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Abstract
Objectives: Hispanic adults in the USA tend to have a disproportionate prevalence
of metabolic syndrome (MetS) as compared to other races.
Design: We examined whether the association between acculturation and MetS
and its components are mediated by the intake of fruit in Hispanics.
Setting: Data from the National Health and Nutrition Examination Surveys
2009–2016 were used in this study.
Participants: A total of 2078 Hispanics aged≥ 20 years were included in this
analysis.
Results: The mediating role of total fruit intake was assessed using multivariable-
adjusted logistic structural equation models with the bootstrapping method by
estimating indirect (IE) and direct (DE) effects from acculturation to MetS. High
acculturation was associated with increased odds of MetS (adjusted OR= 1·20,
95 % CI 1·04, 1·39), central obesity (OR= 1·24, 95 % CI 1·07, 1·44) and high blood
pressure (OR = 1·16, 95 % CI 1·02, 1·32) among Hispanic adults. Total fruits intake
partially mediated the associations of acculturation with MetS (ORIE= 1·02, 95 % CI
1·00, 1·03) and central obesity (ORIE = 1·02, 95 %CI 1·00, 1·03), whereas fullymedi-
ated the association between acculturation and high blood pressure (ORIE= 1·03,
95 %CI 1·01, 1·06). Moreover, intake of total fruits fullymediated the acculturation–
MetS association among Mexican Americans (ORIE= 1·02, 95 % CI 1·00, 1·05).
Conclusions:Our findings suggested that increasing fruit consumptionmay reduce
the impact of high acculturation on MetS development in Hispanic adults. Further
studies are needed to confirm these findings.
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Introduction

Metabolic syndrome (MetS) is a clustering of metabolic
abnormalities and is associated with the various complica-
tions(1). A recent study reported that Hispanic adults in the
USA have higher MetS prevalence than other racial/ethnic
groups, and the prevalence increased significantly in
Hispanics from 2011 to 2016(2). Previous findings also indi-
cate that the prevalence of MetS varies by acculturation lev-
els among Mexican Americans(3,4).

Diet plays a critical role in the development of MetS.
Fruits are rich in antioxidants, and high fruits consumption
has been shown to reduce the risk of MetS(5). As Hispanics
acculturate to the US mainstream culture, they are more
likely to adopt the standard American diet, which is gener-
ally low in fruits intake(6,7). Therefore, we hypothesised that
acculturation may increase the risk of MetS through its neg-
ative influence on fruits intake in the Hispanic population.
To test this novel hypothesis, we analysed data from the
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National Health and Nutrition Examination Surveys
(NHANES) study.

Materials and methods

Study population
Data from four NHANES continuous cycles between 2009
and 2016 were used in this study. The NHANES is a cross-
sectional survey designed to monitor the health and nutri-
tional status of a nationally representative sample of the US
population, described previously in detail(8). Participants
who were aged ≥20 years at the time of the survey; self-
identified as Hispanic ethnicity, including Mexican
Americans and those self-identified as other Hispanic eth-
nicity and had reliable 24-h dietary recall data were
included in the study sample (n 5483). Participants with
missing data on any component of MetS, or acculturation,
and those who were taking prescriptions for hypertension
or diabetes, as well as female respondents who were preg-
nant or lactating, were further excluded from the analysis. A
total of 2078 participants were included in this analysis.

Assessment of MetS
Based on the modified US National Cholesterol Education
Program Adult Treatment Panel III, participants were iden-
tified as havingMetS if theymet three ormore of the follow-
ing criteria(1): (1) high blood pressure defined as resting
blood pressure of 130/85 mmHg or higher; (2) hypertrigly-
ceridemia defined as TAG of 1·7 mmol/l or higher; (3) low
HDL cholesterol defined as direct HDL cholesterol less than
1·0 mmol/l or 1·3 mmol/l inmen andwomen, respectively;
(4) hyperglycaemia defined as fasting glucose of 5·6 mmol/
l or higher and (5) central obesity defined as the waist cir-
cumference greater than 102 cm or greater than 82 cm in
men and women, respectively.

Assessment of acculturation
By adopting the measurement strategy developed by pre-
vious studies(9), acculturation was assessed using country
of birth, language spoken at home and duration of US res-
idence. A 2-point scale was used to describe individuals’
responses to each of these questions. Participants born
inside the 50 states or District of Columbia were considered
as US-born (1 point); otherwise, they were considered as
foreign-born (0 points). Participants who spoke ‘more
Spanish than English’ or ‘only Spanish’ at home were
defined as Spanish speakers (0 points); those who spoke
‘both equally,’ ‘more English than Spanish,’ or ‘only
English’were defined as English speakers (1 point).We cat-
egorised the duration of living in the USA into two groups
using 20 years of staying as the cut-off point, living in the
USA for ≥20 years (1 point) v. <20 years (0 points). In this
study, we chose to use a summary score to measure the
overall acculturation by summing the points of individual

items, because these items are clustered in unique combi-
nations that may result in an additive risk of MetS not cap-
tured by studying each of them separately(9). Therefore, a
participant scored higher if s/he was more acculturated to
the USA.

Assessment of dietary intakes
Data on the consumption of food groups were collected via
two 24-h recalls and stored in the Food Patterns Equivalents
Database developed by the Food Surveys Research Group,
Agricultural Research Service of United States Department
of Agriculture in NHANES(10). In the Food Patterns
Equivalents Database, total fruits include all intact fruits
(whole or cut) and citrus and non-citrus fruit juices are pre-
sented in cup equivalents(10). Due to the consideration of
sample size and the consistency of intake information, only
the in-person recall data were used in the present analysis.

Statistical analysis
Multi-variable adjusted logistic structural equation model-
ling with the bootstrappingmethodwas applied to estimate
OR (i.e. exponential of point estimates, eβ) and the corre-
sponding 95 % bias-corrected bootstrap CI for the media-
tion effect of total fruits intake on the association
between acculturation and MetS(11). Potential confounders
included in the multi-variable modelling were age, gender
(male, female), Hispanic origin (Mexican American, other
Hispanics), poverty–income ratio (PIR) (<1·85, ≥1·85),
smoking status (never, ever), alcohol drinking status
(never, ever, defined as having at least 12 drinks of any type
of alcoholic beverage in any 1 year) and daily total energy
intake. The indirect (ORIE), direct (ORDE) and total (OR)
effects were deemed significant if the corresponding
95 % CIs of ORs did not contain 1. All analyses were
adjusted for sampling weights to incorporate the complex,
multi-stage clustered probability survey sampling design of
the NHANES. SAS version 9·4 (SAS Institute Inc) was used
to conduct the descriptive analyses, and STATA Release
15·0 (Stata Corporation) was used to conduct the multiple
mediation analyses. Two-tailed P-values were reported
with the level of significance of 0·05.

Results

Of the Hispanic adults included in the study, 21·99 % were
defined as havingMetS, and approximately 67 % had accul-
turation score≥ 1 (Table 1).

After adjustment for age, gender, Hispanic origin, PIR
level, other known risk factors of MetS and total energy
intake, Hispanic adults with a greater acculturation score
had an increased odds of MetS (OR= 1·20, 95 % CI 1·04,
1·39). There were positive associations between accultura-
tion and certain components of MetS, including high blood
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pressure (OR= 1·16, 95 % CI 1·02, 1·32) and central obesity
(OR= 1·24, 95 % CI 1·07, 1·44) (Table 2).

We further conducted mediation analysis on the associ-
ation between acculturation, total fruits intake and MetS in
Hispanic adults (Table 2). Total fruits intake had a partially
mediating effect on the association between acculturation
and MetS (ORIE= 1·02, 95 % CI 1·00, 1·03; ORDE = 1·18,
95 % CI 1·01, 1·37). Greater acculturation score was signifi-
cantly associated with less total fruits intake (β = –0·15,
P< 0·001); whereas, higher total fruits intake was reversely
associated with the probability of having MetS (β = –0·11,

P = 0·04). Additional mediation analyses of individual com-
ponents of MetS showed that the association between
acculturation and high blood pressure was fully mediated
through total fruits intake (ORIE = 1·03, 95 % CI 1·01, 1·06;
ORDE= 1·12, 95 %CI= 0·98, 1·28). High acculturation score
was inversely associated with total fruits intake (β = –0·15,
P < 0·001), and higher total fruits intake was significantly
associated with less chance of having high blood pressure
(β = –0·22, P < 0·001). Moreover, the association between
acculturation and central obesity was partially mediated
by total fruit intake (ORIE= 1·02, 95 % CI 1·00, 1·03;
ORDE= 1·22, 95 % CI 1·05, 1·42).

Stratified analyses by gender, PIR level and Hispanic ori-
gin were performed. The positive association between
acculturation score and odds of MetS was limited in those
with PIR< 1·85 (OR= 1·22, 95 %CI 1·01, 1·46) andMexican
Americans (OR= 1·21, 95 % CI 1·00, 1·46) (data not
shown). We further conducted mediation analyses by
Hispanic origin, and found that the intake of total fruits
had a fully mediating role on the association between
acculturation and MetS (ORIE = 1·02, 95 % CI 1·00, 1·05;
ORDE= 1·18, 95 % CI 0·97, 1·44) in Mexican Americans.
Fig. 1 showed that in Mexican Americans, acculturation
score was reversely associated with total fruits intake
(β = –0·15, P = 0·003), and there was a marginal associa-
tion between total fruits intake and reduced chance of hav-
ing MetS (β = –0·13, P= 0·07). However, total fruits intake
did not mediate the association of acculturation score with
MetS by PIR status.

Furthermore, we found that acculturation score was
positively associated with odds of having high blood
pressure in overall Hispanic adults with PIR ≥ 1·85
(OR = 1·23, 95 % CI 1·01, 1·50) and odds of central
obesity in males (OR = 1·28, 95 % CI 1·06, 1·54), those
with PIR < 1·85 (OR = 1·23, 95 % CI 1·01, 1·51), as well
as participants self-identified as other Hispanics
(OR = 1·42, 95 % CI 1·13, 1·79). However, there was no
mediating role of total fruits intake on the associations
between acculturation and individual components of
MetS in stratified analyses by Hispanic origin and PIR
status, possibly due to smaller sample sizes for these
stratified analyses (data not shown).

Table 1 Participant characteristics in Hispanics aged≥ 20 years,
NHANES 2009–2016* (N 2078)

Mean/percent 95% CI

Age (years) 37·20 36·57, 37·82
Gender (%)
Male 56·17 53·97, 58·36
Female 43·83 41·64, 46·03

Race/ethnicity (%)
Mexican American 58·31 51·52, 64·81
Other Hispanic 41·69 35·19, 48·18

Poverty–income ratio (PIR) (%)
<1·85 56·82 52·94, 60·69
≥ 1·85 43·18 39·31, 47·06

Smoking status (%)
Yes 33·62 31·43, 35·80

Alcohol use (%)
Yes 75·79 73·28, 78·31

Metabolic syndrome (%)
Yes 21·99 19·80, 24·19

High blood pressure (%)
Yes 15·54 13·69, 17·40

Hypertriglyceridemia (%)
Yes 25·60 23·17, 28·03

Low HDL cholestrol (%)
Yes 26·74 24·75, 28·74

Hyperglycaemia (%)
Yes 39·46 35·89, 43·04

Central obesity (%)
Yes 41·07 38·37, 43·77

Acculturation score (%)
0 33·89 29·83, 37·96
1 19·25 17·35, 21·16
2 12·83 10·61, 15·05
3 34·02 30·13, 37·92

Total fruit intake (cups/d) 1·12 1·01, 1·22
Energy intake (kcal/d) 2289·06 2236·06, 2342·07

*Values are presented as weighted mean or weighted percent along with 95% CI.

Table 2 Mediation analysis of fruits intake on the association between acculturation score andmetabolic syndrome (MeS) and its components
among Hispanics aged≥ 20 years, NHANES 2009–2016*

Outcomes
Indirect effect

ORIE†
95% CI for

ORIE‡
Direct effect

ORDE†
95% CI for
ORDE‡

Total effect
OR†

95% CI for
OR‡

MetS 1·02 1·00, 1·03 1·18 1·01, 1·37 1·20 1·04, 1·39
High blood pressure 1·03 1·01, 1·06 1·12 0·98, 1·28 1·16 1·02, 1·33
Hypertriglyceridemia 1·00 0·98, 1·01 0·93 0·80, 1·08 0·93 0·80, 1·08
Low HDL 1·00 0·99, 1·02 1·20 1·02, 1·41 1·20 1·03, 1·41
Hyperglycaemia 1·01 0·99, 1·03 1·03 0·92, 1·14 1·04 0·93, 1·16
Central obesity 1·02 1·00, 1·03 1·22 1·05, 1·42 1·24 1·07, 1·44

*Adjusted for age, gender, Hispanic origin, PIR status, smoking status, alcohol use status and total energy intake.
†Total effects are presented as OR. Indirect and direct effects are presented as ORIE and ORDE, respectively.
‡CI, CI for indirect, direct and total effects.
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Discussion

Utilizing a population-based study of US adults(8), higher
acculturation was associated with increased odds of
MetS, high blood pressure and central obesity in
Hispanic adults. These findings are consistent with pre-
vious evidence, indicating positive associations between
greater acculturation andMetS(3,4,6), high blood pressure(12)

and central obesity(3). Through mediation analyses, we fur-
ther found that total fruits intake partially mediated the
associations of acculturation with MetS and central obesity,
and fully mediated the association between acculturation
and high blood pressure among Hispanic adults.

The traditional Hispanic or Mexican diet contains more
fruits than the Western or standard American diet(13), and is
associatedwith better health outcomes(14). Previous studies
have reported that Hispanics consume more fruits than
non-Hispanic blacks and non-Hispanic whites(15).
Therefore, as Hispanics become more acculturated to the
US lifestyle, they are more likely to follow a Western or
standard American diet, resulting in a reduction in total
fruits intake(16).

Furthermore, we found that the mediator role of total
fruits intake in the acculturation–MetS association primarily
occurred among Mexican Americans. It may be due to the
fact that Mexican Americans are more acculturated com-
pared to other Hispanics. A previous study indicated that
starting from the second-generation Mexican Americans
in the USA, the influence of the Mexican diet is almost
lost(17). Acculturated Mexican Americans tend to consume
less traditional Mexican diet that is rich in fruits, which may
contribute to the increased risk of developing MetS(5).
Results in other immigrant populations have also suggested
that adoption of local dietary habits may mediate the accul-
turation–MetS association(18). Our findings suggest that
future health promotion strategies should encourage cul-
tural sensitivity in efforts to increase total fruits intake; how-
ever, further studies particularly longitudinal studies are
needed to replicate the findings.

One strength of our study is the use of data from the
NHANES with a nationally representative sample of the
US population and oversampled Hispanic subjects, which

provided a sufficient sample of Hispanic adults. In addition,
the bootstrapping technique was used in the mediation
analysis to address the potential issues of the NHANES data
such as lack of normality of variables and missing values to
produce more accurate estimates. However, our study can
be limited by the self-reported dietary recall data which
may have both random and systematic errors with potential
recall bias(19). In addition, a one-time 24-h dietary recall
may not capture long-term dietary exposures. Due to the
nature of all cross-sectional studies, the temporal sequence
for the associations is not clear. However, the positive asso-
ciations between acculturation and risk of MetS, high blood
pressure and central obesity are consistent with previous
studies(3,12). Finally, due to limited acculturation informa-
tion available in NHANES, we only used country of birth,
length of stay in the USA and language spoken at home
to measure the extent of acculturation. They may not cap-
ture all of the domains of cultural adoption that may influ-
ence health outcomes(20).

In conclusion, we found significant associations of
higher acculturation with increased odds of MetS, high
blood pressure and central obesity in Hispanic adults; total
fruits intakemediated these associations, and themediating
role of total fruits intake was limited among Mexican
Americans. Further studies, such as prospective studies,
are warranted to confirm these findings.
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