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Abstract

Background: Although the effects of replacing sugar-sweetened beverages (SSBs) with water on energy intake

and body weight have been reported, little is known about how these replacements affect diet quality.

Objective: To simulate the effects of replacing SSBs with tap water on diet quality and total energy intake of

Lower Mississippi Delta (LMD) adults.

Design: Retrospective analysis of cross-sectional dietary intake data using a representative sample of LMD

adults (n�1,689). Diet quality was measured using the Healthy Eating Index-2005 (HEI-2005) scores that

were computed using the population ratio method. The effects of substituting SSBs with water on diet quality

were simulated by replacing the targeted items’ nutrient profile with tap water’s profile.

Results: Simulating the replacement of SSBs with tap water at 25, 50, and 100% levels resulted in 1-, 2.3-, and

3.8-point increases, respectively, in the HEI-2005 total score. Based on a mean daily intake of 2,011 kcal,

100% substitution of SSBs with tap water would result in 11% reduction in energy intake.

Conclusions: Replacing SSBs with water could substantially improve the diet quality of the LMD adult

population and potentially lead to significant weight loss overtime. Prioritizing intervention efforts to focus

on the replacement of SSBs with energy-free drinks may be the most efficacious approach for conveying

potentially substantial health benefits in this and similar disadvantaged populations.
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D
uring 1999�2004, two-thirds of adults in the

United States (US) drank sugar-sweetened bev-

erages (SSBs), averaging 28 ounces and 293 kcal

per day (1). The consumption of SSBs has been linked to

many chronic diseases, including obesity, type 2 diabetes,

hypertension, and heart disease (2�5). Consumption of

such beverages is of particular concern in the US Lower

Mississippi Delta (LMD) region because it suffers from

disproportionate rates of obesity, type 2 diabetes, and

other chronic conditions. The LMD encompasses coun-

ties and parishes within the three states of Arkansas,

Louisiana, and Mississippi. Based on the Chronic Dis-

ease Indicators for 2009, in these three states, adult

obesity prevalence (as determined by self-reported

heights and weights) ranged from 31.5 to 35.4% as

compared to 26.9% for the United States overall (6).

Prevalence of self-reported type 2 diabetes in adults

ranged from 10.1 to 11.6% in the three states compared

to a national prevalence of 8.3% (6). Additionally, diet

quality in LMD adults is lower than that of US adults

(7). Hence, dietary interventions that target decreasing

SSB consumption could lower chronic disease risks in
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this region. In particular, reductions in prevalence rates of

obesity and type 2 diabetes may occur as these two

conditions are largely reversible through dietary modifi-

cations and weight loss.

While others have reported the effects of replacing

SSBs with water on energy intake (8) and body weight (2)

in adults, to date, no one has reported such effects on diet

quality. Diet quality would be expected to improve with

the replacement of SSBs with water. However, the

magnitude of the resulting improvement in diet quality

has not been reported. The effects of replacing SSBs with

tap water on the diet quality of LMD adults were

simulated using the Foods of Our Delta Study (FOODS)

dataset and the Healthy Eating Index-2005 (HEI-2005), a

measure of diet quality. The effects of SSB replacement

with water on total energy intake were also explored.

Because SSBs represent a top food source for total energy

and carbohydrate intakes (9) as well as for discretionary

calories in LMD adults, (10) they were singled out in the

analyses.

Methods

Participants

Data from FOODS, a cross-sectional telephone survey

of residents in the 36-county LMD region, conducted

from January to June 2000 (11) were analyzed. A two-

stage stratified cluster sampling plan with list-assisted

random-digit dialing was used in FOODS. Demographic

information was collected during an initial interview.

Dietary intake data were collected using the US Depart-

ment of Agriculture 24-hour recall multiple pass meth-

odology at an unscheduled follow-up telephone

interview with the assistance of a foods measurement

guide that had been mailed to survey participants.

Dietary intake data were collected for 1,751 adults

(participants 18 years of age or older) using a single

24-hour recall. A more detailed description of the

FOODS methodology and the study population’s mean

dietary intakes may be found elsewhere (11). The

procedures followed in FOODS were in accordance

with ethical standards, and approval was obtained

from the Institutional Review Board of Westat, Rock-

ville, MD, USA. Implausible dietary records were

excluded in the analyses based on the following criter-

ion: intake B500 kcal or�6,000 kcal (12).

Diet quality assessment

The HEI-2005 is a measure of diet quality that assesses

adherence to federal dietary guidance (13). The HEI-2005

has 12 components corresponding to total fruit (includ-

ing 100% fruit juice); whole fruit; total vegetables; dark

green and orange vegetables and legumes; total grains;

whole grains; milk; meat and beans; oils; saturated fat;

sodium; and calories from solid fats, alcoholic beverages,

and added sugars. The total score, calculated as the sum

of the component scores, has a maximum value of 100.

Component scores are calculated using a density ap-

proach per 1,000 kcal or as a percentage of energy and

range from 0 to 5 for fruit, vegetables, and grains

components; 0�10 for milk, meat and beans, saturated

fat, oils, and sodium components; and 0�20 for the solid

fats, alcoholic beverages, and added sugars component.

For each component, higher scores reflect better adher-

ence to federal dietary guidance recommendations corre-

sponding to that component. For fruit, vegetables, grains,

meat and beans, and milk components, each score is

based on MyPyramid equivalents consumed per 1,000

kcal. Oils and sodium component scores are calculated

based on grams consumed per 1,000 kcal. Saturated fat

and solid fats, alcoholic beverages, and added sugars

component scores are calculated based on percentage of

energy intake attributed to these energy sources. MyPyr-

amid equivalents contributing to HEI-2005 index were

derived using version 1.0 of the MyPyramid Equivalents

Database that provides equivalents per 100 g for each

unique eight-digit food code (14).

Sugar-sweetened beverages

Using eight-digit food codes (15), beverages were identi-

fied as sugar sweetened based on the categorization

scheme of Wang et al. (16). For the LMD population,

SSBs included: sweetened tea, carbonated soft drinks,

fruit drinks, and non-carbonated beverages (e.g. fruit-

flavored drinks). Coffee, unsweetened tea, and unswee-

tened or sugar-free soft drinks were not included as SSBs

in the analyses. To simulate the effects of substituting 25,

50, and 100% of SSBs with tap water on HEI-2005 total

and component scores, the SSBs’ nutrient profiles were

reduced by the respective amounts for the analyses. Only

five nutrient variables (carbohydrates, energy, grams,

saturated fat, and sodium) required modification because

the FOODS dataset was linked to the MyPyramid

Equivalents Database that only required these five

variables to calculate MyPyramid equivalents. Nutrient

data for tap water were inserted into the dataset because

tap water contains a small amount of sodium, but no

carbohydrates, energy, or saturated fat. Because, the gram

weights for a serving (eight-fluid ounces) of tap water and

the SSBs were not equivalent, the substituted amount of

tap water (in grams) was adjusted using a ratio of tap

water weight to SSB weight. This weighted amount was

then used to calculate the amount of sodium to insert for

the tap water substitutions.

It should be noted that some HEI-2005 component

scores that would not have been expected to change

(e.g. fruit, vegetables, grains, and saturated fat) did

increase or decrease due to the reduction in total energy

intake resulting from SSB replacement with water.

Because component scores are based on the number of
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MyPyramid equivalents, calories, or grams consumed per

1,000 kcal, reducing the number of kcal results in

increased densities. This increase in density can raise

component scores for which a greater density is favorable

(fruits, vegetables, grains, milk, meat and beans, and oils),

but at the same time, lower component scores for which a

greater density is unfavorable (saturated fat, sodium,

solid fats, alcoholic beverages, and added sugars).

Data analysis

Statistical analyses were performed using the SAS†

software (version 9.2, SAS Institute Inc., Cary, NC,

2008) and the SUDAAN† software (version 10.0.1,

Research Triangle Institute, Research Triangle Park,

NC, 2009). SAS survey and SUDAAN procedures

were used to compute frequencies, means, and their

associated confidence intervals. These procedures are

tailored to account for the complex sampling design

used in FOODS. Hence, the results are weighted and can

be considered representative of the LMD adult popula-

tion. The population ratio method was used to compute

mean HEI-2005 scores and corresponding 95% CI using

jackknife variances for the overall population. This

method computes scores using the ratio of the weighted

sum of MyPyramid equivalent servings for the relevant

HEI-2005 component to the weighted sum of energy

intake for the entire population. It is the least biased way

to estimate a mean HEI-2005 score for a population

(17).

The potential impact of the SSB substitution with tap

water on daily total energy intake was estimated at all

three substitution levels. Changes in daily total energy

intake were estimated by individually subtracting the

population’s mean total energy intake corresponding to

25, 50, and 100% substitution of SSBs with water from

the population’s actual mean total energy intake.

Results

Sixty-two of the 1,751 LMD adult respondents were

excluded due to implausible dietary records, resulting in a

total sample size of 1,689 adults. The sample was

composed of 48% males, 43% African Americans, 21%

less than 30 years of age, and 23% greater than 60 years

of age (Table 1). Almost one-fourth of the population had

a household income of less than $15,000 per year and

23% of the population had less than a high school

education (Table 1). Based on self-reported heights and

weights, almost two-thirds of the population was either

overweight (25.0 5body mass index529.90 or obese

(30.05body mass index539.9), and 4% was extremely

obese (body mass index]40.0) (Table 1). The mean daily

energy intake for the LMD respondents was 2,011 kcal

(Table 1).

The HEI-2005 total score for the population was 54.5

(Table 2). A 25% substitution of SSBs with tap water

resulted in 1-point increases in both the HEI-2005 solid

fats, alcoholic beverages, and added sugars component

and total scores, whereas a 50% substitution resulted in

2.1- and 1.9-point increases in the solid fats, alcoholic

beverages, and added sugars component and total scores,

respectively (Table 2). A 100% substitution resulted in a

4.4-point increase in the HEI-2005 solid fats, alcoholic

beverages, and added sugars component score and a 3.8-

point increase in the total score (Table 2). All other

component scores except saturated fat and sodium also

improved with increasing SSB substitution amounts.

Based on a mean daily intake of 2,011 kcal, 25, 50, and

100% substitution of SSBs with tap water would result in

3, 5, and 11% reductions, respectively, in energy intake

(Table 3).

Table 1. Demographic characteristics for Lower Mississippi Delta

adults (n�1,689)

95% CI

Characteristics n % Lower Upper

Sex

Male 641 47.5 46.7 48.2

Female 1048 52.5 51.8 53.3

Age (years)

18�29 306 20.7 18.4 23.1

30�39 321 19.1 17.3 20.8

40�59 605 36.9 34.6 39.2

]60 456 23.3 21.5 25.1

Unknown 1 0.0 0.0 0.1

Race

White 827 53.8 53.1 54.4

African American 812 42.8 41.7 43.9

Other 34 2.5 1.5 3.5

Unknown 16 0.9 0.5 1.4

Income

B$15,000 465 23.1 20.9 25.4

$15,000�$29,999 417 24.8 22.3 27.3

]$30,000 612 40.0 37.2 42.8

Unknown 195 12.1 10.4 13.8

Education

BHigh school 407 23.2 20.9 25.5

High school 568 36.8 34.5 39.1

�High school 691 38.5 36.1 40.9

Unknown 23 1.5 0.7 2.2

Weight status

Healthy weight (18.5 5BMI 524.9) 536 31.3 28.8 33.9

Overweight (25.0 5BMI 529.9) 548 33.3 30.6 36.0

Obese (30.0 5BMI 539.9) 494 29.6 27.1 32.1

Extremely obese (BMI ]40.0) 84 4.2 3.1 5.3

Unknown 27 1.6 0.8 2.3

Total energy intake (kcal) 1689 2011 1963 2059

CI, confidence interval; BMI, body mass index.

Simulated reductions in consumption of sugar-sweetened beverages
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Discussion

To the best of our knowledge, this is the first study to

report the simulated effects of replacing SSBs with tap

water on diet quality and total energy intake. In this

study, simulating the effects of substituting SSBs with tap

water resulted in a theoretical 7% increase in HEI-2005

total score. This represents a significant increase in diet

quality; however, it is difficult to interpret this change in

terms of reduced health risks because of the paucity of

studies associating HEI-2005 scores with health and

disease in adults. In low-income postpartum women,

HEI-2005 total scores were negatively associated with

body mass index, postpartum weight retention, low-

density lipoprotein, and total cholesterol, and positively

associated with high-density lipoprotein (18). The

authors concluded that the strong relationship observed

between HEI-2005 total scores with lipid profiles sug-

gested that higher scores may translate to reduced risk for

cardiovascular disease in low-income women, indepen-

dent of body mass index. Hence, even a small increase in

HEI-2005 total score, such as the 2.3-point increase for

the 50% substitution in this study, may be sufficient to

convey health benefits. In a second study, an inverse

relationship was found between HEI-2005 total scores

and colorectal cancer in both men and women, suggesting

that adherence to federal dietary guidance is associated

with reduced risk of colorectal cancer (19). Presumably, a

25% substitution of SSBs with water in the current study

would be sufficient to move the LMD HEI-2005 popula-

tion mean from the lowest to the second quintile reported

by Reedy et al. (19), possibly imparting a protective effect

against colorectal cancer. Although these two studies did

find significant positive relationships between HEI-2005

total scores and specific health outcomes, caution should

be used when translating these results to the current

study’s population due to the relatively small sample size

of the first study and demographic and anthropometric

differences among the study populations.

Although the increases in HEI-2005 total and solid

fats, alcoholic beverages, and added sugars component

scores found in this study are sufficient to warrant

concentrated intervention efforts to replace consumption

of SSBs with water or other non-caloric beverages in the

LMD, perhaps the resulting projected reduction in energy

consumed is even more compelling. Others have projected

similar energy reductions resulting from decreased con-

sumption of SSBs. Using a nationally representative

sample of children and adolescents, Wang et al. estimated

an average decrease in total energy intake of 235 kcal per

day with 100% replacement of SSBs with water (16).

Stookey et al. predicted a mean decrease in total energy

intake of 202 calories per day over time with 100%

substitution of SSBs with water in a group of premeno-

pausal overweight women (8).

Hypothetical body weight loss was not calculated and

reported in this study due to the complex nature of

weight loss that involves compensatory mechanisms

influencing the control of energy balance. However, other

investigators have reported modest weight loss associated

with actual reductions in consumption of SSBs. In a

randomized trial with prehypertensive adults, a reduction

of one serving (12 fluid ounces) of SSBs per day was

associated with a 0.7 kg weight loss at 18 months (20).

Existing evidence, although limited, does suggest that

encouraging water consumption and substituting water

and other energy-free beverages for energy-containing

beverages may facilitate weight management (21).

Clearly, longitudinal studies designed to determine the

impact of substituting SSBs with energy-free beverages

on body weight are needed.

The benefits of reducing SSBs extend beyond weight

loss. Reduction of SSBs has been strongly and positively

associated with reduced blood pressure in more than one

cohort of adults (2, 22�24). This is an important

association because high blood pressure is a risk factor

for a multitude of conditions, including cardiovascular

disease, and even a small reduction in blood pressure (i.e.

that achieved with reduced consumption of SSBs) can

result in substantial health benefits (2). Additionally,

consumption of SSBs has been associated with a higher

risk of metabolic syndrome, type 2 diabetes, and coronary

heart disease in adults even after accounting for other

risk factors, including diet and lifestyle (3, 25).

Table 3. Changes in Healthy Eating Index-2005 (HEI-2005) solid fats, alcoholic beverages, and added sugars (SoFAAS) component score,

HEI-2005 total score, and total energy intake for substituting sugar-sweetened beverages (SSBs) with tap water in Lower Mississippi Delta adults

(n�1,689)

HEI-2005 score changes Total energy intake changesa

Substitution level SoFAAS Total kcal %

0.25 1.0 1.0 �54 �2.7

0.5 2.1 1.9 �108 �5.4

1 4.4 3.8 �215 �10.7

aPercentage of change based on mean daily intake of 2,011 kcal.

Simulated reductions in consumption of sugar-sweetened beverages
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A major strength of this analysis is the use of the

FOODS dataset. To our knowledge, this is the only

dataset containing dietary intake measures on a repre-

sentative sample of LMD adult residents. Because the

FOODS sampling plan was designed to be representative

of the LMD region, our results are generalizable to the

entire LMD adult population. Furthermore, the dietary

data were collected using multiple pass dietary recall

methodology. This study did have limitations. The data

were collected in 2000 and may not completely represent

the current dietary intake of LMD adults. The demo-

graphic profile of the region may also have changed since

2000 because the populations of most LMD counties

have been declining. A single 24-hour dietary recall is not

an accurate measure of usual individual intake due to

large day-to-day variability in food intake. However, at

the group or population level, the mean of a single day of

intake is highly reproducible (26) and can therefore be

representative of a population’s usual intake. Addition-

ally, self-reported dietary assessment methods, such as

24-hour recalls, are prone to intake underreporting (12).

It is likely that underreporting occurred in FOODS. If

underreporting had not occurred, improvements resulting

from SSB substitution with water may have been even

larger. Finally, although the Dietary Guidelines for

Americans 2005 has been replaced by the 2010 guidelines,

there is currently no metric established to score diet

quality based on the 2010 guidelines. Despite these

limitations, this analysis used a unique and innovative

approach to determine the potential magnitude of redu-

cing SSB consumption on diet quality and energy intake,

as moderation in SSB consumption is a key recommen-

dation of the 2010 Dietary Guidelines for Americans (27)

and remains a target among policy makers (28, 29).

Given that the highest rates of SSB consumption have

occurred among populations at highest risk for obesity

(1) and have been associated with less healthy eating

behaviors such as eating at fast food restaurants and

skipping breakfast, (30) efforts to curb the consumption

of SSBs are sorely needed. In this study, a theoretical

100% substitution of SSBs with water substantially

improved the diet quality of the LMD adult population

and could potentially lead to significant weight loss over

time. However, implementing dietary interventions in

regions designated as food deserts, such as the LMD,

can be challenging. The low availability of supermarkets

and healthy foods in the LMD region has been high-

lighted in previous research as possible determinants of

diet quality (31, 32). Hence, culturally sensitive interven-

tions designed to encourage the replacement of SSBs with

energy-free beverages in the LMD and similar disadvan-

taged regions should be tailored to focus on energy-free

beverages that are acceptable to the majority of the target

population. Such interventions may be the most effica-

cious approach for conveying potentially substantial

health benefits in disadvantaged regions of the United

States, where cultural dynamics have an immense influ-

ence on food choices and health practices (33).
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