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Abstract

Background: Consumption of low-calorie sweeteners (LCS) has increased in the US and is
associated with cardiometabolic risk. No data exist on LCS consumption in South Asians.

Aim: The aim of this study was to assess the prevalence of LCS use across socio-demographic
characteristics, chronic disease status, and cardiometabolic risk factors.

Methods: Cross-sectional analyses were conducted using data from the Mediators of
Atherosclerosis in South Asians Living in America study (V= 892; 47% women; mean age = 55
(standard deviation = 9.4) y). Chi-squared and ANOVA tests were used to compare LCS
consumption across socio-demographic characteristics and cardiometabolic risk factors.

Results: Twenty-two percent of participants reported LCS use, with higher consumption among
men and those with longer residency in the US. LCS use was associated with adiposity and higher
odds of hypertension, high cholesterol, and diabetes.

Conclusions: LCS use is prevalent among South Asians, emphasizing the need for long-term,
prospective studies to investigate its role in incident cardiometabolic risk in an already
metabolically vulnerable population.
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Introduction

Methods

Low-calorie sweeteners (LCS), also referred to as non-nutritive sweeteners, artificial
sweeteners, high-potency sweeteners, and sugar substitutes, provide a sweet taste without
the calories, and are widely used as substitutes for added sugars. LCS consumption has
increased rapidly over the past several decades in the US. Currently, approximately 41% of
US adults and 25% of children report daily consumption of LCS, and, of these, 44% of
adults and 20% of children report the use of LCS multiple times daily (Sylvetsky et al.,
2017).

While estimates of LCS use in the general US population are well described (Sylvetsky and
Rother, 2016), little is known about LCS consumption among South Asians — one of the
fastest-growing ethnic groups in the US (Hoeffel et al., 2012). It is important to evaluate
LCS consumption in South Asians, because this minority has a disproportionately high
burden of cardiometabolic disease, and the risk of diabetes and subclinical atherosclerosis
among non-Hispanic whites is more than 70% lower compared to South Asians (Kanaya et
al., 2010). Whether LCS are helpful or harmful to cardiometabolic health is controversial
(Azad et al., 2017). LCS have been found to reduce body weight and fat mass in randomized
controlled trials (Miller and Perez, 2014), and replacing sucrose with LCS during intensive
weight-loss programs has been shown to result in weight loss (Rogers et al., 2015).
Meanwhile, several observational studies have demonstrated a positive association between
LCS use and cardiometabolic risk (Fowler, 2016). Well-controlled interventions examining
the health and cardiometabolic effects of LCS in humans are limited and present with
several methodological challenges, including lack of an appropriate control, failure to
consider habitual LCS exposure, and selection of study participants who may not reflect the
population of LCS users at large (Sylvetsky et al., 2016). In addition, most studies include
individuals who self-identify as non-Hispanic white, non-Hispanic black, or Hispanic, with
almost no research being conducted in South Asians.

The purpose of this study, therefore, was to assess the prevalence of LCS consumption
among South Asians in the US and to investigate any differences in LCS use by socio-
demographic characteristics, chronic disease status, and cardiometabolic risk factors. We
hypothesized that LCS use would be associated with chronic diseases and a higher
cardiometabolic risk.

A cross-sectional analysis of the baseline data from the Mediators of Atherosclerosis in
South Asians Living in America (MASALA) study was carried out. Participants were
recruited between 2010 and 2013 from two clinical sites in the San Francisco Bay Area and
the greater Chicago area. Detailed information on the MASALA study is provided elsewhere
(Kanaya et al., 2013). Among this community-based cohort of 906 South Asians, 14
participants with missing energy intake were excluded, yielding a final sample of 892
participants, among whom 403 participants were from Chicago and 489 participants were
from San Francisco.
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Measurements of LCS

Dietary intake in the past year was assessed using the validated Study of Health Assessment
and Risk in Ethnic Groups (SHARE) semi-quantitative self-reported food frequency
questionnaire (FFQ), developed for South Asians in North America (Kelemen et al., 2003).
SHARE FFQ includes 163 food items, among which 61 items are specific foods for the
South Asian diet. LCS consumption was based on the reported intake of diet soda and the
use of LCS packets such as Equal, Splenda, or Sweet’n Low. For analyses investigating the
prevalence of LCS consumption (consumer versus non-consumer) across socio-demographic
factors, LCS consumers were defined as those who reported consuming greater than or equal
to three servings of diet soda or LCS packets per week. Because a serving of LCS in packet
form (e.g. one sweetener packet) provides a significantly smaller quantity (mg) of LCS
compared to a serving of diet soda (e.g. one can), quantities reported were equalized (six
packets = one can of diet soda) for analyses evaluating the cardiometabolic risk factors
based on reported LCS consumption.

Measures of cardiometabolic risk factors

Covariates

Anthropometric measurements included height, weight, and waist circumference, and were
assessed using standard methods. Body mass index (BMI) was calculated as weight
(kilograms) divided by height (meters) squared, and the World Health Organization BMI
cut-offs suggested for Asian adults were used (Choo, 2002). Abdominal visceral,
subcutaneous, and intermuscular fat area (cm?2) was assessed via a computed tomography
(CT) scan of the abdomen. The non-contrast cardiac CT was used to measure pericardial fat
volume (cm3). Blood pressure was measured three times, and the averages of the second and
third readings were used for analysis. Blood tests were conducted after a 12-hour fast. Total
cholesterol, triglycerides, and high-density lipoprotein (HDL) cholesterol were measured
using enzymatic methods, and low-density lipoprotein (LDL) cholesterol was calculated
(Friedewald et al., 1972). Plasma glucose was assessed using the hexokinase method (Sheiko
etal., 1979). Insulin resistance was assessed using homeostasis model assessment (HOMA-
IR). The detailed categorization criteria for BMI, hypertension, high cholesterol, diabetes,
and HOMA-IR are shown in Table 1.

Coronary artery calcium (CAC) was measured as Agatston scores calculated from cardiac
CT scans, which were performed in the supine position using a gated-cardiac CT scanner.
Common and internal carotid intima-media thickness (CIMT) was measured using high-
resolution B-mode ultrasonography. Details regarding the various measurements are
provided elsewhere (Kanaya et al., 2013).

Information on age, sex, education, family income, insurance type, years of residence in the
US, physical activity, and smoking status was obtained using structured interview questions
and questionnaires (Kanaya et al., 2013). Physical activity was assessed as intentional
exercise, including walking for exercise, dance, conditional activities, and sports from the
Typical Week’s Physical Activity Survey (Kanaya et al., 2013). Participants were classified
as meeting Physical Activity Guidelines for Americans (reporting =75 min/week vigorous
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activity or 2150 min/week moderate activity, or combination of moderate and vigorous
activity) or not (Physical Activity Guidelines Advisory Committee, 2008).

Statistical analysis

Results

Prevalence of LCS consumption was compared across socio-demographic characteristics
and cardiometabolic risk factors using chi-square or ANOVA tests. Values are reported as
mean + standard deviation (SD) or percentage (%). Multiple linear regression was used to
assess the associations between continuous cardiometabolic risk factor outcomes and LCS
consumption (assessed both as servings of LCS-containing sodas or packets as well as
equalized for the approximate quantity of LCS consumed) and logistic models were used for
categorical outcomes. Triglyceride and HOMA-IR were natural log transformed in the
regression models due to skewed distribution. Covariates included age, sex, education,
length of residency in the US, energy intake, BMI (where the outcome was not BMI),
smoking, alcohol intake, study site, physical activity, and insurance type. All analyses were
performed using Stata 13.1 (StataCorp, 2013).

The mean age (SD) of the MASALA cohort was 55.3 (9.4) years, and 47% of the
participants were women. Twenty-two percent of cohort participants reported the
consumption of three or more servings of any LCS per week; 19% of participants consumed
LCS, but less than three servings per week; and 59% of participants consumed no LCS at all.
Because the prevalence of LCS packet consumption was higher than the prevalence of diet
soda consumption in this cohort, only 10% of participants were classified as consuming the
equivalent of three diet sodas per week, when analyses equalized packets and sodas based on
the quantity of LCS contributed (three diet sodas per week equal to 18 LCS packets per
week). As shown in Table 2, the prevalence of LCS use was higher among men than women
(0= 10.003), among participants who were older (o= 0.02), for participants with obesity (o=
0.001), and for those with diabetes (p < 0.001), hypertension (p < 0.001), high cholesterol (o
= 0.004), and higher family income (o= 0.04). As high cholesterol was defined as either
total cholesterol =240 mg/dL or use of statins, LDL cholesterol was lower among LCS
consumers. Prevalence of LCS consumption among participants with any measurable CAC
Agatston score was 28%, which was 10% higher than those with an Agatston score of zero
(p=10.001). LCS consumption was more common among participants with longer residency
in the US (p=0.05). LCS users also had higher waist circumference (p < 0.001), higher
pericardial fat (p < 0.001), and higher visceral (p < 0.001), subcutaneous (p= 0.01), and
intermuscular (p = 0.02) fat. No differences by physical activity levels, CIMT, lipid profiles,
or insulin resistance were observed based on LCS consumption. The results varied by LCS
subgroups: diet soda and LCS packet use, wherein men, current smokers, and those who
were obese reported a higher income, higher waist circumference, higher visceral fat, higher
pericardial fat, higher triglyceride, and with any measurable CAC Agatston score, had a
higher prevalence of diet soda consumption; while men, those who were older, obese, had
diabetes, high total cholesterol, with government insurance, had longer residency in the US,
higher waist circumference, higher visceral fat, higher subcutaneous fat, higher
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intermuscular fat, higher pericardial fat, lower LDL cholesterol, and with any measurable
CAC Agatston score, had a higher prevalence of LCS packet consumption (Table 2).

The adjusted associations between cardiometabolic risk factors and LCS intake, assessed
both in terms of servings and packet equivalents, are shown in Table 3. When defined as
three or more servings of LCS-containing diet sodas or packets per week, LCS consumption
was associated with higher BMI (26.9 versus 25.7 kg/m2, p< 0.001), higher waist
circumference (94.0 versus 92.4 cm, p= 0.005), higher visceral fat (140 versus 133 cm?, p=
0.05), and higher HOMA-IR (geometric means: 2.8 versus 2.5, p= 0.02). LCS consumers
with three or more servings/week were more likely to have hypertension (odds ratio (OR) =
1.6, 95% confidence interval (CI): 1.1- 2.3, p= 0.01), diabetes (OR = 3.0, 95% ClI: 2.1-4.3,
p<0.001), and high cholesterol (OR = 1.5, 95% CI: 1.0-2.1, p= 0.03). As shown in Table
3, findings were similar when LCS intake was assessed as packet equivalents (three or more
diet sodas per week or equivalent in LCS packets (18 packets per week)); odds of
cardiometabolic risk factors were of much greater magnitude when the LCS intake from diet
sodas and packets was equalized, particularly for waist circumference and visceral fat.

Discussion

Nearly a quarter of middle-aged and older South Asians living in the US reported LCS
consumption, and consumption was positively associated with the length of residency in the
US. Consistent with prior reports (Sylvetsky et al., 2017), LCS consumption was higher
among participants with obesity, hypertension, diabetes, and high cholesterol.

The associations with obesity may be explained by reverse causality, in that individuals who
are already obese or who are gaining weight may consume LCS as a weight management
approach (Drewnowski and Rehm, 2016). However, the role of LCS in weight management
has been debated (Mattes, 2016) and various mechanisms have been proposed to explain the
link between LCS and obesity (Pepino, 2015). In a recent meta-analysis of randomized
controlled trials, the substitution of sucrose with aspartame, primarily in the context of
intensive behavioral weight loss interventions, resulted in a modest reduction of energy
intake and body weight (Rogers et al., 2015). Prospective cohort studies have indicated a
higher risk of obesity and chronic diseases among LCS consumers, and LCS were shown to
induce weight gain and metabolic dysregulation in rodent models (Fowler, 2016).
Additionally, acute LCS exposure has been reported to increase glucose and insulin levels
during oral glucose tolerance tests; however, associations between LCS consumption and
weight or cardiometabolic risk have yet to be determined (Pepino et al., 2013). Based on this
discrepancy between the observational and interventional studies, it is likely that reverse
causality may only partially explain our findings.

LCS intakes in South Asians were lower than the general US population (Sylvetsky et al.,
2017), and the majority intake of LCS was from LCS packets in this cohort, whereas LCS
beverages such as diet soda have been reported as the primary source of LCS in the general
US population (Sylvetsky and Rother, 2016; Sylvetsky et al., 2012). This may be attributed
to the fact that soft drinks are less of a part of a traditional South Asian diet (Raj et al.,
1999). Our findings also demonstrated increased LCS consumption with longer residency in
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the US, suggesting that LCS intake may be associated with the transition to a Western-style
diet after immigrating to America.

While most studies report higher prevalence of LCS consumption among women and more
educated individuals, in the MASALA cohort, men had a higher prevalence of LCS
consumption than women with no differences in LCS consumption across educational
attainment. This may be because of higher prevalence of diabetes, hypertension, and high
cholesterol among men in this cohort (data not shown), as those at risk for cardiometabolic
complications may choose to consume diet soda as a means of lowering their sugar and/or
calorie intake. It is also important to note that the majority of participants (88%) in this
cohort had a bachelor’s degree or higher, which may explain the lack of difference across
education levels. Consistent with reports using National Health and Nutrition Examination
Survey (NHANES) data (Sylvetsky et al., 2012, 2017), older age, a higher family income,
higher BMI, and the presence of diabetes were associated with LCS consumption in this
South Asian sample.

Our study comprises a large community-based sample of South Asians with similar
socioeconomic characteristics to the South Asian population in the US. The limitations of
this study include the use of a cross-sectional design, meaning that no causal relationships
can be concluded. While our FFQ was developed and validated for South Asians living in
North America, we were limited by the lack of detailed information on foods containing
LCS on the FFQ. Only prevalence of LCS packets and diet soda consumption were
evaluated, which may underestimate LCS use. Another limitation is that long-term exposure
to LCS may also be associated with cardiometabolic risk, but could not be estimated in this
study (Reid et al., 2016). Most participants in the MASALA cohort reported Asian Indian
ethnicity, were mostly middle-aged and older, and were well-educated, with higher
socioeconomic status (SES); therefore, our LCS-use findings cannot be generalized to
younger South Asians and those from other diaspora countries.

LCS consumption is prevalent among South Asians and is most common among individuals
with cardiometabolic diseases. Our cross-sectional findings concur with a large body of
epidemiologic literature linking LCS to a variety of unfavorable cardiometabolic outcomes.
Longitudinal investigations are needed to understand the determinants and health
implications of LCS consumption in South Asians, as whether LCS are effective in reducing
the burden of chronic disease in already metabolically vulnerable South Asian individuals is
currently unknown. Additionally, interventional studies investigating the effects of repeated
LCS consumption on cardiometabolic health, specifically in this high-risk South Asian
population, are needed.

The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of
this article: The MASALA study was supported by the National Institutes of Health (grant number 1R01-
HL-093009) and body composition measurements were supported by grant K24HL112827. Data collection at
University of California San Francisco (UCSF) was also supported by NIH/NCRR UCSF-CTSI (grant number UL1
RR024131).
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