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ABSTRACT
Background: Previous diet findings in Hispanics/Latinos rarely reflect differences in commonly consumed and culturally

relevant foods across heritage groups and by years lived in the United States.

Objectives: We aimed to identify and compare a posteriori heritage-specific dietary patterns (DPs) and evaluate their

associations with “healthfulness” [using the Alternative Healthy Eating Index–2010 (AHEI-2010)] and years living in the

United States.

Methods: We used baseline data from a population-based cohort of 14,099 Hispanics/Latinos aged 18–74 y in the

Hispanic Community Health Study/Study of Latinos. We performed principal factor analysis using two 24-h recalls to

derive DPs, separately, in each heritage group (Cuban, Dominican, Mexican, Puerto Rican, Central American, and South

American), and identified overarching DPs based on high-loading foods shared by ≥2 groups. We used multivariable

linear regression to test associations of DPs with AHEI-2010 and years living in the United States.

Results: We identified 5 overarching DPs (Burgers, Fries, & Soft Drinks; White Rice, Beans, & Red Meats; Fish; Egg

& Cheese; and Alcohol). All Burgers, Fries, & Soft Drinks DPs were inversely associated with AHEI-2010, whereas all

Fish DPs (except Dominican) were positively associated with this index (all P-trend < 0.001). White Rice, Beans, & Red

Meats DPs showed inverse associations in Cuban and Central American groups and positive associations in Mexican-

origin individuals (all P-trend < 0.001). Fewer years living in the United States was associated with higher scores for

White Rice, Beans, & Red Meats DPs in Cuban and Mexican heritage groups and lower scores on Burgers, Fries, & Soft

Drinks DPs in Cuban, Mexican, and Puerto Rican groups (all P-trend < 0.01).

Conclusions: Our findings show substantial variation in DPs across Hispanics/Latinos and adherence to DPs by time in

the United States, which could inform dietary interventions targeting this diverse US population. This trial was registered

at clinicaltrials.gov as NCT02060344. J Nutr 2021;151:2749–2759.

Keywords: diet, dietary patterns, a posteriori, heritage, nativity, Hispanics/Latinos, HCHS/SOL, dietary

acculturation, principal factor analysis

Introduction

In the United States, ∼20% of individuals are Hispanic/Latino
(1). The term “Hispanic/Latino” encompasses >20 nationalities
with substantial social, cultural, behavioral, geographic, and
genetic heterogeneity (2–4). Hispanics/Latinos constitute the

largest US ethnic minority (1), and the population as a whole
is projected to double by 2060 (5). Compared to non-Hispanic
whites, Hispanics/Latinos are disproportionately affected by
cardiometabolic conditions such as obesity and diabetes (6,
7). Among US Hispanics/Latinos, obesity and type 2 diabetes
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disparities have also been documented by heritage (8, 9).
For instance, Hispanics/Latinos of Mexican and Puerto Rican
heritage had the highest diabetes prevalence (both 18%),
whereas those of South American heritage had the lowest
(10%) (8). Identifying effective strategies against chronic disease
development tailored to different groups in this diverse US
population is therefore warranted.

Diet is strongly linked to health but has been shown to vary
across US Hispanics/Latinos. For instance, dietary differences
by heritage have been documented at the component level
(foods/nutrients) (10, 11) in Hispanics/Latinos, but unlike
dietary patterns (DPs), these do not comprehensively and
realistically reflect the way people eat, considering foods and
nutrients are consumed together (12). Other studies have used
a priori, or predefined, DPs based on other populations (13,
14), but these may not necessarily capture commonly consumed
and culturally relevant foods, possibly missing important
dietary aspects relevant to health among Hispanics/Latinos. A
posteriori (data-driven) approaches such as exploratory factor
analysis empirically derive DPs typically using foods specific
to the population under study (15). The scarce a posteriori
diet findings in Hispanics/Latinos, however, have been specific
to those of Mexican and Puerto Rican heritage and may
not generalize to other heritage groups (16, 17). No study
has compared a posteriori DPs across heritage, which may
provide insights about differences in dietary behaviors and diet
compositions across this diverse population.

Immigrants from Latin America and the Caribbean comprise
50% of the foreign-born population living in the United States
(18). Hispanics/Latinos are also the second-largest immigrant
group (34%) in the United States, carrying with them dietary
preferences and behaviors developed in their country of origin.
Over time, however, these dietary practices may be replaced
with those of the host country (19–21). For instance, as foreign-
born Hispanics/Latinos spend more time living in the United
States, studies suggest they undergo an acculturation process in
which they lose health-protective aspects of their culture and
adopt US “American” or “Western” diet (dietary acculturation)
and other obesogenic behaviors (22–24). Indeed, greater years
living in the United States has generally been associated with
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higher intakes of obesogenic dietary components (e.g., fast food,
snacks, added fats, added sugars) and lower intakes of those
characteristically traditional or healthy (e.g., corn tortillas, fiber,
β-carotene) (20, 22, 25–28). The few studies evaluating a
posteriori findings by years living in the United States have been
specific to Hispanics/Latinos of Mexican (17) and Puerto Rican
(29) heritage and generally show greater years in the United
States associated with lower adherence to a characteristically
traditional DP and higher adherence to a characteristically
obesogenic DP. Determining whether patterning is similar in
other heritage groups warrants evaluation.

This study fills important gaps in the literature by addressing
the following objectives: 1) compare heritage-specific diets
across 6 large Hispanic/Latino heritage groups (Cuban, Do-
minican, Mexican, Puerto Rican, Central American, and South
American); 2) assess whether heritage-specific diets correlate
with a measure of “healthfulness” using the Alternative Healthy
Eating Index–2010 (AHEI-2010), a diet quality indicator; and
3) examine differences in DP scores (dietary adherence) by years
living in the United States in each heritage group.

Methods
Study population
The Hispanic Community Health Study/Study of Latinos (HCHS/SOL)
is a population-based, multisite cohort study of 16,415 Hispanic/Latino
adults living in 4 US field sites (Bronx, New York; Chicago, Illinois;
Miami, Florida; and San Diego, California) with baseline examinations
(2008–2011) and annual telephone follow-up assessments (30). Recruit-
ment included a stratified 2-stage probability representative sample of
households at each center site (31). Individuals from selected households
were contacted and screened for eligibility (living in the household, aged
18–74 y, ability to attend a clinic visit for baseline data collection, and
not planning to move from the study area within 6 mo). Of the 16,415,
we excluded participants who did not self-identify as a member of 1
of the 6 larger heritage groups (Cuban, Dominican, Mexican, Puerto
Rican, Central American, and South American) in HCHS/SOL (n = 650)
or had missing data on heritage (n = 87). In addition, we excluded
participants if they had any missing or only 1 dietary recall (n = 85
and n = 762, respectively), had any recalls with implausible energy
intakes (<1st or >99th sex-specific HCHS/SOL percentiles) or recalls
deemed unreliable by the interviewer (n = 681), or had missing data
on education (n = 14) or years living in the United States (n = 37).
Figure 1 displays a flowchart of HCHS/SOL study participants
for overall and heritage-specific analytic samples. Approval by the
institutional review boards from all participating institutions involved
in the study and written consent from all participants were received.

Sociodemographics
Questionnaires were interviewer-administered in either Spanish or
English. Hispanic/Latino heritage was self-reported from a list of cul-
tural origin/descendent groups, including Cuban, Dominican, Mexican,
Puerto Rican, Central American, South American, more than one
heritage, and other. Other self-reported data collected included age
at time of examination (years), sex (men, women), highest education
achieved (less than high school diploma, high school or equivalent,
or greater than high school), lived years in the United States, and
place of birth/nativity (US-born including 50 states and District of
Columbia/foreign-born) (32). For this analysis, we combined nativity
and years living in the United States to form a more nuanced variable
representing time in the United States (<10 y, ≥10 y, and US-born) (20).

Dietary assessment and food group formation
Two nonconsecutive 24-h recalls were administered in person at
baseline (first interview) and via telephone ≤30 d from baseline
(second interview) in the participant’s preferred language (English or
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FIGURE 1 Flowchart of baseline study participants overall and by heritage in HCHS/SOL. Estimated energy intake was <1st or >99th sex-
specific percentiles in HCHS/SOL or deemed unreliable by the interviewer. HCHS/SOL, Hispanic Community Health Study/Study of Latinos.

Spanish) by trained interviewers using the Nutrition Data System
for Research (NDS-R) software (version 11), which includes the
multiple-pass method (33), food-amounts booklet, and food models for
estimating portion sizes. The NDS-R database includes thousands of
common foods, brand-name products, and Hispanic/Latino foods, and
it provides values for nutrients, food-group serving counts, and other
food components. Participants were given a food-amounts booklet to
estimate portion sizes during the subsequent telephone interview.

We formed 35 food groups based on nutritional, cultural, and
behavioral relevance; previous work (e.g., corn-based foods, burgers,
meat and vegetable stews) (17, 22, 34); and consumption patterns in
the data (Table 1). We grouped ingredients (e.g., corn tortilla, beef,
onion) constituting a recipe (e.g., taco) and same-named nonrecipe
foods to reflect real eating behaviors. To maintain consistent food
group assignment across heritage, recipes with overlapping food groups
(e.g., rice and beans) were not disaggregated. Instead, we labeled these
recipes under the food group best reflected by the predominant recipe
ingredient (>50% total g). For remaining nonrecipe whole foods (e.g.,
fluid milk, cheese), we initially applied the University of North Carolina
food grouping system, which disaggregates the major US Department of
Agriculture’s food groups by fat and fiber (35). Due to low consumption
of several foods across heritage groups, however, we aggregated low-
and high-nutrient specific food groups (e.g., high- and low-fat milk
into milk). In addition, we separated fried from nonfried foods (e.g.,
fried compared with grilled chicken) across food groups except for
corn-based foods, which traditionally include fried/grilled corn tortillas.
Finally, dietary intakes (g/d) (36, 37) of each food group were first
summed in their respective 24-h recalls and then averaged across recalls
for each participant.

Episodically consumed foods are typically not well captured by 24-
h recalls, resulting in high proportions of nonconsumers and skewed
distributions for some food groups. To address this, we used food
group intakes in the overall sample to generate a 3-level ordinal intake
categorical variable for each food group (nonconsumers, below and
above the median). Last, food groups with consumption <5% in ≥1

heritage group were either merged with another food group or dropped
from analysis (Table 1) (38, 39).

AHEI-2010
To evaluate the healthfulness of each heritage-specific DP, we
used AHEI-2010, a diet quality indicator previously linked to
cardiometabolic disease risk (40–42). To construct the AHEI-2010,
which consists of 11 dietary components, 4 steps were followed: 1) at
the 24-h recall level, each component was generated by summing the
corresponding NDS-R food subgroups (40); 2) predicted usual intakes
for each component were created using the National Cancer Institute
method, which considers within- and between-person variation in each
component and accounts for the high intraindividual variation innate in
24-h recalls (43); 3) scores for each component were generated ranging
from 0 (worst) to 10 (best); and then 4) scores were summed with a
range from 0 to 110, with higher scores indicating diet healthfulness.

Dietary pattern derivation and statistical analysis
We performed all analyses in Stata version 14.2 (Stata Corp). To test
whether the 34 ordinal food group variables had too little in common
to warrant factor analysis, we evaluated Kaiser–Meyer–Olkin (KMO)
indices and Barlett’s tests for sphericity separately in each heritage group
(44) and found acceptable results in all groups (all KMOs > 0.50 and
Barlett’s tests P < 0.001). Thus, we proceeded with exploratory factor
analysis to empirically derive DPs separately in each heritage group
(45). We first used the 34 ordinal food group variables to generate
6 heritage-specific matrixes of polychoric correlations (46). We then
performed principal factor analysis (PFA) on the correlation matrices
of each heritage group to identify the smallest number of unique factors
that best account for the common variance across food groups (44, 45).
Because PFA only analyzes the common variance across food group
input variables, it best suited our research objectives to understand
which foods are “consumed together/hang together,” in comparison to
principal component analysis (PCA), which analyzes the total variance
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TABLE 1 Examples, median intakes, and percentage of nonconsumers by food group in
HCHS/SOL (n = 14,099)1

Food group, g/d Examples2 Median (IQR)3 NCs (%)

Cheese Queso fresco, queso blanco, mozzarella cheese 31.3 (40.3) 88.6
Milk Unflavored milk,4 yogurt, smoothies 305.0 (226.7) 51.1
Fruit Bananas, apples, oranges, grapes 182.0 (164.0) 45.8
Nonstarchy vegetables Tomato, mixed vegetables, lettuce, cactus pads (nopales) 96.0 (135.8) 70.4
Starchy vegetables Plantains, yuca blanca, mashed potatoes, potatoes 167.0 (181.1) 68.2
Salads Tossed salads, lettuce salads, Caesar salads 134.6 (168.0) 69.0
Fish Tilapia, shrimp, salmon, cod, catfish, calamari 125.0 (97.9) 85.2
Poultry Chicken (breast, drumstick, leg, wing) 98.0 (75.5) 58.9
Pork Pork (chops, steak, ribs, cubes) 103.0 (95.0) 86.2
Beef Beefsteak, beef (steak, sirloin, meatballs), ropa vieja 92.8 (97.8) 72.6
Processed meats Bacon, sausage, ham, salami, corned beef 45.3 (44.4) 85.6
Burgers Hamburger or ground beef and buns 165.3 (136.0) 90.9
Fries French fries,4 hashed brown potatoes 80.0 (78.5) 85.9
Fried dishes Other fried foods (e.g., empanadas, fried chicken) 103.0 (108.8) 83.1
Pizza Pizza 204.0 (195.9) 88.4
Dessert Pan dulce, ice cream, cookies, cake 76.0 (89.3) 46.1
Sweets Chocolate candy, ice popsicle, gelatin 41.0 (74.0) 84.2
Salty snacks Crackers, tortilla/nacho chips, potato chips 27.0 (34.1) 66.6
Refined grains White breads and toppings (e.g., cream cheese)4 and rolls 60.9 (70.3) 54.4
Cereal Ready-to-eat cereals and milk,4 oatmeal ± milk 255.5 (185.1) 64.1
Whole grains Whole wheat bread4 and toppings (e.g., cream cheese, butter) 61.4 (47.6) 82.1
Corn-based foods Corn tortillas,4 tacos, tamales 142.0 (176.0) 55.9
Meat and vegetable stew Carne guisada (beef stew), picadillo de carne 189.0 (203.0) 76.7
Beans Beans (pinto, black, red),4 lentils 125.0 (143.3) 58.3
Eggs Scrambled eggs, fried eggs, boiled eggs 92.9 (75.3) 67.7
Rice White rice,4 rice and beans 177.8 (179.8) 34.5
Noodle-based foods Spaghetti noodles and sauce, ramen, macaroni and cheese 255.0 (243.0) 78.3
Sandwiches and rolls Sandwiches, hot dogs, burritos 161.1 (119.4) 52.5
Soups Chicken/vegetable soup, pozole, caldo de res (beef soup) 394.8 (396.8) 69.0
Soft beverages Coke,4 Pepsi,4 Sprite,4 diet soda 369.6 (275.4) 47.5
Flavored drinks Fruit juices/drinks, Gatorade, fruit punch, horchata 373.5 (386.6) 36.6
Coffee/tea Coffee and milk/cream,4 tea ± milk or cream 360.0 (328.7) 27.2
Alcoholic beverages Beer,4 wine, spirits 356.4 (477.6) 85.5
Water Tap water, bottled water 896.2 (866.5) 07.6
Miscellaneous5 Herbalife products (e.g., shakes), dairy alternatives 255.0 (362.9) 90.7

1Food groups (n = 34) are total intakes (g) averaged across 2 nonconsecutive 24-h recalls in HCHS/SOL (n = 14,099). HCHS/SOL,
Hispanic Community Health Study/Study of Latinos; NCs, nonconsumers.
2Examples are listed in descending order of frequency in their food group.
3Median intakes (g) in the overall sample defined 3-level ordinal intake variables (NCs, below and above median intakes).
4Most represented food in their food group.
5Dropped from analysis due to consumption <5% found in ≥1 Hispanic/Latino heritage group.

and is not typically used to identify underlying latent variables (e.g.,
DPs) (47).

To guide factor retention in each heritage group, we used a
modified Delphi approach, which is a widely used method that
solicits the opinions of experts through a series of carefully designed
questionnaires interspersed with information and opinion feedback in
order to establish a convergence of opinion (48). Three investigators
with experience involving exploratory factor analysis independently
evaluated factors in each heritage group based on heritage-specific scree
plots (Supplemental Figure 1), factor loadings, variance explained by
each factor, interpretability of factors, and consistency with the extant
literature (45, 49, 50). Investigators then met to compare, discuss,
and reconcile differences related to independent conclusions about the
final number of factors retained in each heritage group. Despite high
uniqueness in some food groups in some heritage groups, all food groups
were included for consistency (49, 51). To improve the interpretability
and minimize correlations among derived heritage-specific factors, we
used orthogonal (varimax) rotation (44). We initially identified heritage-
specific DPs based on food groups with the largest positive and negative
factor loadings (>0.20) (45, 52–54). To identify commonality among

heritage-specific DPs, we identified overarching DPs based on similarly
high loadings for the same food groups in ≥2 heritage groups. We then
generated DP scores for everyone by multiplying the scoring coefficient
of each food group by the individual’s corresponding food group intake
category (nonconsumer, below or above the median) and summing
across food groups. Finally, we divided DP scores into quintiles and
evaluated mean AHEI-2010 scores at each DP quintile to evaluate
healthfulness and further characterize overarching DPs (45, 52).

Except for PFA, all statistical analyses accounted for complex
survey design using HCHS/SOL survey weights and survey procedures
in Stata (version 14.2; StataCorp). We tested differences in baseline
sociodemographics by heritage group using t test for continuous
variables and Pearson chi-square test for categorical variables. To
assess whether DPs correlate with a measure of diet healthfulness,
we separately performed multiple linear regressions in each heritage
group to test mean differences in AHEI-2010 scores by quintiles of
each heritage-specific DP, adjusting for relevant covariates known to
be linked to diet, including age, sex, and education, and other heritage-
specific DPs (quintiles) that account for scoring in other DPs. We also
assessed linear relations between DPs and AHEI-2010 by using the
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TABLE 2 Baseline sociodemographics and AHEI-2010 score by Hispanic/Latino heritage group in HCHS/SOL (n = 14,099)1

Cuban Dominican Mexican
Puerto
Rican

Central
American

South
American

Sociodemographics n = 2140 n = 1189 n = 5883 n = 2343 n = 1553 n = 991 P

Age, y 46.8 (13.0) 39.7 (14.4) 38.6 (14.4) 43.6 (15.9) 40.3 (17.2) 42.8 (16.6) <0.001
Women, % 48.7 59.4 53.1 50.8 51.2 55.3 <0.001
Years living in the United States, % <0.001

US-born 06.6 16.3 23.1 48.5 06.7 05.1
≥10 y 43.1 60.0 53.0 45.0 56.2 55.0
<10 y 50.3 23.7 24.0 06.5 37.1 39.9

Education status, % <0.001
Less than high school 21.6 36.9 35.2 34.2 39.2 20.8
High school or equivalent 29.7 23.5 30.6 28.9 25.1 27.3
Greater than high school 48.7 39.7 34.2 36.9 35.8 51.9

Center site, % <0.001
Bronx, New York 01.3 94.0 08.3 69.5 17.9 22.5
Chicago, Illinois 00.8 01.0 27.1 23.5 15.7 21.0
Miami, Florida 97.4 04.7 01.1 04.8 62.5 52.0
San Diego, California 00.5 00.3 63.4 02.2 03.9 04.6

AHEI-2010 (scores) 44.0 (4.6) 48.6 (6.4) 52.1 (7.0) 41.8 (5.9) 47.4 (7.3) 46.1 (7.6) <0.001

1Values are survey-weighted means (SE) unless otherwise specified; sample sizes are unweighted. AHEI-2010, Alternative Healthy Eating Index–2010; HCHS/SOL, Hispanic
Community Health Study/Study of Latinos.

midpoint of each quintile as a continuous measure. Last, we separately
conducted multivariate linear regressions in each heritage group to test
mean differences in heritage-specific DP scores by categories of years
living in the United States, adjusting for age, sex, and education. We
also tested linear trends between heritage-specific DPs and years living
in the United States in each heritage group by using the midpoint of
each heritage-specific category of years living in the United States as
a continuous measure. We adjusted statistical significance for multiple
pairwise comparisons with a Bonferroni correction. As a result, we
considered P < 0.01 significant for all analyses.

Results

Table 2 displays demographic characteristics by heritage.
Overall, Hispanics/Latinos of Mexican heritage were the
largest group (41.7%), followed by those of Puerto Rican
(16.6%), Cuban (15.2%), Central American (11%), Dominican
(8.4%), and South American (7%) heritage. On average,
Hispanics/Latinos of Mexican heritage were the youngest (38.6
y), whereas individuals of Cuban heritage were the oldest (46.8
y). Regardless of heritage, most HCHS/SOL participants were
foreign-born. Among the foreign-born, most had reported living
in the United States >10 y in all groups except individuals of
Cuban heritage (50.3%). Regarding education, most reported
having achieved at most a high school or equivalent education
in all groups except the South American group (48.1%). Finally,
although mean AHEI-2010 (scores) were the highest among
Mexican-origin Hispanics/Latinos (48.6) and lowest among
those of Puerto Rican heritage (41.8), all heritage groups scored
poorly on this diet quality measure given total AHEI-2010
scores are out of 110.

Table 3 shows derived heritage-specific factors and factor
loadings by overarching DPs based on shared high loadings
on the same foods in ≥2 heritage groups. The number of
derived factors in each heritage group ranged from 3 to 5 for
a total of 21 heritage-specific factors. The percentage variance
explained by heritage-specific factors ranged from a low of
6% in the Central American group to a high of 28% in the
Mexican group. The first factor, which accounts for the largest

portion of variation in PFA, derived in all heritage groups was
characterized by the highest positive loadings on burgers, fries,
and soft drinks. We classified these heritage-specific factors
under an overarching Burgers, Fries, & Soft Drinks DP, which
was the only common DP including findings from all heritage
groups.

After this first common DP, DPs became less similar and
heritage-specific, showing fewer shared food groups with high
loadings among ≥2 heritage groups. For instance, all heritage
groups, except South American, shared largest loadings on
white rice, beans, and red meats (pork or beef). We classified
these heritage-specific factors under an overarching White Rice,
Beans, & Red Meats DP. We identified 3 additional overarching
DPs, including an overarching Fish DP showing high loadings
on fish shared by Cuban, Dominican, Mexican, and South
American groups; an overarching Egg & Cheese DP showing
high loadings on eggs and cheese shared by Dominican, Puerto
Rican, and Central American groups; and an overarching
Alcohol DP showing high loadings on alcohol shared by those
of Dominican, Central American, and South American heritage.

Although overarching DPs were based on ≥1 food group
showing high loadings shared by ≥2 heritage groups, some
groups additionally shared several other food groups within
these overarching DPs. For example, among Burgers, Fries, &
Soft Drinks DPs, Hispanics/Latinos of Dominican, Mexican,
Puerto Rican, and Central American heritage additionally
shared high positive loadings on pizza and sandwiches and
rolls and large negative loadings on fruit. In addition to these
foods, Puerto Rican and Central American groups shared large
negative loadings on nonstarchy vegetables, salads, fish, and
whole grains. Among White Rice, Beans, & Red Meats DPs,
all groups, except Dominican, additionally shared high positive
loadings on beef. Furthermore, Cuban, Dominican, and Central
American groups additionally shared large positive loadings for
meat and vegetable stews, and Dominican, Mexican, and Puerto
Rican groups additionally shared high positive loadings on
poultry. Fish DPs among Cuban, Mexican, and South American
groups additionally shared high positive loadings only for whole
grains. Mexican and South American heritage groups for this
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FIGURE 2 Mean AHEI-2010 scores by quintiles of heritage-specific a posteriori dietary patterns in HCHS/SOL (n = 14,099). Data are weighted
mean AHEI-2010 scores (95% CIs) by quintiles of each heritage-specific dietary pattern from multivariable linear regression models showing
significant mean AHEI-2010 score differences comparing higher with lowest quintiles (Q2–Q5 compared with Q1), adjusting for age (y), sex (men,
women), highest education achieved (less than high school, high school or equivalent, beyond high school), and other heritage-specific dietary
patterns (quintiles) (all Bonferroni-corrected for pairwise comparisons, P < 0.01; all P-trend < 0.001). Asterisks indicate significant pairwise
comparisons for higher to lowest quintiles of each heritage-specific dietary pattern. Linear trends were tested by using the midpoint of each
dietary pattern quintile as a continuous measure. CB, n = 2140; DM, n = 1189; MX, n = 5883; PR, n = 2343; SA, n = 991. AHEI-2010, Alternative
Healthy Eating Index–2010; CA, Central American; CB, Cuban; DM, Dominican; HCHS/SOL, Hispanic Community Health Study/Study of Latinos;
MX, Mexican; PR, Puerto Rican; Q, quintile; SA, South American.

same overarching DP shared, in addition to whole grains, high
positive loadings on cereal and fruit and negative loadings
on soft drinks, and Mexican and Cuban groups also shared
similar findings for salads and poultry (both positive) and meat
and vegetable stews (negative). Last, Egg & Cheese DPs in
Dominican and Puerto Rican groups additionally shared high
positive loadings for starchy vegetables and processed meats,
and Alcohol DPs in those of Central and South American
heritage shared high positive loadings for coffee/tea.

Figure 2 displays mean AHEI-2010 scores (95% CIs) for
each quintile of each heritage-specific DP from models adjusting
for age, sex, education, and other heritage-specific DPs. AHEI-
2010 score differences comparing higher with lowest quintiles
(quintiles 2–5 compared with quintile 1) are marked with
an asterisk (all Bonferroni-corrected pairwise comparisons
P < 0.01; all P-trend < 0.001). Higher scores on all Burgers,
Fries, & Soft Drinks DPs across heritage [all quintiles 2–5,
except Dominican (quintiles 3–5) and South American (quintiles
4–5) groups] were consistently and significantly associated with
lower mean AHEI-2010 scores. In contrast, higher scores on
all Fish DPs across heritage (Cuban, quintiles 2–5; Dominican,
quintiles 4 and 5; Mexican, quintile 5; and South American,
quintiles 3–5) were significantly associated with greater mean
AHEI-2010 scores. Among the remaining overarching DPs,
findings were mixed and showed significant associations for the
White Rice, Beans, & Red Meats DPs among Cuban, Central
American, and Mexican groups; Egg & Cheese DP in those
of Puerto Rican heritage; and Alcohol DP in the Dominican
group. Whereas White Rice, Beans, & Red Meats DPs in Cuban
(quintiles 3–5) and Central American (quintile 5) groups were
inversely associated with AHEI-2010, findings for this same
overarching DP among individuals of Mexican heritage showed

the opposite (quintiles 2–5). Last, only the Puerto Rican Egg &
Cheese (quintiles 2–5) and Dominican Alcohol (quintiles 3–5)
DPs were significantly associated with higher and lower AHEI-
2010 scores, respectively.

Figure 3 presents significant mean heritage-specific dietary
pattern score differences (95% CIs) by lived years in the
United States (<10 y, ≥10 y) compared with US-born adjusting
for age, sex, and education (all Bonferroni-corrected pairwise
comparisons P < 0.01). Fewer years living in the United
States was consistently and significantly associated with lower
mean scores for the Burgers, Fries, & Soft Drinks DPs only
in Cuban, Mexican, Puerto Rican (all P-trend < 0.001), and
Dominican (P-trend = 0.036) groups. Findings for Fish and
Egg & Cheese DPs were significant only in Mexican (only
<10 y) and Puerto Rican groups, respectively, and showed
similar patterning (both P-trend = 0.001). In contrast, fewer
years living in the United States was significantly associated
with higher mean scores for the White Rice, Beans, & Red
Meats DPs only among those of Cuban (P-trend < 0.001) and
Mexican (P-trend = 0.021) heritage. Findings for Alcohol DPs
were nonsignificant. Last, null findings for Burgers, Fries, &
Soft Drinks, Fish, and White Rice, Beans, & Red Meats DPs,
on average, tracked similarly, whereas the Egg & Cheese DPs
in Dominican and Central American groups showed opposite
findings.

Discussion

Using data from the largest population-based cohort of US
Hispanics/Latinos of diverse origin aged 18–74 y, this study
identified a total of 21 a posteriori heritage-specific DPs
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FIGURE 3 Mean heritage-specific a posteriori dietary pattern
scores by years living in the United States in HCH/SOL. Data
presented are significant weighted heritage-specific dietary pattern
mean score differences (95% CIs) comparing greater years living in
the United States categories with US-born (referent, not shown) in
HCHS/SOL, adjusting for age (y), sex (men, women), and highest
education achieved (less than high school, high school or equivalent,
beyond high school) (Bonferroni-corrected P < 0.01). Asterisks
indicate significant individual pairwise comparisons for categories
of years living in the United States compared with US-born (all
Bonferroni-corrected for pairwise comparisons, P < 0.01). Linear
trends were significant across all presented heritage-specific findings
(P-trend < 0.01), except for the Western dietary pattern in Dominicans
(P-trend = 0.036) and traditional dietary pattern in Mexicans (P-
trend = 0.021). Linear trends were tested by using the midpoint of
each category for years living in the United States in the overall sample
as a continuous measure. CB, n = 2140; DM, n = 1189; MX, n = 5883;
PR, n = 2343; SA, n = 991. CA, Central American; CB, Cuban; DM,
Dominican; HCHS/SOL, Hispanic Community Health Study/Study of
Latinos; MX, Mexican; PR, Puerto Rican; SA, South American.

separately derived in 6 large Hispanic/Latino heritage groups.
Based on higher intakes of foods shared by ≥2 groups, we first
identified the following 5 overarching DPs and foods for which
these DPs were labeled: Burgers, Fries, & Soft Drinks; White
Rice, Beans, & Red Meats; Fish; Egg & Cheese; and Alcohol.
The Burgers, Fries, & Soft Drinks DP was the most salient DP
in each heritage group and shared by all groups. Subsequently
derived DPs were more heritage-specific, shared by fewer
groups, and generally showed higher intakes of traditional
compared with nontraditional foods Hispanic/Latino. Second,
Burgers, Fries, & Soft Drinks and Fish DPs were all significantly
associated with lower and higher healthfulness (as measured by
AHEI-2010), respectively. Findings for White Rice, Beans, &
Red Meats, Egg & Cheese, and Alcohol DPs were mixed. Last,
greater time in the United States was significantly associated
with higher adherence to the following DPs: Burgers, Fries, &
Soft Drinks only in Cuban, Dominican, Mexican, and Puerto
Rican groups; Fish only in those of Mexican heritage; and Egg
& Cheese only in Puerto Rican Hispanics/Latinos. Conversely,
greater time in the United States was significantly associated
with lower adherence to a White Rice, Beans, & Red Meats DP
only in Cuban and Mexican groups.

Our findings were fairly consistent with a posteriori
DPs derived in previously published studies among Hispan-
ics/Latinos of Puerto Rican and Mexican heritage. Using FFQs
from the Boston Puerto Rican Health Study, a cohort of

Hispanics/Latinos of Puerto Rican heritage aged 45–75 y living
in Boston, Massachusetts, 1 study derived and identified 3 a
posteriori DPs using PCA (16). Two of the DPs (meat, processed
meat, and French fries; and traditional) showed similarly high
food group loadings as the Burgers, Fries, & Soft Drinks
and White Rice, Beans, & Red Meats DPs derived among
Hispanics/Latinos of Puerto Rican heritage in the current study.
Another study also using PCA on FFQs from a nationally
representative sample of Hispanics/Latinos of Mexican origin
derived 4 a posteriori DPs, the first 3 of which were fairly
consistent with those derived in our study among participants of
Mexican heritage. For example, similar to the Mexican Burgers,
Fries, & Soft Drinks, Fish, and White Rice, Beans, & Red
Meats DPs identified in HCHS/SOL, Sofianou and colleagues
(17) identified the following 3 DPs: Burgers, Fries, & Soft
Drinks (fries, fried foods, pizza, and sweetened beverages);
Healthy (vegetables of all types, poultry, fish, and others);
and Tomato/Tortilla (tortilla, beans, eggs, and rice). Despite
differences between our study and these 2 published studies
in terms of dietary assessment (24-h recall compared with
FFQ), food group aggregation/disaggregation, factor analysis
approach (PFA compared with PCA), and “subjective”decisions
about factor retention, findings were relatively consistent,
suggesting fair reproducibility of salient a posteriori DPs derived
using factor analysis among Hispanics/Latinos of Puerto Rican
and Mexican heritage. Future research is needed to verify a
posteriori findings of other heritage groups in the current study.

Findings for AHEI-2010 were generally consistent with our
expectations of diet healthfulness among DPs. For example, all
Burgers, Fries, & Soft Drinks DPs were associated with worse
AHEI-2010 scores, whereas all Fish DPs were associated with
higher scores. Relatedly, previous work in HCHS/SOL reported
significant inverse relations between AHEI-2010 and frequency
of consumption of away-from-home foods from fast foods (55),
most of which showed the highest loadings on an overarching
Burgers, Fries, & Soft Drinks DP identified in all heritage
groups in the current study. In addition, White Rice, Beans,
& Red Meats DPs were inconsistently related to AHEI-2010,
showing positive associations in those of Mexican heritage but
the opposite in Cuban and Central American groups. These
discrepant findings for the same overarching DP may be due to
differences in the overall dietary composition of these DPs by
heritage group. For example, compared with those of Mexican
heritage, Cuban and Central American groups showed, on
average, unfavorable loadings on the White Rice, Beans, & Red
Meats DP for the following AHEI dietary components: higher
red and processed meats (beef and pork) and soft beverages
(Central American only), lower whole grains (Central American
only), and no loadings for vegetables without potatoes (i.e.,
nonstarchy vegetables). In addition, although white rice was
the highest loading food for each heritage-specific White Rice,
Beans, & Red Meats DP, the Mexican group had the lowest
loading or relative intake of this food and relatively greater
intakes of AHEI-relevant foods (e.g., vegetables and beans),
which could explain why this DP was associated with higher
AHEI scores among the Mexican heritage group but not others.

Associations between years living in the United States and
DPs, particularly Burgers, Fries, & Soft Drinks and White
Rice, Beans, & Red Meats, at the heritage level were roughly
similar to previously published findings among individuals of
Mexican origin, but less so for those of Puerto Rican heritage.
For example, whereas we detected significant associations only
for the Burgers, Fries, & Soft Drinks DP in the Puerto Rican
group, Mattei and colleagues (29) found significant findings
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only for a characteristically similar traditional DP (White Rice,
Beans, & Red Meats) in the Boston Puerto Rican Health Study.
These inconsistencies may be due to differences between Puerto
Rican samples related to age and nativity, both of which have
been shown to have dietary implications. For instance, older
compared with younger immigrants may be more likely to
adhere to a White Rice, Beans, & Red Meats DP characterized
mostly by characteristically traditional foods (16), whereas US-
born individuals have generally been shown to have worse
dietary profiles with higher intakes of foods known to be related
to chronic disease (20, 22, 56, 57). Compared with Puerto Rican
Hispanics/Latinos in HCHS/SOL, those in the Boston Puerto
Rican Health Study were relatively older and mostly born in
Puerto Rico, with no mainland US-born comparison group
(27). For those of Mexican heritage, our findings corroborate
previous work for characteristically similar DPs by nativity
but not by years living in the United States alone (17). To
compare findings, we categorized years living in the United
States among the foreign-born consistent with previous work
[<10 y, ≥10 y (reference)] (20), but generally and similarly
found no significant differences in Burgers, Fries, & Soft Drinks
and White Rice, Beans, & Red Meats DP scores by years living
in the United States alone (data not shown). Together, these
findings suggest nativity may be a stronger predictor of dietary
acculturation compared with years living in the United States
alone, at least in Puerto Rican and Mexican heritage groups.

In general, greater years living in the United States was
associated with lower DP healthfulness across all heritage
groups, which has concerning health implications across His-
panics/Latinos. These findings may reflect dietary acculturation,
a complex and dynamic process by which immigrants typically
adopt the cultural practices of the host country and abandon
the cultural dietary choices and behaviors practiced in the
country of origin (20, 58). Over time, dietary acculturation
may lead to relatively unhealthier diets, which in turn may
increase diet-related chronic disease risk (58). In the current
study, for example, greater time in the United States generally
corresponded to lower mean scores for a characteristically
traditional White Rice, Beans, & Red Meats DP and greater
mean scores for a characteristically unhealthier Burgers, Fries,
& Soft Drinks DP. Compared with other overarching DPs, foods
highly represented in the Burgers, Fries, & Soft Drinks DPs
tended to be relatively more energy-dense and less nutrient-
dense and are consistent with those highly represented in
previously derived DPs shown to be associated with health
outcomes (59, 60). The overarching White Rice, Beans, & Red
Meats DP was linked favorably to AHEI-2010 only in the
Mexican group, but this DP was also inversely linked to years
living in the United States in the same heritage group. Future
work could consider identifying environmental influences (e.g.,
food availability, taste changes, adoption of new foods) related
to time in the United States that likely explain these dietary
shifts observed among Hispanics/Latinos. In addition, there
may be other socioeconomic and psychosocial factors [e.g.,
income (29), food insecurity, immigrant enclaves, access to
characteristically “healthy” foods] interacting with years living
in the United States to influence dietary choices differently
across heritage groups. Indeed, our findings show increased
adherence to a Burgers, Fries, & Soft Drinks DP and lowered
adherence to a White Rice, Beans, & Red Meats DP only
in Cuban and Mexican groups, suggesting differential dietary
acculturation processes by heritage (61).

This study has several notable strengths. The large samples
of different heritage groups in HCHS/SOL allowed the separate

derivation of DPs in each heritage group through factor analysis,
which typically requires a large sample size to achieve stable
correlations between input variables (51). In addition, we used
2 nonconsecutive 24-h recalls, which, in comparison to FFQs,
have been shown to explain a relatively higher proportion of the
variance in derived DPs using exploratory factor analysis (62,
63). Another strength of our approach was the derivation of
culturally and behaviorally meaningful DPs by different Hispan-
ics/Latinos, which may inform dietary interventions targeting
different Hispanic/Latino groups in this diverse population.
Future research should evaluate how these culturally relevant
DPs relate to health outcomes. Identifying health-relevant
DPs that more closely resembles dietary preferences in this
diverse population may improve long-term dietary adherence
(64).

This study also had some limitations. Because we relied
on only 24-h recalls, we may not have captured episodically
consumed foods well. Along with measurement error (65),
this may have resulted in underestimation of our findings
related to PFA. In addition, misclassification of foods may
have introduced nondifferential bias in the relations with
AHEI-2010, resulting in estimates toward the null given
our behavioral-focused approach of maintaining mixed dishes
intact and assigning them (all ingredients) to 1 food group.
Despite this food misclassification among mixed dishes, 15 out
of the 21 heritage-specific findings were significantly related to
the diet quality index, reflecting the robustness of our approach.
Another limitation was inadequate sample sizes for deriving and
evaluating DPs in Hispanics/Latinos of different cultural origins
in Central America (e.g., Guatemala, Costa Rica) and South
America (e.g., Argentina, Bolivia), leaving much unpacked
dietary heterogeneity in these groups. Therefore, findings for
Central and South American groups should be interpreted with
caution. Last, we tested only 1 a priori defined diet quality
score as a marker of healthfulness because previous work has
documented links between AHEI-2010 and cardiometabolic
health among Hispanics/Latinos (14). Relations between this
score and health outcomes, however, have only been detected
in some, but not all, heritage groups (14). Therefore, other
indices may be more appropriate to evaluate healthfulness
in certain heritage groups. Nevertheless, findings for AHEI
provide insights and generate hypotheses about how DPs
may be related to health in each heritage group. Future
studies should investigate relations among heritage-specific DPs,
other indices of healthfulness, and general health outcomes in
Hispanics/Latinos.

In summary, our findings suggest 1) substantial heterogeneity
in culturally relevant DPs and the types of foods being
consumed together across Hispanic/Latinos in the United States;
2) most a posteriori DPs were significantly associated with
an a priori nutrient-focused diet quality index (AHEI-2010)
despite our behavioral compared with nutrient focus in food
group formation, indicating their potential for explaining
variation in associations between this diet quality index and
cardiometabolic profiles by heritage previously reported in
HCHS/SOL (14); and 3) dietary acculturation may be playing
a stronger role in some heritage groups compared with others.
Given the nutrition transition occurring in many areas of Latin
America (58), studies should use multinational data to compare
diets between Hispanics/Latinos living in the country of origin
and those living in the United States to determine the extent
to which dietary shifts (e.g., from White Rice, Beans, & Red
Meats to Burgers, Fries, & Soft Drinks) have occurred in those
countries (66). As the Hispanic/Latino population continues
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to grow in the United States, research focused on unpacking
dietary heterogeneity across Hispanics/Latinos may help inform
dietary and other relevant interventions targeting this diverse US
population.
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