditional Puerto
Rican foods” (rice, beans, and oils), or “sweets,” with al-
lostatic load, and with the 10 individual physiologic pa-
rameters that comprise it.
Participants Baseline data collected from participants of
the Boston Puerto Rican Health Study (n�1,117; aged 45
to 75 years) was used to run linear and logistic regression
models, adjusting for age, sex, alcohol intake, smoking,
medications, energy intake, and body mass index or phys-
ical activity.
Results Significant trends across increasing quintiles of
the meat and french fries pattern were observed for
higher allostatic load score (P�0.002), waist circumfer-
ence (P�0.032), systolic blood pressure (P�0.008), and
diastolic blood pressure (P�0.0001). Participants in the
highest quintile of the meat and french fries pattern had
significantly higher allostatic load score than those in the

lowest quintile (mean 4.3�0.11 vs 3.9�0.12, P�0.030),
and had higher odds of having high allostatic load (odds
ratio [95% confidence interval]: 1.8 [1.2 to 2.9]), low de-
hydroepiandrosterone sulfate (odds ratio 1.9 [95% confi-
dence interval: 1.2 to 3.1]), and high glycosylated hemo-
globin (odds ratio 1.7 (95% confidence interval: 1.0 to
2.9]). The traditional pattern was not associated with
allostatic load, whereas a significant association between
the sweets pattern and allostatic load disappeared after
restricting analysis to participants without diabetes.
Conclusions A meat, processed meat, and french fries di-
etary pattern may contribute to the deregulation of mul-
tiple physiologic parameters in Puerto Rican adults. Ef-
forts to limit consumption of this pattern may help
prevent further cumulative physiological dysregulation
in this high risk population.
J Am Diet Assoc. 2011;111:1498-1506.

The role of dietary habits as a major contributor to
chronic conditions has been well established. Un-
healthy dietary patterns, such as high intake of re-

fined grains, meats, and sweets and soft drinks, have
been associated with obesity (1) and higher risk of all-
cause, cancer, and cardiovascular disease (CVD) mortal-
ity (2). Three major dietary patterns have been previously
identified in a cohort of Puerto Rican older adults: “meat,
processed meat, and french fries,” “traditional (rice,
beans, and oils),” and “sweets, sugared beverages, and
dairy desserts” (3). The meat and french fries pattern was
associated with higher blood pressure and waist circum-
ference, whereas the traditional pattern was associated
with lower high-density lipoprotein (HDL) cholesterol
and higher odds of metabolic syndrome.

Metabolic syndrome, as a composite measure, is a risk
factor for disease, including type 2 diabetes and CVD.
Recently, allostatic load has been proposed as another
model for disease consisting of a sum of physiologic pa-
rameters that become dysregulated in response to chronic
or repeated stressors, and that may accelerate down-
stream mechanisms leading to CVD and other chronic
disease (4). The framework of allostatic load refers to the
cumulative effect of altered physiologic parameters, as
measured by a set of mediators across multiple biological
systems, including neuroendocrine, cardiovascular, lipid,
and glucose responses (5). Although both are composite
physiologic scores, metabolic syndrome is a well-defined
measure comprising cardio-metabolic risk factors only,
whereas there is less consensus on the definition of allo-
static load except that it reflects dysregulation of primary
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physiologic responses in the hypothalamic-pituitary-ad-
renal axis (ie, neuroendocrine markers) in addition to the
secondary responses commonly included in metabolic
syndrome. Allostatic load has been associated with in-
creased risk of incident CVD and mortality, and declines
in cognitive and physical function, and these results have
been shown to be stronger than those observed for meta-
bolic syndrome (6). Furthermore, it has been recently
shown in the same cohort of Puerto Rican older adults,
that higher scores of allostatic load were associated with
increased odds of abdominal obesity, type 2 diabetes,
CVD, hypertension, and arthritis; most of these associa-
tions were also stronger than those observed with meta-
bolic syndrome (7).

Environmental stressors, including diet, have been pro-
posed as contributors to allostatic load (8). Allostatic
overload may be triggered as a response to continued
energy storage above a person’s needs, which are heavily
influenced by food choices and behaviors (9). Yet, no stud-
ies on the effect of dietary patterns on cumulative dys-
regulation have been reported. Puerto Rican older adults
have documented high prevalence of multiple chronic
diseases (10); the underlying causes and interactions
leading to such conditions are complex and just beginning
to be addressed. Thus, the aim of this study was to de-
termine the association between the three dietary pat-
terns indentified in Puerto Rican older adults, with a
composite measure of allostatic load, as well as the 10
individual physiologic parameters that comprise it.

SUBJECTS AND METHODS
Study Population
Data for this study was obtained from participants of the
Boston Puerto Rican Health Study, a longitudinal study
on stress, nutrition, and disease. Study design and data
collection methodology has been described in detail else-
where (10). Briefly, participants were recruited by door-
to-door enumeration and community approaches. One el-
igible participant per household was invited to join the
study. Eligibility criteria included self-identification as
Puerto Rican; age between 45 and 75 years; current res-
idence in the Boston, MA, metropolitan area; and ability
to answer questions in either English or Spanish at the
time of recruitment. The study protocol was approved by
the Institutional Review Board at Tufts Medical Center.
All participants provided written informed consent. This
report included participants with available baseline data
collected between 2004 and 2008.

Data Collection and Measurements
Bilingual, trained interviewers administered a compre-
hensive questionnaire to collect demographic data, self-
reported medical diagnoses, and detailed medication use,
and health behaviors, including past and current drink-
ing and smoking behaviors. Physical activity was mea-
sured with a modified version of the Paffenbarger ques-
tionnaire of the Harvard Alumni Activity Survey.
Acculturation was measured with a modified 17-item
questionnaire that assessed frequency of use of either
Spanish or English language in daily activities; a value of
zero indicates use of Spanish only and no acculturation,

whereas 100% represents a fully acculturated participant
who speaks fluent English.

Anthropometric data on weight, height, and waist cir-
cumference were collected in duplicate following stan-
dard protocols. Body mass index (BMI) was calculated as
kg/m2. Blood pressure was measured at three time points
during the interviews, in duplicate; the average of the
second and third readings was used as the blood pressure
measure. Blood samples were obtained after a 12-hour
fast and analyzed for serum dehydroepiandrosterone sul-
fate (DHEA-S), plasma total cholesterol, plasma HDL cho-
lesterol, and glycosylated hemoglobin (HbA1c). Twelve-hour
urinary collections were analyzed for cortisol, epinephrine,
and norepinephrine.

Allostatic load, as a composite score, has been defined
previously (7). Briefly, 10 parameters of physiologic re-
sponses were selected across various biological systems:
serum DHEA-S, urinary cortisol, urinary norepineph-
rine, urinary epinephrine, systolic blood pressure (SBP),
diastolic blood pressure (DBP), plasma HDL cholesterol,
plasma total cholesterol, plasma HbA1c, and waist cir-
cumference. A summary allostatic load score was con-
structed by adding the number of parameters for which a
participant fell into the upper or lower clinically defined
cutoff point (11-14) except for neuroendocrine markers
(serum DHEA-S and urinary measures), for which estab-
lished quartiles were used as cutoffs (15,16). A point was
assigned if a participant was taking medication for hy-
pertension, diabetes, lipid-lowering, or testosterone, but
had the respective parameter within the defined cutoff.

Dietary Assessment
The methodology for dietary assessment and the classifi-
cation of dietary patterns has been described in detail
elsewhere (3). Briefly, a semiquantitative food frequency
questionnaire was administered to participants to assess
intake during the previous 12 months. The food frequency
questionnaire has been adapted for this population by
adjusting portions sizes and including common foods (17)
and validated against various plasma micronutrients (18-
20). Nutrient intakes were calculated using the Nutrition
Data System for Research software (version 2007, Nutri-
tion Coordinating Center, University of Minnesota, Min-
neapolis). Dietary patterns were derived through factor
analysis using the PROC FACTOR procedure in SAS
(version 9.2, 2008, SAS Institute, Cary, NC). A three-
factor solution was retained with the following three fac-
tors identified: Factor 1: meat, processed meats, and
french fries; Factor 2: rice, beans, and oils (traditional
pattern); Factor 3: sweets, sugared beverages, and dairy
desserts. A score for each factor was calculated by sum-
ming intakes of food groups weighted by the factor load-
ing, and assessed for each participant. A variable for
quintiles of each dietary pattern was created.

Statistical Analysis
At the time of analysis, there were 1,357 participants in
the study. Of those, 1,271 had complete data on dietary
patterns. A total of 1,117 had complete allostatic load
data and were included in this analysis. Participants
excluded for lack of complete allostatic load data had
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