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Abstract

Objective: To determine if the association between soda consumption and obesity

is uniform among Asian-American population subgroups.

Design: We conducted multivariate logistic regression analyses on odds of being

obese among seven Asian subgroups and by place of birth using data from the

2009 California Health Interview Survey.

Setting: An omnibus population-based health survey.

Subjects: Non-institutionalized adults, aged 18 years or over, residing in California

(n 36 271).

Results: Despite low levels of soda consumption in several Asian-American ethnic

groups, soda consumption increased the odds of being obese among Chinese,

Koreans and Other Asians but not for Whites. Obesity risk varied across Asian

subgroups and by place of birth within these subgroups.

Conclusions: More public health efforts addressing soda consumption in Asian-

American communities are needed as a strategy for not only preventing chronic

diseases but also disparities, considering the varying levels of soda intake across Keywords
subgroups. Results support the growing body of literature critiquing acculturation Obesity
theory in immigrant health research by documenting inconsistent findings by Soda
place of birth. Future research should take into account the heterogeneity among Asian
Asian Americans to advance our understanding of health outcomes and disparities. Acculturation

Obesity is a critical public health problem in the USA"™.
Trends have documented increases in obesity levels across
all racial and ethnic groups in the last few decades®®.
Over a third (35-7%) of the adult population is now
considered obese® and obesity is associated with a wide
range of adverse consequences ranging from low
self-esteem™ to type 2 diabetes, heart disease and some
cancers™”,

The aetiology of obesity is multifaceted and comprises a
complex web of factors’”’. However, much of the public
health efforts have focused on improving the two primary
components of energy balance, dietary intake and physical
activity'®. In recent years there has been burgeoning
interest in the role of sugar-sweetened beverages (SSB) as
a critical factor in the obesity epidemic®™" considering
they are the main source of added sugar in the US
diet”'?. SSB (e.g. sodas, fruit juices and energy drinks)
with energy-containing sweeteners, such as sucrose, high-
fructose corn syrup or added fruit juice concentrates, are
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characterized as ‘liquid candy’ and are considered risk
factors for obesity, having replaced more nutritious
beverages including milk, 100 % fruit juice and water®'?,
Also, studies have shown that drinking soda, for example,
is associated with increased consumption of energy-dense
snacks, particularly sweet food items, as researchers posit
that the sugary drink increases cravings for sweet food'* .
Additionally, people do not report feeling as full as they
would have if they consumed the same amount of energy
through food and are therefore less likely to compensate
their food intake to account for the energy consumed
through the beverage®'>.

Racial/ethnic disparities in obesity have been widely
documented® with Latinos and Blacks having higher rates
than Whites*®. Yet, there is a dearth of research looking at
disparities in obesity risk via SSB consumption. A limited
number of studies have assessed how SSB consumption
varies by sociodemographic characteristics”"'* and found
that rates are higher among Blacks, Latinos"”” and people
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who have lower income and lower levels of education®'?,

The present study aims to help fill the gap in the literature
by focusing on SSB consumption and obesity levels
among Asian Americans, an understudied group in obesity
research. Studies are calling for more research on obesity
risk factors among Asians'®?? because, although Asian
Americans have lower obesity rates than other racial/ethnic
groups(20'23), rates have been increasing over time' 2V,
Moreover, Asians constitute the fastest-growing racial group
in the USA and the largest proportion of recent immi-
grants®? and findings suggest that Asians may be suscep-
tible to obesity-related chronic diseases at lower BMI levels
than Whites®=”.,

An existing limitation in public health research among
Asian Americans is the tendency to aggregate data such
that they are analysed and discussed as one group
(collapsing a heterogeneous group including East Asian
Americans and South Asian Americans or US-born and
foreign-born Asians). This approach disguises disparities
between and within groups that other research has
noted18:21.25.26)

Given the large proportion of immigrants among Asian
Americans, we were motivated by studies critiquing the
overemphasis on negative acculturation effect, which posits
that immigrants come to the USA with superior health
behaviours that then worsen over time and among
subsequent generations, in immigrant health research®?.
Specifically, we attempted to illustrate that there are indeed
mixed findings not only by Asian-American subgroups in
general, but also by place of birth, to help build the growing
body of literature challenging the conventional approach of
acculturation theory®**”. Thus, the purpose of the current
study was to provide preliminary analyses examining the
association between SSB (specifically soda) consumption
and obesity risk among various Asian-American subgroups
and by place of birth. The hope was to determine if the
deleterious effects of soda are uniform across groups and
if they vary by place of birth for individuals of the same
Asian-American subgroup.

Methods

Data source

The present study used data from the 2009 Adult California
Health Interview Survey (CHIS), a cross-sectional survey of
California adults (aged 18 years or over) conducted
between September 2009 and April 2010. The CHIS used a
multistage sample design aimed to be representative of the
household-dwelling California adult population as well as
to provide estimates for the state’s major racial and ethnic
subgroups. Using random digit dialling, households were
contacted and a random adult within the household
was selected to participate in the CHIS. The CHIS was
administered in English, Spanish, Mandarin, Cantonese,

Vietnamese and Korean wusing a computer-assisted
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telephone interviewing system. The CHIS includes replicate
weights and adjustments to account for differential selection
probabilities, non-response bias and stratification®”, CHIS
data used in the present study were de-identified and pub-
licly available, thus not requiring approval by an institutional
review board. The original study was conducted with insti-
tutional review board approval through the University of
California, Los Angeles and using verbal consent.

While more recent versions of the CHIS have been
conducted, CHIS 2009 was selected because it included a
targeted oversample of Korean-American and Vietnamese-
American individuals, which was not conducted in
subsequent years®®.

Overall, 47 614 adults completed the survey and missing
data were imputed using hot deck imputation by the
CHIS™. For the present study the sample was restricted
to the 36271 respondents who identified as non-Latino
White or Asian. In all, 31 167 respondents were non-Latino
White and 5104 were Asian American (specifically
1065 Chinese, 428 Japanese, 958 Korean, 507 Filipino,
420 South Asian, 1423 Vietnamese, and 303 were from
other Asian-American subgroups).

Variables

The independent variable of interest was soda consump-
tion. Respondents were asked: ‘During the past month, how
often did you drink soda or pop that contains sugar? Do not
include diet soda.” Respondents indicated how many times
in the past month they drank soda. For the current study,
a CHIS-constructed variable that converted this to times
per week, by dividing the month value by 30 to convert to
times for day and multiplying by 7, was used. The CHIS
flagged, removed and imputed seven cases that had daily
soda consumption of eight or more times®”.

The main predictors of interest were Asian-American
identity and place of birth. Asian-American identity was
broken down into seven national- and regional-origin
subgroups: Chinese, Japanese, Korean, Filipino, South
Asian, Vietnamese and Other Asian. This latter category
included individuals who identified as South-East Asians
or with two or more Asian subgroups. For some analyses,
individuals identifying as non-Latino White were used as
the reference group. Place of birth was measured as
US-born v. foreign-born, with US-born individuals serving
as the reference group.

The main outcome of interest was obesity (i.e. BMI
greater than or equal to 30kg/m*“?”. Gender, age,
income and years of education were included as control
variables. Males served as the reference group for gender.
Age was measured continuously, but all ages above
85 years were top coded to age 85 years in the CHIS.
Income was measured as annual household income in
thousands of US dollars. The CHIS top coded all responses
greater than $US 300000, as $US 300000. Years of educa-
tion were originally coded into broad categories: no formal
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Table 2 Logistic regression predicting obesity from soda consump-
tion and ethnicity among non-institutionalized adults aged 18 years
or over, California Health Interview Survey 2009 (n 36 271)

Variable AOR* 95% Cl
Number of times drink soda per weekt 1.00 0-99, 1-02
Ethnicityt
White Ref.
Chinese American 0-11 0.07, 017
Japanese American 0-58 0-35, 0-94
Korean American 011 0.-06, 0-22
Filipino American 0-62 0-38, 1-02
South Asian American 0-22 0-14, 0-33
Viethamese American 0-21 0-13, 0-35
Other Asian American 0-27 0-12, 0-61
Asian heritage group by soda interaction§
Chinese American x soda 1.22 1.09, 1.37
Japanese American x soda 1.04 0.95, 1-14
Korean American x soda 1.22 1.01, 146
Filipino American x soda 097 0-86, 1-09
South Asian American x soda 1.00 0-88, 1-14
Vietnamese American x soda 0-99 088, 1-13
Other Asian American x soda 119 1.03, 1-38
Sociodemographic characteristics
Gender

Male Ref.

Female 073 0-66, 0-80
Age (years) 1.01 1.00, 1-01
Years of education 0-94 092, 0.97
Annual household income ($US, thousands) 1.00 1.00, 1-00

F P value
Test for interaction 2:82 0-0118
Hosmer—Lemeshow Goodness of Fit statistic 047 0-8868

AOR, adjusted OR,; ref., reference category.

Significant AOR and 95 % CI denoted in bold.

*Adjusted for gender, age, years of education and income.

tRepresents the effect of each additional soda consumed for Whites.
FRepresents the odds of being obese for each ethnic-origin group, relative to
Whites and soda consumption of zero times per week.

§Represents the difference in the effect of each additional soda consumed
for Asian-American subgroup, relative to Whites.

race by soda consumption interaction, while controlling
for demographic characteristics. With the exception of
Filipino Americans, all subgroups had lower odds of
obesity relative to non-Latino Whites when soda con-
sumption was equal to zero (P<0-05). The soda con-
sumption term in the model reveals that soda consumption
was not associated with odds of obesity among non-Latino
Whites (adjusted OR (AOR)=1-00; 95% CI 0-99, 1-02).
However, each additional time soda was consumed in
a week was associated with increased odds of obesity
among Chinese Americans (AOR=1-22; 95% CI 1-09,
1-37), Korean Americans (AOR=1-21; 95% CI 1-02, 1-46)
and Other Asian Americans (AOR=1-19; 95% CI 1-04,
1-39; these AOR are not shown in Table 2). Overall, there
was a significant interaction between soda consumption
and race/ethnicity (P=0-0118). Specifically, soda con-
sumption had a larger obesogenic impact among Chinese-
American, Korean-American and Other Asian-American
groups, relative to non-Latino Whites (£ <0-05). Female
gender (AOR=0-73; 95% CI 0-66, 0-80), each additional
year of education (AOR=0-94; 95% CI 0-92, 0-97) and
each additional thousand US dollars in annual household
income (AOR=1-00; 95% CI 1-00, 1-00) were associated
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with lower odds of obesity. The HLGOF statistic showed
that the model fit the data reasonably well (P=0-89).

Figure 1 visually depicts the findings from analyses
shown in Table 2. Here we see that the predicted prob-
ability of obesity is fairly constant for most ethnic groups,
irrespective of soda consumption. However, predicted
probability of obesity increases with soda consumption for
Chinese Americans, Korean Americans and Other Asian
Americans.

Relationship between soda consumption and odds
of being obese by Asian subgroup and place of birth
Table 3 shows stratified logistic regression models
predicting obesity from place of birth, obesity from soda
consumption and the place of birth by soda consumption
interaction, while controlling for demographic character-
istics. Foreign-born Chinese Americans and Korean
Americans had lower odds of obesity than their US-born
counterparts when soda consumption was equal to zero
(P<0-05). The soda consumption term in each model
reveals that, among individuals born in the USA, each
additional time soda was consumed in a week was
associated with increased odds of obesity among
Vietnamese Americans (AOR=1-22; 95% CI 1-04, 1-44)
and Other Asian Americans (AOR=1-44; 95% CI 1-18,
1-76). Among individuals born outside the USA, each
additional time soda was consumed in a week was
associated with increased odds of obesity among
Chinese Americans (AOR=1-27; 95% CI 1-08, 1-48),
Japanese Americans (AOR=1-15; 95% CI 1-06, 1-25) and
Korean Americans (AOR=1-81; 95% CI 1-20, 2-74; these
AOR are not shown in Table 3). There was a significant
interaction between place of birth and soda consumption
for Japanese Americans, Viethamese Americans and Other
Asian Americans (P <0-05). Specifically, there was a greater
impact of soda consumption on the odds of being obese
among foreign-born Japanese Americans in comparison to
their US-born peers. Conversely, there was a smaller impact
of soda consumption on obesity risk among foreign-born
Vietnamese Americans and Other Asian Americans, relative
to each group’s US-born counterparts. Across models,
sociodemographic characteristics were not consistently
associated with odds of being obese. Overall, the HLGOF
statistics suggested that model fit was poor.

Discussion

In recent years, there has been growing interest in reducing
consumption of SSB, or ‘empty liquid calories®,

strategy for reducing obesity levels. The current study is
one of the first, to the authors’ knowledge, that examines

as a

soda consumption among Asian-American subgroups and
by place of birth in California, the state with the largest
proportion of immigrants**. While we examined other SSB
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Table 3 Logistic regression predicting obesity from soda consumption and place of birth by ethnicity among non-institutionalized adults aged 18 years or over, California Health Interview Survey 2009 (n 36 271)

White Chinese American Japanese American Korean American Filipino American South Asian American Vietnamese American Other Asian American
(n 31 167) (n 1065) (n 428) (n 958) (n 507) (n 420) (n 1423) (n 303)

Variable AOR* 95%Cl  AOR* 95% Cl  AOR* 95% ClI AOR* 95%Cl AOR* 95% ClI AOR* 95% ClI AOR* 95% ClI AOR* 95% ClI
Number of times drink soda per weekt 1.00 0-99, 1-02 114 0-97, 1-33 1.01 0-91, 1-11 145 078,272 098 0-78, 1-23 0-95 0-63, 1-43 1.22 1.04, 144 144 118, 1.76
Place of birth

US-born Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Foreign-born} 076 050,115 019 0.06,056 045 0-16, 126 009 0.02, 058 045 0-14,1.45 2.07 0-23, 18-68 0-83 0-15, 4.50 2.57 0-22, 30-22
Place of birth by soda interaction

US-born x soda Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Foreign-born x soda 095 0.85,1.06 1-11 089,139 115 1.02, 129 125 062,250 097 076, 124 1.09 072, 1-65 0-65 047, 0-.92 076 0-60, 0-97
Sociodemographic characteristics

Gender

Male Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Female 072 064,081 038 016,093 071 031,162 125 020,78 133 052, 336 097 0-31, 3-:04 039 0-16, 0-98 0-55 0-07, 413
Age (years) 101 1.00,1.01 1.03 1.00,1.05 099 0-96, 1-02 106 1.02,1.09 099 0.96, 1-01 1.02 099, 1.05 1.00 097, 1.04 1.02 0-96, 1-09
Years of education 094 092,096 104 095 114 089 0.76, 1.04 145 112,189 1.02 082, 1.26 0-92 0-79, 1.08 087 0-76, 1-00 0-84 0-66, 1-07
Annual household income ($US, thousands) 1-00 1.00,1-00 1.00 099,100 100 0-99, 1-01 1.00 099,101 099 098, 1-00 1.00 0-99, 1-01 1.00 0-99, 1-00 0-99 0-93, 1-01

P value P-value P-value P value P value P value P value P value
Hosmer-Lemeshow Goodness of Fit statistic 0-0070 <0-0001 0-5401 <0-0001 0-0001 <0-0001 <0-0001 <0-0001

AOR, adjusted OR,; ref., reference category.

*Significant AOR and 95 % CI denoted in bold.

TRepresents the effect of each additional soda consumed for US-born individuals.

FRepresents the odds of being obese for foreign-born individuals, relative to US-born individuals and soda consumption of zero times per week.
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Fig. 1 (colour online) Predicted probability of obesity according to soda consumption and ethnicity (——, White; - - - -, Japanese
American; , Filipino American; ------- , Viethamese American; ——-, Chinese American; ------, Korean American; , South
Asian American; -------, Other Asian American) among non-institutionalized adults aged 18 years or over, California Health Interview

Survey 2009 (n 36 271)

(i.e. energy/sports drinks and fruit-flavoured drinks), there
were no significant interactions between Asian-American
subgroups and SSB consumption when compared with
Whites, suggesting that this relationship may be unique
to soda.

Our findings are consistent with published literature,
albeit limited, that obesity levels are lower among Asian
Americans in comparison to Whites 1212030, However,
the disaggregation of the Asian-American category into
national- and regional-origin subgroups helped elucidate
the heterogeneity and disparities across groups. Namely,
we found that Japanese-American respondents had the
highest rates of obesity whereas Chinese Americans had
the lowest. These findings, in conjunction with trends
documenting increasing rates of obesity among Asian
Americans?'? emphasize the need for more obesity
prevention efforts in these communities and the need to
better understand and address the differences in health
behaviours and trends within these groups"?*"*". While
there are a number of potential factors driving differences
between Asian Americans (i.e. fraction of foreign-born,
obesity rates in home country, inhabiting enclaves in the
USA and socio-economic differences), these effects cannot
be teased apart in the present study because we do not
know enough about the immigration experiences of
respondents or the social and physical environments that
they occupy in the USA.

With regard to soda intake, we found that levels are
generally low and that all Asian-American subgroups, with
the exception of Filipinos, reported drinking soda less often
than Whites. This finding is consistent with a prior study
that disaggregated Asian-American subgroups and found
that Filipinos had a higher rate of engaging in obesity-
related dietary risk factors than other subgroups”"3V.
That study(19’21’3 b however, focused on adolescents. Thus,
the current study adds to the literature on obesity and dis-
parities by focusing on variations in soda intake and across
subgroups among Asian-American adults.
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When we extended the analyses to look at this rela-
tionship in terms of the odds of being obese, our study
highlighted the unique role soda may play in increasing
disparities in obesity rates in Asian-American communities.
Namely, the results demonstrated that for each additional
time soda was consumed, there was an increased like-
lihood of being obese among some subgroups; a rela-
tionship that did not hold true among Whites. These
results suggest that efforts to decrease soda consumption
among Asian Americans may have more of an effect in
reducing obesity rates than among Whites. Or stated dif-
ferently, the lack of attention on soda consumption among
Asian Americans is a missed opportunity to reduce current
and prevent future increased levels of obesity. Moreover,
the disaggregation of subgroups elucidated interesting
differences. Namely, soda consumption among
Chinese and Korean and Other Asian Americans had more
of an impact on the odds of being obese, relative to
Whites. These findings extend previous studies that
found varying health behaviours across Asian-American
subgroups'”*” by showing that behaviours can also
have different impacts on health outcomes across
subgroups.

Considering that Asians comprise the fastest-growing
group of immigrants, another focus of our study was to
delineate the effects of this relationship by respondent’s
place of birth. Our findings, similar to other studies %,
support the growing idea that immigrant health research
must recognize that patterns are far from yielding a clear
and consistent story***®. For example, the odds of obesity
were lower among foreign-born Chinese Americans and
Korean Americans, relative to their US-born peers. This
finding is supported by the negative acculturation effect
positing that health behaviours and outcomes are better
among foreign-born immigrants and deteriorate among
subsequent generations including those born in the USA.
However, the impact of soda consumption on obesity
complicates this picture. Namely, soda consumption had a
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diminished obesogenic impact among foreign-born Viet-
namese Americans and Other Asian Americans, relative to
US-born respondents from those subgroups, while being
foreign-born had an increased obsesogenic impact, rela-
tive to their US-born peers. In other words, the results
support the call for a research agenda on immigrant
health that recognizes the diverse cultural and political
contexts immigrants originate from, as well as the
heterogeneity of socio-economic and health profiles
among immigrants from the same sending country that
may help explain variation in health behaviours and
health outcomes###7333%

These mixed findings are consistent with other studies
and serve as preliminary analyses on a topic that merits
future research efforts. Moreover, the lack of statistically
significant differences within most of the subgroups by
place of birth emphasizes the need for a more compre-
hensive approach towards studying immigrant health that
takes into consideration trends in the sending contexts. For
example, the nutrition transition, in which people are
already adopting what is characterized as the ‘Western
lifestyle’ within their own countries pre—migration(ZZ), is
one of many factors that may help explain the lack of
consistent findings on dietary behaviours and obesity risk
among groups in the USA.

Limitations

A limitation of the current study is the main measures of
interest. Namely, soda intake and obesity are based on
self-reported measures that may be biased. Also, the soda
measure does not capture the servings consumed, thereby
undermining our ability to ascertain the actual energy
content being consumed. However, the authors used this
measure as has been done in published studies”'”.
In addition, the current study is cross-sectional and
therefore cannot infer causality between the two main
variables of interest. Moreover, one may also argue that
the relationship is one of reverse causality, namely that
obesity increases one’s likelihood of drinking more soda.
Although the study advances the literature on obesity risk
factors among an understudied population, CHIS does not
provide subgroup information for all Asian ethnicities or
subgroups in their public-use file. Also, some of these
groups are too small to analyse independently. An
example of this is the ‘Other Asian’ group, which includes
many smaller Asian-American subgroups and those who
identify with more than one Asian-American subgroup. As
a result, conclusions and generalizations about this group
cannot be made. Furthermore, the CHIS does not collect
data in all Asian languages, rendering it less representative
of some Asian-American subgroups. Also, while the
HLGOF has limitations when examining rare outcomes*>’
(outcome occurs less than 10% of the time), the results
of the HLGOF test showed that analyses in Table 3 did not
fit the data particularly well. As a result, these findings
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should be interpreted cautiously. Lastly, CHIS is
representative of the adult population in California;
therefore the authors caution readers from extrapolating
the findings to Asian-American subgroups in other
states.

Conclusion

Albeit limited, the current study echoes the mixed findings
reported elsewhere when Asian subgroups are dis-
aggregated'”*?_ The limited body of knowledge on this
topic undermines our ability to contextualize our findings.
Therefore it is our hope that the present study will moti-
vate future research on health behaviours and outcomes
to further pursue the disaggregation of Asian-American
subgroups, as others have called for®®, thereby
acknowledging the different experiences, norms, beha-
viours and socio-economic profiles among immigrant
groups®?. These are crucial steps for advancing our
understanding and approaches in immigrant and dis-
parities research.

In addition, the findings of the study identify soda
consumption as a risk factor that may be contributing
to the increasing rates of obesity among some
Asian-American subgroups. Moreover, the results identify
certain subgroups at a higher risk of obesity via soda
consumption. The current study underscores the need for
more focused multilevel public health efforts, including
health education, social marketing and improving the built
environment, to reduce the level of soda consumption in
Asian-American communities.
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