Preventive Medicine Reports 13 (2019) 314-320

Contents lists available at ScienceDirect

Preventive
Medicine

Reports

Preventive Medicine Reports

journal homepage: www.elsevier.com/locate/pmedr

The association between baseline acculturation level and 5-year change in
adiposity among Puerto Ricans living on the mainland United States

Kelsey A. Vercammen®, Amanda C. McClain®, Katherine L. Tucker®, Luis M. Falc6n‘,
Josiemer Mattei™*

2 Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, USA

Y Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA, USA

© Department of Biomedical and Nutritional Sciences, University of Massachusetts Lowell, MA, USA
4 College of Fine Arts, Humanities & Social Sciences, University of Massachusetts Lowell, MA, USA

ARTICLE INFO ABSTRACT

Keywords: While it is recognized that acculturation influences adiposity risk, the direction and magnitude of this re-
Acculturation lationship remain unclear. Previous studies' use of proxy acculturation measures and exclusively cross-sectional
Obesity study designs have limited understanding of this research question. The aim of this study was to examine as-

Minority health
Puerto Ricans
Hispanics/Latinos

sociations between acculturation and adiposity among Puerto Ricans (45-75 years) living on the mainland
United States. We analyzed data from the longitudinal (baseline, 2-year, 5-year) Boston Puerto Rican Health
Study (n = 1114). Language-based and psychological-based acculturations were assessed at baseline using
questionnaires. Acculturation scores were divided into tertile categories; higher tertiles indicate greater English-
and U.S.-based acculturation. Adiposity was assessed using BMI and waist circumference at baseline and each
follow-up. Linear mixed effects regression models were fit with baseline acculturation tertile as the predictor and
baseline or change in adiposity as the outcome. When examining baseline associations with language ac-
culturation tertiles, participants in the middle acculturation tertile (bilingual) had 2.48 cm (95%CIL: —4.64,
—0.31) lower waist circumference compared to the more Spanish-based acculturation tertile. When examining
the associations between baseline language acculturation tertiles and change in adiposity, those in the more
English-based acculturation tertile had higher annual gains in BMI (0.13 kg/m2 (95%CI: 0.01, 0.25)) and waist
circumference (0.44 cm (95%CI: 0.01, 0.88)) over 5-years compared to those in the more Spanish-based ac-
culturation tertile. No significant differences in adiposity were found across psychological-based acculturation
tertiles. In conclusion, English language-based acculturation at baseline influences long-term adiposity.
Psychological-based acculturation may capture distinct acculturation processes from the language-based con-
struct.

1. Introduction et al., 2003).

Reasons for greater obesity among racial/ethnic minorities such as

Hispanics/Latinos comprise the largest ethnic minority group in the
United States (U.S.), with a rapidly growing population that is esti-
mated to double by 2060 (Colby and Ortman, 2017). Compared to non-
Hispanic whites, Hispanic/Latino adults experience a dis-
proportionately high burden of poor health outcomes, with the pre-
valence of obesity nearly 10% higher among Hispanic/Latino adults
(47%) compared to their non-Hispanic white counterparts (38%) (Hales
et al., 2017). Interest in reducing obesity among Hispanics/Latinos is
underscored by a robust body of literature linking excess adiposity to
many negative health consequences including chronic disease, cardio-
vascular risk factors, and endocrine and metabolic conditions (Reilly

Hispanics/Latinos are complex (The State of Obesity, 2017). One factor
posited to influence weight gain among racial/ethnic minorities is ac-
culturation, defined as the ways in which individuals or groups engage
with a new culture via shifts in behaviors, attitudes, values, and iden-
tities (Berry, 2003). Acculturation depends on societal factors (e.g.,
society of origin and society of settlement) and personal factors (e.g.,
life events and coping mechanisms) that exist prior to, and arise during,
the course of acculturation (Berry, 1997). As part of the acculturation
process, individuals must make decisions regarding heritage cultural
maintenance and dominant culture participation. During its course,
acculturation permeates many aspects of an individual's life (including
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dietary patterns, physical activity, socioeconomic status, employment,
social support systems, and neighborhood environment) in various
ways, and these lifestyle factors in turn affect obesity risk (Pérez-
Escamilla, 2011). Thus, differences in obesity risk are to be expected
across ranges of acculturation.

While several studies have suggested that greater acculturation to
the dominant culture is associated with more overweight and obesity
(Delavari et al., 2013; Abraido-Lanza et al., 2005; Bates et al., 2008;
Garcia et al., 2012; Goel et al., 2004), other studies have found null
results and a few have reported a protective effect of acculturation
against obesity risk (Hazuda et al., 1991; Khan et al., 1997; Miller et al.,
2004). For example, Isasi et al. found no relationship between U.S.
acculturation (measured using the Short Acculturation Scale for His-
panics) and likelihood of obesity among a large cohort of Hispanic/
Latino adults aged 18 to 74 years (Isasi et al., 2015). The majority of
previous research has relied on convenient proxy measures of ac-
culturation, such as place of birth, age at arrival, or length of residence
(Pérez-Escamilla, 2011; Matsudaira, 2006), but these measures do not
adequately capture the complex acculturation process, as they capture a
limited domain and assume that an individual follows a linear trajec-
tory of acculturation (Matsudaira, 2006). Moreover, few studies have
compared the extent to which different measures of acculturation, such
as language use or psychological orientation, may be associated with
obesity (Khan et al., 1997; Gordon-Larsen et al., 2003). Knowing how
these associations contrast may inform which aspects of the ac-
culturation experience are potentially protective or detrimental for
obesity risk. Finally, almost all studies examining acculturation and
obesity have been exclusively cross-sectional, limiting the strength of
causal inferences that can be made.

The present study aims to address existing gaps in the literature by
examining the association between two acculturation scales (language-
and psychological-based) at baseline and changes in adiposity over 5-
year follow-up among a cohort of middle-aged and older Puerto Rican
adults living in Boston, Massachusetts. There are several demographic,
socioeconomic, and behavioral characteristics that may confound the
relationship between acculturation and obesity risk. For example, lower
socioeconomic status is associated with lower acculturation and higher
obesity in developed countries (McLaren, 2007; Van Rompay et al.,
2012), while smoking is generally associated with higher acculturation
(among women) and lower obesity (Bethel and Schenker, 2005; Wack
and Rodin, 1982). Hence, all analyses are adjusted for potential con-
founders. Given that Puerto Ricans are the second largest Hispanic/
Latino heritage and experience disproportionately high levels of obesity
(Isasi et al., 2015; Collazo et al., 2010), critically examining ac-
culturation as a potential risk factor for adiposity is necessary within
this population.

2. Methods
2.1. Study population

We analyzed data from the Boston Puerto Rican Health Study
(BPRHS), a longitudinal cohort of Puerto Rican adults recruited in
2004-2009 (n = 1500) and followed-up at 2-years (n = 1258) and 5-
years (n = 961). A complete description of the study protocol has been
published previously (Tucker et al., 2010). Participants were recruited
from the Greater Boston area using door-to-door enumeration in
neighborhoods of high Hispanic-density, identified using the year 2000
census tracks, and through community approaches (e.g., recruitment at
community festivals/fairs) (Tucker et al., 2010). Eligible participants
were self-identified Puerto Ricans aged 45-75 years, who were able to
answer questions in English or Spanish, had no serious health condi-
tions or cognitive impairment, and were living in the Boston metro area
(Tucker et al., 2010). Sociodemographics, health status, and lifestyle
behaviors were collected through questionnaires at home-based inter-
views conducted by bilingual interviewers. Interviewers received
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thorough training on best practices to administer questionnaires and
perform measurements, in line with procedures from the National
Health and Nutrition Examination Survey II and the MacArthur Studies
of Successful Aging (Chumlea et al., 1998; Seeman et al., 1994).
Questionnaires and measurement procedures were consistent across
each follow-up.

All participants provided written informed consent. The study was
approved by the institutional review boards at Tufts Medical Center,
Tufts University, and Northeastern University.

2.2. Measures

2.2.1. Acculturation

Acculturation was assessed at baseline by trained, bilingual inter-
viewers using the Psychological Acculturation Scale (Tropp et al., 1999)
and a modified version of the language-based Bidimensional Ac-
culturation Scale for Hispanics (Marin and Gamba, 1996). The Psy-
chological Acculturation Scale assessed orientation to Puerto Rican and
mainland U.S. cultures by asking to which cultural group(s) individuals
most identified for 10 questions related to attachment and belonging
(e.g., culture for which individual shares most beliefs and values). Re-
sponses were recorded on a 5-point Likert scale, with 1 being “Only
with Puerto Ricans,” 3 being “Same among Puerto Ricans and Amer-
icans” (i.e. bicultural), and 5 being “Only with Americans.” A summary
psychological-acculturation score (ranging from 0 to 50) was calcu-
lated, with lower scores indicative of more Puerto Rican psychological-
based acculturation and higher scores indicative of more U.S. psycho-
logical-based acculturation.

The modified version of the language-based Bidimensional
Acculturation Scale for Hispanics measured acculturation by asking
which language(s) individuals used for seven usual activities (watching
T.V., reading newspapers/books, speaking with neighbors, at work,
listening to the radio, with friends, and with family). Responses were
recorded on a 5-point Likert scale, with 1 being “Only Spanish,” 3 being
“Both equally” (i.e., bilingual), and 5 being “Only English”. A summary
language-based acculturation score (ranging from 0 to 100) was cal-
culated, with lower scores indicative of more Spanish-based ac-
culturation and higher scores indicative of more English language-
based acculturation.

Baseline psychological- and language-based acculturation scores
were categorized into tertile categories (psychological-based ac-
culturation = more Puerto Rican, 0-14.9; middle, 15-20.9; more U.S.,
21-50; language-based acculturation = more Spanish-speaking, 0-8.3;
middle, 8.3-34.9; more English-speaking, 35-100). Consistent with
other studies (Zhang et al., 2015; Mattei et al., 2018), acculturation
scores were classified into tertiles to capture the non-linear associations
between acculturation status and obesity risk and to maintain sample
size in each group. As a bicultural and bilingual orientation would be
represented by each score's midpoint, we consider the middle tertile of
psychological acculturation score to include bicultural individuals and
the middle tertile of the language-acculturation score to include bilin-
gual individuals in the context of this cohort.

Although acculturation was measured at each follow-up, only
baseline acculturation measures were used in this analysis due to
minimal change in acculturation experienced by participants in our
study sample. For example, the mean psychological-based acculturation
score only changed by 0.4 points over the 2-year follow-up and 1.5
points over the 5-year follow-up, while the language-based accultura-
tion score only changed by 1.3 points over the 2-year follow-up and 2.5
points over the 5-year follow-up. Limited change is expected, given that
this is a population of older adults who have already spent considerable
time on the mainland U.S. (e.g., average of > 30 years in mainland U.S.
at baseline) and who we may be capturing at a later stage in their ac-
culturation process.



K.A. Vercammen et al. Preventive Medicine Reports 13 (2019) 314-320

Table 1
Baseline characteristics by language-based and psychological-based acculturation tertile among adults in the Boston Puerto Rican Health Study.
Characteristic Language-based acculturation scale Psychological-based acculturation scale
More Spanish Middle (bilingual) More English p More Puerto Rican Middle (bicultural) More U.S. p
(n = 331) (n = 413) (n = 370) (n = 378) (n = 343) (n = 393)
Age, mean (SE) 59.7 (0.40) 57.4 (0.36) 55.1 (0.38) < 0.0001 58.6 (0.38) 57.3 (0.40) 56.1 (0.37) < 0.0001
Age at migration, mean (SE) 28.3 (0.61) 23.3 (0.54) 18.0 (0.58) < 0.0001 26.1 (0.59) 23.9 (0.62) 19.2 (0.58) < 0.0001
Female (%) 72.5 69.5 58.4 0.0001 66.1 68.5 65.7 0.68
Marital status (%) 0.003 0.29
Married 27.0 36.1 36.0 325 32.9 34.4
Single 43.8 37.8 41.1 40.2 39.4 42.2
Divorced 15.7 11.9 7.0 13.2 13.4 7.9
Widowed 13.6 14.3 16.0 14.0 14.3 15.5
Education status (%) < 0.0001 < 0.0001
<8th grade 69.2 44.6 21.4 57.1 41.4 34.1
Some high school 26.9 45.3 45.1 36.8 41.1 41.5
=high school 3.9 10.2 33.5 6.1 17.5 24.4
Household income (%) < 0.0001 < 0.0001
< $10,000 57.7 42.9 28.7 49.7 43.2 34.9
$10,000-$24,999 35.4 41.7 37.8 38.1 36.2 41.0
> $24,999 7.3 15.5 33.5 12.2 20.7 24.2
Currently employed (%) 6.7 14.8 39.5 < 0.0001 12.2 19.0 30.0 < 0.0001
Food insufficiency (%) 12.4 9.4 10.3 0.42 10.3 10.2 11.2 0.89
Health insurance (%) 96.4 95.2 92.7 0.08 95.2 94.8 94.2 0.79
Smoking status (%) 0.005 0.49
Never 49.9 47.0 37.8 48.4 44.0 42.0
Former 29.3 32.0 32.4 28.8 31.8 33.3
Current 20.9 21.1 29.7 22.8 24.2 24.7

Notes: Psychological-based acculturation was assessed by asking to which cultural group(s) individuals most identified for questions related to attachment and
belonging. Language-based acculturation was assessed by asking which language(s) individuals used for usual daily activities. Baseline psychological- and language-
based acculturation scores were categorized into tertiles (psychological-based acculturation = low, 0-14.9; middle, 15-20.9; high, 21-50; language-based ac-
culturation = low, 0-8.3; middle, 8.3-34.9; high, 35-100).

Food insufficiency was assessed using a question adapted from the USDA Food Security/Hunger Scale, wherein participants were asked to describe the food eaten in
their household in the last 12-months, with responses “sometimes not enough to eat” and “often not enough to eat” classified as food insufficient and responses
“enough of the kinds of foods we want to eat” and “enough but not always the kinds of food we want” classified as food sufficient. Smoking status was defined as
“never” if the respondent smoked < 100 cigarettes in their entire life, “former” if they reported smoking in the past but not currently, and “current” if they reported
currently smoking.

2.2.2. BMI and waist circumference 2.3. Statistical analysis
Body mass index (BMI) and waist circumference were measured in

the same way at baseline, 2-year, and 5-year follow-up. Using standard From a total of 1500 individuals recruited at baseline, the study
protocols (Tucker et al., 2010), standing height, weight, and waist population for this analysis was limited to 1114 participants (74%) who
circumference were measured in duplicate by trained technicians, using had complete data on language- and psychological-based acculturation
a SECA 214 Portable Stadiometer, a Toledo Weight Plate (Model I5S, (exclusion n = 14), BMI and waist circumference (exclusion n = 16),
Bay State and Systems Inc. Burlington, MA), and a measuring tape to and all covariates (exclusion n = 356) at baseline. We assessed differ-
the nearest 0.1 cm for waist circumference at the umbilicus, respec- ences in baseline characteristics across acculturation tertiles using
tively. The average of the measures was used. BMI was calculated as analysis of variance (ANOVA) for continuous variables and chi-square
weight (in kilograms) divided by the square of height (in meters). analysis for categorical variables.

To examine cross-sectional associations at baseline, separate linear
regression models were fit with baseline psychological- or language-
based acculturation tertiles as the predictor and baseline BMI or waist
circumference as the outcome. This created 4 cross-sectional models: 1)
baseline psychological-based acculturation tertiles predicting baseline
BMI, 2) baseline psychological-based acculturation tertiles predicting
baseline waist circumference, 3) baseline language-based acculturation
tertiles predicting baseline BMI, and 4) baseline language-based ac-
culturation tertiles predicting baseline waist circumference. All models
were adjusted for the following baseline variables: age, sex, marital
status, education status, household income, current employment, food
insufficiency, health insurance, age at migration, and smoking status.

To examine associations between baseline acculturation tertile and
change in adiposity over follow-up, linear mixed effects regression
models with robust standard error estimators were fit to examine
baseline psychological- or language-based acculturation tertiles as the
predictor and change in BMI or waist circumference over 5-year follow-
up as the outcome. This created 4 models: 1) baseline psychological-
based acculturation tertiles predicting change in BMI over 5-years, 2)
baseline psychological-based acculturation tertiles predicting change in

2.2.3. Covariates

A sociodemographic questionnaire at baseline was used to collect
information on age (continuous), sex (male, female), marital status
(married, divorced/separated, widowed, never married), educational
attainment (< 8th grade, 9th-12th grade, some college or higher),
household income (< $10,000, $10,000-$24,999, > $24,999), current
employment (yes, no), food insufficiency (yes, no), health insurance
(yes, no), smoking status (never, former, current), and age at migration
(continuous).

Food insufficiency was assessed using a question adapted from the
USDA Food Security/Hunger Scale (Bickel et al., 2000), wherein par-
ticipants were asked to describe the food eaten in their household in the
last 12-months, with responses “sometimes not enough to eat” and
“often not enough to eat” classified as food insufficient and responses
“enough of the kinds of foods we want to eat” and “enough but not
always the kinds of food we want” classified as food sufficient. Smoking
status was defined as “never” if the respondent smoked < 100 cigar-
ettes in their entire life, “former” if they reported smoking in the past
but not currently, and “current” if they reported smoking currently.
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waist circumference over 5-years, 3) baseline language-based ac-
culturation tertiles predicting change in BMI over 5-years and 4)
baseline language-based acculturation tertiles predicting change in
waist circumference over 5-years. These models adjusted for the same
baseline demographic covariates as the cross-sectional models. To de-
termine annual change in BMI or waist circumference for each ac-
culturation tertile, the models additionally included time of interview
(measured as a continuous variable in years) as a separate covariate and
as part of an interaction term with acculturation tertile (accultura-
tion X time). As a sensitivity analysis, we also fitted linear mixed effects
regression models using average acculturation tertile over follow-up
(i.e., tertile based on average of baseline, 2-year, and 5-year ac-
culturation scores) as the predictor, instead of baseline only.

Analyses were conducted using SAS version 9.3 (SAS Institute, Inc.,
Cary, NC). Significance was set at p < 0.05.

3. Results

Participants in the more English-based language acculturation ter-
tile were younger, more likely to be male, married or widowed, em-
ployed, and current smokers, as well as to have higher educational
attainment, higher household income, and to have migrated to the
mainland U.S. at an earlier age than those in the more Spanish-based
language acculturation tertile (Table 1). Participants in the more U.S.-
based psychological acculturation tertile were younger, had higher
educational attainment, higher household income, were more likely to
be employed, and to have migrated to the mainland U.S. at an earlier
age, compared to those in the more Puerto Rican-based psychological
acculturation tertile.

Compared to those in the more Spanish-based acculturation tertile
at baseline, those in the middle language-based acculturation tertile
(i.e., bilingual) had a 2.48cm (95%CI: —4.64, —0.31) lower waist
circumference at baseline (Table 2). No significant differences in BMI or
waist circumference at baseline were found across baseline

Table 2
Differences (95%CI) in baseline BMI and waist circumference across baseline
psychological- or language-based acculturation tertiles.

BMI (kg/m?)
beta coefficient

Waist circumference
(cm)

(95%CI) beta coefficient (95%CI)
Language-based acculturation
More Spanish Ref. Ref.
Middle (bilingual) —0.80 (—1.74, —2.48 (—4.64, —0.31)
0.15)
More English —0.98 (—2.10, —1.84 (—4.42, 0.74)
0.14)
Psychological-based
acculturation
More Puerto Rican Ref. Ref.
Middle (bicultural) 0.32 (—0.61, 1.24) 0.64 (—1.49, 2.77)
More U.S. —0.59 (—1.53, —1.55 (—3.71, 0.60)
0.34)

BMI = body mass index; CI = confidence interval.

Notes: Psychological-based acculturation was assessed by asking to which
cultural group(s) individuals most identified for questions related to attachment
and belonging. Language-based acculturation was assessed by asking which
language(s) individuals used for usual daily activities. Baseline psychological-
and language-based acculturation scores were categorized into tertiles (psy-
chological-based acculturation = more Puerto Rican, 0-14.9; middle, 15-20.9;
more U.S., 21-50; language-based acculturation = more Spanish-speaking,
0-8.3; middle, 8.3-34.9; more English-speaking, 35-100). Linear mixed effects
regression models were fit to examine baseline psychological- or language-
based acculturation tertiles as the predictor and baseline BMI or waist cir-
cumference as the outcome, and were adjusted for age, sex, marital status,
education status, household income, current employment, food insufficiency,
health insurance, age at migration, and smoking status.

* p-Value < 0.05.
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psychological-based acculturation tertiles.

Compared to those in the more Spanish-based language accultura-
tion tertile at baseline, those in the more English-based language ac-
culturation tertile had a 0.13 kg/m? (95%CI: 0.01, 0.25) higher annual
change in BMI and a 0.44 cm (95%CI: 0.01, 0.88) higher annual change
in waist circumference over 5-year follow-up (Fig. 1). No significant
differences in annual BMI or waist circumference change over 5-years
were found across baseline psychological-based acculturation tertiles.

Sensitivity analysis using average acculturation tertile over follow-
up as the predictor produced similar point estimates as those obtained
when modeling baseline tertile acculturation as predictor. Compared to
those who were in the more Spanish-based acculturation tertile over
follow-up, those in the more English-based acculturation tertile had a
0.51 cm (95%CI: 0.01, 1.02) higher annual change in waist cir-
cumference over 5-years. The association for English-based accultura-
tion and BMI was marginally significant (beta-coefficient (95%CI):
0.13 kg/m2 (0.0, 0.26)). No significant differences in changes in out-
comes were found for averaged psychological-based acculturation ter-
tiles.

4. Discussion

Our study is one of the first evaluations of the association between
baseline acculturation status and change in adiposity conducted among
Puerto Rican adults living in the U.S. mainland. Our findings suggest
that Puerto Ricans who have more English-based language accultura-
tion at baseline experience greater increases in adiposity over 5-years
compared to those with more Spanish-based language acculturation.
We did not find any associations between psychological-based ac-
culturation and adiposity, suggesting that language- and psychological-
based measures capture distinct constructs of the acculturation process.
Models using baseline adiposity versus change in adiposity as the out-
come were inconsistent, underscoring the importance of utilizing pro-
spective studies, which may provide stronger inferences on accultura-
tion-adiposity dynamics.

Our finding of an association between language-based acculturation
at baseline and change in adiposity contributes to a growing body of
evidence suggesting that more English-based acculturation is associated
with overweight and obesity risk among Hispanics/Latinos living in the
U.S. (Abraido-Lanza et al., 2005; Bates et al., 2008; Garcia et al., 2012;
Goel et al., 2004). There are several possible mechanisms by which
language-based acculturation could contribute to increased adiposity.
First, highly acculturated individuals often conform the most to a
dominant culture's dietary patterns (Pérez-Escamilla, 2011; Satia-
Abouta et al., 2002). In particular, researchers have found that His-
panics/Latinos with higher English language acculturation consume
more fast foods and cook fewer homemade meals (akin to the typical
U.S. diet) than their less-acculturated counterparts (Zhang et al., 2015;
Langellier et al., 2015; Park et al., 2011). This intake of energy-dense
and nutritionally-poor foods is hypothesized to generate metabolic
disturbances which can in turn lead to fat accumulation (Laraia, 2013).
Second, individuals with higher English language acculturation ex-
perience greater exposure to U.S. food advertising and marketing
through engagement with English-language TV, radio, and social media
(Larsen et al., 2003; Clayman et al., 2010). Additionally, research
among adult women has demonstrated that Spanish-language food
advertisements provide substantially more health and nutrition in-
formation than English-language advertisements, suggesting that as
individuals acculturate they may lose contact with positive health
messaging in Spanish that may be protective against obesity
(Abbatangelo-Gray et al., 2008). However, a cross-sectional analysis in
this same cohort of Puerto Rican adults found that higher English lan-
guage-based acculturation was associated with mixed dietary behaviors
(i.e. lower intake of legumes but higher intake of cereal fiber) (Van
Rompay et al., 2012), suggesting that diet quality may not be the pri-
mary pathway mediating associations between language-based
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acculturation and adiposity. In addition to diet, acculturation may lead
to adiposity through other pathways including increased stress, reduced
physical activity, and substance abuse (Pérez-Escamilla, 2011). Re-
search examining the role that non-dietary factors may play in med-
iating the relationship between language-based acculturation and
adiposity is limited, presenting a high-need area for future research.

Associations between baseline acculturation and change in adip-
osity were not consistent across language and psychological measures
of acculturation. While we found that more English-based acculturation
at baseline was associated with higher increases in BMI and waist cir-
cumference over 5-years, no significant associations were found for
psychological-based acculturation. These inconsistencies reflect the
notion that the two measures are tapping into distinct constructs of the
acculturation process (Matsudaira, 2006; Marino et al., 2000). The
psychological acculturation scale assesses subjective internal changes
represented by values, identity, beliefs, and cultural attachment, while
the language-based scale assesses overt behavioral (i.e. language-re-
lated) dimensions of acculturation, which are arguably easier for an
individual to alter than one's psychological positions (Matsudaira,
2006; Marino et al., 2000). Although we found a moderate correlation
between the two constructs of acculturation (r = 0.53, p < 0.0001),
their differing associations with adiposity suggest that the two measures
are not interchangeable and indeed assess two distinct concepts. Future
research is needed to understand why psychological acculturation does
not appear to be associated with adiposity.

Models using baseline adiposity versus change in adiposity as the
outcome were inconsistent. One reason for this inconsistency could be
the presence of reverse causation, as it is plausible that pre-existing

@ More Spanish (ref)

A Middle (Bilingual)

B More English

O More Puerto Rican (ref)

A Middle (Bicultural)

O More U.S.
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Fig. 1. Difference (95%CI) in annual BMI and waist cir-
cumference change over 5-year follow-up across baseline
psychological- or language-based acculturation tertiles.
Figure legend: Psychological-based acculturation was
assessed by asking to which cultural group(s) individuals
most identified for questions related to attachment and
belonging. Language-based acculturation was assessed
by asking which language(s) individuals used for usual
daily activities. Baseline psychological- and language-
based acculturation scores were categorized into tertiles
(psychological-based  acculturation = more  Puerto
Rican, 0-14.9; middle, 15-20.9; more U.S., 21-50; lan-
guage-based acculturation = more Spanish-speaking,
0-8.3; middle, 8.3-34.9; more English-speaking,
35-100). Linear mixed effects regression models with
robust standard error estimators were fit to examine
baseline psychological- or language-based acculturation
tertiles as the predictor and change in BMI or waist cir-
cumference over 5-year follow-up as the outcome, and
were adjusted for age, sex, marital status, education
status, household income, current employment, food in-
sufficiency, health insurance, age at migration, and
smoking status.

@ More Spanish (ref)

A Middle (Bilingual)

B More English

O More Puerto Rican (ref)
A Middle (Bicultural)
OMore U.S.

adiposity may affect one's acculturation status. For example, individuals
with overweight or obesity may be less likely to identify with and ac-
culturate towards U.S.-American culture given their perceptions of
weight stigma and discrimination in the country (Puhl and Heuer,
2009). The potential for reverse causation suggests that previous cross-
sectional studies should be interpreted with caution as they may not
reflect the true directional effect that acculturation has on adiposity.
Another possible explanation for the discrepancy in findings is that the
relationship between acculturation and adiposity may not be constant
over time. For example, being bilingual may be initially protective
against weight gain, but as time goes on and individuals spend more
time in the U.S., becoming more acculturated may turn detrimental
(Himmelgreen et al., 2004). This is particularly relevant for our study
population of older adults who have already spent considerable time in
the U.S. and who we may be capturing at a later stage in their ac-
culturation process. In general, longitudinal studies are more appro-
priate for establishing temporality and producing robust causal in-
ferences for studies on acculturation and obesity. Hence, future studies
should move away from the existing reliance on cross-sectional data
and towards greater use of prospective study designs. Moreover, re-
searchers should examine this research question among study popula-
tions that experience substantial change in acculturation over time,
such that both the exposure (acculturation) and outcome (adiposity)
can be analyzed in a longitudinal manner.

Our study found that the middle language-based acculturation ter-
tile (i.e. bilingual) was associated with lower waist circumference at
baseline, similar to a cross-sectional analysis in this same cohort that
observed that higher English language-based acculturation was
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associated with lower central obesity (Van Rompay et al., 2012).
However, we did not find evidence that either biculturalism or bi-
lingualism was protective against increases in adiposity over time. Bi-
lingualism is characterized by a simultaneous retention of one's heritage
language and engagement with English. Being bilingual in the U.S. may
lead to better employment, higher earnings, and greater access to
healthcare (Becerra et al., 2015; DuBard and Gizlice, 2008), all of
which may contribute to healthier lifestyles and lower adiposity. Si-
milarly, bicultural individuals are hypothesized to have more successful
adaptation because they possess a number of protective factors in-
cluding engaging with two cultural communities (providing two social
support systems), decreased experience of prejudice and discrimination
(since one appears to “fit in” with dominant culture), and a flexible
personality (required to maintain connection with both cultures)
(Berry, 1997). Emerging evidence from other studies has suggested a
lower risk of obesity for bilingual and bicultural individuals (Hazuda
etal., 1991; Wang et al., 2011). A possible reason that our study did not
detect a protective effect of bilingualism or biculturalism against gains
in adiposity over time is that individuals in our study sample had a
predominantly low distribution of acculturation. Hence, the individuals
categorized in the middle tertiles of acculturation in our study may not
possess the true characteristics of biculturalism or bilingualism needed
to confer protective effects against adiposity over time seen in other
studies.

Although the differences in BMI and waist circumference between
language-based acculturation tertiles observed in our study were
modest, these risks may compound over time to substantially increase
obesity risk at the population level. This is of particular importance
given the disproportionately high burden of obesity experienced by
Hispanics/Latinos in the U.S. (Ogden and Carroll, 2010). At baseline,
nearly 90% of study participants were classified as having either
overweight or obesity using BMI and 70% were classified as having
abdominal obesity using waist circumference. Moreover, further
chronic disease risk may be gained by these small increases in adiposity;
it has been estimated that each centimeter of waist circumference in-
creases the risk of a cardiovascular event by 2% (De Koning et al.,
2007), while each unit decrease in BMI may result in 26 and 28 fewer
cases of chronic disease per 1000 men and women, respectively (Kearns
et al., 2014). Hence, findings from this study should be used to tailor
the delivery and content of health messages as part of obesity and
chronic diseases prevention efforts among Hispanics/Latinos. For ex-
ample, as individuals become more acculturated to mainland U.S. cul-
ture, interventions could emphasize maintaining heritage-specific cul-
tural dietary practices that are healthy (e.g., beans and rice in healthy
ratios, traditional fruits and vegetables, ethnic spices and herbs), while
incorporating dominant culture dietary foods and practices that are
healthy given their wider availability and simultaneously discouraging
unhealthy ones (e.g., fast food, sugar-sweetened beverages). Ad-
ditionally, interventions should be tailored to the distinct channels that
Hispanic/Latinos with varying levels of linguistic acculturation to ac-
cess health and obesity-related information (Livingston et al., 2008).

4.1. Study limitations and strengths

Our study has some limitations. First, the missing values for certain
baseline covariates (e.g., income) reduced our sample size and therefore
our statistical power. Additionally, if this missingness was related to
both acculturation and BMI/waist circumference, then this may have
introduced selection bias into our results. For example, if individuals
with low acculturation were more likely to be missing data (and thus be
excluded from our study sample) and these individuals were also more
likely to have higher BMI/waist circumference, then our reported re-
sults are an underestimate of the true association between low ac-
culturation and adiposity risk. Additionally, the loss to follow-up in-
curred over 5-year follow-up may also have introduced bias into our
results, wherein participants who dropped out of the study may be
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different than those who remained in the study. For example, in-
dividuals with low levels of acculturation may have been more likely to
leave Boston to return to Puerto Rico than their counterparts with high
levels of acculturation. Next, the relatively small sample size in each
acculturation tertile limited our ability to test effect modification by
other variables of interest (e.g., circular migration, age at arrival).
Additionally, the BPRHS also consists of a very specific population
(middle-aged and older Puerto Rican adults living in Boston) and thus
the results may not be generalizable to other Puerto Ricans or other
Hispanics/Latinos living in the U.S. mainland. In particular, most par-
ticipants had lived on the mainland U.S. for many years (mean dura-
tion = 34 years) and may be at a later stage of acculturation than in-
dividuals newly arrived in the U.S. mainland. However, studies of
Puerto Ricans in other U.S. mainland cities have shown similar levels of
adiposity and acculturation to our study population (Isasi et al., 2015),
suggesting that results may still be generalizable. Finally, the high
baseline prevalence of overweight and obesity limited the statistical
power to test the association between acculturation and risk of over-
weight or obesity over follow-up.

Our study includes a number of strengths. The use of change in
adiposity as an outcome measure enhances our ability to establish
temporality and strengthens causal inferences. Additionally, we con-
ducted a sensitivity analysis using average acculturation tertile over
follow-up as the predictor variable, demonstrating that our results were
robust to an alternate analytic approach. We also compared two mea-
sures of acculturation (language- and psychological-based) in order to
ascertain their relative associations with BMI and waist circumference.
Our models were adjusted for several important confounders assessed
with validated tools; future studies should consider potential mediators
in the acculturation and adiposity association, such as physical activity
or diet.

5. Conclusions

Puerto Ricans are one of the largest ethnic minority groups in the
U.S. and experience disproportionately high prevalence of obesity (Isasi
et al., 2015; Collazo et al., 2010), highlighting the need to identify and
address risk factors for obesity. Future studies using longitudinal mea-
sures of both acculturation and adiposity are needed to expand the
findings of this study and examine the extent to which different vari-
ables (e.g., dietary quality, physical activity) mediate the relationship
between acculturation and adiposity. Researchers should move away
from a reliance on proxy measures of acculturation (e.g., length of stay
in the U.S.) and future research should incorporate bidimensional
measurements of acculturation into their analyses. Future research is
also needed to examine whether the relationship between acculturation
and adiposity is modified by other variables such as sex, age, and mi-
gration-related factors (e.g., circular migration, age at arrival).
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