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Abstract

Purpose: To examine factors associated with frequency of plain water (ie, tap, bottled, and unflavored sparkling water) intake
among US high school students.

Design: Quantitative, cross-sectional study.

Setting: The 2017 national Youth Risk Behavior Survey data.

Subjects: US high school students with plain water intake data (N ¼ 10 698).

Measures: The outcome was plain water intake. Exposure variables were demographics, academic grades, and behavioral
characteristics.

Analysis: We used logistic regression to estimate adjusted odds ratios (aOR) and 95% confidence intervals (CIs) for factors
associated with infrequent plain water intake (<3 vs �3 times/day).

Results: Overall, 48.7% of high school students reported drinking plain water <3 times/day. Factors associated with infrequent
plain water intake were younger age (�15 years; aOR¼ 1.20, CI¼ 1.05-1.37); earning mostly D/F grades (aOR¼ 1.37, CI¼ 1.07-
1.77); consuming regular soda 1 to 6 times/week (aOR ¼ 1.92, CI ¼ 1.67-2.20) or �1 time/day (aOR ¼ 3.23, CI ¼ 2.65-3.94),
sports drinks 1 to 6 times/week (aOR ¼ 1.30, CI ¼ 1.14-1.49), milk <2 glasses/day (aOR ¼ 1.51, CI ¼ 1.31-1.73), fruits
<2 times/day (aOR ¼ 1.92, CI ¼ 1.66-2.22), and vegetables <3 times/day (aOR ¼ 2.42, CI ¼ 2.04-2.89); and being physically
active �60 minutes/day on <5 days/week (aOR ¼ 1.83, CI ¼ 1.60-2.08). Students with obesity were less likely to have infrequent
water intake (aOR ¼ 0.63, CI ¼ 0.53-0.74).

Conclusions: Infrequent plain water intake was associated with younger age, poor academic grades, poor dietary behaviors, and
physical inactivity. These findings can inform intervention efforts to increase water intake to promote healthy lifestyles among
adolescents.
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Purpose

Frequent intake of sugar-sweetened beverage (SSB) provides

excess calories and added sugars and is linked to weight gain/

obesity,1 cardiovascular disease risk,2 asthma,3 dental caries,4

poor academic achievement,5 and low diet quality6 in children.

In contrast, drinking plain water (ie, tap, bottled, and unfla-

vored sparkling water), especially when it is substituted for

SSBs, may help with managing body weight and improve diet

quality thereby reducing the risk for chronic conditions. Drink-

ing water can also prevent dehydration, which is linked to poor

cognitive function, constipation, and headache.7 For example, a

previous study reported that water intake was positively
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associated with Healthy Eating Index-2010 total scores among

US adolescents.6

Adolescents are the highest consumers of SSBs8 and com-

monly have infrequent plain water intake.9 According to the

2010 National Youth Physical Activity and Nutrition Study,

almost 3 in 10 US high school students reported drinking plain

water less than 1 time a day.9 A recent study using 2011 to 2016

National Health and Nutrition Examination Survey data

reported that caloric intake from SSBs was significantly higher

among adolescents aged 12 to 19 years who did not drink plain

water (288.4 kcal/day) than those who did (155.4 kcal/day).10

While plain water can come from tap or bottle water, tap water

is more environmentally responsive and less expensive than

bottled water.

In order to develop and implement interventions to increase

plain water intake among US adolescents, understanding the

correlates associated with plain water intake is important.

However, information on factors associated with plain water

intake among US high school students is limited.9 Thus, we

examined associations of demographics, academic grades, and

behavioral factors with frequency of plain water intake among

a nationally representative sample of US high school students.

Methods

Sample

This cross-sectional study used data from the national 2017

Youth Risk Behavior Survey (YRBS). The YRBS is a

school-based survey that monitors priority health-risk beha-

viors biennially among nationally representative samples of

US high school students. Student participation in YRBS is

anonymous and voluntary, and local parental permission pro-

cedures are followed to receive parental approval.11 In 2017,

the school response rate was 75%, and the student response rate

was 81%, for an overall response rate of 60%.12 More infor-

mation on YRBS methodology is available elsewhere.11 The

Centers for Disease Control and Prevention’s institutional

review board approved the procedures for the national YRBS.

For the current analysis, we included 10 698 US high school

students with data on plain water intake.

Measures

The outcome variable was plain water intake, determined by

the question, “During the past 7 days, how many times did you

drink a bottle or glass of plain water? (Count tap, bottled, and

unflavored sparkling water.)” Response options were: “I did

not drink water during the past 7 days,” “1 to 3 times during the

past 7 days,” “4 to 6 times during the past 7 days,” “1 time/day,”

“2 times/day,” “3 times/day,” and “�4 times/day.” We categor-

ized plain water intake as <1, 1 to 2, 3, or �4 times/day and

defined infrequent water intake as <3 times/day on the basis of a

previous study9 because there is not a recommended amount of

plain water intake.

Mutually exclusive response categories were created for

each exposure variable. Demographic variables included age

(�15, 16, and �17 years), sex, and race/ethnicity (non-

Hispanic white, non-Hispanic black, Hispanic/Latino, and

non-Hispanic other/multi-race). For weight status, sex- and

age-specific body mass index percentile was calculated from

self-reported height and weight and classified as underweight/

normal weight (<85th percentile), overweight (�85th to <95th

percentile), or obesity (�95th percentile).13 Self-reported aca-

demic grades during the past 12 months were categorized as

mostly A’s, mostly B’s, mostly C’s, and mostly D’s/F’s. Beha-

vioral variables were intake of regular soda (none, 1-6 times/

week, or �1 time/day), sports drinks (none, 1-6 times/week, or

�1 time/day), milk (<2 or �2 glasses/day), fruits including

100% fruit juice (<2 or �2 times/day), and vegetables (<3 or

�3 times/day), physically active �60 minutes/day (<5 or

�5 days/week), and sleep on an average school night (<8 or

�8 hours). Missing data regarding exposure variables ranged

from 0.1% to 11% (weight status variable) and were omitted

when the variables were used in any given test or model.

Analysis

For unadjusted analyses, we used w2 tests to examine differ-

ences in plain water intake across exposure categories (signif-

icant at P < .05). We used a multivariable logistic regression

model to estimate adjusted odds ratios (aORs) and 95% confi-

dence intervals (CIs) for factors associated with infrequent

plain water intake (<3 times/day; reference: �3 times/day).9,14

All variables were included in 1 model. Among 10 698 students

with plain water intake data, the logistic regression model

included 8718 students with complete data on all covariates.

Students with complete data on all covariates were signifi-

cantly more likely to be older (�17 years) and non-Hispanic

white students than those with incomplete data. There were no

significant differences in complete data by sex. Statistical anal-

yses were performed in SAS version 9.4 (Cary, North Caro-

lina), using survey procedures to account for the complex

sample design.

Results

Overall, 48.7% of students reported drinking plain water

<3 times/day, and 24.6% drank plain water <1 time/day. Based

on w2 tests, plain water intake was significantly associated with

all characteristics except sex (Table 1). Based on the multi-

variable logistic regression model, factors significantly associ-

ated with infrequent plain water intake were age �15 years

(aOR ¼ 1.20, 95% CI ¼ 1.05-1.37; vs age �17 years); earning

mostly D/F grades (aOR ¼ 1.37, 95% CI ¼ 1.07-1.77; vs

mostly A’s), consuming regular soda 1 to 6 times/week (aOR

¼ 1.92, 95% CI ¼ 1.67-2.20) or �1 time/day (aOR ¼ 3.23,

95% CI ¼ 2.65-3.94; vs 0 times/day), sports drinks 1-6 times/

week (aOR ¼ 1.30, 95% CI ¼ 1.14-1.49; vs 0 times/day), milk

<2 glasses/day (aOR¼ 1.51, 95% CI ¼ 1.31-1.73), fruits <2

times/day (aOR ¼ 1.92, 95% CI ¼ 1.66-2.22), and vegetables
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Table 1. Characteristics of Respondents and Their Associations With Plain Water Intakea During the Past 7 Days Among US High School
Students, National Youth Risk Behavior Survey, 2017.

Characteristic

All
Respondents

Plain Water Intake During the Past 7 Days

P Valuec

<1 time/
day

1-2 times/
day

3 times/
day

�4 times/
day

%b % + SEb % + SEb % + SEb % + SEb

Total sample (N ¼ 10 698)d 100 24.6 + 0.9 24.1 + 0.8 16.3 + 0.5 34.9 + 0.9
Age (n ¼ 10 630) .04
�15 years 36.4 25.7 + 1.0 24.2 + 1.1 16.4 + 0.7 33.7 + 1.3
16 years 25.5 24.2 + 1.1 24.7 + 1.3 14.4 + 0.9 36.7 + 1.3
�17 years 38.1 23.7 + 1.1 23.7 + 1.1 17.7 + 0.6 34.9 + 1.1

Sex (n ¼ 10 608) .96
Female 51.3 24.5 + 1.1 24.4 + 0.9 16.1 + 0.8 35.0 + 1.4
Male 48.7 24.6 + 1.1 24.0 + 0.9 16.6 + 0.7 34.8 + 0.9

Race/ethnicity (n ¼ 10 494) <.0001
White, non-Hispanic 55.8 22.2 + 1.1 26.7 + 1.0 16.9 + 0.6 34.2 + 1.2
Black, non-Hispanic 11.8 32.4 + 1.6 20.2 + 1.3 14.3 + 1.0 33.0 + 1.9
Hispanic or Latino 22.4 26.6 + 1.4 21.0 + 1.0 16.2 + 0.9 36.2 + 1.3
Other/multi-race, non-Hispanice 10.0 23.4 + 1.6 23.4 + 1.9 15.8 + 1.7 37.4 + 2.1

Weight statusf (n ¼ 9500) <.0001
Underweight/normal weight 69.4 24.1 + 1.0 26.1 + 1.0 17.5 + 0.6 32.3 + 1.2
Overweight 15.7 25.4 + 1.7 22.7 + 1.5 14.2 + 1.1 37.6 + 1.5
Obesity 14.9 22.4 + 1.6 20.9 + 1.2 14.7 + 1.1 42.1 + 1.8

Self-reported academic grades during the past 12 months
(n ¼ 10 004)

<.0001

Mostly A’s 39.0 19.3 + 1.0 26.4 + 1.2 17.9 + 0.8 36.3 + 1.3
Mostly B’s 38.4 25.0 + 1.4 24.2 + 1.0 16.3 + 0.8 34.4 + 1.3
Mostly C’s 17.6 29.8 + 1.5 20.7 + 1.3 15.1 + 1.0 34.4 + 1.4
Mostly D’s or F’s 5.0 34.5 + 2.6 22.9 + 2.2 12.1 + 1.4 30.5 + 2.0

Regular soda (n ¼ 10 684) <.0001
None 27.5 16.3 + 1.3 18.7 + 1.3 16.7 + 1.3 48.3 + 1.8
1-6 times/week 53.0 27.4 + 0.9 25.0 + 0.9 17.2 + 0.5 30.4 + 0.8
�1 time/day 19.5 29.1 + 1.6 29.4 + 1.2 13.2 + 0.2 28.3 + 1.6

Sports drinks (n ¼ 10 676) <.0001
None 47.8 22.9 + 1.2 23.5 + 0.9 16.2 + 0.8 37.4 + 1.4
1-6 times/week 39.8 29.0 + 1.0 24.0 + 1.0 16.5 + 0.7 30.5 + 0.7
�1 time/day 12.4 17.2 + 1.4 27.1 + 1.3 16.0 + 0.9 39.6 + 1.9

Milk (n ¼ 10 671) <.0001
<2 glasses/day 82.6 27.0 + 1.0 24.6 + 0.8 15.6 + 0.5 32.8 + 1.0
�2 glasses/day 17.4 13.5 + 0.9 21.9 + 1.1 19.9 + 1.1 44.7 + 1.7

Fruits including 100% fruit juice (n ¼ 10 644) <.0001
<2 times/day 68.4 29.5 + 1.1 26.1 + 0.9 15.6 + 0.5 28.8 + 1.1
�2 times/day 31.6 14.1 + 0.8 19.9 + 0.8 18.0 + 1.0 48.0 + 0.9

Vegetables (n ¼ 10 632) <.0001
<3 times/day 85.9 27.1 + 1.0 25.5 + 0.9 16.3 + 0.5 31.1 + 0.9
�3 times/day 14.1 9.9 + 1.0 15.9 + 1.2 16.8 + 1.2 57.4 + 1.6

Physically active �60 minutes/day (n ¼ 10 631) <.0001
<5 days/week 52.4 29.5 + 1.3 26.6 + 0.8 15.2 + 0.6 28.7 + 1.2
�5 days/week 47.6 19.0 + 0.9 21.4 + 1.0 17.7 + 0.7 41.9 + 1.0

Sleep on an average school night (n ¼ 10 501) .01
<8 hours 74.6 25.2 + 0.9 24.7 + 0.9 16.1 + 0.6 34.0 + 1.0
�8 hours 25.4 22.6 + 1.4 22.9 + 1.1 16.9 + 0.8 37.6 + 1.2

Abbreviation: SE, standard error.
aThe question asked was “During the past 7 days, how many times did you drink a bottle or glass of plain water? Count tap, bottled, and unflavored sparkling
water.”

bBecause of rounding, weighted percentages may not add up to 100%.
cw2 tests were used for each variable to examine differences across categories.
dUnweighted sample size.
eIncludes non-Hispanic American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander, or multi-race.
fSelf-reported weight and height were used to calculate body mass index (BMI). Underweight/normal weight was defined as BMI <85th percentile for sex and age,
overweight was defined as BMI �85th to <95th percentile, and obese was defined as BMI �95th percentile.
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<3 times/day (aOR ¼ 2.42, 95% CI ¼ 2.04-2.89); and being

physically active �60 minutes/day on <5 days/week (aOR ¼
1.83, 95% CI ¼ 1.60-2.08). Students with obesity had lower

odds of infrequent plain water intake (aOR ¼ 0.63, 95% CI ¼
0.53-0.74; vs underweight/normal weight students; Table 2).

Discussion

In our study, about half of students reported drinking a bottle or

glass of plain water less than 3 times/day during the past 7 days.

Furthermore, about 1 in 4 students drank plain water less than

once a day. This is similar to a study from 2010, which showed

that 54% of US high school students drank plain water

<3 times/day.9 We found that the odds of infrequent plain water

intake were higher among students who were �15 years old,

were physically inactive, had poor grades, and had poor dietary

behaviors. Similar to our study findings, a previous study

reported that younger age, poor dietary behaviors (eg, lower

intake of milk, fruits, and vegetables and higher intake of SSBs

and fast foods), and physical inactivity were associated with

infrequent plain water intake among US high school students.9

Similar to a previous study,9 we found that students with

obesity had 37% lower odds for infrequent plain water intake as

compared to underweight/normal weight students. It is possible

that students with obesity might try to decrease energy intake

from beverages by substituting plain water for SSBs. A previ-

ous study showed that students who were trying to lose weight

were less likely consume SSBs than those who were not trying

to do anything about their weight.5

In this study, students who reported earning mostly D’s or

F’s had 37% higher odds for infrequent plain water intake

compared to those who earned mostly A’s. Although there is

Table 2. Adjusted Odds Ratios for Variables Related to Infrequent
Plain Water intakea (<3 times/day) During the Past 7 Days Among
US High School Students, National Youth Risk Behavior Survey,
2017b.

Characteristic

Plain Water Intake
<3 Times/Day

Adjusted Odds Ratio 95% Confidence Interval

Age
�15 years 1.20c 1.05-1.37
16 years 1.09 0.95-1.24
�17 years Reference

Sex
Female Reference
Male 1.08 0.96-1.21

Race/ethnicity
White, non-

Hispanic
Reference

Black, non-
Hispanic

1.15 0.95-1.39

Hispanic or
Latino

0.90 0.78-1.04

Other/multi-race,
non-Hispanicd

0.92 0.78-1.10

Weight statuse

Underweight/
normal weight

Reference

Overweight 0.89 0.75-1.06
Obesity 0.63c 0.53-0.74

Self-reported
academic grades
during the past
12 months

Mostly A’s Reference
Mostly B’s 1.02 0.87-1.20
Mostly C’s 1.06 0.87-1.29
Mostly D’s

or F’s
1.37c 1.07-1.77

Regular soda
None Reference
1-6 times/week 1.92c 1.67-2.20
�1 time/day 3.23c 2.65-3.94

Sports drinks
None Reference
1–6 times/week 1.30c 1.14-1.49
�1 time/day 1.15 0.92-1.44

Milk
<2 glasses/day 1.51c 1.31-1.73
�2 glasses /day Reference

Fruits including
100% fruit juice
<2 times/day 1.92c 1.66-2.22
�2 times/day Reference

Vegetables
<3 times/day 2.42c 2.04-2.89
�3 times/day Reference

Physically active
�60 minutes/day
<5 days/week 1.83c 1.60-2.08
�5 days/week Reference

(continued)

Table 2. (continued)

Characteristic

Plain Water Intake
<3 Times/Day

Adjusted Odds Ratio 95% Confidence Interval

Sleep on an average
school night

<8 hours 1.08 0.97-1.21
�8 hours Reference

aThe question asked was “During the past 7 days, how many times did you
drink a bottle or glass of plain water? Count tap, bottled, and unflavored
sparkling water.”

bThe outcome variable was plain water intake and exposure variables were
demographic and behavioral characteristics. The logistic regression model
included all variables of study and is based on a sample of 8718 students
without missing data. Reference outcome category included students who
drank plain water �3 times/day.

cSignificant findings are bolded based on the 95% confidence intervals (ie, the
confidence interval does not include 1).

dIncludes non-Hispanic American Indian or Alaska Native, Asian, Native Hawai-
ian or other Pacific Islander, or multi-race.

eSelf-reported weight and height were used to calculate body mass index (BMI).
Underweight/normal weight was defined as BMI <85th percentile for sex and
age; overweight was defined as BMI�85th to <95th percentile; and obese was
defined as BMI �95th percentile.

552 American Journal of Health Promotion 34(5)



limited information on associations between water intake and

academic performance among US high school students, a pre-

vious study reported that the prevalence of infrequent plain

water intake (<1 glass/day) was higher among middle school

students who earned mostly D’s or F’s than those who earned

mostly A’s (46.4% vs 32.9%, respectively) in Florida.14

Because dehydration is associated with decreased cognitive

function and headache and rehydration could improve adverse

effects of dehydration on cognitive performance,7 drinking

plain water may be a strategy to support better academic per-

formance without adding calories to the diet.

This analysis includes a large, nationally representative

sample with a relatively high response rate. However, this

study is subject to limitations. First, associations are cross-

sectional; thus, directionality or causality cannot be deter-

mined. Second, plain water intake is measured in frequency

rather than volume. A previous study reported that plain water

intake is moderately correlated (r¼ .49) between times per day

as assessed by a frequency questionnaire and servings per day

as assessed by multiple 24-hour dietary recalls, and the

proportion of people consuming plain water daily was higher

using a frequency questionnaire versus 24-hour dietary recall

(70% for �1 time/day vs 59% for �1 serving/day) among US

high school students.15 Third, this analysis is limited to plain

drinking water and does not assess overall water consumption;

adolescents could also be receiving hydration from other foods

and beverages. Finally, data are collected from adolescents

who attended schools and thus are not representative of all

adolescents.

In conclusion, this study showed that about 1 in 2 US high

school students reported drinking a bottle or glass of plain

water less than 3 times a day during the past 7 days, and 1 in

4 drank this amount less than once a day. Factors significantly

associated with infrequent plain water intake were younger

age; poor academic grades; higher intake of regular soda and

sports drinks; lower intake of milk, fruits, and vegetables; and

physical inactivity. However, students with obesity were less

likely to have infrequent plain water intake. These findings

suggest the need for actions to increase water intake among

adolescents as a substitution for SSBs to better support healthy

lifestyles. Identifying ways to increase plain water intake dur-

ing adolescence and ensuring schools provide access to free

drinking water throughout the school day might be key steps.
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