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Background: The Hispanic/Latino population in the US is experiencing high rates of

obesity and cardio-metabolic disease that may be attributable to a nutrition transition

away from traditional diets emphasizing whole plant foods. In the US, plant-based

diets have been shown to be effective in preventing and controlling obesity and

cardio-metabolic disease in large samples of primarily non-Hispanic subjects. Studying

this association in US Hispanic/Latinos could inform culturally tailored interventions.

Objective: To examine whether the plant-based diet pattern that is frequently followed

by Hispanic/Latino Seventh-day Adventists is associated with lower levels of adiposity

and adiposity-related biomarkers.

Methods: The Adventist Multiethnic Nutrition Study (AMEN) enrolled 74 Seventh-day

Adventists from five Hispanic/Latino churches within a 20mile radius of Loma Linda, CA

into a cross-sectional study of diet (24 h recalls, surveys) and health (anthropometrics

and biomarkers).

Results: Vegetarian diet patterns (Vegan, Lacto-ovo vegetarian, Pesco-vegetarian)

were associated with significantly lower BMI (24.5 kg/m2 vs. 27.9 kg/m2, p = 0.006),

waist circumference (34.8 in vs. 37.5 in, p = 0.01), and fat mass (18.3 kg vs. 23.9 kg,

p = 0.007), as compared to non-vegetarians. Adiposity was positively associated with

pro-inflammatory cytokines (Interleukin-6) in this sample, but adjusting for this effect did

not alter the associations with vegetarian diet.

Conclusions: Plant-based eating as practiced by US-based Hispanic/Latino

Seventh-day Adventists is associated with BMI in the recommended range. Further work

is needed to characterize this type of diet for use in obesity-related interventions among

Hispanic/Latinos in the US.
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BACKGROUND

The rates of obesity and diabetes have sharply increased in
the last decade among Hispanics/Latinos in North America
(1–4). Currently, diabetes is the fifth leading cause of death in
Hispanics/Latinos, and the trend represents a health disparity
whereby rates are 60% higher among Hispanics/Latinos as
compared to non-Hispanic Whites and increasing faster than
in other major ethnic groups (3, 5). In a large sample
of Hispanic/Latino adults in four regions of United States
(n = 16,400), the Hispanic Community Health Study/Study of
Latinos found that about 1 in 3 individuals had pre-diabetes, and
that only about half of individuals with type 2 diabetes (T2D) had
it under control (6).

One potential contributor to this burden of obesity and
diabetes is the occurrence of a “nutrition transition” occurring
in most people of Mexican origin but accelerated in US
Hispanic/Latinos as they acculturate to consuming higher
intake of meats and processed foods, and lower intake of
whole plant foods commonly found in the traditional diet
(i.e., squash, maize, beans) (7–9). For example, the analysis
of a nationally representative sample of US Mexican adults
found higher rates of overweight/obesity in those who had
“transitioned” from traditional eating patterns emphasizing
maize to patterns emphasizing red meat, processed meat, and
processed foods (10–12). These emerging data support that a
plant-based dietary intervention could be effective in primary
and secondary prevention of obesity and obesity-related diabetes
in the Hispanic/Latino population.

Overall, in a systematic review of 15 intervention studies
(17 intervention groups among them) in multi-ethnic samples,
Barnard et al. has shown that interventions with the vegetarian
diet contributed to an average of more than 3 kg of weight loss
(13). For diabetics, a similar systematic review of vegetarian
diet interventions indicated significant improvement in glycemic
control (14).

A recent pilot study at Loma Linda University has shown that
a 5-week plant-based, culturally-tailored diet intervention
implemented through community clinics and a church
significantly improved hemoglobin A1C levels over a 6
month follow-up in 32 Latino diabetics living in a medically
underserved area. At Loma Linda University, more than 60
years of NIH-funded prospective cohort studies [1960 Adventist
Mortality Study (15), 1976 Adventist Health Study-1 (16), 2002
Adventist Health Study-2 (17)] have shown that the vegetarian
diet was associated with lower risk of weight gain (18, 19), stroke
(20), and diabetes (21, 22), and on this causal pathway, a longer
life expectancy. These cohorts enrolled Seventh-day Adventists
(most recently a nationwide cohort of 96,000 multi-ethnic adults
in AHS-2) who provide a unique insight into diet since, due
to faith-based recommendations, about 50% are vegetarian,
and virtually all avoid smoking and alcohol (23). Faith-based

Abbreviations: AMEN, Adventist Multi-ethnic Nutrition Study; US,

United States; T2D, Type 2 Diabetes; HbA1c, Hemoglobin A1c; WC, Waist

circumference; BMI, Body mass index; BP, blood pressure; AHS-2, Adventist

Health Study 2; Veg, Vegetarian; Non-veg, Non-vegetarian.

counsels on diet also encourage the consumption of specific
plant foods (i.e., legumes, nuts) in place of animal products (19).
Hypotheses generated from these cohorts have been tested in
landmark intervention trials.

The Adventist Multi-ethnic Nutrition (AMEN) Study is
a new pilot study from Loma Linda University involving
Hispanic/Latino Seventh-day Adventist adults for the purpose
of studying the association between their cultural tailoring of a
plant-based diet and selected health outcomes. To date, we have
observed beneficial associations between health outcomes and
culturally-tailored plant-based diet choices in Black Adventists
(24, 25) and in Asian Adventists (20), respectively. The aim of this
report is to test the hypothesis that the culturally-tailored plant-
based dietary pattern practiced by Hispanic/Latino Seventh-
day Adventists is associated with lower levels of adiposity
and adiposity-related biomarkers. Findings from this work can
potentially inform the cultural tailoring of plant-based diet
choices for dietary interventions in the broader population of
US Hispanic/Latinos.

METHODS

Study Population
The AMEN study is a cross-sectional investigation of diet
and cardio-metabolic markers conducted during 2013–2016 in
churches within a 20mile radius of Loma Linda University.
Our target congregations were predominantly of Hispanic/Latino
background. The inclusion criteria included: (1) age 18 years
or older, (2) baptized into the Seventh-day Adventist church,
(3) self-identify as Hispanic, and (4) no self-report of dementia,
pregnancy, or breastfeeding.

Recruitment efforts were initiated by assembling a community
advisory board of influential individuals from the Hispanic and
Asian Adventist churches in Southern California. Based on the
advice of this board, we selected five Hispanic congregations.
An additional criterion was that the congregations be meeting
in facilities that could accommodate a weekend health clinic.
Recruitment from these congregations was done by: (1) linking
recruitment to informative health and lifestyle presentations
done by Loma Linda University lifestyle medicine faculty, (2)
linking recruitment to health and wellness clinics done on the
church premises over a weekend, and (3) notices on church
bulletin boards, social media, and through e-mail campaigns.

Through these efforts, we recruited 141 subjects from the five
congregations that had been invited to participate, of whom 101
subjects were eligible for enrollment. Due to missing data for
pertinent diet and anthropometric variables, our analytic sample
consisted of 74 subjects. All data collection forms were translated
into English and Spanish, and a bi-lingual translator was available
for assistance.

Outcome Measures
Eligible subjects were enrolled if they attended a health
assessment clinic that occurred either as part of a health fair at
their church or by appointment at Loma Linda University. A
12 h fasting blood sample drawn by a certified phlebotomist and
first void urine sample were collected from each participant. For
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this analysis, biospecimens were analyzed for a comprehensive
metabolic panel, and also tests of inflammatory markers
(interleukin-6, C reactive protein) using a previously described
protocol by Jaceldo-Siegl et al. (26). Briefly, collection of blood
was done after an overnight fast, and serum was separated from
the cells within 30min of collection, placed on wet ice, and then
shipped or transported to the central study laboratory at Loma
Linda, CA for further processing. Blood was aliquoted to 0.5mL
samples and immediately stored in liquid nitrogen until analysis.
Concentrations of CRP and IL-6 were measured in duplicate
samples using enzyme linked immunosorbent assay (ELISA)
kits from R & D Systems (Minneapolis, MN, USA) for IL-6,
Thermo Fisher Scientific (Waltham, MA, USA), and Assaypro
(St. Charles, MO, USA) for CRP. For IL-6, the detectable
limit was 0.039 pg/mL, and intra- and inter-assay CV were
6.9 and 7.2%; and for CRP, these were 100 pg/mL, 5.5 and
7.6%, respectively.

Blood pressure (BP), weight, height, body mass index (BMI),
waist circumference (WC), and body composition were assessed
on-site. Height was measured to the nearest quarter inch
(0.64 cm) using the Seca 214 Portable Height Rod (Seca Corp,
Hamburg, Germany). Weight (measured to the nearest half
pound or 0.23 kg) and body composition were assessed using a
body composition analyzer (Tanita, Model TBF-300A, Arlington
Heights, IL, USA). Waist circumference was obtained using
an anthropometric tape placed around the waist just above
the hipbone.

Blood pressure and resting pulse were assessed each as
the average of three measurements using the OMRON Digital
Blood Pressure Monitor HEM-7471C (Omron Healthcare Inc.,
Vernon Hills, IL, USA). All subjects were subject to a standard
protocol, including a 5min quiet relaxation period prior to the
first reading of BP and resting pulse, and 1min rest between
consecutive measurements.

Classification of Vegetarian Diet
Dietary intake was assessed using two methods: (1) A single
24 h recall using standard methodology that has been discussed
previously (27), (2) Survey items adapted from EPIC Oxford
where subjects were also asked about their consumption (in
the past 30 days) of four animal-based products (meat, fish,
dairy, and eggs). Using the latter method to survey usual intake,
participants were classified as non-vegetarian if they currently
eat meat; pescatarian if they eat no meat but eat fish; lacto-ovo
vegetarian if they eat dairy and eggs but not meat or fish; and
strict vegetarian if they do not consume meat, eggs, fish and
dairy. Due to the limited sample size, strict vegetarians, lacto-
ovo vegetarians, and pescatarians were considered as following a
plant-based diet and collapsed into a “vegetarian” group. Survey
items measuring meat intake among Seventh-day Adventists
have been validated against multiple 24 h recalls with correlations
that exceed 0.80 (27).

Assessment of Demographic, Religiosity,
and Culture-Specific Data
We obtained demographic, spoken language, nativity and
religiosity data by questionnaire. Religiosity was assessed by
asking the question, “How religious are you?” where we defined

“religious” as having “to do with a personal experience and not
just a behavior, like going to church.” Responses were elicited
using a 10-point semantic differential scale where 1 represents
not religious at all and 10 the most religious.

Statistics
Descriptive analyses comparing vegetarians and non-vegetarians
on selected subject characteristics were conducted using
t-tests for continuous, and χ

2 or Fisher test for categorical
variables. Continuous outcome variables (anthropometric,
body composition, pulse, and blood pressure measures) were
compared in vegetarians and non-vegetarians using generalized
linear models adjusted for age, sex, and education. Ninety-five
percent confidence intervals for the difference between these
adjusted means were computed using the standard errors of the
regression coefficients in the models.

RESULTS

In Table 1, we examined demographics characteristics of
Hispanic/Latino subjects in the AMEN study. We found that
vegetarians tended to be older (p = 0.006) and more educated
(p = 0.02) as compared to non-vegetarians (Table 1). There was
no significant difference in religiosity between the vegetarians
and non-vegetarians.

Vegetarian Diet and Adiposity
In linear regression models (Table 2), we tested the association
between measures of adiposity (BMI, waist circumference (WC),
fat mass, and percent body fat) as outcomes and vegetarian
diet status as a main exposure. We found that BMI was
lower among the vegetarians than the non-vegetarians (24.5
kg/m2 vs. 27.9 kg/m2, p = 0.006) after adjusting for age, sex,
and education. Vegetarians also had significantly lower waist
circumference (34.8 in vs. 37.5 in), fat mass (18.3 kg vs. 23.9 kg),
and percent body fat (28.4% vs. 32%) as compared to non-
vegetarians. Pulse rate, systolic and diastolic blood pressure
values among vegetarians were not significantly different from
those of non-vegetarians.

Vegetarian Diet, Adiposity, and
Inflammatory Markers
We found that log-transformed interleukin-6 (IL-6) was
positively associated with the following adiposity outcomes: BMI
(β = 1.64, p = 0.04), waist circumference (β = 1.32, p = 0.08),
fat mass (β = 1.32, p = 0.05), and fat percent (β = 4.22,
p = 0.004). Adding the main exposure for vegetarian status to
the model did not appreciably reduce these associations. For
log transformed C-reactive protein (CRP), positive associations
were found for fat mass (β = 2.38, p = 0.03) and fat percent
(β = 3.13, p = 0.004). Similarly, adding the main exposure did
not change CRP associations withmeasures of adiposity.We note
that the power to detect mediation was low, making type 1 errors
more likely.

There were no significant differences between vegetarians
and non-vegetarians for log-transformed CRP (β = −0.06562,
p= 0.78) or log-transformed IL-6 (β =−0.19132, p= 0.29).
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TABLE 1 | Selected characteristics among Hispanic/Latino vegetarians and

non-vegetarians in the Adventist Multi-ethnic Nutrition (AMEN) Study.

Vegetarian

(n = 23)

Non-vegetarian

(n = 51)

p-value

Age (y)a Mean 54.3 47.6 0.03

SD 14.1 10.6

Religiosity Mean 8.22 7.78 0.22

SD 1.24 1.46

n % n %

Sexa 0.15

Male 4 17.4 17 34.0

Female 19 82.6 33 66.0

Incomea

<$50,000 12 57.1 38 77.6 0.08

≥$51,000 9 42.9 11 22.4

Education

High school or Less 6 26.1 28 54.9 0.02

College or more 17 73.9 23 45.1

Marital status

Married 17 73.9 39 76.5 0.81

Not Married 6 26.1 12 23.5

Language

English 2 8.7 7 13.7 0.31

Spanish 19 82.6 43 84.3

Other 2 8.7 1 2.0

Nativity

U.S. Born 3 13.0 4 7.8 0.67

Foreign Born 20 87.0 47 92.2

a% Missing data: 1% Age, 1% Sex, 2.08% Income.

DISCUSSION

In the AMEN study, we found that in a sample of Seventh-day
Adventist Hispanic/Latino adults, those following a vegetarian
dietary pattern had a BMI that was lower (24.5 kg/m2 vs. 27.9
kg/m2, p = 0.006) and within federally-recommended limits as
compared to non-vegetarians. These findings were confirmed by
similar decreases in other measures of adiposity [fat mass (18.3 kg
vs. 23.9 kg), and percent body fat (28.4% vs. 32%)] and abdominal
adiposity [waist circumference (34.8 in vs. 37.5 in)].

These findings are concordant with findings from non-
Hispanic white Adventists (18, 19, 22), Black/African American
Adventists (22, 25), and Asian Adventists (20). For Black
Adventists, Akbar et al. has reported a “cultural tailoring” of
the vegetarian diet chosen whereby Southern and Caribbean
influenced dietary patterns introduced a wide range of plant
foods into the diet (24). In US-based Asian Indian Adventists,
Singh reported the predominance of nuts as a major source of
protein in vegetarians who were at lower BMI (20).

Our next step in the AMEN study was to investigate how
the protective patterns of plant-based eating in Hispanic/Latino
adults were influenced by cultural preference for specific plant
foods. These data can potentially inform culturally-tailored

TABLE 2 | Comparison of obesity measures, body composition, pulse, and blood

pressure in vegetarians and non-vegetarians in the AMEN Study.

Adjusted for age, sex, and education

Mean Difference (95% CI) p-value

BODY MASS INDEX (kg/m2)

Non-vega 27.9 3.3 (1.0, 5.7) 0.006

Veg 24.5

WAIST CIRCUMFERENCE (in)

Non-veg 37.5 2.8 (0.6, 4.9) 0.01

Veg 34.8

FAT MASS (kg)

Non-veg 23.9 5.5 (1.6, 9.5) 0.007

Veg 18.3

PERCENT BODY FAT

Non-veg 32.0 3.6 (0.5, 6.7) 0.025

Veg 28.4

PULSE RATE

Non-veg 67.5 2.8 (−2.4, 8.1) 0.28

Veg 64.6

SYSTOLIC BLOOD PRESSURE

Non-veg 117.6 −3.0 (−11.1, 5.1) 0.46

Veg 120.6

DIASTOLIC BLOOD PRESSURE

Non-veg 77.1 1.1 (−3.6, 5.9) 0.64

Veg 75.9

aNon-veg, non-vegetarian; Veg, vegetarian (combining vegan, lacto-ovo, and pesco-

vegetarian).

plant-based dietary interventions for the broader population of
US Hispanic/Latinos who have been experiencing a nutrition
transition away from simpler, more traditional diets rich in whole
plant foods.

Plant-Based Eating in US Hispanic/Latinos
Our data indicates that more plant-based eating in US-based
Hispanic/Latino Adventist adults was associated on average
with adiposity indices falling within the federally-recommended
limits. If this association holds true also for non-Adventist
Hispanics/Latinos, how feasible and scalable is it to have
Adventist and non-Adventist Hispanics/Latinos increase their
plant-based dietary choices as a means of preventing the
obesity and cardiometabolic diseases that are disproportionately
prevalent in their community?

When considering this question it is noteworthy that data
from Latin America indicate a rich cultural tradition of
eating and preparing a diverse range of regional plant foods.
For example, the Tarahumara Indians of Mexico traditionally
adhered to a diet consisting of beans, corn, and squash and
very little meat, and this pattern has been associated with lower
risk of cardiometabolic disease (28) and can be significantly
compromised by plying the Tarahumara with a typical U.S. diet
(29). Studies from South America report that vegan and semi-
vegetarian Peruvian and Brazilian subjects (following traditional
cultural choices involving plant foods) do have lower rates

Frontiers in Nutrition | www.frontiersin.org 4 April 2019 | Volume 6 | Article 34

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Singh et al. Diet and Obesity in Hispanic/Latinos

of hypertension, dyslipidemia, and obesity as compared to
omnivores (30). These small studies provide clues that increasing
plant-based diet choices based on long-held cultural traditions of
eating whole plant foods can potentially be an attractive target for
high impact interventions. When designing dietary interventions
we note that the strict vegetarian diet pattern is not commonly
practiced by US Hispanic/Latinos (31), and further research is
needed in this community to examine whether increasing plant
food intake to the point of semi-vegetarian or pescatarian pattern
can improve health outcomes.

Plant-Based Eating, Pro-Inflammatory
Cytokines, and Obesity in Hispanic/Latinos
Among the Hispanic/Latino adults of the AMEN study, we
did find that measures of adiposity were associated with pro-
inflammatory cytokines such as interleukin-6. Compared to non-
vegetarian dietary patterns, vegetarian dietary patterns generate
increased microbially-generated short chain fatty acids, which
reduce systemic inflammation (e.g., IL-6), increase hormonal
satiety-signaling (e.g., glucagon-like peptide-1) and reduce
insulin resistance (32, 33). Among Hispanic/Latino subjects,
recent studies suggest that IL-6may be elevated from a young age,
and the link across the lifespan to higher rates of cardiometabolic
disease may be due to specific IL-6 polymorphisms in Latino
youth (34). Interestingly, adding IL-6 to our models examining
association with vegetarian diet exposure did not alter the
protective effect of the diet on obesity.

Limitations
The AMEN study has important limitations. The cross-sectional
and observational design precludes inferring a causal effect
from the association of diet with obesity and obesity-related
disease. The purpose of our pilot study was to generate
culturally-specific hypotheses for testing this association in
longitudinal and experimental designs with novel culturally-
tailored interventions.

The relatively small sample size limited our statistical power
to test more complex food and nutrient models, and for testing
interaction and mediation. We note, however, the significant
and cross-validating associations between plant-based eating and
measures of adiposity that persist despite the limited power to
detect these associations.

Religiosity could also be a factor since we are studying a
faith-based group. It is noteworthy, however, that we observed

no difference in religiosity between the vegetarians and non-
vegetarians we studied. Measurement error in dietary assessment
is always present in observational work, but we note a
decades-long track record by our research group validating diet
and vegetarian diet survey measures in Adventists (16, 17, 35).

CONCLUSIONS

Our findings from Hispanic/Latino Seventh-day Adventists
indicate that plant-based diet patterns were associated with
adiposity in the recommended range, and effects were consistent
across multiple measures of adiposity and obesity-related
inflammatory markers. Further studies of how Hispanics/Latinos
have culturally tailored the Adventist plant-based eating
pattern could potentially inform interventions for the broader
population of Hispanics/Latinos.

ETHICS STATEMENT

The study protocol was approved by the institutional review
board of Loma Linda University and performed in accordance
with the ethical standards as laid down in the 1975 Declaration
of Helsinki as revised in 2000. All participants provided signed
informed consent.

AUTHOR CONTRIBUTIONS

PS: designed the study, supervised data collection and analysis,
wrote the final version of the manuscript and obtained funding;
KJ-S: designed the study, supervised data collection and analysis,
wrote a draft of the manuscript; NC: analyzed data; WS: analyzed
data and edited manuscript; LL: data collection coordinator and
preliminary analysis; KS: analyzed data and edited manuscript;
DE: analyzed data; MJ, HF, DH-B, and WM: edited manuscript.

FUNDING

This study was supported by a grant from the Center for Hispanic
Health of the White Memorial Medical Center Foundation (PS).

ACKNOWLEDGMENTS

We thank the church staff, student volunteers, and our
participants for their contributions to this study.

REFERENCES

1. Arroyo-Johnson C, Mincey KD, Ackermann N, Milam L, Goodman

MS, Colditz GA. Racial and ethnic heterogeneity in self-reported

diabetes prevalence trends across hispanic subgroups, National

Health Interview Survey, 1997-2012. Prev Chronic Dis. (2016) 13:E10.

doi: 10.5888/pcd13.150260

2. Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL. Trends in

obesity and severe obesity prevalence in US youth and adults by sex and

age, 2007-2008 to 2015-2016. JAMA. (2018) 319:1723–5. doi: 10.1001/jama.20

18.3060

3. Fang M. Trends in the prevalence of diabetes among U.S. adults: 1999-

2016. Am J Prev Med. (2018) 55:497–505. doi: 10.1016/j.amepre.2018.

05.018

4. Commodore-Mensah Y, Selvin E, Aboagye J, Turkson-Ocran RA, Li X,

Himmelfarb CD, et al. Hypertension, overweight/obesity, and diabetes

among immigrants in the United States: an analysis of the 2010-2016

National Health Interview Survey. BMC Public Health. (2018) 18:773.

doi: 10.1186/s12889-018-5683-3

5. Xu G, Liu B, Sun Y, Du Y, Snetselaar LG, Hu FB, et al. Prevalence of diagnosed

type 1 and type 2 diabetes among US adults in 2016 and 2017: population

based study. BMJ. (2018) 362:k1497. doi: 10.1136/bmj.k1497

Frontiers in Nutrition | www.frontiersin.org 5 April 2019 | Volume 6 | Article 34

https://doi.org/10.5888/pcd13.150260
https://doi.org/10.1001/jama.2018.3060
https://doi.org/10.1016/j.amepre.2018.05.018
https://doi.org/10.1186/s12889-018-5683-3
https://doi.org/10.1136/bmj.k1497
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Singh et al. Diet and Obesity in Hispanic/Latinos

6. Sorlie PD, Avilés-Santa LM, Wassertheil-Smoller S, Kaplan RC, Daviglus

ML, Giachello AL, et al. Design and implementation of the Hispanic

community health study/study of Latinos. Ann Epidemiol. (2010) 20:629–41.

doi: 10.1016/j.annepidem.2010.03.015

7. Martinez AD, Juon HS, Levine DM, Lyford-Pike V, Peters S. The association

between nutrition transition score and measures of obesity: results from a

cross-sectional study among Latina/o immigrants in Baltimore.Global Health.

(2014) 10:57. doi: 10.1186/1744-8603-10-57

8. Abraido-Lanza AF, Chao MT, Florez KR. Do healthy behaviors decline with

greater acculturation? Implications for the Latino mortality paradox. Soc Sci

Med. (2005) 61:1243–55. doi: 10.1016/j.socscimed.2005.01.016

9. Liu JH, Chu YH, Frongillo EA, Probst JC. Generation and acculturation status

are associated with dietary intake and body weight in Mexican American

adolescents. J Nutr. (2012) 142:298–305. doi: 10.3945/jn.111.145516

10. Flores M, Macias N, Rivera M, Lozada A, Barquera S, Rivera-Dommarco J,

et al. Dietary patterns in Mexican adults are associated with risk of being

overweight or obese. J Nutr. (2010) 140:1869–73. doi: 10.3945/jn.110.121533

11. Cossrow N, Falkner B. Race/ethnic issues in obesity and obesity-

related comorbidities. J Clin Endocrinol Metab. (2004) 89:2590–4.

doi: 10.1210/jc.2004-0339

12. Reininger B, Lee M, Jennings R, Evans A, Vidoni M. Healthy eating patterns

associated with acculturation, sex and BMI among Mexican Americans.

Public Health Nutr. (2017) 20:1267–78. doi: 10.1017/S13689800160

03311

13. Barnard ND, Levin SM, Yokoyama Y. A systematic review and meta-analysis

of changes in body weight in clinical trials of vegetarian diets. J Acad Nutr

Diet. (2015) 115:954–69. doi: 10.1016/j.jand.2014.11.016

14. Yokoyama Y, Barnard ND, Levin SM, Watanabe M. Vegetarian

diets and glycemic control in diabetes: a systematic review

and meta-analysis. Cardiovasc Diagn Ther. (2014) 4:373–82.

doi: 10.3978/j.issn.2223-3652.2014.10.04

15. Lemon FR, Walden RT. Death from respiratory system disease

among Seventh-Day Adventist men. JAMA. (1966) 198:117–26.

doi: 10.1001/jama.1966.03110150065020

16. Beeson WL, Mills PK, Phillips RL, Andress M, Fraser GE. Chronic disease

among Seventh-day Adventists, a low-risk group. Rationale, methodology,

and description of the population. Cancer. (1989) 64:570–81.

17. Butler TL, Fraser GE, Beeson WL, Knutsen SF, Herring RP, Chan J, et al.

Cohort profile: the Adventist Health Study-2 (AHS-2). Int J Epidemiol. (2008)

37:260–5. doi: 10.1093/ije/dym165

18. Vang A, Singh PN, Lee JW, Haddad EH, Brinegar CH. Meats, processed

meats, obesity, weight gain and occurrence of diabetes among adults:

findings from Adventist Health Studies. Ann Nutr Metab. (2008) 52:96–104.

doi: 10.1159/000121365

19. Singh PN, Sabate J, Fraser GE. Does low meat consumption increase life

expectancy in humans? Am J Clin Nutr. (2003) 78(Suppl. 3):526S−32S.

doi: 10.1093/ajcn/78.3.526S

20. Singh PN, Arthur KN, Orlich MJ, James W, Purty A, Job JS, et al. Global

epidemiology of obesity, vegetarian dietary patterns, and noncommunicable

disease in Asian Indians. Am J Clin Nutr. (2014) 100 (Suppl. 1):359S−64S.

doi: 10.3945/ajcn.113.071571

21. Rizzo NS, Sabaté J, Jaceldo-Siegl K, Fraser GE. Vegetarian dietary

patterns are associated with a lower risk of metabolic syndrome: the

Adventist Health Study 2. Diabetes Care. (2011) 34:1225–7. doi: 10.2337/

dc10-1221

22. Tonstad S, Butler T, Yan R, Fraser GE. Type of vegetarian diet, body

weight, and prevalence of type 2 diabetes. Diabetes Care. (2009) 32:791–6.

doi: 10.2337/dc08-1886

23. Fraser GE. Diet, Life Expectancy, and Chronic Disease: Studies of Seventh-

Day Adventists and Other Vegetarians. New York, NY: Oxford University

Press (2003).

24. Akbar JA, Jaceldo-Siegl K, Fraser G, Herring RP, Yancey A. The contribution

of soul and Caribbean foods to nutrient intake in a sample of Blacks of US and

Caribbean descent in the Adventist Health Study-2: a pilot study. Ethn Dis.

(2007) 17:244–9. doi: 10.1093/aje/163.suppl_11.S31-c

25. Singh PN, Clark RW, Herring P, Sabate J, Shavlik D, Fraser GE. Obesity and

life expectancy among long-lived Black adults. J Gerontol A Biol Sci Med Sci.

(2014) 69:63–72. doi: 10.1093/gerona/glt049

26. Jaceldo-Siegl K, Haddad E, Knutsen S, Fan J, Lloren J, Bellinger D,

et al. Lower C-reactive protein and IL-6 associated with vegetarian diets

are mediated by BMI. Nutr Metab Cardiovasc Dis. (2018). 8:787–94.

doi: 10.1016/j.numecd.2018.03.003

27. Jaceldo-Siegl K, Fan J, Sabate J, Knutsen SF, Haddad E, Beeson WL, et al.

Race-specific validation of food intake obtained from a comprehensive

FFQ: the Adventist Health Study-2. Public Health Nutr. (2011) 14:1988–97.

doi: 10.1017/S1368980011000735

28. Connor WE, Cerqueira MT, Connor RW, Wallace RB, Malinow

MR, Casdorph HR. The plasma lipids, lipoproteins, and diet of the

Tarahumara indians of Mexico. Am J Clin Nutr. (1978) 31:1131–42.

doi: 10.1093/ajcn/31.7.1131

29. McMurry MP, Cerqueira MT, Connor SL, Connor WE. Changes in lipid

and lipoprotein levels and body weight in Tarahumara Indians after

consumption of an affluent diet. N Engl J Med. (1991) 325:1704–8.

doi: 10.1056/NEJM199112123252405

30. Navarro JA, Caramelli B. Vegetarians from latin america.Am J Cardiol. (2010)

105:902. doi: 10.1016/j.amjcard.2009.10.031

31. Cramer H, Kessler CS, Sundberg T, Leach MJ, Schumann D, Adams

J, et al. Characteristics of Americans choosing vegetarian and vegan

diets for health reasons. J Nutr Educ Behav. (2017) 49:561–7 e561.

doi: 10.1016/j.jneb.2017.04.011

32. Zhang C, Bjorkman A, Cai K, Liu G,Wang C, Li Y, et al. Impact of a 3-Months

vegetarian diet on the gut microbiota and immune repertoire. Front Immunol.

(2018) 9:908. doi: 10.3389/fimmu.2018.00908

33. Morrison DJ, Preston T. Formation of short chain fatty acids by the gut

microbiota and their impact on human metabolism. Gut Microbes. (2016)

7:189–200. doi: 10.1080/19490976.2015.1134082

34. Boeta-Lopez K, Duran J, Elizondo D, Gonzales E, Rentfro A, Schwarzbach

AE, et al. Association of interleukin-6 polymorphisms with obesity or

metabolic traits in young Mexican-Americans.Obes Sci Pract. (2018) 4:85–96.

doi: 10.1002/osp4.138

35. Jaceldo-Siegl K, Sabate J, Rajaram S, Fraser GE. Long-term almond

supplementation without advice on food replacement induces favourable

nutrient modifications to the habitual diets of free-living individuals. Br J

Nutr. (2004) 92:533–40. doi: 10.1079/BJN20041223

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Singh, Jaceldo-Siegl, Shih, Collado, Le, Silguero, Estevez, Jordan,

Flores, Hayes-Bautista and McCarthy. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Nutrition | www.frontiersin.org 6 April 2019 | Volume 6 | Article 34

https://doi.org/10.1016/j.annepidem.2010.03.015
https://doi.org/10.1186/1744-8603-10-57
https://doi.org/10.1016/j.socscimed.2005.01.016
https://doi.org/10.3945/jn.111.145516
https://doi.org/10.3945/jn.110.121533
https://doi.org/10.1210/jc.2004-0339
https://doi.org/10.1017/S1368980016003311
https://doi.org/10.1016/j.jand.2014.11.016
https://doi.org/10.3978/j.issn.2223-3652.2014.10.04
https://doi.org/10.1001/jama.1966.03110150065020
https://doi.org/10.1093/ije/dym165
https://doi.org/10.1159/000121365
https://doi.org/10.1093/ajcn/78.3.526S
https://doi.org/10.3945/ajcn.113.071571
https://doi.org/10.2337/dc10-1221
https://doi.org/10.2337/dc08-1886
https://doi.org/10.1093/aje/163.suppl_11.S31-c~
https://doi.org/10.1093/gerona/glt049
https://doi.org/10.1016/j.numecd.2018.03.003
https://doi.org/10.1017/S1368980011000735
https://doi.org/10.1093/ajcn/31.7.1131
https://doi.org/10.1056/NEJM199112123252405
https://doi.org/10.1016/j.amjcard.2009.10.031
https://doi.org/10.1016/j.jneb.2017.04.011
https://doi.org/10.3389/fimmu.2018.00908
https://doi.org/10.1080/19490976.2015.1134082
https://doi.org/10.1002/osp4.138
https://doi.org/10.1079/BJN20041223~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Plant-Based Diets Are Associated With Lower Adiposity Levels Among Hispanic/Latino Adults in the Adventist Multi-Ethnic Nutrition (AMEN) Study
	Background
	Methods
	Study Population
	Outcome Measures
	Classification of Vegetarian Diet
	Assessment of Demographic, Religiosity, and Culture-Specific Data
	Statistics

	Results
	Vegetarian Diet and Adiposity
	Vegetarian Diet, Adiposity, and Inflammatory Markers

	Discussion
	Plant-Based Eating in US Hispanic/Latinos
	Plant-Based Eating, Pro-Inflammatory Cytokines, and Obesity in Hispanic/Latinos
	Limitations

	Conclusions
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References




