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Abstract
Objective: The present study examined plain water consumption in relation
to energy intake and diet quality among US adults.
Methods: A nationally representative sample of 18 311 adults aged
≥18 years, from the National Health and Nutrition Examination Survey
2005–2012, was analysed. The first-difference estimator approach addressed
confounding bias from time-invariant unobservables (e.g. eating habits, taste
preferences) by using within-individual variations in diet and plain water
consumption between two nonconsecutive 24-h dietary recalls.
Results: One percentage point increase in the proportion of daily plain
water in total dietary water consumption was associated with a reduction in
mean (95% confidence interval) daily total energy intake of 8.58 (7.87–
9.29) kcal, energy intake from sugar-sweetened beverages of 1.43 (1.27–
1.59) kcal, energy intake from discretionary foods of 0.88 (0.44–1.32) kcal,
total fat intake of 0.21 (0.17–0.25) g, saturated fat intake of 0.07 (0.06–
0.09) g, sugar intake of 0.74 (0.67–0.82) g, sodium intake of 9.80 (8.20–
11.39) mg and cholesterol intake of 0.88 (0.64–1.13) g. The effects of plain
water intake on diet were similar across race/ethnicity, education attainment, income level and body weight status, whereas they were larger among
males and young/middle-aged adults than among females and older adults,
respectively. Daily overall diet quality measured by the Healthy Eating
Index-2010 was not found to be associated with the proportion of daily
plain water in total dietary water consumption.
Conclusions: Promoting plain water intake could be a useful public health
strategy for reducing energy and targeted nutrient consumption in US
adults, which warrants confirmation in future controlled interventions.

Introduction
Adequate hydration is essential to body function (1).
Drinking plain water, such as tap or bottled water, delivers adequate hydration without adding calories (2). Plain
water intake has been linked to reduced energy consumption and improved body weight management (3–6). Potential mechanisms include, but may not be limited to, plain
water intake in substitution for caloric beverage consumption (7), and satiety from plain water consumption
in coping with feelings of hunger and desire to eat (8).
ª 2016 The British Dietetic Association Ltd.

The Dietary Guidelines for Americans, 2010 recommended
sweetened beverages to be ‘replaced with water and
unsweetened beverages’ as a way to reduce added sugar
consumption (9). In September 2014, and again in October 2015, a group of researchers, scientists, nutritionists,
clinicians and public health professionals sent a ‘Best of
Science’ letter to the US Department of Agriculture
(USDA) and US Department of Health and Human Services Secretaries (10). The letter reviewed scientific evidence on the importance of plain water intake for obesity
prevention and for health in general, and urged the Diet1

Plain water consumption and energy intake

ary Guidelines Advisory Committee to adopt strong language in the upcoming Dietary Guidelines for Americans,
2015 encouraging Americans to drink plain water, and
the USDA to consider modifying the MyPlate graphic
(http://www.choosemyplate.gov) to include water.
Previous research on the relationship between plain
water consumption and energy/nutrient intake mainly
consists of small-scale interventions (11–14), which, despite
an experimental study design, often lack generalisability
to the national population. Population-level epidemiological studies on the role of plain water consumption in the
daily diet remain limited. To our knowledge, five studies
to date have examined plain water consumption on a
national scale, all using data from the National Health
and Nutrition Examination Survey (NHANES). Popkin
et al. (15) performed a cluster analysis on water and food
consumption patterns based on data from the NHANES
1999–2001 wave. Using data from the NHANES 2003–
3004 wave, Wang et al. (16) examined the impact of plain
water and caloric beverage consumption on daily energy
intake among children and adolescents. Kant et al. (17)
explored various contributors of daily total dietary water
consumption and their correlations with nutrient intake
and body weight using data from the NHANES 2005–
2006 wave. Drewnowski et al. (18,19) documented plain
water and beverage consumption patterns among US children and adults using data from the NHANES 2005–2010
waves; however, they did not assess the relationship
between water consumption and daily energy/nutrient
intake or diet quality. Except for Wang et al. (16), all of
the above studies adopted a cross-sectional study design,
which makes the findings susceptible to the risk of confounding bias as a result of a possible failure in controlling for between-individual differences in characteristics
such as food or taste preferences. Morover, population
heterogeneity has been understudied: demographic and
socio-economic subgroups may differ in the relationship
between plain water consumption and energy/nutrient
intake because of various dissimilarities in genetic and
sociobehavioural factors such as metabolism, dietary
habits, health attitudes, nutrition knowledge and affordability (20). Documenting these population heterogeneities
can be essential in designing targeted policy interventions.
Based on previous literature, the present study examined
the relationship between plain water consumption and
energy/nutrient intake among US adults using data from a
nationally representative survey. It serves as an early
attempt to study the role of plain water consumption in
daily diet using a panel data approach, which employed
within-individual variations in diet between the two nonconsecutive 24-h dietary recall days and thus addressed the
confounding issue as a result of unobservable individual
characteristics such as taste preferences. We hypothesised
2
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that the proportion of daily plain water in total dietary
water consumption was inversely associated with total
energy intake, energy intake from sweetened beverages and
discretionary foods, and the consumption of total fat, saturated fat, sugar, sodium and cholesterol, whereas it was
positively associated with overall diet quality. We examined
the relationship between plain water consumption and
energy/nutrient intake in the overall US adult population,
as well as by sex, race/ethnicity, age group, education
attainment, income level and body weight status.
Materials and methods
Survey setting and participants
The NHANES is a programme of studies conducted by the
National Center for Health Statistics (NCHS) aiming to
assess the health and nutritional status of children and
adults. The programme began in the early 1960s and has
periodically conducted separate surveys focusing on different population groups or health topics. From 1999 onward,
NHANES has been conducted continuously in 2-year cycles
and has a changing focus on a variety of health and nutrition measurements. A multistage probability sampling
design is used to select participants representative of the
civilian, non-institutionalised US population. Certain population subgroups are oversampled to increase the reliability and precision of health status indicator estimates for
these groups.
The present study used individual-level data from the
NHANES 2005–2006, 2007–2008, 2009–2010 and 2011–
2012 waves. These waves were chosen because the collection of data on tap and bottled water consumption as a
beverage only started in 2005 as part of the 24-h dietary
recall, whereas, in previous waves, such information was
assessed via questionnaire after the 24-h dietary recall was
completed. Nevertheless, sensitivity analyses incorporating
data from the NHANES 2003–2004 wave produced results
almost identical to those based on data from later waves.
Dietary interview
Except for the NHANES 1999–2000 wave where all
respondents were asked to complete a single 24-h dietary
recall, all subsequent waves incorporated two dietary
recalls, with the first collected in-person and the second
by telephone, 3–10 days later. In both interviews, each
food or beverage item and corresponding quantity consumed by a respondent from midnight to midnight on
the day before the interview was recorded. The in-person
dietary recall (day 1) was conducted by trained dietary
interviewers in the Mobile Examination Center (MEC)
with a standard set of measuring guides. These tools
aimed to help the participant accurately report the volª 2016 The British Dietetic Association Ltd.
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ume and dimensions of the food/beverage items consumed. Upon completion of the in-person interview, participants were provided measuring cups, spoons, a ruler
and a food model booklet, which contained two-dimensional drawings of the various measuring guides available
in the MEC, for use when reporting dietary intake during
the telephone interview (day 2). Following the dietary
interview, the energy and nutrient contents of each
reported food and/or beverage item were systematically coded with the USDA Food and Nutrient
Database for Dietary Studies (http://www.ars.usda.gov/
Services/docs.htm?docid=12089). Access restrictions apply
to the day 2 dietary recall data collected in the NHANES
2001–2002 wave, whereas dietary data for both recall days
are released to the public for all subsequent waves.
Among the 19 245 US adults aged ≥18 years who participated in both 24-h dietary recalls in the NHANES
2005–2012 waves, 934 (4.9%) who were pregnant, lactating and/or on a special weight-loss diet at the time of
interview were excluded, resulting in a final sample size
of 18 311 participants.
Water consumption
In accordance with Drewnowski et al. (18,19), plain water
consumption includes the intake of plain tap water, water
from a drinking fountain, water from a water cooler, bottled water and spring water. Total dietary water consumption includes the intake of plain water and water
from other beverages and foods. For example, unsweetened black tea, herbal tea and coffee do not count as
sources of plain water, although their water content is
included in the calculation of total dietary water consumption. We calculated an individual’s percentage of
plain water in total dietary water consumption on a dietary recall day.
Sugar-sweetened beverage consumption
Sugar-sweetened beverages (SSBs) include sodas, fruit
drinks, energy drinks, sports drinks and sweetened bottled
waters, consistent with definitions reported by the Centers
for Disease Control and Prevention and the National
Cancer Institute (NCI) (21,22). Milk (plain or flavoured)
and 100% fruit juice were excluded. In NHANES 2011–
2012 wave, SSBs consist of 48 reported beverage items.
The number of reported items in the SSB category differed only slightly across survey waves.
Discretionary food consumption
The discretionary food category identifies energy-dense,
nutrient-poor food products that do not belong to the
ª 2016 The British Dietetic Association Ltd.
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main food groups or do not necessarily contain essential
nutrients that the human body requires but may add
diversity (23). Foods in this category may be consumed
‘sometimes in small amounts by those who are physically
active, but are not a necessary part of the diet’ (23). In
accordance with Bleich et al. (24) and An (25), specific
food items in the discretionary food category include
cookies, pies, ice cream, confectionery, chocolate, other
desserts (e.g. custards, puddings, mousse, gelatin dessert),
sweet rolls, waffles, cakes, pastries (e.g., crepes, cream
puffs, strudels, croissants, muffins, sweet breads), biscuits,
hush puppies, chips, popcorn, pretzels, party mixes, and
fries. In the NHANES 2011–2012 wave, the discretionary
food category consists of 661 reported food items. The
number of reported items in the discretionary food category differed only slightly across survey waves.
Energy intake
In the NHANES dietary interview data, energy derived
from each consumed food or beverage item was recorded
based on the quantity of food/beverage reported and the
corresponding energy content. We calculated total energy
intake, energy intake from SSBs and energy intake from
discretionary foods for each survey participant on a dietary recall day.
Diet quality
The Healthy Eating Index (HEI)-2010 was developed by
the USDA as a measure of dietary quality in accordance
with the Dietary Guidelines for Americans, 2010 (9,26). It
consists of 12 components: total fruit, whole fruit, total
vegetables, greens and beans, whole grains, diary, total
protein foods, seafood and plant proteins, fatty acids,
refined grains, sodium, and empty calories (calories from
solid fats, alcohol and added sugars). With a maximum
score of 100, a higher HEI-2010 score reflects closer
adherence to the Federal dietary guidelines. We calculated
each the HEI-2010 score for each NHANES participant
on either 24-h dietary recall day using the MyPyramid
Equivalents Database (http://www.cnpp.usda.gov/mypyramid) and in accordance with the procedures established
by the USDA and NCI (27,28).
Other outcome variables
Other outcome variables included daily quantities consumed of total fat (g), saturated fat (g), sugar (g), sodium
(mg) and cholesterol (mg). Dietary Guidelines for Americans, 2010 recommended a significant reduction in the
consumption of those nutrients in both children and
adults (9).
3

Plain water consumption and energy intake

R. An and J. McCaffrey

Individual characteristics
The individual characteristics reported for US adults aged
≥18 years were: sex, age (stratified into two age groups:
18–64 years and ≥65 years), race/ethnicity (non-Hispanic
white, non-Hispanic African American, non-Hispanic
other race or multi-race, and Hispanic), education (high
school and below, and college and above), household
income [income to poverty ratio (IPR) < 130%, 130%
≤ IPR < 300%, and PIR ≥ 300%] and body weight status.
Body height and weight for participants was measured
using a stadiometer and digital scale in the MEC. Body
mass index (BMI) is defined by weight (kg) divided by
the square of height (m2). Body weight status was classified as underweight (BMI < 18.5 kg m–2), normal weight
(18.5 kg m–2 ≤ BMI < 25 kg m–2), overweight (25 kg m–
2
≤ BMI < 30 kg m–2) and obese (BMI ≥ 30 kg m–2)
based on the international classification of adult BMI values (29).
Statistical analysis
The first-difference estimator approach was used based on
data from the day 1 and day 2 dietary interviews that
provided two observations per person. The outcome (i.e.
daily total energy intake, daily energy intake from SSBs,
daily energy intake from discretionary foods, daily quantities consumed of total fat, saturated fat, sugar, sodium
and cholesterol, and daily overall diet quality) of participant i on day t (t = 1,2) is denoted by yit. We let vector
Xi represent the set of variables that vary by participant
(e.g. sex and race/ethnicity) but remain constant withinparticipant between the two dietary interviews. Given the
short recall time interval of 3–10 days, Xi includes individual characteristics that vary only in the longer term,
such as age, education attainment, income level, body
weight, etc. Continuous variable pwaterit (ranging from 0
to 100) denotes the percentage of plain water in total
dietary water consumption by participant i on day t.
Indicator variable weit denotes whether day t was a weekend (Friday, Saturday or Sunday).
A pooled cross-sectional setup (a conventional regression that treats repeated measures within each study subject as independent observations) specifies the outcome
yit as a function of an unobservable term that varies by
participant ai, observable variables that vary by participant Xi, observable variables that vary within-participant
between the two dietary interviews pwaterit and weit, and
an independently-distributed unobservable disturbance
term eit.
yit ¼ lXi þ b1 pwaterit þ b2 weit þ ai þ eit

4

(1)

As a result of the presence of the unobservable term ai
(e.g. eating habits, taste preferences), estimating Equation (1) by controlling for the observables Xi only is
prone to omitted variable bias. The first-difference estimator eliminates the bias by taking the difference between
the 2 days of data within each participant, so that ai and
lXi that are common within-participant are removed.
yi1  yi2 ¼b1 ðpwateri1  pwateri2 Þ þ b2 ðwei1  wei2 Þ
þ ðei1  ei2 Þ

(2)

Equation (2) was estimated for the overall adult sample
and subsamples stratified by sex, race/ethnicity (non-Hispanic other race/multi-race excluded because of insufficient sample size), age group, education attainment,
income level and body weight status (underweight
excluded because of insufficient sample size).
Based on the Equation (2) estimates, we simulated an
increase in daily plain water consumption by one, two
and three US cups at the same time as holding daily total
dietary water consumption constant. Given an average
daily plain water intake of 999 g and daily total dietary
water intake of 2934 g, an increase in daily plain water
intake by one, two and three US cups approximately
translates into an increase in the proportion of daily plain
water in total dietary water consumption of 8%, 16% and
24% points, respectively.
The NHANES 2005–2012 multiyear complex survey
design was accounted for in both the descriptive statistics
and the regression analyses. All statistical procedures were
performed in STATA, version 14.1 SE (StataCorp, College
Station, TX, USA).
The NHANES was approved by the NCHS Research
Ethics Review Board. The present study used de-identified
public data from NHANES and was deemed exempt by the
University of Illinois at Urbana-Champaign Institutional
Review Board.
Results
Table 1 reports individual characteristics of adult study
participants in the NHANES 2005–2012 waves. On average,
participants consumed 999 g (4.22 US cups) of plain water
(tap and bottled water) on a daily basis, accounting for
slightly above 30% of daily total dietary water consumption
from all beverages and foods combined. Daily total energy
intake averaged 2157 kcal, with an energy intake from SSBs
of 125 kcal and from discretionary foods of 432 kcal. Daily
intakes of total fat, saturated fat, sugar, sodium and cholesterol averaged 80 g, 26 g, 117 g, 3503 mg and 283 mg,
respectively. Daily overall diet quality measured by the
HEI-2010 scored 49 among participants. Almost two-thirds

ª 2016 The British Dietetic Association Ltd.
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of participants were either overweight or obese, with less
than one-third in the normal weight range.
Table 2 reports estimated changes in daily diet associated with a change in the proportion of daily plain water
in total dietary water consumption based on the firstdifference estimator. One percentage point increase in the
proportion of daily plain water in total dietary water consumption was associated with a reduction in mean (95%
confidence interval) daily total energy intake of 8.58
(7.87–9.29) kcal, energy intake from sugar-sweetened
beverages of 1.43 (1.27–1.59) kcal, energy intake from
discretionary foods of 0.88 (0.44–1.32) kcal, total fat
intake of 0.21 (0.17–0.25) g, saturated fat intake of 0.07
(0.06–0.09) g, sugar intake of 0.74 (0.67–0.82) g, sodium
intake of 9.80 (8.20–11.39) mg and cholesterol intake of
0.88 (0.64–1.13) g. By contrast, daily overall diet quality
measured by the HEI-2010 was not found to be associated with the proportion of daily plain water in total
dietary water consumption.
A reduction in the daily consumption of total energy,
energy from SSBs, total fat, saturated fat, sugar, sodium
and cholesterol associated with an increase in the proportion of daily plain water in total dietary water consumption was present among all population subgroups
under investigation. The only exception was energy
intake from discretionary foods, which was not found to
be associated with the proportion of daily plain water in
total dietary water consumption among non-Hispanic
African Americans, Hispanics, adults aged ≥65 years,
individuals at the lowest income level, as well as normal
weight or obese adults. No systematic differences in the
relationship between daily dietary patterns and the proportion of daily plain water in total dietary water consumption were found between population subgroups by
race/ethnicity, education attainment, income level or
body weight status. By contrast, compared with women
and adults aged ≥65 years, a significantly larger reduction in the daily consumption of total energy, energy
from SSBs, total fat, saturated fat, sugar, sodium and
cholesterol associated with an increase in the proportion
of daily plain water in total dietary water consumption
was found in men and younger adults aged 18–64 years,
respectively. Daily overall diet quality measured by the
HEI-2010 was not found to be associated with the proportion of daily plain water in total dietary water consumption in any of the population subgroups under
investigation. The only exceptions were older adults aged
≥65 years and people at the lowest income level, among
whom a rather small but statistically significant decrease
(0.04 and 0.02, respectively) in the HEI-2010 score
in response to a one percentage point increase in the
proportion of daily plain water in total dietary water
consumption was identified.
ª 2016 The British Dietetic Association Ltd.
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Table 1 Individual characteristics of adult study participants, National
Health and Nutrition Examination Survey (NHANES) 2005–2012

Individual characteristics
Daily water intake
Plain (tap or bottled) water (g)
Total dietary water
from beverages/foods (g)
Percentage of plain
water in total dietary water
Daily dietary intake
Total energy (kcal) kcal
Energy from sugar-sweetened
beverages (kcal)
Energy from discretionary
foods (kcal)
Total fat (g)
Saturated fat (g)
Sugar (g)
Sodium (mg)
Cholesterol (mg)
Healthy Eating
Index-2010 (score = 0–100)
Sex (%)
Male
Female
Race/ethnicity (%)
White, non-Hispanic
African American, non-Hispanic
Other race/multi-race, non-Hispanic
Hispanic
Age group (%)
18–64 years
65 years
Education (%)
High school education and below
College education and above
Income to poverty ratio (IPR) (%)
IPR < 130%
130% ≤ IPR < 300%
IPR ≥ 300%
Body weight status (%)
Underweight (BMI < 18.5)
Normal weight (18.5 ≤ BMI < 25)
Overweight (25 ≤ BMI < 30)
Obese (BMI ≥ 30)

Mean/proportion
(95% confidence interval)

999.00 (965.17, 1032.83)
2934.27 (2888.43, 2980.12)
30.41 (29.69, 31.14)

2157.31 (2134.76, 2179.86)
124.96 (118.44, 131.48)
431.52 (420.82, 442.22)
79.94
26.27
116.80
3503.14
282.85
48.86

(78.81, 81.07)
(25.83, 26.70)
(115.05, 118.56)
(3465.75, 3540.53)
(278.71, 286.98)
(48.37, 49.36)

49.37 (48.75, 49.99)
50.63 (50.01, 51.25)
68.40
11.61
6.61
13.38

(64.91, 71.89)
(9.73, 13.49)
(5.60, 7.62)
(11.10, 15.66)

82.81 (81.75, 83.88)
17.19 (16.12, 18.25)
40.94 (38.81, 43.07)
55.45 (53.37, 57.53)
20.71 (19.26, 22.16)
27.08 (25.70, 28.46)
45.53 (43.35, 47.72)
1.97
30.99
32.87
32.86

(1.68, 2.26)
(29.75, 32.24)
(31.84, 33.89)
(31.68, 34.04)

Individual-level data (n = 22 231) came from the NHANES 2005–2012
waves. The descriptive statistics account for the NHANES multiyear
complex survey design. Proportions may not add to 100% as a result
of missing values in some individual characteristics. BMI, body mass
index.

Based on the simulation outcomes, an increase in daily
plain water consumption by one, two and three US cups
at the same time as holding daily total dietary water consumption constant resulted in a reduction in daily total
energy intake by 68.64, 137.28 and 205.92 kcal, energy
intake from SSBs by 11.44, 22.88 and 34.32 kcal, energy
5
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8.58***
(9.29, 7.87)
10.66***
(11.92, 9.40)
6.55***
(7.44, 5.67)
8.39***
(9.40, 7.38)
8.90***
(10.35, 7.45)
8.90***
(10.59, 7.21)
9.31***
(10.19, 8.43)
4.31***
(5.78, 2.84)
8.48***
(9.42, 7.54)
8.52***
(9.62, 7.42)
7.44***
(8.90, 5.98)
9.89***
(11.31, 8.46)
8.64***
(9.98, 7.30)
8.09***
(9.62, 6.57)
9.15***
(10.52, 7.78)
8.53***
(9.79, 7.27)
1.43***
(1.59, 1.27)
1.78***
(2.08, 1.48)
1.10***
(1.27, 0.94)
1.23***
(1.47, 0.99)
2.18***
(2.57, 1.79)
1.67***
(2.00, 1.34)
1.59***
(1.78, 1.41)
0.47***
(0.71, 0.22)
1.69***
(1.98, 1.41)
1.21***
(1.44, 0.98)
1.66***
(2.04, 1.29)
1.60***
(1.98, 1.21)
1.22***
(1.45, 1.00)
1.36***
(1.66, 1.06)
1.46***
(1.76, 1.17)
1.49***
(1.75, 1.24)

Energy from
SSBs (kcal)
0.88***
(1.32, 0.44)
1.10**0
(1.88, 0.32)
0.67*
(1.23, 0.12)
0.96**
(1.61, 0.31)
0.65
(1.33, 0.02)
0.32
(1.07, 0.43)
1.13***
(1.64, 0.62)
0.48
(0.29, 1.26)
0.94**
(1.56, 0.32)
0.89**
(1.51, 0.27)
0.74
(1.58, 0.11)
1.00*
(1.79, 0.21)
0.90*
(1.63, 0.16)
0.52
(1.41, 0.37)
1.60***
(2.46, 0.74)
0.67
(1.49, 0.15)

Energy from
discretionary
foods (kcal)
0.21***
(0.25, 0.17)
0.26***
(0.33, 0.20)
0.15***
(0.20, 0.10)
0.20***
(0.25, 0.15)
0.19***
(0.27, 0.11)
0.23***
(0.31, 0.15)
0.23***
(0.27, 0.18)
0.08*
(0.16, 0.00)
0.19***
(0.24, 0.14)
0.21***
(0.27, 0.15)
0.14***
(0.21, 0.08)
0.27***
(0.35, 0.18)
0.21***
(0.28, 0.15)
0.13**
(0.21, 0.06)
0.23***
(0.30, 0.16)
0.24***
(0.31, 0.17)

Total
fat (g)
0.07***
(0.09, 0.06)
0.10***
(0.13, 0.08)
0.05***
(0.06, 0.03)
0.08***
(0.10, 0.06)
0.07***
(0.10, 0.04)
0.07***
(0.10, 0.04)
0.08***
(0.10, 0.06)
0.04**
(0.06, 0.01)
0.07***
(0.09, 0.05)
0.08***
(0.10, 0.06)
0.05***
(0.08, 0.03)
0.09***
(0.12, 0.06)
0.08***
(0.11, 0.05)
0.05**
(0.08, 0.02)
0.08***
(0.10, 0.05)
0.09***
(0.12, 0.07)

Saturated
fat (g)
0.74***
(0.82, 0.67)
0.83***
(0.96, 0.70)
0.65***
(0.72, 0.59)
0.74***
(0.86, 0.62)
0.93***
(1.04, 0.83)
0.61***
(0.73, 0.50)
0.80***
(0.89, 0.72)
0.39***
(0.50, 0.27)
0.72***
(0.82, 0.63)
0.73***
(0.84, 0.62)
0.80***
(0.93, 0.66)
0.82***
(0.98, 0.67)
0.69***
(0.81, 0.58)
0.80***
(0.93, 0.68)
0.73***
(0.86, 0.59)
0.71***
(0.82, 0.60)

Sugar
(g)
9.80***
(11.39, 8.20)
12.26***
(14.80, 9.72)
7.41***
(9.43, 5.39)
9.03***
(11.39, 6.67)
8.77***
(11.50, 6.03)
10.53***
(13.43, 7.63)
10.48***
(12.26, 8.70)
5.84***
(8.86, 2.83)
8.87***
(11.34, 6.39)
10.43***
(12.98, 7.88)
7.92***
(10.79, 5.05)
10.95***
(13.49, 8.41)
10.10***
(13.03, 7.18)
8.46***
(11.56, 5.36)
10.08***
(12.40, 7.76)
10.94***
(13.63, 8.24)

Sodium
(mg)
0.88***
(1.13, 0.64)
1.21***
(1.61, 0.80)
0.57***
(0.81, 0.33)
0.89***
(1.22, 0.56)
0.88***
(1.25, 0.50)
0.85***
(1.24, 0.45)
0.96***
(1.24, 0.68)
0.42*
(0.82, 0.03)
0.72***
(1.08, 0.36)
0.93***
(1.30, 0.56)
0.82***
(1.17, 0.47)
1.07***
(1.56, 0.58)
0.83***
(1.27, 0.39)
0.74**
(1.16, 0.32)
1.13***
(1.56, 0.70)
0.77**
(1.20, 0.34)

Cholesterol
(mg)
0.01
(0.02,
0.01
(0.02,
0.01
(0.03,
0.01
(0.03,
0.02
(0.04,
0.01
(0.03,
0.00
(0.02,
0.04*
(0.07,
0.00
(0.02,
0.01
(0.03,
0.02*
(0.04,
0.00
(0.02,
0.00
(0.03,
0.02
(0.05,
0.00
(0.03,
0.00
(0.02,

HEI-2010
(score)

0.02)

0.02)

0.00)

0.02)

0.03)

0.00)

0.01)

0.02)

0.01)

0.01)

0.01)

0.01)

0.01)

0.01)

0.01)

0.00)

Individual-level data came from the National Health and Nutrition Examination Survey (NHANES) 2005–2012 waves. First-difference estimators were used to estimate the changes in daily diet
associated with one percentage point increase in the proportion of daily plain water in total water consumption among US adults, adjusting for whether the consumption was on a weekday or
weekend and accounting for the NHANES multiyear complex survey design. SSB, sugar-sweetened beverage; IPR, income poverty ratio; 95% confidence intervals are given in parentheses.
*0.01 ≤ P < 0.05.
**0.001 ≤ P < 0.01.
***P < 0.001.

Education ≤ high
school (n = 8582)
Education ≥ college
(n = 8575)
IPR < 130%
(n = 5436)
130% ≤ IPR < 300%
(n = 5303)
IPR ≥ 300%
(n = 6193)
Normal weight
(n = 5247)
Overweight
(n = 5995)
Obese (n = 6483)

18–64 years
(n = 14 004)
≥65 years (n = 4307)

Non-Hispanic
white (n = 8443)
Non-Hispanic
black (n = 4066)
Hispanic (n = 4575)

Female (n = 9280)

Male (n = 9031)

All (n = 18 311)

Sample

Total energy
(kcal)

Table 2 Estimated hanges in daily diet associated with one percentage point increase in the proportion of daily plain water in total dietary water consumption among US adults
Plain water consumption and energy intake
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intake from discretionary foods by 7.04, 14.08 and
21.12 kcal, total fat intake by 1.68, 3.36 and 5.04 g, saturated fat intake by 0.56, 1.12 and 1.68 g, sugar intake by
5.92, 11.84 and 17.76 g, sodium intake by 78.4, 156.8 and
235.2 mg, and cholesterol intake by 7.04, 14.08 and
21.12 g, respectively.
Discussion
The present study examined plain water consumption in
relation to energy/nutrient intake and diet quality among
the US adult population using data from a nationally representative survey. On average, US adults consumed approximately 999 g of plain water, including tap and bottled
water, on a daily basis, which was substantially higher than
that consumed in Britain (432 g) and France (564 g), and
was comparable with that consumed in Canada (range
705–1065 g, contingent upon adult age group) (30). An
increase in the proportion of daily plain water in total dietary water consumption was found to be associated with
reduced daily intake of total energy, energy from SSBs,
energy from discretionary foods (for certain subgroups
only), and total fat, saturated fat, sugar, sodium and cholesterol in both the overall adult population and all subgroups
under investigation. The reductions were larger among
males and young/middle-aged adults than among females
and older adults, respectively. In general, the proportion of
daily plain water in total dietary water consumption was
not found to be associated with daily overall diet quality
measured by the HEI-2010.
The finding of the inverse relationship between plain
water consumption and energy intake coincides with the
results from previous experimental and epidemiological
studies. Pre-meal water consumption was documented to
reduce meal energy intake in clinical interventions involving overweight and obese older adults (12,14). Replacing
sweetened caloric beverages with drinking water was
found to decrease total energy intake and the effect sustained over time (31). In a large cross-sectional study on
Mexican adults with low socio-economic status, higher
plain water consumption was found to be associated with
lower intake of caloric beverages (32). Kant et al. (17)
reported total dietary water intake to be inversely related
to energy from fat and energy density.
Compared with their female and older counterparts, the
larger reductions in energy intake associated with plain
water consumption among male and young/middle-aged
adults were likely a result of their higher daily energy consumption level. By contrast, the impacts of plain water
intake on diet were similar across race/ethnicity, education
attainment, income level and body weight status. The finding indicates that it might be sufficient to design and deliver universal nutrition interventions and education
ª 2016 The British Dietetic Association Ltd.
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campaigns that promote plain water consumption in place
of caloric beverages in diverse population subgroups without profound concerns about message and strategy customisation.
By contrast to our hypothesis, plain water intake was
not found to be associated with daily overall diet quality
measured by the HEI-2010. This result could partially be
a result of the rather small daily variations in the proportion of plain water in total dietary water consumption.
Between the two nonconsecutive 24-h dietary recalls that
were 3–10 days apart, the proportion of plain water in
total dietary water consumption on average changed by
<0.74% among NHANES participants. Such a marginal
change in plain water consumption is unlikely to result in
significant shifts in daily overall diet quality. On the other
hand, a tiny but statistically significant decrease in the
HEI-2010 score in response to an increase in the proportion of daily plain water in total dietary water consumption was found among older adults and individuals at the
lowest income level. This finding raises an important
caveat in the promotion of plain water consumption. The
emphasis of the message should be to encourage people
to consume plain water in place of sugar-sweetened beverages rather than low-energy-dense nutrient-rich beverages, such as reduced-fat milk.
The results of existing research regarding the beneficial
health effects of plain water consumption are not unanimous. Akers et al. (2012) reported daily self-monitoring of
water consumption to be a feasible and effective long-term
weight loss maintenance approach (33). Stookey et al.
(2008) reported drinking water to lead to weight loss in
overweight dieting women independent of diet and activity
(34)
. By contrast, Hernandez-Cordero et al. (2014) found
that replacing water for SSBs reduced circulating triglycerides and the risk of the metabolic syndrome in obese but
not in overweight Mexican women (7). Sichieri et al. (2013)
did not find a protective effect of water consumption on
BMI (35). Peters et al. (2014) found water not to be superior to non-nutritive beverages for weight loss in a behavioural weight-loss programme (36).
A few limitations of the present study should be noted.
NHANES is a probability sample of the US non-institutionalised population, and patients in penal/mental facilities, institutionalised older adults and/or military
personnel on active duty are not represented. Dietary
intakes in NHANES were self-reported and subject to
measurement error and social desirability bias (37). The
first-difference estimator eliminated confounding bias
from unobservable factors that remained constant withinparticipant between the two dietary interviews but could
not control for more transient factors such as daily variations in physical activity, appetite or emotions. The dietary recall method in estimating plain water consumption
7

Plain water consumption and energy intake

is likely to result in an underestimation because water
intake occasions are often forgotten. Despite its panel
study design, the present study is observational in nature,
and the findings warrant confirmation through controlled
interventions. Moreover, more research needs to be conducted aiming to investigate the potential population
heterogeneity in plain water consumption and its diet/
health implications, especially for the underserved and
vulnerable populations, such as low-income or less educated people, older adults and overweight/obese individuals.
In conclusion, the present study examined plain water
consumption in relation to energy/nutrient intake and
diet quality among US adults using nationally representative data. An increase in the proportion of daily plain
water in total dietary water consumption was found to be
associated with a decreased daily intake of total energy,
energy from SSBs and discretionary foods, and total fat,
saturated fat, sugar, sodium and cholesterol. Promoting
plain water intake could be a useful public health strategy
for reducing energy and targeted nutrient consumption in
US adults, which warrants confirmation in future controlled interventions.
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