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A B S T R A C T

Background: Diets high in added sugar are associated with adverse health conditions. Immigrants may have different added sugar intake
than nonimmigrants, which may contribute to differential health outcomes.
Objectives: We examined 1) the cross-sectional association between added sugar intake and nativity and time in the United States and 2)
prospective association between added sugar intake and all-cause mortality by nativity.
Methods: Cross-sectional analyses were based on 17,489 adults (�18 y) from the NHANES (2011 to March 2020) and prospective analyses
were based on 31,291 adults (�18 y) from NHANES 2003–2018. Multivariable linear regression models were used to assess the association
between added sugar intake as a percent of energy, nativity (US-born compared with non-US-born), and time in the United States (<5 years,
5 to <15 y, 15–30 y, �30 y), after adjusting for important confounders. Multivariable Cox regression models were conducted to examine the
association between added sugar intake and mortality.
Results: After adjusting for sociodemographic factors and BMI, individuals not born in the United States had 3.29% lower (95% CI: –3.69,
–2.90, P < 0.001) added sugar intake as a percent of energy compared with those born in the United States. These associations were
consistent across all race/ethnicities. As time in the United States increased, added sugar intake increased significantly (P-trend < 0.001)
among non-US-born individuals. Added sugar intake was not significantly associated with lower risk of all-cause mortality in non-US-born
individuals or US-born individuals, after adjusting for confounders.
Conclusions: Added sugar intake differed by nativity and time in the United States, underscoring the need to consider place of birth and
length of time when characterizing dietary intake.
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Introduction

The Food and Drug Administration defines added sugars as
sugars that are added during the processing of foods, foods
packaged as sweeteners, sugars from syrups and honey, and
sugars from concentrated fruit or vegetable juices [1]. Added
sugars do not include naturally occurring sugars. The Dietary
Guidelines for Americans recommends that<10% of calories per
day should come from added sugar [2]. However, 60% of in-
dividuals living in America are consuming more than the
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recommended 10% mainly due to added sugars in sweetened
beverage [2,3]. Diets high in added sugars have been associated
with many adverse health outcomes, such as hypertension, type
2 diabetes, stroke, heart diseases, and deaths due to diabetes
[4–8].

Evidence suggests that cardiovascular health might decline as
time in the United States increases. Immigrants who had been in
the country <10 years had better baseline cardiovascular health
and lower incidence of cardiovascular events, indicating that
non-US-born individuals had lower blood pressure, lower
d Equivalents Database; NCHS, National Center for Health Statistics.
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cholesterol, lower fasting blood sugar, and a healthier BMI
compared with US-born individuals and immigrants who had
been in the country for over 10 years [9]. These results suggest
that nativity and time in the United States may be important
predictors of cardiovascular health. Previous studies examined
the association between added sugar intake and race/ethnicity in
the United States [6,10–12]. However, it is unclear if nativity
and time in the United States may be predictors of added sugar
intake, an important dietary factor associated with adverse car-
diovascular health. Furthermore, no study has examined
whether added sugar intake is prospectively associated with
all-cause mortality in US adults by nativity.

To address these gaps, the objective of this study is to 1)
examine the cross-sectional association between added sugar
intake and nativity and time in the United States, and 2) assess
whether a greater intake of added sugar is prospectively associ-
ated with a higher risk of all-cause mortality by nativity in a
nationally representative sample of US adults.

Methods

Data and study population
Analyses were based on adults (�18 y) in the National Health

and Nutrition Examination Survey (NHANES) [13]. NHANES is a
biennial cross-sectional survey designed to assess the health and
nutritional status of adults and children. The survey combines
in-person interviews and physical examinations. Participants
completed 24-h recall, provided information on sociodemographic
characteristics, health behaviors, medical history, and submitted
biospecimens for laboratory analyses at the mobile examination
center. Then, the second dietary recall was completed by phone
3–10 days later. NHANESwas approved by the National Center for
Health Statistics (NCHS) Research Ethics Review Board. All par-
ticipants provided an informed consent. Details on the NHANES
study protocol can be found elsewhere [14].

For the cross-sectional analyses, adults who completed two
24-h recalls from 1 of the 4 cycles of the NHANES 2011–2020
(2011–2012, 2013–2014, 2015–2016, and 2017 to March 2020
cycles) were eligible for analyses. To increase diversity of the
study population, this study focused on the most recent 4 cycles,
where non-Hispanic Asian participants were included. From
28,843 participants in the 4 cycles of the NHANES with non-
missing survey weights, participants with missing dietary recalls
or missing total energy intake were excluded (n ¼ 1617) and
participants under 18 y were also excluded (n ¼ 9728). Then,
participants were excluded if they had missing nativity or time in
the United States (n ¼ 0). Our final analytic sample for the cross-
sectional analyses was 17,489.

For the prospective analyses, adults who completed two 24-h
recalls from 1 of the 8 cycles of the NHANES 2003–2018
(2003–2004, 2005–2006, 2007–2008, 2009–2010, and subse-
quent 4 cycles) were eligible for analyses. More cycles
(2003–2018) were pooled to increase sample size and follow-up
years. From 53,459 participants in the 8 cycles of the NHANES
with nonmissing survey weights, participants with missing di-
etary recalls or missing total energy intake were excluded (n ¼
2849). We also excluded those under 18 y (n¼ 19,319). Our final
analytic sample for the prospective analyses was 31,291.
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Added sugar intake
A validated USDA Automated Multiple-Pass Method was

administered by trained interviewers for two 24-h dietary recalls
[15,16]. Participants reported details on all foods and beverages
consumed in the past 24-h period. We used the individual food
file data from the NHANES 24-h dietary recalls. To calculate
added sugar intake, data from the Food Patterns and Equivalents
Database (FPED) and My Pyramid Equivalents Database (MPED)
were merged with the NHANES individual food file data by
USDA equivalent food codes. The FPED and MPED disaggregate
foods and beverages reported in the 24-h dietary recalls to many
food components and provide the amount of added sugars in
each food and beverages as teaspoon equivalents [17]. Added
sugar in teaspoons was then converted to grams by using the
conversion of 4 g per 1 teaspoon. Then, total added sugar intake
per individual was calculated by taking the grams of an item
consumed and multiplying by the amount of added sugar in the
item. Added sugar intake from all food and beverage items was
summed, and the percentage of energy intake from added sugar
was calculated by dividing the total number of calories from
added sugar by total number of calories consumed that day. The
two days of 24-h dietary recalls were then averaged to find the
mean intake of added sugar as a percentage of energy.

Nativity and time in the United States
Participants reported nativity and time in the United States at

the mobile examination center. Country of birth had 2 cate-
gories, “born in 50 US states or Washington, DC” and “born in
other countries, including US territories,” which was how na-
tivity was determined. Participants born outside of the United
States were asked the month and year when they came to the
United States to live, and the responses were used to calculate
the length of time these participants lived in the United States.
These responses had 4 categories: “<5 years in the United
States,” “5 to <15 years,” “15 to <30 years,” and “�30 years in
the United States.” These categories were used to determine time
in the United States.

Covariates
For the cross-sectional analyses, we adjusted for age, sex, total

energy intake, income, education, and BMI. Participants self-
reported sociodemographic characteristics (age, sex, income,
and education). In our analyses, age was adjusted as a continuous
variable. Sex was adjusted by two categories, which were men or
women. Income was adjusted for as a categorical variable with
three poverty to income ratios (<1.30, 1.30 to <3.50, and
�3.50), which was calculated by considering the family income
and the poverty level guidelines specific to each survey year [18,
19]. Education was adjusted for as a categorical variable (<ninth
grade, 9th–12th grade, high school graduate, some college or
associate degree, and college graduate or above). For the
cross-sectional analyses, race/ethnicity (Hispanic, non-Hispanic
White, non-Hispanic Black, non-Hispanic Asian, and other
race) was not adjusted as a covariate but was stratified because it
was highly correlated with nativity, especially for Hispanic and
non-Hispanic Asian participants. Participants’ BMI (in kg/m2)
was calculated using measured weight (in kg) and height (in cm)
and adjusted as a continuous variable.
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For the prospective analyses, we adjusted for the same set of
covariates, but included health behaviors (smoking, alcohol
consumption). Smoking (mean number of cigarettes smoked per
day during the past 30 d) and alcohol consumption (mean
number of alcoholic drinks per day in the past 12 mo) were
analyzed as continuous variables.
Mortality
All-cause mortality data came from NCHS public use linked

mortality files. From these files, we obtained vital status. The
NCHS used enhanced linkage algorithm to link NHANES
participant records to the records in the National Death Index
[20]. Participants were followed from the time of physical
assessment at the mobile examination to death or censoring until
December 31, 2018.
Statistical analysis
All analyses were conducted using R Studio version 4.2.1 and

used survey weights, which considered the complex survey
design of NHANES. For the cross-sectional analyses, character-
istics of the study population were examined by nativity (US-
born, non-US-born) using means (standard errors) for continuous
variables and proportions for categorical variables. For the pro-
spective analyses, characteristics of the study population were
examined by high added sugar (defined as >10% of total energy
intake from added sugar) compared with normal added sugar
intake (�10% of total energy intake from added sugar).

Then, in NHANES 2011 to March 2020, we calculated mean
intake of added sugar for the overall study population (adults
�18 y) and according to subgroups: nativity (US-born compared
with non-US-born), time in the United States (<5 y, 5 to <15 y,
15 to <30 y, and �30 y), race/ethnicity (Hispanic, non-Hispanic
White, non-Hispanic Black, and non-Hispanic Asian), and com-
bined nativity and race/ethnicity (non-US-born Hispanic, US-
born Hispanic, non-US-born non-Hispanic White, US-born non-
Hispanic White, non-US-born non-Hispanic Black, US-born non-
Hispanic Black, non-US-born non-Hispanic Asian, and US-born
non-Hispanic Asian). Multivariable linear regression models
were conducted to study if added sugar intake differed by na-
tivity or time in the United States, using nativity or time in the
United States as the independent variable, and added sugar as
the response variable, after adjusting for the following con-
founders: Model 1 adjusted for age, sex, and total energy intake.
Model 2 adjusted for covariates in model 1 and education and
income. Model 3 adjusted for covariates in model 2 and BMI. We
selected covariates based on a prior study [21].

Next, we studied the association between added sugar intake
and all-cause mortality by nativity using multivariable Cox pro-
portional hazard regression models. Model 1 adjusted for age, sex,
and total energy intake. Model 2 adjusted for covariates in model
1 and education, income, smoking status, and alcohol consump-
tion. Model 3 adjusted for covariates in model 2 and BMI. We
performed the same multivariable Cox proportional hazard
regression models in the overall study population and by race/
ethnicity. In the overall study population, a Kaplan–Meier survival
curve was used to show differences in the probability of survival
between high sugar consumers (those consuming >10% of total
energy intake from added sugar) and normal sugar consumers
(those consuming�10% of total energy intake from added sugar).
3

For the association between added sugar intake and mortal-
ity, analysis stratified by race/ethnicity was limited to Hispanic,
non-Hispanic White, and non-Hispanic Black because there was
not a sufficient sample size of non-Hispanic Asian individuals (n
¼ 1,877) since non-Hispanic Asian individuals were not included
until the 2011–2012 cycle. For both the cross-sectional and
prospective analyses, we considered results from model 3 to be
the main results.
Results

Association between added sugar intake and
nativity and time in the United States

Of the 17,489 participants in NHANES 2011 to March 2020,
86% of the participants were born in the United States and 14%
of the participants were not born in the United States (Table 1).
Compared with those born in the United States, those not born in
the United States were more likely to be younger, Hispanic or
non-Hispanic Asian, be a college graduate or above, and less
likely to have higher income, or be obese. Those born in the
United States had a higher mean percent of energy from added
sugar (13.5%) compared with those not born in the United States
(10.6%) (P < 0.001) (Figure 1). In unadjusted analyses, there
was not a major difference in mean percentage of energy from
added sugar and time in the United States among non-US-born
individuals (P ¼ 0.38) (Supplemental Figure 1). Non-Hispanic
Black individuals had the highest mean percent of energy from
added sugar (15.0%), followed by non-Hispanic White (13.1%),
Hispanic (12.6%), and non-Hispanic Asian (8.7%) (P ¼ 0.38)
(Supplemental Figure 2). Within each race, the greatest differ-
ence in added sugar intake was observed between US-born Black
(15.4%) and non-US-born Black individuals (10.9%, Table 2),
followed by non-Hispanic Asian, non-Hispanic White, and His-
panic individuals (P value for all tests <0.05).

In multivariable regression models adjusting for age, sex, and
total energy intake, those not born in the United States had a
2.71% (95% confidence interval (CI): –3.11, –2.32, P < 0.001)
lower added sugar intake as a percentage of energy compared
with those born in the United States (Table 3). This association
was slightly strengthened when we additionally adjusted for
education and income (–3.33, 95% CI: –3.73, –2.94, P <0 .001).
The association did not change when BMI was additionally
adjusted (–3.29, 95% CI: –3.69, –2.90, P <0.001).

After adjusting for sociodemographic characteristics, greater
length of time in the United States was associated with higher
added sugar intake (P-trend <0.001). Compared with those who
lived in the United States<5 years, those who lived in the United
States 5–<15 years, 15 to <30 years, and �30 years had 0.49%
higher (95% CI: –0.29, 1.28) 1.27% higher (95% CI: 0.41, 2.12),
and 2.83% higher (95% CI: 1.33, 4.32) intake of added sugar as a
percent of energy, respectively. These associations did not
change when BMI was additionally adjusted (P-trend <0.001).

Within each race, non-US-born individuals had 1.62%–4.48%
lower added sugar intake as a percentage of energy compared
with US-born individuals across all groups in model 2 (Table 4).
Among non-Hispanic blacks, non-US-born individuals had 4.49%
(95% CI: –5.58, –3.40, P < 0.001) lower added sugar intake as a
percentage of energy compared with US-born individuals, after
adjusting for BMI.



TABLE 1
Characteristics of participants in the National Health and Nutrition Examination Survey (NHANES) 2011–2020 (N ¼ 17,489).

Overall study population US-born Non-US-born P value

N, Unweighted Sample size 17,489 12,744 (86.0%) 4745 (14.0%)
Mean age (y) 47.0 (0.35) 47.5 (0.37) 44.5 (0.48) <0.001
Sex, n (%)
Women 9186 (51.1) 6671 (51.0) 2510 (51.7) 0.37
Men 8312 (48.9) 6073 (49.0) 2235 (48.3)

Race/ethnicity, n (%)
Hispanic 4074 (17.4) 1630 (12.3) 2444 (48.8) <0.001
Non-Hispanic White 6801 (61.3) 6523 (68.8) 278 (15.0)
Non-Hispanic Black 4070 (12.0) 3697 (13.0) 373 (6.4)
Non-Hispanic Asian 1877 (5.3) 327 (1.8) 1550 (26.7)
Other race, including multi-Racial 667 (4.0) 567 (4.1) 100 (3.1)

Education, n (%)
Less than ninth grade 1277 (16.7) 411 (16.4) 866 (18.5) <0.001
9-12th grade 2283 (11.7) 1656 (11.5) 627 (12.9)
High School graduate 4046 (19.2) 3233 (19.4) 813 (18.3)
Some college or AA degree 5483 (26.6) 4501 (27.7) 982 (20.3)
College graduate or above 4389 (25.6) 2938 (24.9) 1451 (29.9)

Income (federal poverty to income ratio), n (%)
<1.30 5142 (25.5) 3657 (24.0) 1484 (35.2) 0.02
1.30 to <3.50 6019 (35.6) 4493 (35.6) 1521 (35.9)
�3.50 4837 (38.8) 3650 (40.4) 1196 (28.8)

Mean total energy intake, kcal 4194.2 (19.6) 4223 (21.1) 4048.9 (43.5) 0.89
Mean added sugar as a percent of energy 13.0 (0.15) 13.5 (0.17) 10.6 (0.18) <0.001
Time in the United States, n (%)
<5 years 486 (14.2) NA1 486 (14.2) NA
5- <15 years 1145 (28.8) NA1 1145 (28.8)
15- <30 years 1522 (31.3) NA1 1522 (31.3)
�30 years 1428 (25.6) NA1 1428 (25.6)

Body mass index, n (%)
<18.5 300 (12.0) 221 (13.3) 79 (4.2) 0.03
18.5 to <25.0 4707 (29.2) 3215 (28.5) 1492 (33.2)
25.0 to <30.0 5450 (27.0) 3711 (25.8) 1739 (33.9)
�30.0 6852 (31.9) 5457 (32.4) 1395 (28.6)

Abbreviation: AA, associate’s degree.
1 NA ¼ Time in the United States data not collected for US-born participants. US-born was defined as born in the United States (within 50 states).

FIGURE 1. Mean percent of total energy intake from added sugar by nativity, National Health and Nutrition Examination Survey (NHANES)
2011–2020, Adults aged �18 y (n ¼ 17,489). Nativity was defined as born in the United States (within 50 states) and not born in the United States.
Added sugar intake mean (standard error, SE) 13.5% (0.17%) for those born in the United States and 10.6% (0.18%) for those not born in the
United States. P value for difference <0.001.
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TABLE 2
Mean percent of total energy intake from added sugar by nativity and
race/ethnicity in National Health and Nutrition Examination Survey
(NHANES) 2011–2020, in adults �18 y1.

Mean (standard error)

Born in the United
States

Not Born in the
United States

P value

Hispanic 13.45 (0.35) 11.89 (0.20) <0.001
Non-Hispanic
White

13.15 (0.20) 10.89 (0.62) 0.001

Non-Hispanic
Black

15.46 (0.21) 10.93 (0.49) <0.001

Non-Hispanic
Asian

11.26 (0.53) 8.13 (0.23) <0.001

1 Nativity was defined as born in the United States (within 50 states)
and not born in the United States. No covariate was adjusted.

TABLE 5
Association between mean percent of total energy intake from added
sugar (1% higher) and nativity and all-cause mortality in National
Health and Nutrition Examination Survey (NHANES) 2011–2018, in
adults �18 y (N ¼ 17,498)1.

Hazard ratios (95% confidence interval)

Born in the
United States,
n ¼ 12,744

P value Not born in
the United States,
n ¼ 4745

P value

Model 1 1.03 (1.01, 1.04) <0.001 0.98 (0.93, 1.02) 0.31
Model 2 1.00 (0.97, 1.04) 0.89 0.88 (0.80, 0.97) 0.01
Model 3 1.00 (0.97, 1.04) 0.89 0.91 (0.80, 1.04) 0.18

1 Model 1 adjusted for age, sex, and total energy intake. Model 2
adjusted for covariates in model 1, and income, education, alcohol
consumption, and smoking. Model 3 adjusted for covariates in model 2
and BMI. Nativity was defined as born in the United States (within 50
states) and not born in the United States.
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Association between added sugar intake and all-
cause mortality

Of the 31,291 participants in NHANES 2011–2018, 61.5%
were classified as high sugar consumers (defined as >10% of
daily calories from added sugar) and 38.5% were classified as
normal sugar consumers (defined as�10% of daily calories from
added sugar) (Supplemental Table 1). Compared with normal
sugar consumers, high sugar consumers were more likely to be
younger, non-Hispanic Black, have lower education level, lower
income, be underweight or normal weight, and have higher
TABLE 3
Association between mean percent of total energy intake from added sug
Nutrition Examination Survey (NHANES) 2011–2020, in adults �18 y1.

ß (95% confidence interval)

Model 1

Nativity (n ¼ 17,489)
US-born 1 (Ref)
Non-US-born –2.71 (–3.11, –2.32)
P value <0.001

Time in the United States (n ¼ 4745)
<5 years 1 (Ref)
5 to <15 years 0.82 (0.05, 1.60)
15 to <30 years 1.34 (0.52, 2.16)
�30 years 2.15 (0.77, 3.52)
P-trend <0.001

1 Model 1 adjusted for age, sex, and total energy intake. Model 2 adjusted
for covariates in model 2 and BMI. US-born was defined as born in the Un
United States as an ordinal variable.

TABLE 4
Association between mean percent of total energy intake from added sug
National Health and Nutrition Examination Survey (NHANES) 2011–2020

Hispanic Non-Hispanic White

Non-US-born vs
US-born (ref)

P value Non-US-born vs
US-born (ref)

P valu

Model 1 –1.18 (–1.99, –0.38) 0.004 –2.22 (–3.52, –0.92) 0.001
Model 2 –1.77 (–2.71, –0.38) <0.001 –1.62 (–2.94, –0.31) 0.016
Model 3 –1.66 (–2.60, –0.72) <0.001 –1.67 (–2.97, –0.35) 0.014

1 Model 1 adjusted for age, sex, and total energy intake. Model 2 adjusted
for covariates in model 2 and BMI. Nativity was defined as born in the Un
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alcohol or cigarette consumption. Compared with US-born in-
dividuals, those not born in the United States had 12% lower risk
of all-cause mortality per 1% higher intake of added sugar
[hazard ratio (HR): 0.88, 95% CI: 0.80, 0.97], after adjusting for
sociodemographic characteristics and health behaviors
(Table 5). However, these results attenuated after adjusting for
BMI (HR: 0.91, 95% CI: 0.80, 1.04).

In secondary analyses, in the overall study population,
Kaplan–Meier survival curves showed that individuals with a
ar, nativity, and time in the United States in the National Health and

Model 2 Model 3

1 (Ref) 1 (Ref)
–3.33 (–3.73, –2.94) –3.29 (–3.69, –2.90)
<0.001 <0.001

1 (Ref) 1 (Ref)
0.49 (–0.29, 1.28) 0.47 (–0.35, 1.29)
1.27 (0.41, 2.12) 1.19 (0.34, 2.05)
2.83 (1.33, 4.32) 2.67 (1.19, 4.18)
<0.001 <0.001

for covariates in model 1 and income and education. Model 3 adjusted
ited States (within 50 states). P-trend was calculated using time in the

ar intake and nativity in adults �18 y, stratified by race/ethnicity in
.1

Non-Hispanic Black Non-Hispanic Asian

e Non-US-born vs
US-born (ref)

P value Non-US-born vs
US-born (ref)

P value

–4.35 (–5.42, –3.28) <0.001 –2.67 (–3.81, –1.53) <0.001
–4.48 (–5.59, –3.38) <0.001 –2.56 (–3.76, –1.36) <0.001
–4.49 (–5.58, –3.40) <0.001 –2.57 (–3.76, –1.38) <0.001

for covariates in model 1 and income and education. Model 3 adjusted
ited States (within 50 states) and not born in the United States.



TABLE 6
Association between mean percent of total energy intake from added sugar (1% higher) and race/ethnicity and all-cause mortality in National
Health and Nutrition Examination Survey (NHANES) 2011–2018, in adults �18 y (N ¼ 14,954)1.

Hazard ratios (95% confidence interval)

Hispanic, (n ¼ 4081) P value Non-Hispanic White (n ¼ 6802) P value Non-Hispanic Black (n ¼ 4071) P value

Model 1 1.01 (0.98, 1.04) 0.44 1.03 (1.02, 1.04) <0.001 0.98 (0.97, 1.01) 0.17
Model 2 1.09 (0.99, 1.19) 0.07 1.00 (0.97, 1.04) 0.89 0.95 (0.89, 1.01) 0.11
Model 3 1.12 (1.03, 1.23) 0.01 1.00 (0.97, 1.04) 0.90 0.95 (0.89, 1.01) 0.12

1 Model 1 adjusted for age, sex, and total energy intake. Model 2 adjusted for covariates in model 1, and income, education, alcohol consumption,
and smoking. Model 3 adjusted for covariates in model 2 and BMI.
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normal sugar consumption had a higher survival probability
compared with individuals with a high sugar consumption
(Supplemental Figure 3). In the overall study population, per 1%
higher added sugar intake was associated with 2% higher risk of
all-cause mortality (HR: 1.02, 95% CI: 1.01, 1.03, P < 0.001)
(Supplemental Table 2). However, these associations were
attenuated when income, education, alcohol consumption, and
smoking status was adjusted [HR: 0.99, 95% CI: 0.97, 1.01, P ¼
0.54], and BMI was additionally adjusted [HR: 0.99, 95% CI:
0.98, 1.01, P ¼ 0.56].

In race-stratified analyses, Hispanic individuals had a 9%
(HR: 1.09, 95% CI: 0.99, 1.19) higher risk of all-cause mortality
per 1% higher intake of added sugar, after adjusting for socio-
demographic characteristics, and health behaviors (Table 6).
These associations were strengthened when BMI was addition-
ally adjusted (HR: 1.12, 95% CI: 1.03, 1.23). Associations were
not statistically significant for non-Hispanic White or non-
Hispanic Black.

Discussion

In this nationally representative sample of US adults, added
sugar intake was lower among those not born in the United
States compared with those born in the United States. These
associations were consistent across all race/ethnicities. Greater
length of time in the United States was associated with higher
added sugar intake among those not born in the United States,
after adjusting for sociodemographic characteristics. In pro-
spective analyses, added sugar intake was not significantly
associated with all-cause mortality in US-born or non-US-born
individuals. However, added sugar intake was associated with
higher risk of all-cause mortality in Hispanic individuals.

Our results were largely consistent with findings in prior
studies. In previous studies that used NHANES and the National
Health Interview Survey (NHIS), non-Hispanic Black individuals
had the highest added sugar consumption, and Asian individuals
had the lowest added sugar consumption [10–12]. Another
NHANES study found that foreign-born non-Hispanic Black in-
dividuals had a better diet quality, as measured by the Alterna-
tive Healthy Eating Index-2010 and the Dietary Approaches to
Stop Hypertension diet, compared with those born in the United
States [22]. Similarly, in 599 women of Mexican-origin in Texas,
US-born women had higher consumption of sugar-sweetened
beverages than Mexico-born women. [23]. However, one study
that used the 2010 National Health Interview Survey data re-
ported that birthplace was not significantly associated with daily
intake of sugar-sweetened beverages in Hispanic adults, but
greater length of residence in the United States was associated
6

with higher odds of daily sugar sweetened beverage intake in
non-US-born Hispanic adults [24]. Food acculturation occurs
after immigrants arrive to the United States, with those not born
in the United States beginning to adopt the eating habits of
Americans as time in the United States increases [25–27]. Our
findings that added sugar intake was higher with greater length
of time in the United States lend support to this hypothesis.
Furthermore, this study extends results from prior studies by
using relatively recent data.

In an earlier study that used data from NHANES III and
2005–2010 found a significantly higher risk of cardiovascular
disease mortality with higher added sugar intake in Mexican
Americans and non-Hispanic White individuals [6]. Our study
provides updated estimates from this earlier study and showed
that higher added sugar intake was associated with higher risk of
all-cause mortality in Hispanics. In line with an earlier study,
which found that those not born in the United States had a lower
risk of having one cardiovascular disease risk factor compared
with those born in the United States [28], we found that
non-US-born adults had a lower risk of all-cause mortality with
higher added sugar intake, after adjusting for sociodemographic
characteristics and health behaviors. However, in this study,
these associations were no longer significant after BMI was
adjusted. Our results suggest that the association between added
sugar intake and mortality among non-US-born adults is medi-
ated by BMI, and place of birth is not a significant predictor of
added sugar and mortality associations.

Lower added sugar intake in those not born in the United
States can be explained by several reasons. We found that non-
US-born individuals had higher education and healthier BMI
than US-born individuals, suggesting that individuals not born in
the United States may have distinctive cultures and food systems
to encourage a healthier diet. Furthermore, it is possible that
those not born in the United States have the same eating habits
from their country after immigrating to the United States,
continuing to share a similar diet to individuals within their own
culture [29–31]. In our study, non-Hispanic Asian individuals
had a lower added sugar intake in general, suggesting that they
might have higher adherence to their traditional diets.

In our study, Hispanic individuals had a higher risk ofmortality
with higher added sugar intake. This could be because 17.7% of
Hispanics are uninsured and, therefore, do not have access to
healthcare and medications to treat health conditions that may
result from higher added sugar intake [32]. Furthermore, previous
studies have suggested that sugar-sweetened beverage consump-
tion, the largest source of added sugar, was higher in Hispanic in-
dividuals than non-Hispanic Whites or non-Hispanic Asians
[33–35]. In 2022, Hispanics were 60% more likely than
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non-Hispanic White adults to be diagnosed with diabetes by a
physician [36]. In 2020, Hispanicswere 1.5 timesmore likely than
non-Hispanic Whites to die from diabetes in 2020 [36], which
supports our findings on the positive association between added
sugar intake and mortality risk in Hispanic individuals. Addition-
ally, in Hispanic adults, higher consumption of sugar-sweetened
beverage was associated with prediabetes, higher fasting glucose,
higher fasting insulin, hemoglobin A1c, and insulin resistance,
which could contribute to shorter lifespan [37].

Our study has several strengths. We used nationally repre-
sentative data with two d of 24-h dietary recalls. The NHANES
had a rigorous quantification of added sugar in that FPED and
MPED calculated amount of added sugar in a wide range of
foods and beverages. Multiple cycles were used for cross-
sectional and prospective analyses. NHANES 2011 to March
2020 data were used to analyze the association between nativity
and added sugar consumption, and NHANES 2003–2018 was
used to analyze the association between added sugar intake and
mortality. Additionally, we adjusted for multiple important
confounders.

Several limitations of this study are worth noting. Given the
cross-sectional design, we could not infer causality between
added sugar intake and nativity. We used nativity and time in the
United States as a proxy for acculturation, but there may be other
measures. In the future as more cycles are released, it may be
helpful to include more NHANES cycles to increase the sample
size of non-Hispanic Asians and follow-up years.

In conclusion, non-US-born individuals had a lower added
sugar intake compared with US-born individuals. These findings
were consistent across all race/ethnicities. Among non-US-born
individuals, added sugar intake increased as time in the United
States increased. Added sugar intake was not significantly asso-
ciated with mortality in general, but greater intake of added
sugar was associated with higher risk of all-cause mortality in
Hispanic individuals. This study highlights the need to investi-
gate differences in dietary intake after considering nativity and
length of time in the United States, and to examine the factors
that may contribute to such discrepancies.
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