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Abstract
Background: Children’s hydration is often inadequate during school potentially causing detrimental
effects on cognitive performance. Previous studies investigating water intake during school lack
comparison to a control group. The rise of virtual school during the COVID-19 pandemic created a unique
opportunity to assess water intake during school but in a setting outside of school.

Objective: Compare water intake of children attending in-person classrooms to water intake of children
attending school virtually. We hypothesized water intake would be higher in children attending school
virtually.

Methods: A validated water intake questionnaire was sent to parents and their children (aged 10-17
years) between September 2020 and March 2021. The questionnaire asked participants how often they
consumed a standardized volume of beverage types over one week. Parents indicated if children were
attending school in-person or virtually.

Results: 54 children indicated they were attending school in-person while 76 indicated attending school
virtually (N = 130). Water intake of children attending in-person school (1688 ± 680 mL) was lower as
compared to children attending school virtually (1998 ± 831 mL) (F = 5.09, p < 0.05, Figure 1). The
multivariate regression examining demographics, parent water intake, and school setting as predictors of
child water intake was signi�cant (R2 = 0.33, p < 0.05). Higher child water intake was associated with
older age (b = 0.29, p < 0.05), lower family income (b = -0.25, p < 0.05), higher parent water intake (b =
0.39, p < 0.05), and virtual school setting (b = 0.18, p < 0.05).

Conclusion: Children’s water intake was higher during virtual school as compared to in-person school.
Hydration of parents may in�uence children, especially when the child is attending school virtually.  

Introduction
Water plays vital roles in the human body including thermoregulation, waste elimination, metabolic
reactions, and solute balance (1). Relative to adults, the importance of adequate hydration is ampli�ed in
children due to high body-surface-to-body mass ratio leading to increased water loss through the skin (2).
Analysis of National Health and Nutrition Examination Survey (NHANES) data from 4,766 US children
between the ages of 4-13 years indicate no groups (4-8 yr, 9-13 yr) satis�ed the daily recommended intake
of plain water established by the Institute of Medicine (3). Inadequate hydration (UOsm > 800 mmol⋅kg
−1) in children has shown to effect cognitive measures such as mood, vigor, and short-term memory (4,
5). In school where cognitive function could be considered most critical, children only consume 14% of
their total �uid intake despite spending ~ 8 hours per day in a classroom setting (6). This is supported by
urinary concentration measures indicating children arrive to school underhydrated and remain so
throughout the school day (7, 8).
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Some studies suggest stringent rules regarding bathroom breaks, not allowing water bottles in class (9),
and limited access to water in schools (10) limit opportunities for water intake and discourage students
from drinking to avoid using the restroom including. Michels et al. showed that children’s hydration status
was favorable in schools with more access to water, dissemination of hydration related education,
agreements in policies regarding drinking in class, and well-maintained restroom facilities (11).

While previous research suggests hydration is inadequate in schools, these studies lack comparison to a
control group outside of school. The recent shift to virtual classrooms associated with COVID-19 provided
a unique opportunity to evaluate water intake while some children attend in-person classes and others
attend virtual classes during the same time span. Therefore, the purpose of this study was to compare
water intake (from plain water and other beverages) of children attending in-person school to water intake
of children attending school virtually. Secondarily, the study sought to identify potential predictors of
children’s hydration habits.

Methods
This study was approved by the Institutional Review Board at California Polytechnic State University (Cal
Poly) and was performed in accordance with the Declaration of Helsinki. All participating parents gave
online consent for their child and themselves and children gave online assent. Recruiting was completed
through Research Match (researchmatch.org, Vanderbilt University Medical Center) and through Cal
Poly’s Center for Health Research online channels. Participants were recruited across the U.S. in all 50
states with a majority from California (12%), Ohio (12%), and Washington (9%). To be included
participants must have lived in the United States, had internet access, and had a valid email address.
Additional participant eligibility included parents aged ≥ 18 years with a child aged 10-17 years.
Research Match uses a randomizer function to match individuals who have agreed to be added to
databases with institutional research surveys. Once contacted a link to the consent/assent forms and a
survey was sent using Qualtrics Survey Software (Qualtrics International Inc., Provo, UT).

In this cross-sectional study, the survey was sent to participants between September 2020 and March
2021. Parents were encouraged to complete the surveys with their child and assist only if needed. The
survey was comprised of 3 sections including basic demographic questions (for parent and child), parent
hydration habits across the past week, and child hydration habits across the past week (see below for
details). After completing the survey, participants were entered into a ra�e to win a $100 gift card. All
participants were given the option to omit any questions they did not feel comfortable answering.

Demographics
Basic demographic information was collected including age, sex, ethnicity, race, family income, and state
of residence. A question indicating school status of the child (in person or virtual) was included. For the
purposes of analysis, “in-person” was de�ned as class held by a teacher in-person at a location different
from home and “virtual” was de�ned as class conducted online from home. Body mass index (BMI;
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kg/m2) was calculated and used to categorize weight status (Underweight: < 18.5, Healthy Weight: 18.5-
24.9, Overweight: 25-29.9, Obese: > 30).

Fluid Intake Questionnaire
A validated questionnaire was used to determine water intake for both parents and children (12). The
questionnaire asked participants to indicate how often they consumed a standardized volume of various
beverage types over the past week. Beverage types included plain water, tea, coffee, sport and energy
drinks, juice, soft drinks, dairy, and alcohol (parents only). The nine frequency of consumption options
ranged from “Never or less than 1 per week” to “7+ per day.” Water intake volume was extrapolated by
using the percentage of each beverage composed of water. Sugar-sweetened beverage (SSB) intake
volume for parents and children was calculated as the sum of fresh juice, packaged juice, regular soft
drinks, diet soft drinks, sport drinks, and energy drinks.

Statistical Analysis
All data were analyzed using JMP Pro 16 (SAS Institute, Cary, NC). Summary statistics are reported as
mean and standard deviation unless otherwise noted. To ensure data quality, preliminary exploratory
analyses were performed for each study variable to identify outliers and/or values outside of logical
ranges. Pearson chi-square analysis was used to examine differences in child sociodemographic
variables between in-person and virtual school attendance. A one-way analysis of variance (ANOVA) was
used to assess the difference in water intake between children in school and children attending school
virtually. Homogeneity of variance between groups was assessed using the Brown & Forsythe test.
Simple linear regression was used to evaluate the relationship between parent and child SSB intake. A
multivariate regression was used to identify predictors of children’s water intake including demographics,
parent water intake, and school setting. Statistical signi�cance was set a priori at 0.05.

Results
Participant characteristics and demographics are presented in Table 1. In total, 506 potential participants
were initially contacted and 163 participants responded. Of 163 total respondents, 33 were removed from
analyses for incomplete or incorrectly completed questionnaires. The �nal sample size for all analyses
was 130. Demographics of parents were mainly female (79.8%), non-Hispanic (93.1%), white (88.5%), and
varied in family income and BMI status (Table 1). Fifty-four children were attending school in-person and
76 were attending school virtually. Demographics of children attending in-person school and those
attending school virtually were mainly white (88.5% and 94.4%, respectively) non-Hispanic (93.1% and
98.1%, respectively) with no differences in demographic variables between children attending school in-
person and those attending school virtually (Table 1, p > 0.05).
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Table 1
Parent and child demographics

Demographic Parents Children

(In-Person
School)

Children

(Virtual
School)

Children

(Total)

N 130 54 76 130

Sex, n (%)

Male

Female

Prefer not to answer

 

26 (20.2)

103
(79.8)

1 (0.7)

 

30 (55.6)

24 (44.4)

0 (0.0)

 

37 (48.6)

38 (50.0)

1 (1.3)

 

67 (51.9)

62 (48.1)

1 (0.7)

Hispanic or Latino, n (%)

Yes

No

Not Reported

 

9 (6.9)

121
(93.1)

0 (0.0)

 

1 (1.9)

53 (98.1)

0 (0.0)

 

8 (10.5)

68 (89.5)

0 (0.0)

-

Race (participants could select
multiple), n (%)

White

Asian

Black or African American

American Indian or Alaska Native

Other

Not Reported

 

115
(88.5)

3 (2.3)

7 (5.4)

2 (1.5)

2 (1.5)

1 (0.7)

 

51 (94.4)

0 (0.0)

0 (0.0)

1 (1.9)

1 (1.9)

1 (1.9)

 

64 (84.2)

3 (3.9)

7 (9.2)

1 (1.3)

1 (1.3)

0

-

Annual Family Income, n (%)

$0 to $49,999

$50,000 to $99,999

$100,000 and above

Not reported

 

22 (17.2)

43 (33.6)

63 (49.2)

2 (1.5)

 

10 (18.9)

18 (34)

25 (47.2)

1 (1.9)

 

12 (16.0)

25 (33.3)

38 (50.7)

1 (1.3)

-

Age, yrs, mean ±  SD 43.7 ±
7.3

12.8 ±  2.4 13.1 (2.4) 13.0 ±
2.4

BMI, (kg/m2), mean ±  SD 27.5 ±
6.6

21.4 ± 6.1 20.3 (5.5) 20.7 ±
5.8



Page 6/11

Demographic Parents Children

(In-Person
School)

Children

(Virtual
School)

Children

(Total)

BMI Category, n (%)

Underweight

Normal Weight

Overweight

Obese

Not Reported

 

5 (3.8)

45 (34.6)

39 (30.0)

40 (30.8)

1 (0.7)

 

21 (38.9)

21 (38.9)

7 (13.0)

5 (9.3)

0 (0.0)

 

30 (39.5)

29 (38.2)

7 (9.2)

7 (9.2)

3 (3.9)

 

51 (39.2)

50 (38.5)

14 (10.8)

12 (9.2)

3 (2.3)

Water intake of children attending school in-person (1688 ± 680 mL) was lower as compared to water
intake of children attending school virtually (1998 ± 831 mL) (F = 5.09, p < 0.05, Figure 1). The overall
multivariate regression model examining demographics, parent water intake, and school setting as
predictors of child water intake was signi�cant (R2 = 0.33, p < 0.05). Speci�cally, higher child water intake
was associated with virtual school setting (β = 0.18, p < 0.05), higher parent water intake (β = 0.39, p <
0.05, Figure 2), older age (β = 0.29, p < 0.05), and lower family income (β = -0.25, p < 0.05). No other
demographic factors including sex, BMI, race, or ethnicity were predictors of child water intake.

Discussion
The main �nding of this study was children attending school virtually consumed more water than those
attending school in-person. Furthermore, there were positive relationships between parent and child water
and SSB intake. Previous studies have shown children may drink less water during school due to
classroom policies, lack of hydration education, and poorly maintained restroom facilities (9–11). We
took advantage of the pandemic where many children attended virtual school at home and found that
these children consume more water compared to those attending school in-person.

Children may have consumed more water attending school virtually as compared to in-person due to
perceptions of school water sources. In one study, 30% (n = 3211) of middle school children indicated
they were unlikely to consume water at school, 59% indicated the fountains were unclean, 48% cited poor
taste, and 24% that the fountains were contaminated (13). Since school water intake data in the current
study was collected during the COVID-19 pandemic, perceptions of drinking fountain sanitation were
likely worsened. Furthermore, early in the pandemic it was recommended by the Centers for Disease
Control and Prevention (CDC) to restrict public water fountain access (14). This may have contributed to
reduced water consumption at school in the current study.

Parental in�uence may have also played a role in the discrepancy between water intake during virtual
school as compared to in-person. Higher parental water and SSB intake was associated with higher child
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water and SSB intake. These data suggest the hydration habits of parents in�uenced the habits of their
children. It has been suggested dietary pro�les of children are in�uenced by parents (15–17) and that
children’s dietary pro�les away from home are unfavorable as compared to at home (18, 19). Although
these associations have been shown particular to diet, data supporting parental and environmental
in�uence on water intake are scarce (6). A report by the National Hydration Council compared hydration
habits of 1,000 parents and their children indicated a 38% increase in frequency of water intake in
households whose parents drank water often. Furthermore, cross-sectional data from 1187 children and
their children indicate stricter parental attitudes towards SSB intake were associated with higher child
water intake (20). In the current study, parental attitudes may have affected child water and SSB intake
while attending school virtually. Since many schools shifted to virtual instruction, parental in�uence may
be more relevant due to increased time around children.

Aside from family income, there were no differences in child water intake based on other demographic
factors. Previous studies have shown water intake to be lower in non-Hispanic black males, which
contradicts the current �ndings (21). This could re�ect the limited diversity of people enrolled in the
current study. Lower family income was associated with higher child water intake, which contrasts
previous data indicating a positive association (3) or no association (22). This could re�ect that only 17%
of people enrolled were classi�ed as low income.

This study has some strengths speci�cally the inclusion of a comparison group and congruent
demographics between children attending school virtually and those attending school in-person. However,
limitations include use of self-reported data from children and not recording water content of food.
Parents were explicitly asked to assist their child when completing the questionnaire, but these data may
be subject to reporting errors. Lastly, the questionnaire did not account for water content of food, which
could affect the variability of total water intake. However, the main purpose of this study was to examine
water intake from �uids speci�cally.

To conclude, drinking habits of children may be affected by in-person school setting. Speci�cally, the
current study showed that water intake was higher in children attending virtual school compared to in-
person school. These data support previous studies indicating school setting and policies may
discourage children from drinking adequate water while attending school.
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Figures

Figure 1

Child plain water intake in school and out of school * Indicates signi�cantly different from in school
water intake, p < 0.05 Error bars represent SE
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Figure 2

Relationship between parent and child plain water intake


