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Sugar-sweetened beverage (SSB) consumption is decreasing nationally, yet intakes remain high in certain subpopulations as new varieties of SSBs are introduced. This study aims to expand on SSB intake patterns among
adults living in Appalachia to develop policy, systems, and environmental (PSE) interventions to reduce con
sumption. Baseline cohort surveys were conducted to examine beverage consumption patterns of adults in one
rural Appalachian county in Kentucky using a validated BEVQ-15 instrument. Ages were collapsed into three
generational groups – Millennials (22–38 years), Generation X (39–54 years), and Boomers/Silents (≥55 years).
Over half (n = 81; 54%) of the sample (n = 150) were Boomers/Silents. Age was a significant predictor of SSB
consumption, with Millennials drinking more daily calories of SSB compared to older adults (329.2 kcal v 157.0
kcal v 134.6 kcal, p = 0.05); a significant amount of those calories coming from non-soda SSBs. Millennials were
twice as likely to drink sweetened fruit juice drinks (p = 0.0002) and energy drinks (p = 0.01) daily and
consumed six times more daily calories from sweetened fruit juice drinks than the other groups (73.5 kcal v 11.1
kcal v 8.0 kcal, p < 0.01). To our knowledge, this is the first study to show beverage choices and consumption
patterns in Appalachian adults vary by age and non-soda SSBs are significant sources of added sugar. These
findings inform PSE interventions for reducing SSB consumption, such as tailored marketing approaches and
technology-based strategies, within a unique setting, and offer insight for nutrition educators and public health
professionals working within rural, remote communities.

1. Introduction
Sugar-sweetened beverages (SSBs) are the largest contributor of
added sugars in the United States (U.S.) and high SSB consumption is
associated with increased obesity risk for adults of all ages (Malik et al.,
2006; Popkin & Hawkes, 2016). Evidence indicates adult SSB con
sumption is declining in the U.S. (Han & Powell, 2013; Rehm et al.,
2016); however, recent reports suggest certain sub-populations are
seeking new sources of SSBs as they emerge in the marketplace (Ver
cammen et al., 2020). Specifically, the trends in SSBs have changed
across race, ethnicity, and socioeconomic status (Vercammen et al.,
2020), in addition to an upward trend in consumption of non-soda SSBs,
such as sweetened fruit juice drinks, coffees, and energy drinks (Park
et al., 2015). Among rural locations, there is an increase in the amount of
shelf space dedicated to these types of beverages which can exacerbate
health disparities and poor health outcomes (Park et al., 2015).

Numerous factors may explain why certain populations consume
more SSBs relative to others: food environment, price, marketing and
advertising, clean drinking water, cultural norms, employment status,
income, and education (Blecher et al., 2017; Gesualdo & Yanovitzky,
2019; Onufrak et al., 2014; Park et al., 2016). Specifically, age group
comparisons reveal younger to middle-aged adults consume consistently
high levels of SSB compared to older adults (Han & Powell, 2013;
Imoisili et al., 2020). This may be due to exposure, marketing, accessi
bility, and affordability of high caloric beverages at a pivotal age
(Sharkey et al., 2011), yet exact causal mechanisms in specific pop
ulations have yet to be determined.
Adults in Appalachia consume more than three times the national
average of SSBs per day (Zoellner et al., 2012), with a limited explora
tion of the types of SSBs contributing to added sugar consumption
among various ages of adults (Yuhas et al., 2020). This underscores both
the significance of this public health problem and the need to further
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examine this disparity. Those in rural communities, like most of the
Appalachian region, have higher consumption of SSBs than their urban
counterparts (Sharkey et al., 2011). High SSB consumption is endemic
among younger adults of lower incomes in rural areas with limited ed
ucation and higher household food insecurity (Park et al., 2016; Rehm
et al., 2008; Sharkey et al., 2011). A new approach is warranted, rather
than individual-level interventions, to address system level structures
encouraging SSB consumption. As noted by Kumanyika, an equityoriented framework may be particularly appropriate when designing
obesity interventions in socially disadvantaged populations, including
SSB consumption interventions in rural settings (Kumanyika, 2019).
Policy, systems, and environmental (PSE) strategies have shown to be a
viable approach, creating sustainable impacts to improve health out
comes (Haynes-Maslow et al., 2019). In some communities, PSE stra
tegies have reduced adult SSB consumption (Molitor & Doerr, 2020);
however, many of these approaches have not been applied or studied in
rural, Appalachian settings. With this lack of knowledge, it is difficult to
design and implement PSE interventions, programs, and policies to curb
sugar intake.
Current literature lacks an understanding of the types of SSBs being
consumed among Appalachian adults, a priority health disparate pop
ulation. Therefore, the primary aim of this study is to fill this gap with an
understanding of SSB choices, intakes, and unique consumption patterns
in adults of different generations living in one rural, Appalachian com
munity in order to develop culturally responsive PSE interventions.

2.2. Beverage intakes
A validated instrument, the Beverage Intake Questionnaire (BEVQ15) (Fausnacht et al., 2020; Hedrick et al., 2012), was used to assess
habitual beverage intakes of participants. The questionnaire asked about
participant beverage choices over the last month, including how often
they consumed 15 beverages and how much they consumed each time.
Consumption frequency and amount was asked about the following:
bottled water, tap water, 100% fruit juice, sweetened juice including
fruit juice and juice cocktail, whole milk 2% milk or chocolate milk, lowfat or fat free milk, nut or soy milks, regular soft drinks, energy drinks,
diet soft drinks or artificially sweetened drinks, sweet tea with sugar,
black coffee or tea, coffee or tea with cream and/or sugar, and any
alcohol including beer, wine, or hard liquor. Daily SSB kilocalories
(calories) and grams were calculated using validated equations (Hedrick
et al., 2012).
2.3. Analysis
Data were entered into REDCap (Vanderbilt University, Nashville,
TN, USA) and verified by trained study personnel to minimize data entry
errors. Data were exported and analyses conducted using SAS 9.4 (SAS
Institute, Cary, NC, USA). For all analyses, significance was set at p <
0.05. Demographics were compared using Chi-square test except for
race which used Fishers Exact test. Since the distributions of all daily
total beverage intake variables were not normally distributed and many
participants reported no daily intake of some beverage types, variable
analysis of variance models were run on square-root transformed values.
Reported values and confidence intervals are reported in the original
units. Pairwise comparisons were adjusted for multiple comparison
using Tukey’s method.

2. Materials and methods
This study is part of a High Obesity Program project funded through
the Centers for Disease Control and Prevention to reduce obesity in
partnership with local Cooperative Extension Service offices. A
community-based prospective cohort design was used to examine
behavior change over time; here we report baseline findings. The com
plete study methodology and design is published elsewhere (DeWitt
et al., 2020). All enrolled participants provided written informed con
sent prior to survey administration. The University of Kentucky Insti
tutional Review Board approved this study.
The setting for this study is Martin County, a rural county located in
Eastern Kentucky within the Central Appalachian region. Martin County
experiences persistent poverty, high rates of food insecurity, low
educational attainment, and low quality of life. The median household
income from 2015 to 2019 was approximately $41,013, with an esti
mated 34.4% of the population living in poverty. The county population
is roughly 11,200, a decline of 13% from April 2010 and July 2019 with
currently 17.1% of adults ≥ 65 years of age (Census, 2020). Our sample
is comparable to other communities in the Appalachian region of Ken
tucky and the larger Central Appalachian region with limited household
incomes ($36,412 and $36,993, respectively), persistent poverty (25.3%
and 23.8%), aging populations ≥ 65 years (17.8% and 18.8%), and small
populations that have steadily declined in the last 10 years (Pollard and
Jacobsen, 2020).

3. Results
Demographic characteristics of the sample (n = 150) are outlined in
Table 1. The total sample was 66% female (n = 99) with a median age of
56 years. Over half of the study sample were Boomers/Silents (ages
55–84; n = 81; 54%). A significant difference was observed in educa
tional attainment, with Gen Xers more likely to have a high school or
post-high school education (p = 0.03) (Table 1). There were no statis
tically significant differences in gender, race, or household income be
tween generational groups.
Among the youngest adults, total beverage intakes accounted for
Table 1
Demographic characteristics of cohort study participants, Martin County, KY (n
= 150).

Age
(median, range, in
years)
Gender
Male
Female
Race
White
Non-white
Education
Less than high
school
High school
graduate
Post high school
Household Income
<$20,000
>$20,000

2.1. Demographics
Age was obtained and coded into three generational-based groups:
Millennials (22–38 years old), Generation X (Gen Xers) (39–54 years
old) and Boomers/Silents (≥55 years) to improve sample distribution
and align with previous studies (Imoisili et al., 2020; Park et al., 2016).
Since two participants did not provide their age, 150 participants
comprise the sample. Other demographics included gender, race, edu
cation, and household income. Income categories were collapsed into
less than $20,000 and more than $20,000 due to sparsity of data within
higher income categories. Similarly, educational levels were collapsed
due to a sparsity of data above the high school level.

Millennials
(n = 21)
n (%)

Gen Xers
(n = 48)
n (%)

Boomers/Silents
(n = 81)
n (%)

27 (22–38)

47
(39–54)

66 (55–84)

8 (38.1)
13 (61.9)

19 (39.6)
29 (60.4)

24 (29.6)
57 (70.4)

21 (1 0 0)
0 (0)

46 (95.8)
2 (4.2)

81 (1 0 0)
0 (0)

8 (38.1)
8 (38.1)
5 (23.8)

14 (29.2)
18 (37.5)
16 (33.3)

43 (53.1)
28 (34.6)
10 (12.3)

14 (70.0)
6 (30.0)

24 (51.1)
23 (48.9)

51 (63.8)
29 (36.3)
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689.3 daily calories on average (95% CI: 4.9738, 911.9). In the older
adult groups, beverages accounted for 370.7 daily calories (95% CI:
277.1, 478.0) for Gen Xers and 366.1 daily calories (95% CI: 293.3,
446.9) for Boomers/Silent adults (p = 0.005). Similarly, total SSB intake
for Millennials was 329.2 daily calories (95% CI: 217.0, 464.8) which
was significantly higher than the daily SSB intake for Gen Xers and
Boomers/Silent adults (157.0 kcal, 95% CI: 105.5, 218.7 and 134.6 kcal,
95% CI: 97.3, 177.9, respectively) (p = 0.004). Pairwise comparisons
show no significant differences between the two older generational
groups, p’s > 0.80. However, both Gen Xers and Boomers/Silent
consume significantly fewer beverages and in turn SSB than Millennials
(adj p’s < 0.05) (Table 2). Total beverage intakes are reported in
Table 2.
Primary SSB sources include regular soda, sweetened fruit juice
drinks, sweet tea, coffee with cream and sugar, and energy drinks. For
the entire sample, approximately 58% of beverage calories came from
regular soda and 19% from sweetened fruit juice drinks. However, when
examining the types of SSB beverages consumed by generational cate
gory, Millennials are over twice as likely to consume sweetened fruit
juice drinks (p = 0.0002) and energy drinks (p = 0.01) daily than either
Gen Xers or Boomers/Silent adults. Millennials also consume six times
more daily calories from sweetened fruit juice drinks than Gen Xers or
Boomers/Silents (73.5 calories vs. 11.1 calories vs. 8.0 calories, p <
0.01). Water and milk intakes were analyzed by age group with no
significant findings.

energy drinks than older adults. For rural communities, sweetened fruit
juice drinks and energy drinks are relatively new as significant sources
of added sugar in the diet (Yuhas et al., 2020). Sweetened fruit juice
drinks, specifically, are an emerging source of sugar and calories in the
diet among children, impacting beverage choices into adulthood (Lee
et al., 2021). Thus, research needs to continue to examine types of SSBs
being consumed in rural environments to apply tailored PSE approaches
to reduce consumption.
With a better understanding of adults’ beverage consumption pat
terns within rural communities, PSE changes can be implemented to
meet food retail and community needs, as we previously noted the
importance of an equity orientation to designing interventions in this
Appalachian population (Cardarelli et al., 2020). Recent work has begun
to examine PSE approaches for reducing rural Appalachian adolescent
SSB consumption, yet few studies have explored community-level PSE
approaches targeting adult behaviors in rural communities. (B. A.
McCormick et al., 2021b). Specifically, our findings suggest non-soda
SSBs should be a focus for these intervention within retail settings.
Innovative in-store marketing and pricing interventions to reduce SSB
consumption, including altered product placement, discounts, or pro
motional marketing, are environmental strategies. In most retail loca
tions, SSBs are displayed in more locations throughout the store
compared to low or no-calorie beverages and decreasing the number of
displays may be efficacious for reducing SSB purchases and consumption
for all ages (Cohen et al., 2018). Lowering the cost of water, increasing
the price of SSBs, either simultaneously or independently, may curb
purchasing habits and maintain or increase business owner profits (Nau
et al., 2018). Recent studies also suggest beverage swaps and other in
centives may persuade customers to trade higher sugar beverages for
ones with low or no calories (Forwood et al., 2015; Juszczyk & Gillison,
2018; Wrieden & Levy, 2016). Alternatively, government jurisdictions
have imposed taxes to curb SSB consumption, yet more research is
needed in smaller, more rural and remote communities, especially those
with poor water infrastructure and quality (Andress et al., 2019; Teng
et al., 2019).
In Appalachia, drinking water quality is a key consideration for
behavior change (Zoellner et al., 2012). Martin County has faced poor
water infrastructure and an ongoing water crisis for decades (Unrine,
2020; Wigginton et al., 2008). Daily water consumption in our study
community (706.3 g) is nearly 40% less than mean daily water intake
(1,167 g) from a national sample (Rosinger et al., 2018), which is not
surprising due to lack of access to safe, affordable water, and residents
may perceive SSBs as a safe alternative. Moreover, the financial burden
of relying on bottled water for consumption is unsustainable in a
persistently impoverished community. Environmental disparities,

4. Discussion
Despite declining SSB consumption trends nationwide, certain pop
ulations and geographic regions do not show these trends (Park et al.,
2015; Vercammen et al., 2020) and may be seeking new SSB sources as
they emerge in the food retail space. Our findings reinforce that the rural
Appalachian region of the U.S. continues to exhibit SSB consumption
significantly higher than the national average (Yuhas et al., 2020) and
echo recent trends of SSB consumption habits among young and middleaged adults in the U.S. (Vercammen et al., 2019). However, a key
distinction in our Appalachian sample relative to other studies is the
contribution of non-soda SSBs to added sugar consumption. Our findings
differentiate consumption patterns among adult age groups, with Mil
lennials consuming significantly more calories daily from non-soda SSB
compared to older adults. Where previous reports have primarily
examined adolescent SSB consumption (Lane et al., 2019; B. McCormick
et al., 2021a) and determined regular soda being the primary source of
SSB within Appalachia (Yuhas et al., 2020), Millennials in our sample
are consuming significantly more sweetened fruit juice drinks and
Table 2
Habitual Beverage Intakes in an Adult Cohort, Martin County, KY

Daily Water (g)
Daily Beverage (kcal)
Daily Beverage (g)
Daily SSB (kcal)
Daily SSB (g)
Daily Milk (kcal)
Daily Milk (g)

Millennials
(n = 21)
Mean
(95% CI)

Gen Xers
(n = 48)
Mean
(95% CI)

Boomers/Silents
(n = 81)

Overall
(n = 150)

Mean
(95% CI)

Mean
(95% CI)

Overall
p-value

621.8
(383.0,918.0)
689.3
(497.8,911.9)
2451
(1929,3035)
329.2
(217.0,464.8)
870.0
(570.5,1232.5)
186.3
(103.4,293.5)
301.6
(168.4,473.2)

747.2
(565.8,953.7)
370.7
(277.1,487.0)
2278
(1939,2644)
157.0
(105.5,218.7)
449.4
(305.8,620.5)
112.3
(68.8,166.4)
186.4
(115.5,274.0)

705.1
(567.5,857.6)
366.1
(293.3,446.9)
2274
(2010,2553)
134.6
(97.3,177.9)
424.9
(315.3,550.8)
110.9
(76.7,151.4)
190.1
(133.5,256.7)

706.3
(604.2,816.4)
406.8
(347.8,470.3)
2299
(2104,2503)
164.2
(132.2,199.7)
485.9
(396.1,584.9)
120.8
(93.8,151.2)
202.9
(158.8,252.4)

0.76

Adjusted
Pairwise p-values
Mill v Gen Xers

Mill v Boomer/
Silents

Gen Xers v
Boomer/
Silents

0.01

0.005

1.00

0.004

0.02

0.003

0.80

0.02

0.04

0.02

0.97

0.005
0.84

0.27
0.32

Sugar-sweetened beverages (SSB); grams (g); kilocalories (kcal); Millennials (Mill).
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centered around poor water infrastructure and the built environment,
emphasize efforts to modify obesogenic behaviors may not simply be an
individual issue. Therefore, environmental health concerns must be
addressed when devising tailored strategies to promote healthy choices,
specifically water instead of SSBs.
Driven by this study’s findings, several PSE approaches for reducing
SSB consumption have been implemented or considered for imple
mentation in Martin County since survey administration. Communitydeveloped in-store marketing tools were designed and installed in five
convenience stores featuring low and no-calorie beverages, with sig
nificant increases in total sales of no-calorie beverages at all locations
over a six-month period (Gillespie et al., 2021). Changes in beverage
purchasing patterns over time in different age groups may be explored to
further understand consumer purchasing behavior and food retailer
preference in this rural community. Further, partnering with food re
tailers within this community to examine purchasing patterns over time
would identify new venues for potential PSE change. Location-based
behavior nudges via smartphone delivery methods are also being
considered, potentially appealing to younger adult audiences. A similar
technology-based approach has been successful in reducing SSB con
sumption among other populations in the Appalachian region (Zoellner
et al., 2021). The impact of these PSE initiatives will be explored at
future time points of our multi-year prospective cohort study.
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important health disparate population. Our findings offer insight for
nutrition educators and other public health professionals striving to
cultivate behavior change in rural, remote communities.
CRediT authorship contribution statement
Heather Norman-Burgdolf: Conceptualization, Formal analysis,
Writing – original draft. Emily DeWitt: Investigation, Writing – original
draft, Project administration. Kathryn M. Cardarelli: Methodology,
Writing – review & editing, Supervision, Funding acquisition. Rachel
Gillespie: Investigation, Writing – review & editing, Data curation.
Stacey Slone: Formal analysis, Resources, Data curation, Writing – re
view & editing. Alison Gustafson: Writing – review & editing, Meth
odology, Supervision, Project administration, Funding acquisition.
Declaration of Competing Interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
4

Downloaded for Anonymous User (n/a) at University of Kentucky from ClinicalKey.com by Elsevier on November 19,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

H. Norman-Burgdolf et al.

Preventive Medicine Reports 24 (2021) 101642
Rosinger, A.Y., Herrick, K.A., Wutich, A.Y., Yoder, J.S., Ogden, C.L., 2018. Disparities in
plain, tap and bottled water consumption among US adults: National Health and
Nutrition Examination Survey (NHANES) 2007–2014. Public Health Nutr 21 (8),
1455–1464.
Sharkey, J., Johnson, C., Dean, W., 2011. Less-healthy eating behaviors have a greater
association with a high level of sugar-sweetened beverage consumption among rural
adults than among urban adults. Food Nutr Res 55 (1), 5819. https://doi.org/
10.3402/fnr.v55i0.5819.
Teng, A.M., Jones, A.C., Mizdrak, A., Signal, L., Genç, M., Wilson, N., 2019. Impact of
sugar-sweetened beverage taxes on purchases and dietary intake: Systematic review
and meta-analysis. Obesity Rev 20 (9), 1187–1204.
Unrine, J. M. (2020). The Martin County Kentucky Community-Engaged Drinking Water
Health Pilot Study.
Vercammen, K.A., Koma, J.W., Bleich, S.N., 2019. Trends in energy drink consumption
among US adolescents and adults, 2003–2016. Am J Prev Med 56 (6), 827–833.
Vercammen, K.A., Moran, A.J., Soto, M.J., Kennedy-Shaffer, L., Bleich, S.N., 2020.
Decreasing Trends in Heavy Sugar-Sweetened Beverage Consumption in the United
States. J Acad Nutr Diet 120 (12), 1974–1985.e5.
Wigginton, A., Mitchell, J., Evansc, G., McSpirit, S., 2008. Assessing the impacts of coal
waste on residential wells in the Appalachian region of the Big Sandy watershed,
Kentucky and West Virginia: An exploratory investigation. J Kentucky Acad Sci 69
(2), 152–163.
Wrieden, W.L., Levy, L.B., 2016. ‘Change4Life Smart Swaps’: quasi-experimental
evaluation of a natural experiment. Public Health Nutr 19 (13), 2388–2392.
Yuhas, M., Hedrick, V., Zoellner, J., 2020. Consumption of Added Sugars by Rural
Residents of Southwest Virginia. J Appalach Health 2 (3).
Zoellner, J., Estabrooks, P.A., Davy, B.M., Chen, Y.-C., You, W., 2012. Exploring the
theory of planned behavior to explain sugar-sweetened beverage consumption.
J Nutr Educ Behav 44 (2), 172–177.
Zoellner, J.M., Porter, K.J., You, W., Reid, A.L., Frederick, C., Hilgart, M., Brock, D.-J.,
Tate, D.F., Ritterband, L.M., 2021. Study protocol for iSIPsmarter: A randomizedcontrolled trial to evaluate the efficacy, reach, and engagement of a technologybased behavioral intervention to reduce sugary beverages among rural Appalachian
adults. Contemp Clin Trials 110, 106566. https://doi.org/10.1016/j.
cct.2021.106566.

Lee, M. M., Altman, E., & Madsen, K. A. (2021). Peer Reviewed: Secular Trends in SugarSweetened Beverage Consumption Among Adults, Teens, and Children: The
California Health Interview Survey, 2011–2018. Prev Chronic Dis, 18.
Malik, V.S., Schulze, M.B., Hu, F.B., 2006. Intake of sugar-sweetened beverages and
weight gain: a systematic review–. Am J Clin Nutr 84 (2), 274–288.
McCormick, B., Porter, K., You, W., Yuhas, M., Reid, A., Thatcher, E., Zoellner, J., 2021a.
Kids SIPsmartER Baseline Cross-Sectional Analyses of the Socioecological Impact
Variables in Sugar Sweetened Beverage Behaviors among Rural Appalachian
Adolescents. Public Health Nutr 1–23.
McCormick, B.A., Porter, K.J., You, W., Yuhas, M., Reid, A.L., Thatcher, E.J., Zoellner, J.
M., 2021b. Applying the socio-ecological model to understand factors associated
with sugar-sweetened beverage behaviours among rural Appalachian adolescents.
Public Health Nutr 24 (11), 3242–3252.
Molitor, F., Doerr, C., 2020. SNAP-Ed Policy, Systems, and Environmental Interventions
and Caregivers’ Dietary Behaviors. J Nutr Educ Behav 52 (11), 1052–1057.
Nau, C., Kumanyika, S., Gittelsohn, J., Adam, A., Wong, M.S., Mui, Y., Lee, B.Y., 2018.
Identifying financially sustainable pricing interventions to promote healthier
beverage purchases in small neighborhood stores. Prev Chronic Dis 15, E12.
Onufrak, S.J., Park, S., Sharkey, J.R., Sherry, B., 2014. The relationship of perceptions of
tap water safety with intake of sugar-sweetened beverages and plain water among
US adults. Public Health Nutr 17 (1), 179–185.
Park, S., McGuire, L.C., Galuska, D.A., 2015. Regional differences in sugar-sweetened
beverage intake among US adults. J Acad Nutr Diet 115 (12), 1996–2002.
Park, S., Thompson, F.E., McGuire, L.C., Pan, L., Galuska, D.A., Blanck, H.M., 2016.
Sociodemographic and behavioral factors associated with added sugars intake
among US adults. J Acad Nutr Diet 116 (10), 1589–1598.
Pollard, K., Jacobsen, L., 2020. The Appalachain Region: A Data Overview From The
2014–2018 American Community Survey Chartbook. ARC. https://www.prb.org/wp
-content/uploads/2020/06/prb-arc-chartbook-2020.pdf.
Popkin, B.M., Hawkes, C., 2016. Sweetening of the global diet, particularly beverages:
patterns, trends, and policy responses. Lancet Diabetes Endocrinol 4 (2), 174–186.
Rehm, C.D., Matte, T.D., Van Wye, G., Young, C., Frieden, T.R., 2008. Demographic and
behavioral factors associated with daily sugar-sweetened soda consumption in New
York City adults. J Urban Health 85 (3), 375–385.
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