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Abstract

Background:The role of acculturation in dietary behaviors amongHispanics/Latinos in the United States remains unclear.

Discrepancies may be explained by variations in acculturation constructs or ethnicity-specific dynamics.

Objective:We aimed to compare relations between 3 different acculturation constructs with dietary quality and patterns

among Puerto Ricans in the mainland United States.

Methods:We analyzed cross-sectional data with 1194–1380 Puerto Ricans, aged 45–75 y. Acculturation was measured

with the use of a language-based scale (0–100; higher score denotes more English use), a psychological-based scale

(0–50; higher score denotes stronger US orientation), and years living in the mainland United States. Diet quality scores

(higher scores denote healthier diet) were defined with the use of the Alternate Healthy Eating Index-2010 (AHEI) and the

Mediterranean Diet Score (MeDS). Three dietary patterns were previously derived with the use of principal components

analysis. Adjustedmultivariable regressionmodels tested the association of each acculturation construct with diet quality

score or pattern. Interaction terms were included for income or education status.

Results: Psychological-based acculturation, but not the other constructs, was positively associated with AHEI (β ± SE:

0.013 ± 0.004; P= 0.002) and MeDS (0.009 ± 0.005; P= 0.041). Income, but not education, moderated this association

(P = 0.03), with higher diet quality observed with higher income (>$25,000) and stronger US orientation. All constructs

were inversely associatedwith a traditional dietary pattern, with the language-based scale being stronger (z score β ± SE:

−0.160 ± 0.032; P < 0.0001) than the psychological-based scale (−0.097 ± 0.028; P = 0.001) or years living in the

mainland United States (−0.058± 0.028; P= 0.041). No associationswere observed for theWestern or sweets/desserts

patterns.

Conclusions: In Puerto Rican adults, stronger psychological US orientation was associated with higher diet quality,

particularly with higher income. More Spanish use, stronger psychological Puerto Rican orientation, and shorter length

of mainland-US residency were associated with traditional dietary patterns. Appropriate diet-related acculturation

constructs should be carefully considered among Hispanics/Latinos. This trial was registered at clinicaltrials.gov as

NCT01231958. J Nutr 2018;148:1804–1813.
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Introduction

Acculturation is the process of cultural transition that occurs
when 2 distinct cultures interact regularly and can transpire
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at either the group or the individual level (1). Among
Hispanics/Latinos in the United States, higher acculturation has
been generally associated with poor health (2, 3). One pathway
in which this may occur is through dietary acculturation, or
the “process by which immigrants adopt the dietary practices
of the host (dominant culture) country” (4). Challenges to
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determine this include a lack of appropriate measurement of
dietary acculturation, limited used of acculturation theory, and
common use of single-item or proxy measures (e.g., length
of residence, language preference) (5), which assume that the
amount of time exposed to a new culture means incorporation
into the culture or that gaining themajority culture is ideal while
ignoring potentially protective aspects of the origin culture
(5, 6).

Investigators advocate the use of bi- or multidimensional
acculturation measures that capture different domains of
both origin and new cultures (6), including language use,
attitudes, values, and ethnic interactions (5), because they
provide clearer, more nuanced information about the complex
process of acculturation and its association with health (6, 7).
Yet, most studies have only assessed language proficiency, or
other proxy unidimensional measures, which does not fully
capture the process of cultural adaptation (5). The use of bi-
or multidimensional scales can capture both overt behavioral
change and internal identity change (8), and can help to
untangle the complexity of dietary acculturation.

Findings on the relation of acculturation with diet intake
in Hispanics/Latinos, for which the majority of studies on
acculturation in the United States have been done, have
been inconsistent, with some studies showing that increasing
acculturation is associated with poorer intake of some foods
and nutrients (3, 9), but not others (9), and may depend on the
acculturation construct used and the specific Hispanic/Latino
heritage (9, 10). For example, among Hispanic/Latinos who
participated in the California Health Interview Survey, greater
acculturation (measured with a unidimensional scale) was
associated with higher intake of fast food among Mexicans,
Central Americans, and Puerto Ricans, but not among other
Hispanic/Latino heritages (11). In addition, most studies
have included predominately Hispanics/Latinos of Mexican
heritage (10, 12), limiting the external validity of findings to
other Hispanic/Latino heritages that may exhibit differential
acculturation processes (3). For example, stringent migration
policies along the Mexico-US border have made circular
migration for Mexican immigrants more difficult, which has
resulted in increased cultural isolation for this group (13);
conversely Puerto Ricans may easily return to their country
of origin given that it is a US territory. Other differences in
income, educational attainment, and English proficiency at time
of migration by Latin American country of origin have been
reported (14), which may launch disparate acculturation paths.
Differentiating by heritage may provide further insights into the
inconsistent associations between acculturation and diet (7).

Puerto Ricans living in the United States are of particular
concern, because they have lower diet quality than other
Hispanic/Latino heritages (15). Because the Commonwealth
of Puerto Rico is a US territory, Puerto Ricans may have
a distinct acculturation process. The interconnection between
the 2 cultures may allow for fluid and hybrid identities of
Puerto Ricans in both sites (16). Language use may also be
a flexible process; Spanish was used at home but not as
the exclusive or dominant language among a Puerto Rican
community in Massachusetts (17). However, because of the
different constructs used to assess acculturation and dietary
behaviors, the association between these 2 factors in mainland
Puerto Ricans remains unclear. For example, young adult
mainland Puerto Ricans appear to be more acculturated to
the mainland United States, as defined by longer length of
residency in the mainland United States or higher English use,
and to consume more unhealthy foods and less healthy foods

than other Hispanics/Latinos (18). For middle-aged and older
mainland Puerto Ricans, the opposite was observed, because
greater English use assessed with a bidimensional language-
based acculturation scale was associated with consumption of
fewer ethnic foods and more healthy foods or those aligned
with eating patterns of non-Hispanic whites (19). In this same
Puerto Rican population, longer time residing in the United
States (a unidimensional construct) seemed to shift macronu-
trient consumption to a level similar to non-Hispanic whites
(19, 20). The inconsistent conclusions raise the question
of which acculturation construct may provide a stronger
association with dietary outcomes in Puerto Rican adults,
namely overall health quality of the diet as well as dietary
patterns marked by traditional foods compared with US foods
(independent of diet quality).

Socioeconomic conditions and educational attainment may
modify the associations between acculturation and nutrition,
especially among groups with persistent low socioeconomic
status (21), such as mainland Puerto Rican adults (22, 23).
In the cohort of middle-aged and older mainland Puerto
Ricans, poverty status partially moderated some of the observed
associations, such that greater language-based acculturation
was associated with lower dietary glycemic index, lower starch
intake, and greater servings of fruit and nonstarchy vegetables
only among individuals above the poverty line (19), reiterating
the importance of considering the intersection of socioeconomic
status and acculturation (3, 4, 24).

Adequate multidimensional acculturation measures (7, 25)
and comparison of different acculturation constructs (26,
27) are needed to better conceptualize and assess dietary
acculturation. Thus, the aim of this study was to compare
3 different bidimensional and unidimensional acculturation
constructs (psychological-based, language-based, years living in
the mainland United States) with regard to their association
with nutrient intake, diet quality, and dietary patterns among
Puerto Rican adults in Boston, MA. Contrasting different
dietary outcomes may help elucidate how acculturation relates
to different dietary frameworks (healthfulness compared with
food patterns clustered by cultural orientation).

Methods
Participants. We analyzed data from the baseline visit (2004–2007)
of the Boston Puerto Rican Health Study (BPRHS), a longitudinal
study of psychosocial stress, acculturation, nutrition, and disease
development. Detailed recruitment and data collection methods were
previously published (22). Study eligibility requirements included self-
identifying as Puerto Rican, being between 45 and 75 y old, being able
to respond to questions in either English or Spanish, and living in the
Boston, MA metropolitan area at the time of the study. Recruitment
of eligible adults occurred through door-to-door enumeration and
community outreach strategies. Participants provided written consent
to participate in study activities, which were administered in the
participant’s home by trained bilingual interviewers. The Tufts Medical
Center Institutional Review Board and the Northeastern University
Institutional Review Board approved the study. This study was
registered at clinicaltrials.gov as NCT01231958.

Questionnaires inquired about age, sex, marital status, household
income, educational attainment, employment status, migration between
the US mainland and Puerto Rico, food insufficiency, participation in
federal food assistance programs, health insurance, smoking history,
alcohol use, and physical activity with the use of amodified Paffenbarger
questionnaire of the Harvard Alumni Activity Survey that assessed
levels of activities (heavy, moderate, light, or sedentary activity, and
sleeping) within a 24-h period. Participants self-reported medically
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diagnosed health conditions, medication use, perceived stress, difficulty
performing activities of daily living, and depressive symptoms with
the use of the Center for Epidemiology Studies Depression scale.
Physical examinations included blood samples for laboratory assays,
and anthropometric measures (including waist and hip circumference)
via standardized methods.

Acculturation constructs. The 3 constructs of acculturation
contrasted in this study were 2 bidimensional constructs (a language-
based questionnaire and a psychological-based questionnaire) as well
as a unidimensional proxy measure of acculturation (years living in
the mainland United States). The language-based questionnaire was
adapted from the Bi-dimensional Acculturation Scale forHispanics (28),
assessing bidirectional preferences in language use (Spanish or English)
during 7 different daily activities, including at work, when speaking
(with neighbors, friends, and family), watching television, reading
newspapers/books, and listening to the radio. The scale recognizes
multiple language-related (but not psychosocial) acculturative areas
across both cultural domains. Response options were on a 5-point
Likert scale, from 1 (“only Spanish”) to 5 (“only English”). A summary
score from 0 to 100 demonstrated the level of language acculturation
such that lower scores indicated less acculturation (more Spanish) and
higher scores indicated more acculturation (more English).

The psychological-based questionnaire used an adapted 10-item
Psychological Acculturation Scale that assesses individuals’ psycholog-
ical negotiation of the 2 cultural entities, with particular attention
to subjective sense of belonging and emotional attachment to each
culture, through questions pertaining to differing cultural contexts,
including beliefs and values, shared identity, feelings of comfort, shared
ways of thinking, cultural pride, cultural ways of accomplishing tasks
and behaving, shared understanding, situational expectations, and
knowledge of history and traditions (29). Response options were on
a 5-point Likert scale, from 1 (“only Puerto Rican”) to 5 [“only
U.S. (American)”], with a bicultural orientation as a midpoint option.
Responses were summed to create a score ranging from 0 to 50, with
lower scores indicative of more Puerto Rican psychological orientation
and higher scores indicative of more US-American psychological
orientation.Construct validity conducted among adults showed that the
psychological acculturation scores were highly correlated with all the
cultural behavior and cultural preference scores, with weaker relations
with language use (29).

Years living in the mainland United States was the calculated length
of time from year of first arrival to the United States to time of study
enrollment, accounting for periods of circular migration between the
US mainland and Puerto Rico. Circular migration included residence in
Puerto Rico for >3 mo at a time, after initial immigration to the US
mainland. Each acculturation construct was reported as a continuous
variable and as tertiles.

Dietary intake assessment and dietary measures. An
adapted version of the National Cancer Institute Block-FFQ assessed
dietary intake during the home interview (30). Modifications of the
original FFQ included Puerto Rican–appropriate foods and portion
sizes. The adapted semiquantitative FFQ was validated for this
population, demonstrating a more accurate representation of intake
compared with the original FFQ (30). Participants with implausible
energy intakes (<400 or >4800 kcal/d) and/or >10 questions left blank
were excluded (n = 67).

The Alternate Healthy Eating Index-2010 (AHEI) and the Mediter-
ranean Diet Score (MeDS) assessed diet quality, and were previously
described in this cohort (31, 32). The AHEI score provided a measure
of overall diet quality according to evidence for the association
between dietary factors and lower chronic disease risk (33). The
total score ranged from 0 (lowest diet quality) to 110 (highest diet
quality) and reflected 11 food groups and nutrients (vegetables, whole
fruit, whole grains, sugar-sweetened beverages/fruit juice, nuts/legumes,
red/processed meat, trans fat, omega-3 fatty acids, PUFAs, sodium, and
alcohol) based on predefined cutoffs. The MeDS measured adherence
to a Mediterranean diet by summing scores of 9 dietary components
(vegetables, fruits, nuts and legumes, whole grains, fish, meat and meat

products, dairy and dairy products, alcohol, and monounsaturated-to-
saturated fats ratio). A point was assigned for being above the healthy
population- and sex-specific median cutoff, expressed per 1000 kcal/d;
points were summed and total scores ranged from 0 (low adherence)
to 9 (high adherence). AHEI and MeDS were reported as continuous
scores.

Dietary patterns in this cohort were previously established with the
use of factor analysis (34, 35), with the PROC FACTOR procedure in
SAS (version 9.2, SAS Institute, Cary, NC). The factors were rotated
orthogonally with the varimax option. The sum of food group intakes
(entered into principal components analysis as percentage of total
energy) for each factor was weighted by its factor loading, providing
a pattern score for each participant. A 3-factor solution was retained
because it had the most consistent eigenvalues, scree plots, and factor
loadings as assessed in random split samples; the 3 identified patterns
were: 1) Western pattern (meat, processed meats, and French fries);
2) traditional pattern (rice, beans, and oils); and 3) sweets, sugary
beverages, and dairy desserts pattern.

Statistical analysis. Of the 1500 enrolled participants, complete
baseline acculturation data were available for 1394 (years living in the
United States), 1415 (psychological-based scale), and 1421 (language-
based scale) participants, and valid dietary data were available for
1194 (MeDS), 1337 (AHEI), and 1380 (dietary patterns and nutrient
data) participants. Spearman correlations between the acculturation
constructs were assessed. We analyzed differences in baseline character-
istics by tertile categories of each acculturation construct, using ANOVA
for continuous variables and chi-square tests for categoric variables.
General linear regression models were fitted to predict mean intake
of nutrients representative of those primarily consumed in the diet by
tertile categories of each acculturation construct, adjusted for age, sex,
and energy. Separate multivariable linear regression models tested the
association between each acculturation construct as continuous scores,
with diet quality (AHEI, MeDS) and with dietary patterns (Western,
traditional, sweets and dairy desserts) as continuous outcomes. The
models were also run with the z scores of the acculturation constructs
for direct comparison of the magnitude of association strength. All
multivariable models were adjusted for age, sex, household income,
smoking (in packs per year), educational attainment, physical activity
score, frequency of eating out, receipt of the Supplemental Nutrition
Assistance Program, and energy intake (except for MeDS, because
it is already expressed per 1000 kcal/d). Additional models were
adjusted for variables considered as confounders in previous studies
or hypothesized to be potential confounders in the acculturation-
diet association [i.e., household composition, marital status, working
status, diabetes diagnosis, waist circumference, perceived stress score,
depressive symptomatology, and activities of daily living (i.e., physical
function)], but none of these potential confounders changed the
models or results and thus were not included in the final models.
Sensitivity analyses were conducted to adjust each model for the other
acculturation constructs. We also used multivariable linear regression
models to separately test interactions between acculturation and
income or educational attainment on the associations with diet quality,
adjusting for the same confounders mentioned above and using Tukey’s
procedure to adjust for multiple comparisons. Results are presented as
β coefficients and SEs, or adjusted means and SEs. P < 0.05 was used
as the significance level.

Results
All acculturation constructs were significantly correlated with
one another (all P < 0.0001): psychological-based scale and
language-based scale (r = 0.51), language-based scale and years
living in the United States (r = 0.25), and years living in
the United States and psychological-based scale (r = 0.17).
Participants’ characteristics differed across the tertile categories
of each acculturation construct (Table 1). Those with the highest
tertile of the language-based scale (i.e.,more English use) tended
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TABLE 1 Characteristics by tertile of acculturation construct for Puerto Rican adults living in Boston, MA1

Language-based acculturation scale
(n= 1421)

Psychological-based acculturation scale
(n= 1415)

Years living in the mainland United
States (n= 1394)

More
Spanish Bilingual More English

More
Puerto
Rican Bicultural More US <32 y 32–40 y >40 y

n 462 503 456 495 425 495 463 470 461
Age, y 59.7 (7.8) 57.3 (7.0) 54.5 (7.1)**** 58.7 (7.6) 57.3 (7.6) 55.7 (7.5)**** 54.8 (7.6) 56.2 (6.5) 60.2 (7.6)****

Sex
Female 78.8 73.8 62.3**** 73.5 71.8 69.9 75.2 73.4 65.7**
Male 21.2 26.2 37.7 26.5 28.2 30.1 24.8 26.6 34.3

Marital status
Married 26.9 35.8 35.5**** 32.5 31.4 34.5**** 32.0 33.9 33.2
Single 12.4 13.1 16.8 13.8 13.9 14.6 14.9 14.2 13.5
Divorced 40.6 38.4 40.6 37.7 40.1 41.6 40.7 39.1 39.3
Widowed 20.2 12.7 7.1 16.0 14.6 9.3 12.3 12.9 14.1

Education status
8th grade or less 72.3 46.7 20.8**** 60.4 44.9 34.3**** 44.3 47.2 47.3
Some high school/GED 24.0 42.9 46.1 33.1 39.3 41.2 40.2 37.2 36.9
≥High school 3.7 10.3 33.1 6.5 15.8 24.4 15.6 15.5 15.8

Household income, $
<10,000 59.3 47.5 34.0 53.3 46.6 41.0 47.1 47.9 44.9
10,000–25,000 34.9 39.0 36.6 36.4 36.7 37.4 35.9 35.3 40.1
≥25,000 5.8 13.5 29.4 10.3 16.7 21.6 17.1 16.8 15.0

Below 100% federal poverty
line

72.8 61.0 40.9**** 64.3 61.8 49.3**** 61.1 60.0 53.6

Currently working 6.4 15.7 39.8**** 12.4 19.0 31.0**** 22.6 22.1 20.1
Food insufficiency2 12.6 10.3 11.8 10.9 10.4 12.7 12.5 10.6 11.3
Government food

assistance3
36.8 28.8 25.9** 30.5 35.5 26.5* 34.8 27.3 29.5*

Health insurance 96.8 95.4 93.6 96.0 94.8 94.2 95.9 92.8 97.0**
Circular migration 36.7 41.0 37.3 40.9 36.6 37.8 27.4 40.9 48.0****

Smoking status
Never 50.7 48.6 37.3**** 49.8 45.2 42.2 52.2 46.3 38.8***
Former 28.8 30.5 30.9 29.0 30.4 30.9 23.4 29.6 36.9
Current 20.6 20.9 31.8 21.3 24.5 26.9 24.5 24.1 24.3

Physical activity score4 30.4 (3.9) 31.0 (4.0) 33.0 (5.5)**** 30.8 (4.4) 31.6 (4.7) 31.9 (4.8)** 31.7 (4.5) 31.5 (4.8) 31.2 (4.8)

Frequency eating out
Never/rarely 33.8 31.5 20.0**** 37.1 24.0 24.2**** 28.9 26.7 28.7
<1 time/wk 49.1 49.8 43.7 44.1 52.9 46.7 47.9 47.8 47.5
≥1 time/wk 17.0 18.8 36.3 18.9 23.1 29.1 23.2 25.4 23.8

Perceived stress score5 23.9 (9.7) 23.6 (9.0) 23.3 (9.7) 24.4 (8.8) 23.0 (9.3) 23.2 (10.1) 24.1 (9.6) 23.8 (9.3) 22.8 (9.3)

1Values are proportions (%) or means (SE). Analyses included ANOVA for continuous variables and chi-square test (or Fisher’s exact test when appropriate) for categoric variables.
The language-based questionnaire assesses Spanish compared with English language use and ranges from 0 to 100, with lower scores indicative of less acculturation (more
Spanish) and higher scores indicative of more acculturation (more English). The psychological-based questionnaire assesses subjective sense of belonging and emotional
attachment to US and Hispanic/Latino cultures and ranges from 0 to 50, with lower scores indicative of more Puerto Rican psychological orientation (lower acculturation)
and higher scores indicative of more US-American psychological orientation (higher acculturation). Categories for language-based, psychological-based, and years living in the
mainland United States are based on sample tertiles; the corresponding tertile score ranges are: language-based scale: 0–8.2 for more Spanish, 8.3–34.9 for bilingual, and 35–100
for more English; psychological-based scale: 0–15 for more Puerto Rican; 15–20 for bicultural; and 21–50 for more US. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
2Defined as responding “sometimes not enough to eat” or “often not enough to eat” to the USDA 10-item adult food security survey module screener question, “Which of
these statements best described the food eaten in your household in the last 12 months?”
3Government food assistance is participation in the Supplemental Nutrition Assistance Program (SNAP), formerly food stamps.
4Physical activity scores were the sum of reported hours spent in typical activities over a 24-h period, multiplied by appropriate weighting factors associated with activity
intensity/oxygen consumption. Higher scores indicate greater levels of physical activity.
5Higher scores on the Perceived Stress Scale (range 0–40) indicate higher perceived stress in life.

to be younger, male, single, with higher educational attainment,
more physically active, and less likely to be under the poverty
line or to receive food assistance, but more likely to currently
work, currently smoke, and eat out >1 time/wk than those with
the lowest tertile of the language-based scale (i.e., more Spanish
use). Significantly different characteristics for the highest tertile

of the psychological-based scale (i.e., more US orientation) were
similar to those of the language-based scale except for sex,
marital status, and smoking status. Participants in the highest
tertile of years living in the United States (>40 y) tended to be
older and male and less likely to receive food assistance, but
more likely to have health insurance, to have migrated back to
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Puerto Rico, and to have never smoked, compared with those
in the lowest tertile (<32 y).

Dietary intake differed across tertiles of the language-based
and psychological-based acculturation scales, but less so for
years living in the mainland United States (Table 2). After
adjusting for sex, age, and energy intake, participants in the
highest (compared with lowest) tertile of the language-based
scale (i.e., more English use) had higher intakes of saturated fat,
trans fat, alcohol, vitamin D, calcium, magnesium, vegetables,
and whole grains, and lower intakes of polyunsaturated fats,
starches, starchy vegetables, and meat and poultry; they also
adhered less to a traditional dietary pattern. Participants in
the highest (compared with lowest) tertile of the psychological-
based scale (i.e., more US orientation) tended to adhere less
to the traditional dietary pattern while having higher AHEI
and MeDS scores, higher intake of magnesium and vegetables,
and lower intake of polyunsaturated fats and meat and poultry.
Participants living in the United States >40 y had lower intakes
of starchy vegetables compared with those living in the United
States <32 y.

In adjusted multivariable linear regression models, the
language-based scale, psychological-based scale, and years
living in the mainland United States were all inversely associated
with a traditional dietary pattern, such that lower acculturation
to the United States, as marked by any of the constructs,
was associated with higher intake of the traditional rice,
beans, and oils pattern (Table 3). The z score indicates
that the strongest association with the traditional dietary
pattern was observed for the language-based scale (β coeffi-
cient ± SE): −0.160 ± 0.032, followed by the psychological-
based scale (−0.014 ± 0.004) and years in the United States
(−0.005 ± 0.002). Only the psychological-based acculturation
scale was significantly associated with the 2 diet quality scores,
with positive associations with the AHEI (0.114 ± 0.037)
and MeDS (0.015 ± 0.007) (i.e., higher psychological-based
acculturation—or stronger US orientation—denoted better diet
quality scores). No significant associations were observed for
any of the acculturation constructs and the Western or the
sweets and dairy desserts dietary patterns. Results were similar
when adjusting for the other acculturation constructs in the
model (data not shown).

To test for potential effect modification of the associations
between acculturation and diet by socioeconomic status or
educational attainment, we included interaction terms between
the acculturation constructs and education and income in
association with diet quality. No significant interactions
were observed for the language-based scale and education
(AHEI, P-interaction = 0.60; MeDS, P-interaction = 0.66) or
income (AHEI, P-interaction = 0.47; MeDS, P-interaction
= 0.94), nor for years living in the mainland United States
and education (AHEI, P-interaction = 0.70; MeDS, P-
interaction = 0.44) or income (AHEI, P-interaction = 0.74;
MeDS, P-interaction = 0.55). Educational attainment did
not moderate the relation between the psychological-based
scale and diet quality (AHEI, P-interaction = 0.45; MeDS,
P-interaction = 0.57), but income did show significant
interaction (AHEI, P-interaction = 0.033; MeDS,
P-interaction = 0.034). After adjusting the interaction terms’
means for multiple comparisons, participants with higher
household income (>$25,000) tended to have higher diet
quality scores than those with lower household income
(<$10,000), but only among those with bicultural or more US
orientation; dietary quality was not greater with higher income
among those with more Puerto Rican orientation (Figure 1

and Supplemental Table 1). Specifically, being in the highest
income category (>$25,000) and classifying as bicultural (equal
Puerto Rican and US orientation) or more US orientation was
associated with the highest AHEI (mean ± SE: 56.7 ± 1.1 and
55.6 ± 0.92, respectively), unlike those in the same income
category classifying as mostly Puerto Rican (51.8 ± 1.3;
Figure 1A). Being in the lowest income category (<$10,000)
and classifying mostly with US culture was associated with
higher AHEI (54.2 ± 0.67) than being in the lowest income
category and classifying as bicultural (51.8 ± 0.68) or mostly
Puerto Rican (52.3 ± 0.64). Similar trends were observed for
the MeDS (Figure 1B).

Discussion

Among Puerto Rican adults living in the Boston, MA area,
higher acculturation, as measured with constructs based on a
bidimensional language scale (more English use), bidimensional
psychological-based scale (stronger US orientation), or the
unidimensional years of living in the mainland United States
(longer), was associated with lower adherence to a traditional
Puerto Rican dietary pattern. Importantly, results among Puerto
Ricans differed by scale use; the language-based scale was
more strongly inversely correlated to the traditional pattern.
Only the psychological-based scale was positively related to
diet quality, primarily at higher income levels. This is in direct
contrast to most work on acculturation and diet in theMexican-
American population, where higher acculturation has been
consistently associated with poorer diet quality (9, 10, 12).
The mixed results indicate that dietary acculturation among
Puerto Rican adults varies by acculturation construct and
dietary measure. Bidimensional acculturation constructs, rather
than single unidimensional proxy measures, may better capture
associations with dietary outcomes in Puerto Rican adults.

Language-based acculturation in Puerto Ricans seems to
be a fluctuating process that is connected to healthier as
well as unhealthier dietary behaviors. Similar to our results,
language-based acculturation was positively associated with a
fruit and cereal pattern, and negatively with a rice pattern
(reflecting a more traditional diet), among Puerto Rican
and Dominican older adults living in Boston, MA (36).
In contrast, predominately Mexican Hispanics/Latinos have
shown poorer healthy food choices with increased English
use and preference (9, 37–40). The mixed healthfulness of
food and nutrient intake among our sample of Puerto Ricans
(e.g., unhealthier fat intake but higher intake of vitamin D,
calcium, and magnesium with more English use) may explain
why language-based acculturation was not associated with
overall diet quality. Moreover, the inconsistent results across
Hispanic/Latino heritages suggest that language use may not
be a universal marker of dietary acculturation for this group;
heritage must be accounted for when selecting an acculturation
construct.

In our study, higher psychological acculturation was associ-
ated with an overall healthier diet quality, differing from the
usual hypothesis of unhealthy dietary behaviors having been
gained in the United States (3, 9). The results also contrast to
findings that higher US-American orientation was associated
with lower diet quality scores in Mexican mothers living in
California (41) and that higher ethnic identity was associated
with higher intake of fiber and fruit/vegetables in ethnically
diverse women with gestational diabetes (42); this highlights
the population-specific dynamics of dietary acculturation. In
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TABLE 2 Dietary intake characteristics by tertile of acculturation construct for Puerto Rican adults living in Boston, MA1

Language-based acculturation scale Psychological-based acculturation scale
Years living in the mainland United

States

Characteristic
More

Spanish Bilingual
More
English

More Puerto
Rican Bicultural More US <32 y 32–40 y >40 y

Total energy, kcal/d 2182 (44) 2247 (40) 2204 (42) 2176 (41) 2265 (43) 2193 (40) 2233 (43) 2213 (42) 2210 (42)
Total fat, g/d 77.7 (0.7) 75.9 (0.7) 76.6 (0.7) 76.8 (0.7) 76.7 (0.7) 76.2 (0.7) 76.3 (0.7) 77.6 (0.7) 77.0 (0.7)

Saturated fat 23.0 (0.3) 22.6 (0.3) 23.8 (0.3)* 22.7 (0.3) 23.2 (0.3) 23.4 (0.3) 23.2 (0.3) 23.3 (0.3) 23.2 (0.3)
PUFA 21.6 (0.3) 20.9 (0.3) 20.0 (0.3)* 21.3 (0.3) 20.8 (0.3) 20.2 (0.3)* 20.6 (0.3) 21.1 (0.3) 21.0 (0.3)
MUFA 26.7 (0.3) 26.2 (0.3) 26.7 (0.3) 26.5 (0.3) 26.5 (0.3) 26.5 (0.3) 26.3 (0.3) 27.0 (0.3) 26.6 (0.3)
ω-3 1.7 (0.02) 1.7 (0.02) 1.7 (0.02) 1.7 (0.02) 1.7 (0.02) 1.7 (0.02) 1.7 (0.02) 1.7 (0.02) 1.7 (0.02)
trans Fat 2.6 (0.1) 2.6 (0.1) 2.8 (0.1)* 2.7 (0.1) 2.7 (0.1) 2.7 (0.1) 2.6 (0.1) 2.7 (0.1) 2.7 (0.1)

Protein g/d 89.5 (0.9) 88.4 (0.8) 88.0 (0.8) 89.3 (0.8) 88.7 (0.9) 87.5 (0.8) 88.9 (0.9) 89.0 (0.8) 88.8 (0.8)
Animal protein 61.6 (0.9) 59.6 (0.8) 59.2 (0.9) 60.9 (0.8) 60.4 (0.9) 58.7 (0.8) 60.6 (0.9) 60.5 (0.9) 59.8 (0.9)
Plant protein 27.9 (0.3) 28.8 (0.3) 28.8 (0.3) 28.3 (0.3) 28.2 (0.3) 28.8 (0.3) 28.3 (0.3) 28.4 (0.3) 29.0 (0.3)

Total carbohydrates, g/d 264 (2.1) 268 (2.0) 264 (2.1) 265 (2.0) 265 (2.1) 265 (2.0) 269 (2.1) 265 (2.1) 265 (2.1)
Dietary fiber 20.7 (0.3) 21.1 (0.3) 20.9 (0.3) 20.7 (0.3) 21.0 (0.3) 20.9 (0.3) 20.7 (0.3) 21.1 (0.3) 21.0 (0.3)
Added sugars 56.2 (1.9) 55.2 (1.8) 57.3 (1.9) 55.3 (1.8) 57.7 (1.9) 55.8 (1.8) 56.2 (1.9) 57.3 (1.9) 55.9 (1.9)
Starch 124 (1.4) 125 (1.3) 119 (1.4)* 124 (1.3) 121 (1.4) 121 (1.3) 122 (1.4) 122 (1.4) 123 (1.4)

Alcohol, g/d 4.2 (0.8) 5.0 (0.8) 6.9 (0.8)* 4.5 (0.8) 5.2 (0.8) 6.5 (0.8) 4.6 (0.8) 5.4 (0.8) 6.3 (0.8)
Micronutrients

Vitamin D, µg/d 6.3 (0.2) 6.7 (0.2) 7.2 (0.2)* 6.5 (0.2) 6.7 (0.2) 7.0 (0.2) 6.7 (0.2) 6.9 (0.2) 6.6 (0.2)
Vitamin B-12, µg/d 10.3 (0.3) 9.6 (0.3) 10.0 (0.3) 10.3 (0.3) 9.4 (0.3) 10.0 (0.3) 9.7 (0.3) 10.0 (0.3) 10.1 (0.3)
Vitamin B-6, µg/d 2.6 (0.1) 2.6 (0.1) 2.7 (0.1) 2.6 (0.1) 2.6 (0.1) 2.6 (0.1) 2.6 (0.1) 2.7 (0.1) 2.6 (0.1)
Folate, µg/d 524 (8.7) 544 (8.1) 551 (8.4) 541 (8.2) 528 (8.7) 547 (8.1) 531 (8.6) 543 (8.4) 549 (8.5)
Calcium, mg/d 930 (23) 962 (21) 1033 (22)* 946 (211) 976 (23) 1003 (22) 989 (23) 981 (22) 969 (22)
Magnesium, mg/d 321 (4.7) 336 (4.4) 349 (4.5)* 327 (4.4) 336 (4.7) 343 (4.4)* 331 (4.7) 342 (4.5) 337 (4.6)
Sodium, mg/d 4835 (57) 4766 (53) 4747 (55) 4811 (53) 4768 (57) 4727 (53) 4710 (56) 4869 (55) 4800 (55)
Potassium, mg/d 3011 (33) 3130 (30) 3124 (31) 3095 (31) 3131 (33) 3131 (30) 3179 (32) 3119 (31) 3098 (32)
Iron, mg/d 20.1 (0.3) 20.3 (0.3) 20.2 (0.3) 20.4 (0.3) 19.8 (0.3) 20.3 (0.3) 20.0 (0.3) 20.2 (0.3) 20.6 (0.3)

Diet quality/food groups
AHEI2 52.6 (0.5) 53.7 (0.4) 53.9 (0.4) 52.7 (0.4) 53.0 (0.5) 54.6 (0.4)* 53.5 (0.5) 53.3 (0.4) 53.7 (0.4)
MeDS3 4.2 (0.1) 4.4 (0.1) 4.5 (0.1) 4.3 (0.1) 4.4 (0.1) 4.6 (0.1)* 4.3 (0.1) 4.3 (0.1) 4.5 (0.1)
Vegetables, ser/d 2.0 (0.1) 2.2 (0.1) 2.3 (0.1)* 2.0 (0.1) 2.2 (0.1) 2.3 (0.1)* 2.2 (0.1) 2.3 (0.1) 2.2 (0.1)
Starchy vegetables, ser/d 0.6 (0.02) 0.5 (0.02) 0.4 (0.02)* 0.5 (0.02) 0.5 (0.02) 0.5 (0.02) 0.5 (0.02) 0.5 (0.02) 0.4 (0.02)*
Fruit, ser/d 0.7 (0.03) 0.7 (0.03) 0.7 (0.03) 0.7 (0.03) 0.7 (0.03) 0.8 (0.03) 0.7 (0.03) 0.7 (0.03) 0.7 (0.03)
Whole grains, ser/d 0.8 (0.1) 1.0 (0.04) 1.0 (0.04)* 0.9 (0.04) 0.9 (0.1) 0.9 (0.04) 0.8 (0.1) 0.9 (0.04) 1.0 (0.04)
Dairy, ser/d 0.8 (0.1) 0.9 (0.04) 0.9 (0.1) 0.8 (0.1) 0.9 (0.1) 0.9 (0.04) 0.8 (0.1) 0.9 (0.01) 0.9 (0.1)
Fish, ser/d 1.2 (0.1) 1.2 (0.1) 1.2 (0.1) 1.2 (0.1) 1.2 (0.1) 1.3 (0.1) 1.2 (0.1) 1.3 (0.1) 1.2 (0.1)
Meat and poultry, ser/d 1.0 (0.04) 0.9 (0.03) 0.9 (0.03)* 1.0 (0.03) 1.0 (0.03) 0.9 (0.03)* 1.0 (0.03) 0.9 (0.03) 0.9 (0.03)
Nuts, ser/d 0.6 (0.03) 0.6 (0.03) 0.6 (0.03) 0.6 (0.13) 0.6 (0.03) 0.6 (0.03) 0.6 (0.03) 0.6 (0.03) 0.6 (0.03)
Sugary beverages, ser/d 1.4 (0.1) 1.6 (0.1) 1.5 (0.1) 1.5 (0.1) 1.5 (0.1) 1.5 (0.1) 1.6 (0.1) 1.5 (0.1) 1.5 (0.1)

Dietary pattern score
Traditional pattern 0.12 (0.1) 0.11 (0.1) −0.18 (0.1)* 0.11 (0.1) 0.03 (0.1) −0.11 (0.1)* 0.05 (0.1) 0.03 (0.1) −0.03 (0.1)
Western pattern 0.18 (0.1) 0.06 (0.04) 0.10 (0.1) 0.17 (0.04) 0.11 (0.1) 0.06 (0.04) 0.09 (0.1) 0.10 (0.1) 0.15 (0.1)
Sweets and desserts

pattern
0.05 (0.1) −0.01 (0.1) −0.09 (0.1) 0.02 (0.1) −0.02 (0.1) −0.07 (0.1) −0.05 (0.1) −0.05 (0.1) 0.03 (0.1)

1Presented as means (SEs), adjusted for age, sex, and energy (except total energy intake). The language-based questionnaire assesses Spanish compared with English language
use and ranges from 0 to 100, with lower scores indicative of less acculturation (more Spanish) and higher scores indicative ofmore acculturation (more English). The psychological-
based questionnaire assesses subjective sense of belonging and emotional attachment to US and Hispanic/Latino cultures and ranges from 0 to 50, with lower scores indicative
of more Puerto Rican psychological orientation (lower acculturation) and higher scores indicative of more US-American psychological orientation (higher acculturation). Categories
for language-based, psychological-based, and years living in the mainland United States are based on sample tertiles; corresponding tertile score ranges are: language-based
scale: 0–8.2 for more Spanish, 8.3–34.9 for bilingual, and 35–100 for more English; psychological-based scale: 0–15 for more Puerto Rican; 15–20 for bicultural; and 21–50 for
more US. Overall sample size was 1194 (for MeDS and food groups), 1337 (for AHEI), and 1380 (for dietary patterns and nutrient data). *P < 0.05. AHEI, Alternate Healthy Eating
Index-2010; MeDS, Mediterranean Diet Score; ser/d, servings per day.
2The AHEI score was defined as a measure of overall diet quality based on 11 components with predefined recommended intakes and with overall scores ranging from 0 to 110,
with higher scores indicative of better diet quality.
3The MeDS was defined as a measure of overall diet quality relative to the Mediterranean diet, based on population sex-specific median intake of 9 components. Overall scores
range from 0 to 9, with high scores indicative of higher compliance with the Mediterranean diet.
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TABLE 3 β-Coefficients and SEs for associations between 3 different acculturation constructs and diet quality indexes or pattern
scores for Puerto Rican adults living in Boston, MA1

Language-based scale Psychological-based scale
Years living in the mainland United

States

Diet score β ± SE P β ± SE P β ± SE P

AHEI2 0.002 ± 0.013 0.90 0.114 ± 0.037 0.002 −0.005 ± 0.021 0.82
z Scores 0.004 ± 0.033 0.088 ± 0.029 −0.006 ± 0.029

MeDS3 0.0008 ± 0.003 0.75 0.015 ± 0.007 0.041 0.008 ± 0.004 0.05
z Scores 0.011 ± 0.034 0.063 ± 0.031 0.059 ± 0.031

Traditional pattern −0.007 ± 0.001 <0.0001 −0.014 ± 0.004 0.001 −0.005 ± 0.002 0.041
z Scores −0.160 ± 0.032 −0.097 ± 0.028 −0.058 ± 0.028

Western pattern 0.0005 ± 0.001 0.71 −0.007 ± 0.004 0.06 0.002 ± 0.002 0.28
z Scores 0.011 ± 0.029 −0.048 ± 0.026 0.028 ± 0.026

Sweets and desserts pattern −0.003 ± 0.001 0.05 −0.005 ± 0.004 0.20 0.002 ± 0.002 0.30
z Scores −0.061 ± 0.031 −0.035 ± 0.028 0.029 ± 0.028

1Values are β-coefficients ± SEs presented for original scores, with the same models shown below using the z scores for direct comparison of the β-coefficients. Adjusted for
age, sex, income, smoking status, education, physical activity, frequency of eating out, Supplemental Nutrition Assistance Program receipt, and energy intake (except for MeDS,
which is already energy-adjusted). Overall sample size was 1194 (for MeDS), 1337 (for AHEI), and 1380 (for dietary patterns). AHEI, Alternate Healthy Eating Index-2010; MeDS,
Mediterranean Diet Score.
2The AHEI score was defined as a measure of overall diet quality based on 11 components with predefined recommended intakes and with overall scores ranging from 0 to 110,
with higher scores indicative of better diet quality.
3The MeDS was defined as a measure of overall diet quality relative to the Mediterranean diet, based on population median intake of whole cereals, nuts/legumes, fruit,
vegetables, olive oil, fish, meat, sodium, and alcohol. Overall scores range from 0 to 9, with high scores indicative of higher compliance with the Mediterranean diet.

Puerto Ricans, psychological-based scales may capture a distinct
acculturation process. For example, a survey among adults
in Puerto Rico found that the top reasons for planning to
move to the mainland United States were to improve quality
of life, to seek employment or for professional and financial
reasons, for personal reasons, or to seek health services (43)—
all suggestive of beliefs of “a better life” in the United States.
A possible explanation may be that Puerto Ricans who have
chosen to move to the United States seeking better healthcare
or opportunities may be more exposed to health promotion
messages or more open to trying healthy US dietary behaviors,

and they may have favorable views of the United States, which
then reflects as stronger US orientation in the psychological-
based scale. A similar theme emerged from a qualitative study
among Mexican-American women, for whom perceptions of
Mexican foods as unhealthy and US diets as healthier may shape
their diet choices during acculturation, even when Mexican
foods remained central to maintaining their ethnic identity (44).
Although perceptions of healthfulness may not translate into
actual healthy eating behaviors for some ethnic groups owing to
socio-ecological barriers, future research should further explore
if Puerto Ricans with positive links to the US food and health
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FIGURE 1 Adjusted means ± SEs of diet quality score for the psychological-based acculturation scale, by household income categories for
Puerto Rican adults living in Boston, MA. Values are means ± SEs obtained from models adjusted for age, sex, smoking status, education,
physical activity, frequency of eating out, Supplemental Nutrition Assistance Program receipt, and energy intake (except for MeDS, which
is already energy-adjusted). The AHEI score was defined as a measure of overall diet quality based on 11 components with predefined
recommended intakes; overall scores range from 0 to 110, with higher scores indicative of better diet quality. The MeDS was defined as a
measure of overall diet quality relative to the Mediterranean diet, based on population median intake of 9 components; overall scores range from
0 to 9, with high scores indicative of higher compliance with the Mediterranean diet. The psychological-based questionnaire assesses subjective
sense of belonging and emotional attachment to US and Hispanic/Latino cultures and ranges from 0 to 50, with lower scores indicative of more
Puerto Rican psychological orientation (lower acculturation) and higher scores indicative of more US-American psychological orientation (higher
acculturation). Categories for the psychological-based scale are based on sample tertiles; the corresponding tertile score ranges are 0–15 for
more Puerto Rican; 15–20 for bicultural; and 21–50 for more US. Sample size was 1194 for MeDS and 1337 for AHEI. Labeled means without a
common letter differ, P < 0.05, after Tukey’s procedure to adjust for multiple comparisons. AHEI, Alternate Healthy Eating Index-2010; MeDS,
Mediterranean Diet Score.
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system have healthier behaviors. Measuring psychological-
based acculturation may be useful for developing appropriate
programs targeting dietary behaviors of immigrant groups (8).

The opposite direction of associations noted in our study
between psychological-based acculturation and diet quality
compared with traditional dietary patterns suggests that these
2 outcomes capture different dietary frameworks (overall
diet healthfulness compared with food patterns clustered by
cultural orientation independent of healthfulness), and that the
traditional dietary pattern may not correlate with diet quality
(the traditional pattern was significantly but weakly correlated
with AHEI and MeDS; r = 0.11 and r = 0.11, respectively, both
P < 0.001).

Notably, incomemoderated the psychological acculturation–
diet relation. In general, participants with high US orientation
had higher diet quality even at low income, whereas those with
more Puerto Rican orientation and high income had lower diet
quality. In the same cohort, language-based acculturation was
positively associated with intake of some healthy foods (i.e.,
fruit and nonstarchy vegetables) only among Puerto Ricans
above the poverty line (19). Education did not moderate the
acculturation-diet quality association, suggesting that income
and education may influence dietary acculturation differently,
despite their correlation. For example, higher education may
affect language learning, whereas higher income may increase
the affordability of healthy foods. Among mainland Puerto
Rican households, lower acculturation has been associated with
higher food insecurity (45), also indicative of a role of income in
dietary outcomes, because food insecurity has been associated
with lower diet quality and higher intake of unhealthy foods
among ethnically diverse low-income adults (46–48). In His-
panic/Latino adults participating in the NHANES, interactions
between acculturation and poverty:income ratio or education
status on health behavior outcomes were not detected (49),
suggesting that these income-related dynamics may be heritage-
specific.

Lower acculturation, as measured by any of the constructs
evaluated, was associated with higher adherence to a traditional
dietary pattern, and the language-based scale more strongly
denoted this association. For this cohort of Puerto Ricans,
language use may be a complex process unrelated to overall diet
quality but relevant for traditional food choices. Those who use
more Spanishmay bemore likely to live in predominately Puerto
Rican neighborhoods where the heritage’s culture and practices
can be retained (50), including traditional cooking, access to
traditional foods in ethnic stores, or social contact. This, in
turn, may reinforce stronger ethnic and cultural preferences
for traditional foods, an association that was also noted in
our study. Other studies have shown similar environmental
influences on dietary acculturation for immigrant groups
(51, 52). Living in a neighborhood with a high density of
immigrants in Los Angeles County, CA, attenuated the negative
association between acculturation and healthy eating behaviors
(51). Nonetheless, Puerto Rican women in New York City,
compared with Mexican women, had higher adherence to
an energy-dense dietary pattern even after controlling for
neighborhood linguistic isolation (53), suggesting that Puerto
Ricans’ unhealthy habits may be influenced by more than
linguistic isolation. Of note, years of living in the mainland
United States, a unidimensional proxymeasure of acculturation,
does not seem to be a strong dietary acculturation construct
for Puerto Ricans because it was only associated with a
traditional diet pattern and other bidimensional constructs

provided stronger associations, even when accounting for
circular migration.

Our findings should be considered in the context of overall
poor diet quality (15) and unhealthy dietary patterns (34)
among US Puerto Ricans. The Western and the sweets and
dairy desserts patterns (both unhealthy) were not associated
with any acculturation construct in our analysis. It may be
possible that some unhealthy behaviors are already present
in Puerto Rico and carry through to the mainland United
States. Studies indicate that Puerto Rico residents are consuming
Western fast foods (54), poor-quality carbohydrates (55), sugar-
sweetened beverages, and have low fiber, fruit, and vegetable
intake (54, 56, 57). For Puerto Ricans with stronger ethnic
orientation who may reside in ethnocentric communities, it
may be expected that having continued contact with their
native culture could be beneficial for dietary behaviors (58);
however, the associations detected here indicate the opposite,
suggesting that diets in Puerto Rico may indeed not be as
healthy.

This study has several notable strengths, including adding
to a limited evidence base of dietary acculturation among
Hispanics/Latinos beyond those of Mexican heritage or the
overall Hispanic/Latino population (9). We also contrasted
different acculturation constructs using validated scales or
accurate years of living in the United States accounting for
circular migration, thus providing new insights into diet-related
acculturation measurement tools to help inform future studies
on acculturation and dietary or health outcomes, because
they seem to differ by construct used. Having various diet-
related outcomes—all captured with a validated culture-specific
dietary assessment tool—further contributes to the validity
of results. Finally, our sample was based on a population at
high risk of chronic disease, an important aspect to accurately
operationalize acculturation (6).

Limitations of this study include cross-sectional analyses
and lack of a mainland US–born comparison group, which
may provide insights into how dietary acculturation shapes
health factors by place of birth (59). Income (60) or financial
hardship (61) may bemore accurately represented as amediator,
given that acculturation may drive increases in income which
then improves diet. Further longitudinal analysis may be
able to ascertain this. Our sample of older Boston-Puerto
Rican adults may limit generalizability, especially because
middle-aged and older immigrants may be more likely to
adhere to traditional diets (62). Future research on diet-related
acculturation with Puerto Ricans across the mainland United
States should include a greater range of ages, sociodemographic
backgrounds, and family and neighborhood contexts. Because
our study was not framed within a particular acculturation
model, future studies should explore acculturation theories
and scales, especially those accounting for biculturalism
(50).

In conclusion, it is important to appropriately select dietary
acculturation constructs and to differentiate by heritage to
account for specific acculturation dynamics (3, 12, 26). Our
findings emphasize the need to determine how language com-
pared with cultural orientation may define dietary behaviors in
other Hispanic/Latino heritages as well as other ethnic minority
groups, and reiterate that dietary acculturation may include
both positive and negative behaviors (63). Although the accul-
turation process cannot be changed, knowing this information
can help focus programs and interventions to promote healthier
nutrition (9, 58) among Puerto Ricans with higher Spanish use
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and stronger ethnic orientation, with emphasis on those of low
income.
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