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Abstract
Purpose  This study determined fluid intake and physical activity behaviors among college students during the COVID-19 
pandemic.
Methods  College students (n = 1014; females, 75.6%) completed an online survey during the Spring 2020 academic semester 
following the initial global response to the COVID-19 pandemic. Academic standing, habitation situation, and University/
College responses to COVID-19 were collected. Participants completed the Godin Leisure-Time Exercise Questionnaire and 
a 15-item Beverage Questionnaire (BEVQ-15) to determine physical activity level and fluid intake behaviors, respectively.
Results  Females (1920 ± 960 mL) consumed significantly less fluid than males (2400 ± 1270 mL, p < 0.001). Living off-
campus (p < 0.01) and living with a spouse/partner (p < 0.01) was associated with increased consumption of alcoholic 
beverages. 88.7% of participants reported being at least moderately active; however, Black/African American and Asian 
participants were more likely to be less active than their Caucasian/White counterparts (p < 0.05). Participants reporting no 
change in habitation in response to COVID-19 had a higher fluid intake (p = 0.002); however, the plain water consumption 
remained consistent (p = 0.116). While there was no effect of habitation or suspension of classes on physical activity levels 
(p > 0.05), greater self-reported physical activity was associated with greater fluid intake (std. β = 0.091, p = 0.003).
Conclusions  Fluid intake among college students during the initial response to the COVID-19 pandemic approximated cur-
rent daily fluid intake recommendations. Associations between COVID-19-related disruptions (i.e., suspension of classes 
and changes in habitation) and increased alcohol intake are concerning and may suggest the need for the development of 
targeted strategies and programming to attenuate the execution of negative health-related behaviors in college students.
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Introduction

Existing evidence [1–13] examining the impact of COVID-
19 on health-related behaviors have reported that the asso-
ciated lockdown measures have had a significant impact on 
behaviors, such as dietary intake and physical activity. Spe-
cifically, individuals tended to consume greater quantities 
of food or report increased eating frequency [3, 5, 6, 12, 
13], consumption of greater quantities of alcohol [5, 12, 13], 
and increased consumption of either sweet foods or sugar-
sweetened beverages [2–4]. These unhealthy behaviors were 
associated with those who also reported increased levels of 
stress, anxiety, or psychological or emotional disturbances 
[6, 10, 14, 15], whereas some individuals reported improve-
ments in health-related behaviors during this time [1, 7, 10].
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Health-related behaviors, such as engagement in physi-
cal activity and total fluid intake (i.e., hydration status), and 
their association with human health and performance out-
comes have been extensively studied within the scientific lit-
erature. These data overwhelmingly support the associations 
of physical inactivity and low daily fluid intake, specifically 
total water intake, on increased risks of obesity [16–19], 
cardiovascular disease [20–22], and diabetes [20, 23–25]. 
Of particular interest regarding the impact of COVID-19 on 
health-related behaviors are emerging adults (18–29 years) 
enrolled in college/university, herein referred to as college 
students. In this stage of life, most college students are living 
away from home and are developing independent health-
related behaviors for the first time. Evidence shows that col-
lege students have a decline in physical activity engagement 
and associated increase in sedentary behaviors compared to 
their previous behaviors [26, 27]. Furthermore, poor dietary 
intake (e.g., increased consumption of foods that are high 
in fat, sodium, and sugar, decreased consumption of fruits 
and vegetables, and evidence suggesting that college stu-
dents are underhydrated) contribute to the increased risk 
profile for long-term health outcomes [26, 28–32]. While 
many universities/colleges have begun to integrate initiatives 
to improve student health and wellness, a college student’s 
environmental context (e.g., food, physical, and social envi-
ronment) may impact the development and maintenance of 
health-related behaviors [26, 28, 33–36]. However, with the 
changes Colleges and Universities had to make in response 
to COVID-19, these initiatives were likely unavailable to 
assist college students in improving health-related behaviors 
during the latter-part of the Spring 2020 academic semester.

Physical activity [37–39] and hydration status [39–41] 
has been shown to positively impact immune function, 
potentially being useful in the prevention and mitigation of 
adverse disease outcomes, such as COVID-19. In particu-
lar, exercise-induced immunomodulation may improve the 
innate and adaptive immune responses to the COVID-19 
virus [42]. It is also hypothesized that underhydration may 
increase the risk of COVID-19 infection via increased angi-
otensin-converting enzyme 2 receptors in the lung, resulting 
in increased capillary permeability in the lungs that pro-
motes an environment that reduces the capacity for fluid 
transport out of the lung [43].

Although prior evidence has examined changes in health-
related behaviors in college students throughout the college/
university experience, no known literature that has examined 
the impact of a global pandemic (i.e., COVID-19) on lev-
els of physical activity and fluid intake in this population. 
Furthermore, with the disruptions of in-person classes, and 
other associated university services (on-campus living, food 
services, health and wellness programs and recreation facil-
ity access) it is prudent that inquiry into these behaviors 
is ascertained to inform improved policy. Therefore, the 

primary aim of this study was to characterize fluid intake 
and physical activity behaviors in college students during the 
initial response to the COVID-19 pandemic. As a second-
ary aim, this study also sought to determine the impact of 
disruptions in normal living (i.e., suspension of in-person 
classes and/or a change in living situation [habitation]) on 
fluid intake and physical activity behaviors. Specifically, 
we included total fluid intake, exercise participation, and 
alcohol consumption as outcome variables. Based on the 
reported and predicted impacts of the COVID-19 pan-
demic on global mental health [44–46], we predicted that 
the COVID-19-specific disruptions in a college student’s 
class structure and habitation status would impact health 
behaviors, such as fluid intake (including types of fluids con-
sumed) and physical activity.

Materials and methods

For this study, college students enrolled in college/univer-
sity in the United States during the Spring 2020 academic 
semester were recruited to complete an online survey (Qual-
trics, Provo, UT, USA) investigating their daily fluid intake 
and physical activity behaviors during the initial response 
(March–May 2020) to the COVID-19 global pandemic. Uni-
versity email listservs, social media posts, and convenience 
sampling were used to recruit eligible participants. Given 
the inability to decipher the total number of individuals 
who received the link or saw the social media posts, we are 
unable to calculate a valid response rate. However, the initial 
dissemination of the survey using email listservs at the pri-
mary author’s institution was sent to 8000 students that were 
enrolled in classes for the Spring 2020 academic semester. 
Consent was implied by participants clicking on the “I agree 
to participate” button at the bottom of the first information 
page and completing the study. This study was ruled exempt 
from review by the Institutional Review Board at the Univer-
sity of North Carolina at Greensboro (#20–0442).

Survey

The survey (Supplemental File) had three main parts: (1) 
participant characteristics and demographics, (2) fluid intake 
behaviors and (3) physical activity behaviors.

Participant characteristics and demographics. Par-
ticipants indicated their sex, race and ethnicity, academic 
classification (i.e., Freshman, Sophomore, Junior, Senior, 
Graduate Student), habitation during the 2019–2020 aca-
demic year, change in habitation as a result of COVID-19, 
whether or not their university suspended in-person classes 
and the state in which the participant’s college or university 
was located.
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Habitual Fluid Intake. To assess fluid intake behaviors 
participants completed a validated 15-item Beverage Ques-
tionnaire (BEVQ-15) [47]. This questionnaire, used to deter-
mine one’s typical beverage intake behaviors during the pre-
vious 30 days (one month), was not altered for this study and 
has shown sufficient construct validity and reproducibility to 
capture participant fluid intake against a 4-day dietary recall 
and the BEVQ-2 survey [47]. Participants were instructed 
to indicate the types of beverages they consumed on average 
during the previous month. Beverage types included water, 
beer, wine, hard liquor, coffee, energy drinks, milk, low fat 
milk, nut milk, fruit juice, sweetened juice beverages, soft 
drinks, diet soft drinks, sweet tea, and any additional bev-
erages not included in the survey (“other”). For each bev-
erage type, participants selected an option for how often 
(“never or less than 1 per week”, “1 time per week”, “2–3 
times per week”, “4–6 times per week”, “1 time per day”, 
“2 times per day”, and “3 + times per day”) and how much 
each time (“less than 6 fl oz [3/4 cup]”, “8 fl oz [1 cup]”, 
“12 fl oz [1.5 cups]”, “16 fl oz [2 cups]”, “20 fl oz [2.5 
cups]”, “ > 20 fl oz”). Fluid intake volume for each beverage 
type and total fluid intake were calculated based on methods 
previously established [47].

Physical Activity. Participants were instructed to self-
report their levels of physical activity during the 7 days prior 
to completing the survey. To quantify amount of physical 
activity, the Godin Leisure-Time Exercise Questionnaire was 
used [48, 49]. This self-reported physical activity question-
naire provides a valid and reliable assessment of individuals 
who are classified as ‘active’, ‘moderately active’, and ‘insuf-
ficiently active’ [50] and is based on current physical activ-
ity recommendations by the American College of Sports 
Medicine [51]. Participants are asked to report the frequency 
(times per week) of strenuous, moderate, and mild/light 
exercise performed for a minimum of 15 consecutive min-
utes during the previous 7-day period. The frequency was 
multiplied by a metabolic equivalent (MET; strenuous = 9, 
moderate = 5, and mild/light = 3) with these arbitrary units 
summed to give a classification of activity. A score ≥ 24 was 
interpreted as active, 14–23 as moderately active, and < 14 
as insufficiently active/sedentary. This questionnaire dem-
onstrates sufficient reliability and concurrent validity [48].

Statistical analyses

All data analyses were conducted using R statistical soft-
ware [52]. For the primary aim, robust multiple regression 
models were run using the “rlm” function in R to assess 
whether academic classification, habitation, sex, and race/
ethnicity were predictors of fluid intake (total and bever-
age type volume) using iterated re-weighted least squares. 

This analysis followed this equation for volume of each 
type of beverage consumed (Y):

A multinomial logistic regression was run with age, 
academic classification, habitation, sex, and race/ethnic-
ity as predictors of self-reported physical activity level 
category (“active”, “moderately active”, or “insufficiently 
active”):

For the second aim, path analysis models were created 
using the “Lavaan” package in R to explore the impact of the 
suspension of university classes, as mediated by a change in 
habitation and moderated by academic classification, on total 
fluid intake and physical activity classification. The model 
was adjusted for race/ethnicity and sex (Fig. 1). Significance 
was set at a-priori at p < 0.05 for all analyses. The indirect 
effect (moderated mediation) for each of these models was 
calculated as the product of the regression coefficient for 
the effect of a suspension of in-person classes on a change 
in habitation moderated by different levels of academic clas-
sification, with the effect of a change in habitation on the 
outcome variable of interest. The total effect of each model 
was calculated as the addition of the indirect effect and the 
direct effect (effect of suspension of in-person classes on 
the outcome variable without mediation or moderation). 
Additional models following this format were created with 
specific beverages of interest as outcome variables, specifi-
cally total fluid, alcohol, and water. Figure 1 displays the 
model with Total Fluid (mL) as the outcome variable. The 
same model was used with plain water, beer, wine, and hard 
liquor as outcome variables (see supplementary figures). A 
separate model was run with physical activity classification 
as a moderator of Total Fluid intake (Fig. 2). Such path anal-
ysis models have the advantage of examining both the direct 
influence of one independent variable on the dependent vari-
able, as well as chains of influence, whereby the independent 
variable may or may not influence an intermediate variable 
which affects the outcome of interest (indirect effect)[53]. 

(1)
Y = �1(Academic Classification) + �2(Habitation)

+ �3(Sex) + �4(Race) + �5(Ethnicity) + ∫

(2)

ln

(

P(PA = active)

P(PA = insufficiently active)

)

= �10(Academic Classification) + �11(Habitation)

+ �12(Sex) + �13(Race) + �14(Ethnicity) + ∫
1

(3)

ln

(

P(PA = moderately active)

P(PA = insufficiently active)

)

= �20(Academic Classification) + �21(Habitation)

+ �22(Sex) + �23(Race) + �24(Ethnicity) + ∫
2
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Inclusion of the moderator academic classification allowed 
us to assess whether the strength of the relationship between 
a suspension of in-person university classes and total fluid 
intake and physical activity levels varied across academic 
school year.

Results

A total of 1156 participants began the survey, from which 
141 were excluded based on limited completion (< 80% of 
questions completed), leaving 1014 for analysis (Table 1). 
Self-reported fluid intake across each race and sex are dis-
played in Table 2. The study population primarily identified 
as being female [n = 766 (75.6%) vs n = 241 (23.8%) male]. 
Participants self-reported primarily consuming water (n = , 
47.9%), followed by sweet beverages (16.9%), caffeinated 
beverages (12.1%), milk or milk alternatives (6.5%), and 
alcohol (5.6%). The level of self-reported physical activity 
is depicted in Table 3. Among the responses included for 
analysis, 75.7% of participants were classified as “active”, 
13% as “moderately active”, and 11% as “insufficiently 
active/sedentary”.

Fluid intake behaviors

Multiple regression models incorporating sex, race/ethnicity, 
academic classification, habitation, and exercise participa-
tion as predictors of self-reported total fluid intake and a 
type of fluids consumed are displayed in Table 4. Females 
self-reported consuming significantly less daily total fluid, 
as well as less beer, hard liquor, coffee, energy drinks, milk, 
sweetened juice beverages, and soft drinks compared to 
males (p < 0.001), but consumed more nut milk (p < 0.05). 
Compared to participants identifying as White/Caucasian, 
there were no significant differences in total fluid intake 
between races (p > 0.05). Black/African American partici-
pants consumed less beer, coffee, soft drinks, and diet soft 
drinks but more nut milk, fruit juice, and sweetened juice 
beverages (p < 0.05). Asian participants consumed less 
beer, energy drinks and soft drinks (p < 0.05). American 
Indian participants consumed more wine, milk, nut milk, 
soft drinks, sweet tea, and other beverages (p < 0.05). Native 
Hawaiians consumed less beer and low-fat milk (p < 0.05). 
Participants of Hispanic/Latino/Spanish origin consumed 
more nut milk and fruit juice but less soft drinks and sweet 
tea (p < 0.05).

Fig. 1   Moderated Mediation model examining the influence of a 
Suspension of In Person Classes (SIP) as Mediated by Change in 
Habitation and moderated by Academic Classification (AC) on Total 
fluid Intake. Solid lines represent estimated parameter for the pre-
dicted standardized change in the exogenous variable for every one 
unit change in the predictor variable, when holding other variables 
constant. For example, a 1 standard deviation change in sex (i.e., 
females) predicted a  – 0.189 standard deviation decrease in total fluid 
intake, when controlling for SIP, Race/Ethnicity, Habitation, and the 

moderating effect of SIP and AC. SIP coded as “No suspension of 
in-person classes” = 0, “Suspension of in-person classes” = 1. Race/
Ethnicity coded as “White/Caucasian” = 0, “Non-white” = 1. Sex 
coded as “Male” = 0. “Female” = 1. Habitation coded as “No living 
change” = 0, “Living Change” = 1. AC used as a continuous modera-
tor with ‘0’ representing the lowest academic classification “Fresh-
man”. Dashed lines represent covariance between variables. Dashed 
circular arrows represent variance of exogenous variables. Solid cir-
cular arrows represent error variance for endogenous variables
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When examining associations of fluid intake by aca-
demic classification and habitation, those of higher aca-
demic classification (i.e., graduate student > senior > jun-
ior > sophomore > freshman) had increased water (p < 0.05), 
beer (p < 0.05), coffee (p < 0.001), and wine consumption 
(p < 0.001), but less energy drink (p < 0.05), fruit juice 
(p < 0.05), sweetened juice beverage (p < 0.05), soft drink 
(p < 0.05) and sweet tea consumption (p < 0.05). Living 
off campus was associated with greater total fluid intake 
(p < 0.05), including more beer (p < 0.01), wine (p < 0.001), 
hard liquor (p < 0.01), and low-fat milk consumption 
(p < 0.05) compared to living on campus. Living with a 
spouse/partner was associated with increased total fluid 
intake (p < 0.01), including more wine (p < 0.01), and cof-
fee consumption (p < 0.01), but less milk consumption 
(p < 0.05) compared to living on campus. Living with a 
parent(s)/guardian(s) was associated with increased energy 
drink consumption (p < 0.05) compared to living on campus.

Greater exercise participation predicted greater total fluid 
intake (p < 0.001), including more water (p < 0.001), energy 
drink (p < 0.001), milk (p < 0.001), and nut milk (p < 0.05) 
intake but less soft drink (p < 0.01) and sweet tea (p < 0.05) 
intake.

Physical activity behaviors

Multinomial logistic regression models incorporating sex, 
race, academic classification, and habitation as predictors of 
self-reported physical activity level are displayed in Table 5. 
Black/African American participants were less likely to be 
active than Caucasian/White respondents (p < 0.001). Native 
Hawaiian participants were less likely to be moderately 
active (p < 0.001), but more likely to be active (p < 0.001) 
than Caucasian/White respondents. Asian participants were 
less likely to be classified as active (p < 0.05) compared to 
Caucasian/White respondents. Participants living off-cam-
pus were more likely to be moderately active (p = 0.05) and 
active (p < 0.01) compared to those living on campus.

Moderated mediation analyses

Moderated mediation analyses were conducted with “sus-
pension of in-person classes” as a predictor of total fluid 
intake, mediated by whether students experienced a change 
in habitation, and moderated by academic classification 
(Table 6). This model included Sex and Race/Ethnicity 
(where 0 = non-Hispanic White, 1 = non-White) as covari-
ates for the prediction of total fluid intake (Fig. 1). The chi-
square test of model fit showed this model was not a perfect 

Fig. 2   Moderated Mediation examining the influence of a Suspen-
sion of In Person Classes (SIP) as Mediated by Change in Habita-
tion and moderated by Physical Activity (PA) on Total Fluid Intake, 
covaried by Sex and Race/Ethnicity. Solid lines represent estimated 
parameter for the predicted standardized change in the exogenous 
variable for every one unit change in the predictor variable, when 
holding other variables constant.. SIP coded as “No suspension of 
in-person classes” = 0, “Suspension of in-person classes” = 1. Race/

Ethnicity coded as “White/Caucasian” = 0, “Non-white” = 1. Sex 
coded as “Male” = 0. “Female” = 1. Habitation coded as “No living 
change” = 0, “Living Change” = 1. PA was a continuous moderating 
variable of physical activity score based on the Godin questionnaire. 
Dashed lines represent covariance between variables. Dashed circu-
lar arrows represent variance of exogenous variables. Solid circular 
arrows represent error variance for endogenous variables
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fit (chi-square = 8556.186, df = 11, p = 0.000). However, the 
comparative fit index (CFI) and Tucker–Lewis Index (TLI) 
both suggested a good model fit (CFI = 1.000, TLI = 1.001). 
This fit was also supported by an RMSEA of 0.000 (90% CI 
0.000–0.065) and SRMR of 0.001, both of which suggest a 
good model fit. Thus, this model was considered acceptable 
for further interpretation. Both the total and indirect effects 
were not statistically significant (indirect effect, p = 0.489; 
total effect, p = 0.182). However, participants who did not 
experience a change in habitation reported greater total fluid 
intake than those who experienced a change in habitation, 
when controlling for sex, race/ethnicity, and academic stand-
ing (p = 0.002). Individuals of higher academic classifica-
tion (grad student > senior > junior > sophomore > freshman) 
were less likely to experience a change in habitation due to 
COVID-19 disruptions (p < 0.001).

Separate moderated mediation analyses were conducted 
with different categories of alcohol (Beer, Wine, Hard Liq-
uor, see: “Supplementary Figures”) as outcome variables, 
when controlling for sex and race/ethnicity. The model for 
Beer (Fig. S1) produced good global fit (chi-square = 1.070, 
p = 0.301; CFI = 1.000; TLI = 0.999; RMSEA = 0.008 (90% 
CI 0.000–0.086); SRMR = 0.003). This model revealed 
a non-significant indirect (p = 0.666) and total effect 
(p = 0.916) of suspension of in-person classes and change 
in habitation on beer consumption. However, there was a sig-
nificant increase in Beer consumption among those who did 
not experience a change in habitation (β = 0.104, p < 0.001) 
compared to those who did experience a habitation change 
(Table 7).

Global fit indices for the model with wine consump-
tion as an outcome variable suggest a good model fit (chi-
square = 575.320, p = 0.000; CFI = 1.000; TLI = 1.019; 
RMSEA = 0.000 (90% CI 0.000–0.034); SRMR = 0.000). 
There was a significant total effect of a suspension of in-
person classes on wine consumption (Table 8, Fig. S2) when 
controlling for sex and race/ethnicity, driven by the signifi-
cant reduction in wine consumption among participants who 
did not experience a suspension of in person classes (direct 
effect) (total effect, p = 0.035; direct effect, p  – 0.033). How-
ever, there was no significant indirect effect (mediation and 
moderation effect) of the suspension of in-person classes on 
wine consumption (p = 0.727).

With hard liquor consumption as an outcome vari-
able, global fit indices suggested a good model fit (chi-
square = 0.072, p = 0.789; CFI = 1.000; TLI = 1.029; 
RMSEA = 0.000 (90% CI  0.000–0.055); SRMR = 0.001). 
Students who did not experience a suspension of in per-
son classes self-reported consuming less Hard Liquor (total 
effect, p = 0.005; direct effect, p = 0.005), driven by the sig-
nificant increase in consumption among those who did not 
experience a living change (p = 0.010) (Table 9, Fig. S3).

Table 1   Respondent demographic information

Overall
(N = 1014)

Sex
Female 766 (75.5%)
Male 241 (23.8%)
Prefer not to answer 6 (0.6%)
Missing 1 (0.1%)
Race
American Indian 26 (2.6%)
Asian 54 (5.3%)
Black or Black/African American 168 (16.6%)
Native Hawaiian 1 (0.1%)
Other 32 (3.2%)
White or Caucasian 724 (71.4%)
Missing 9 (0.9%)
Ethnicity
Hispanic or Latino or Spanish Origin 98 (9.7%)
Not Hispanic or Latino or Spanish Origin 907 (89.4%)
Missing 9 (0.9%)
Academic Classification
Freshman 59 (5.8%)
Graduate student 289 (28.5%)
Junior 264 (26.0%)
Senior 245 (24.2%)
Sophomore 139 (13.7%)
Missing 18 (1.8%)
Self-reported physical activity level
Sedentary 113 (11.1%)
Moderately active 133 (13.1%)
Active 768 (75.7%)
Habitation (Start of 2019–2020 Academic Year)
Off campus 388 (38.3%)
On campus 253 (25.0%)
Other 13 (1.3%)
Parent/guardian 182 (17.9%)
Spouse/partner 177 (17.5%)
Missing 1 (0.1%)
Change in habitation
No 587 (57.9%)
Yes 426 (42.0%)
Missing 1 (0.1%)
New habitation location (As a result of COVID-19)
Off campus 15 (1.5%)
On campus 7 (0.7%)
Parent/guardian 358 (35.3%)
Spouse/partner 21 (2.1%)
Missing 613 (60.5%)
In-person Classes Suspended?
No 12 (1.2%)
Yes 1000 (98.6%)
Missing 2 (0.2%)



1171European Journal of Nutrition (2023) 62:1165–1184	

1 3

Ta
bl

e 
2  

S
el

f-
re

po
rte

d 
da

ily
 fl

ui
d 

in
ta

ke
 b

y 
ra

ce
/e

th
ni

ci
ty

 a
nd

 se
x

B
la

ck
/A

fr
ic

an
 A

m
er

i-
ca

n
A

m
er

ic
an

 In
di

an
A

si
an

W
hi

te
/C

au
ca

si
an

N
at

iv
e 

H
aw

ai
ia

n 
or

 P
ac

ifi
c 

Is
la

nd
er

O
th

er
H

is
pa

ni
c 

or
 L

at
in

o 
or

 
Sp

an
is

h 
v

O
ve

ra
ll

Fe
m

al
e 

(N
 =

 13
7)

M
al

e 
(N

 =
 31

)
Fe

m
al

e 
(N

 =
 20

)
M

al
e 

(N
 =

 6)
Fe

m
al

e 
(N

 =
 35

)
M

al
e 

(N
 =

 18
)

Fe
m

al
e 

(N
 =

 54
4)

M
al

e 
(N

 =
 17

5)
Fe

m
al

e 
(N

 =
 1)

Fe
m

al
e 

(N
 =

 25
)

M
al

e 
(N

 =
 7)

Fe
m

al
e 

(N
 =

 82
)

M
al

e 
(N

 =
 16

)
Fe

m
al

e 
(N

 =
 76

6)
M

al
e 

(N
 =

 24
1)

To
ta

l 
Fl

ui
d 

(m
L)

M
ea

n 
(S

D
)

20
00

 
(1

04
0)

23
30

 
(1

64
0)

17
90

 
(1

02
0)

33
70

 
(2

12
0)

18
10

 
(8

33
)

17
30

 
(7

90
)

18
40

 
(9

55
)

22
20

 
(1

77
0)

15
30

 
(N

A
)

15
80

 
(9

08
)

21
70

 
(7

95
)

18
40

 
(9

55
)

22
20

 
(1

77
0)

19
20

 
(9

60
)

24
00

 
(1

27
0)

M
ed

ia
n 

[M
in

, 
M

ax
]

18
50

 
[4

67
, 

71
00

]

18
00

 
[5

32
, 

71
40

]

15
20

 
[5

26
, 

43
30

]

26
90

 
[1

75
0,

 
75

40
]

18
20

 
[3

90
, 

37
90

]

17
00

 
[5

32
, 

36
20

]

16
90

 
[2

72
, 

57
50

]

14
60

 
[5

44
, 

66
00

]

15
30

 
[1

53
0,

 
15

30
]

13
20

 
[2

72
, 

44
70

]

23
10

 
[1

08
0,

 
32

20
]

16
90

 
[2

72
, 

57
50

]

14
60

 
[5

44
, 

66
00

]

17
70

 
[1

18
, 

79
80

]

21
70

 [5
32

, 
75

40
]

W
at

er
 

(m
L)

M
ea

n 
(S

D
)

10
10

 
(5

50
)

10
50

 
(5

61
)

79
3 

(5
76

)
94

2 
(6

94
)

10
10

 
(4

48
)

10
60

 
(4

93
)

93
6 

(5
68

)
73

6 
(5

04
)

10
60

 
(N

A
)

88
0 

(5
67

)
93

6 
(5

32
)

93
6 

(5
68

)
73

6 
(5

04
)

96
3 

(5
49

)
10

10
 (5

19
)

M
ed

ia
n 

[M
in

, 
M

ax
]

10
60

 [0
, 

18
60

]
10

60
 

[1
89

, 
18

60
]

71
0 

[9
4.

6,
 

17
70

]
10

60
 

[1
42

, 
17

70
]

10
60

 
[3

31
, 

18
60

]

10
60

 
[9

4.
6,

 
18

60
]

82
8 

[0
, 

18
60

]
66

5 
[1

42
, 

18
60

]
10

60
 

[1
06

0,
 

10
60

]

94
6 

[1
24

, 
18

60
]

71
0 

[1
66

, 
17

70
]

82
8 

[0
, 

18
60

]
66

5 
[1

42
, 

18
60

]
94

6 
[0

, 
18

60
]

10
60

 [4
7.

3,
 

18
60

]

Be
er

 (m
L)

M
ea

n 
(S

D
)

23
.7

 
(8

2.
3)

37
.5

 
(9

9.
9)

49
.7

 
(7

8.
7)

29
1 

(4
18

)
16

.6
 

(3
7.

9)
5.

59
 

(1
3.

8)
47

.8
 

(1
68

)
23

6 
(3

07
)

14
2 

(N
A

)
14

.7
 

(3
9.

4)
79

.4
 

(9
8.

7)
47

.8
 

(1
68

)
23

6 
(3

07
)

39
.6

 
(9

5.
2)

11
6 

(2
60

)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 5
91

]
0 

[0
, 4

73
]

0 
[0

, 2
48

]
12

4 
[0

, 
10

60
]

0 
[0

, 1
42

]
0 

[0
, 

47
.3

]
0 

[0
, 

12
40

]
23

7 
[0

, 
11

80
]

14
2 

[1
42

, 
14

2]
0 

[0
, 1

89
]

23
.7

 [0
, 

24
8]

0 
[0

, 
12

40
]

23
7 

[0
, 

11
80

]
0 

[0
, 

12
40

]
0 

[0
, 1

86
0]

M
is

si
ng

16
 (1

9.
5%

)
3 

(1
8.

8%
)

16
 (1

9.
5%

)
3 

(1
8.

8%
)

W
in

e 
(m

L)
M

ea
n 

(S
D

)
46

.0
 (1

27
)

24
.5

 
(7

2.
8)

42
.5

 
(5

8.
9)

24
0 

(4
03

)
15

.9
 

(3
5.

4)
18

.9
 

(5
1.

3)
36

.6
 

(7
9.

2)
39

.8
 

(9
7.

7)
59

.2
 (N

A
)

28
.6

 
(5

2.
1)

27
.2

 
(3

9.
1)

36
.6

 
(7

9.
2)

39
.8

 
(9

7.
7)

41
.4

 
(1

00
)

34
.4

 (1
01

)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 
11

80
]

0 
[0

, 3
55

]
0 

[0
, 1

89
]

62
.1

 [0
, 

94
6]

0 
[0

, 1
42

]
0 

[0
, 1

89
]

0 
[0

, 4
73

]
0 

[0
, 3

31
]

59
.2

 
[5

9.
2,

 
59

.2
]

0 
[0

, 1
89

]
17

.7
 [0

, 
94

.6
]

0 
[0

, 4
73

]
0 

[0
, 3

31
]

0 
[0

, 
11

80
]

0 
[0

, 9
46

]

M
is

si
ng

16
 (1

1.
7%

)
3 

(9
.7

%
)

4 
(2

0.
0%

)
1 

(1
6.

7%
)

9 
(2

5.
7%

)
2 

(1
1.

1%
)

13
 (1

5.
9%

)
5 

(3
1.

2%
)

0 
(0

%
)

6 
(2

4.
0%

)
2 

(2
8.

6%
)

13
 (1

5.
9%

)
5 

(3
1.

2%
)

11
4 (1

4.
9%

)
35

 (1
4.

5%
)

H
ar

d 
Li

qu
or

 
(m

L)
M

ea
n 

(S
D

)
23

.3
 

(7
8.

1)
30

.1
 

(6
9.

8)
21

.7
 

(4
9.

7)
12

6 
(2

86
)

12
.8

 
(4

4.
7)

12
.8

 
(3

0.
5)

11
.5

 
(3

4.
9)

13
1 

(3
57

)
0 

(N
A

)
8.

28
 

(2
9.

6)
23

.7
 

(4
5.

4)
11

.5
 

(3
4.

9)
13

1 
(3

57
)

16
.4

 
(5

1.
9)

34
.9

 (1
08

)



1172	 European Journal of Nutrition (2023) 62:1165–1184

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

B
la

ck
/A

fr
ic

an
 A

m
er

i-
ca

n
A

m
er

ic
an

 In
di

an
A

si
an

W
hi

te
/C

au
ca

si
an

N
at

iv
e 

H
aw

ai
ia

n 
or

 P
ac

ifi
c 

Is
la

nd
er

O
th

er
H

is
pa

ni
c 

or
 L

at
in

o 
or

 
Sp

an
is

h 
v

O
ve

ra
ll

Fe
m

al
e 

(N
 =

 13
7)

M
al

e 
(N

 =
 31

)
Fe

m
al

e 
(N

 =
 20

)
M

al
e 

(N
 =

 6)
Fe

m
al

e 
(N

 =
 35

)
M

al
e 

(N
 =

 18
)

Fe
m

al
e 

(N
 =

 54
4)

M
al

e 
(N

 =
 17

5)
Fe

m
al

e 
(N

 =
 1)

Fe
m

al
e 

(N
 =

 25
)

M
al

e 
(N

 =
 7)

Fe
m

al
e 

(N
 =

 82
)

M
al

e 
(N

 =
 16

)
Fe

m
al

e 
(N

 =
 76

6)
M

al
e 

(N
 =

 24
1)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 7
10

]
0 

[0
, 2

48
]

0 
[0

, 1
89

]
11

.8
 [0

, 
71

0]
0 

[0
, 2

37
]

0 
[0

, 
94

.6
]

0 
[0

, 1
77

]
8.

87
 [0

, 
12

40
]

0 
[0

, 0
]

0 
[0

, 1
42

]
0 

[0
, 1

24
]

0 
[0

, 1
77

]
8.

87
 [0

, 
12

40
]

0 
[0

, 7
10

]
0 

[0
, 1

24
0]

M
is

si
ng

18
 (2

2.
0%

)
4 

(2
5.

0%
)

18
 (2

2.
0%

)
4 

(2
5.

0%
)

C
off

ee
 

(m
L)

M
ea

n 
(S

D
)

12
4 

(2
52

)
55

.5
 (1

75
)

13
9 

(2
29

)
44

7 
(7

17
)

15
1 

(2
17

)
12

5 
(2

26
)

15
8 

(1
95

)
20

3 
(2

47
)

16
6 

(N
A

)
11

5 
(1

49
)

27
9 

(3
11

)
15

8 
(1

95
)

20
3 

(2
47

)
17

9 
(2

72
)

27
8 

(4
09

)

M
ed

ia
n 

[M
in

, 
M

ax
]

17
.7

 [0
, 

17
70

]
0 

[0
, 9

46
]

17
.7

 [0
, 

71
0]

17
2 

[0
, 

18
60

]
47

.3
 [0

, 
94

6]
23

.7
 [0

, 
71

0]
94

.6
 [0

, 
94

6]
94

.6
 [0

, 
71

0]
16

6 
[1

66
, 

16
6]

23
.7

 [0
, 

53
2]

23
7 

[0
, 

71
0]

94
.6

 [0
, 

94
6]

94
.6

 [0
, 

71
0]

71
.0

 [0
, 

17
70

]
94

.6
 [0

, 
18

60
]

M
is

si
ng

11
 (1

3.
4%

)
3 

(1
8.

8%
)

11
 (1

3.
4%

)
3 

(1
8.

8%
)

En
er

gy
 

D
ri

nk
s 

(m
L)

M
ea

n 
(S

D
)

26
.5

 (1
19

)
11

8 
(2

55
)

3.
55

 
(1

0.
9)

29
.6

 
(3

9.
4)

7.
44

 
(2

9.
1)

29
.9

 
(1

11
)

34
.1

 
(9

3.
2)

18
3 

(3
14

)
0 

(N
A

)
50

.6
 

(1
24

)
65

.9
 

(8
6.

4)
34

.1
 

(9
3.

2)
18

3 
(3

14
)

29
.3

 
(1

00
)

86
.2

 (2
13

)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 
10

60
]

0 
[0

, 
12

40
]

0 
[0

, 3
5.

5]
11

.8
 [0

, 
94

.6
]

0 
[0

, 1
66

]
0 

[0
, 4

73
]

0 
[0

, 4
73

]
41

.4
 [0

, 
11

80
]

0 
[0

, 0
]

0 
[0

, 4
73

]
35

.5
 [0

, 
23

7]
0 

[0
, 4

73
]

41
.4

 [0
, 

11
80

]
0 

[0
, 

12
40

]
0 

[0
, 1

86
0]

M
is

si
ng

18
 (2

2.
0%

)
2 

(1
2.

5%
)

18
 (2

2.
0%

)
2 

(1
2.

5%
)

M
ilk

 (m
L)

M
ea

n 
(S

D
)

66
.1

 (1
78

)
10

9 
(2

56
)

14
3 

(2
08

)
28

0 
(2

32
)

10
8 

(1
55

)
69

.7
 

(9
0.

4)
80

.1
 

(1
52

)
97

.8
 

(1
00

)
0 

(N
A

)
96

.5
 

(2
35

)
35

.5
 

(5
4.

2)
80

.1
 

(1
52

)
97

.8
 

(1
00

)
71

.9
 

(1
61

)
14

1 
(2

78
)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 
17

70
]

23
.7

 [0
, 

14
20

]
0 

[0
, 7

10
]

24
3 

[0
, 

71
0]

23
.7

 [0
, 

53
2]

11
.8

 [0
, 

23
7]

23
.7

 [0
, 

11
80

]
94

.6
 [0

, 
33

1]
0 

[0
, 0

]
17

.7
 [0

, 
11

80
]

0 
[0

, 1
42

]
23

.7
 [0

, 
11

80
]

94
.6

 [0
, 

33
1]

0 
[0

, 
17

70
]

23
.7

 [0
, 

18
60

]

M
is

si
ng

2 
(2

.4
%

)
3 

(1
8.

8%
)

2 
(2

.4
%

)
3 

(1
8.

8%
)

Lo
w

 F
at

 
M

ilk
 

(m
L)

M
ea

n 
(S

D
)

24
.2

 
(9

6.
2)

20
.8

 
(3

6.
1)

16
.6

 
(3

6.
1)

15
.8

 
(3

8.
6)

72
.7

 
(1

32
)

33
.8

 
(7

7.
1)

0 
[0

, 
10

60
]

0 
[0

, 7
10

]
35

.5
 (N

A
)

9.
23

 
(2

6.
3)

55
.8

 
(1

00
)

26
.5

 
(5

7.
4)

11
3 

(3
39

)
29

.9
 

(8
7.

3)
36

.9
 (1

16
)



1173European Journal of Nutrition (2023) 62:1165–1184	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

B
la

ck
/A

fr
ic

an
 A

m
er

i-
ca

n
A

m
er

ic
an

 In
di

an
A

si
an

W
hi

te
/C

au
ca

si
an

N
at

iv
e 

H
aw

ai
ia

n 
or

 P
ac

ifi
c 

Is
la

nd
er

O
th

er
H

is
pa

ni
c 

or
 L

at
in

o 
or

 
Sp

an
is

h 
v

O
ve

ra
ll

Fe
m

al
e 

(N
 =

 13
7)

M
al

e 
(N

 =
 31

)
Fe

m
al

e 
(N

 =
 20

)
M

al
e 

(N
 =

 6)
Fe

m
al

e 
(N

 =
 35

)
M

al
e 

(N
 =

 18
)

Fe
m

al
e 

(N
 =

 54
4)

M
al

e 
(N

 =
 17

5)
Fe

m
al

e 
(N

 =
 1)

Fe
m

al
e 

(N
 =

 25
)

M
al

e 
(N

 =
 7)

Fe
m

al
e 

(N
 =

 82
)

M
al

e 
(N

 =
 16

)
Fe

m
al

e 
(N

 =
 76

6)
M

al
e 

(N
 =

 24
1)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 9
46

]
0 

[0
, 9

4.
6]

0 
[0

, 1
24

]
0 

[0
, 

94
.6

]
0 

[0
, 4

73
]

0 
[0

, 2
37

]
43

.8
 

(1
31

)
40

.6
 

(7
2.

5)
35

.5
 

[3
5.

5,
 

35
.5

]

0 
[0

, 
94

.6
]

0 
[0

, 2
48

]
0 

[0
, 2

37
]

0 
[0

, 
11

80
]

0 
[0

, 
10

60
]

0 
[0

, 1
18

0]

M
is

si
ng

9 
(1

1.
0%

)
4 

(2
5.

0%
)

N
ut

 M
ilk

 
(m

L)
M

ea
n 

(S
D

)
61

.0
 (1

59
)

34
.9

 
(6

3.
5)

54
.7

 
(7

9.
6)

56
.2

 
(9

8.
1)

89
.4

 
(2

21
)

0.
98

6 
(4

.1
8)

0 
[0

, 
14

20
]

0 
[0

, 4
73

]
0 

(N
A

)
53

.5
 

(1
09

)
67

.6
 

(9
4.

1)
75

.4
 

(1
32

)
70

.1
 

(1
60

)
47

.9
 

(1
19

)
33

.3
 (8

5.
2)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 
11

80
]

0 
[0

, 2
48

]
11

.8
 [0

, 
23

7]
8.

87
 [0

, 
24

8]
0 

[0
, 

11
80

]
0 

[0
, 

17
.7

]
0 

[0
, 0

]
0 

[0
, 4

73
]

0 
[0

, 2
37

]
0 

[0
, 7

10
]

0 
[0

, 5
91

]
0 

[0
, 

11
80

]
0 

[0
, 7

10
]

M
is

si
ng

10
 (1

2.
2%

)
2 

(1
2.

5%
)

Fr
ui

t 
Ju

ic
e 

(m
L)

M
ea

n 
(S

D
)

21
0 

(3
55

)
22

7 
(4

17
)

91
.7

 (2
19

)
84

.8
 

(1
33

)
55

.3
 

(8
9.

6)
69

.0
 

(1
67

)
37

.6
 

(1
50

)
41

.6
 

(1
09

)
23

.7
 (N

A
)

10
9 

(2
07

)
66

.8
 

(8
3.

0)
10

8 
(2

26
)

69
.3

 
(9

6.
6)

77
.6

 
(2

04
)

69
.4

 (1
79

)

M
ed

ia
n 

[M
in

, 
M

ax
]

94
.6

 [0
, 

18
60

]
47

.3
 [0

, 
14

20
]

0 
[0

, 9
46

]
17

.7
 [0

, 
33

1]
0 

[0
, 3

55
]

11
.8

 [0
, 

71
0]

0 
[0

, 
17

70
]

0 
[0

, 7
10

]
23

.7
 

[2
3.

7,
 

23
.7

]

0 
[0

, 7
10

]
17

.7
 [0

, 
18

9]
17

.7
 [0

, 
14

20
]

11
.8

 [0
, 

33
1]

0 
[0

, 
18

60
]

0 
[0

, 1
42

0]

M
is

si
ng

3 
(3

.7
%

)
2 

(1
2.

5%
)

Sw
ee

te
ne

d 
Ju

ic
e 

Be
ve

r-
ag

es
 

(m
L)

M
ea

n 
(S

D
)

10
9 

(2
62

)
17

7 
(3

56
)

31
.9

 
(8

1.
4)

79
.9

 
(1

64
)

39
.4

 
(1

06
)

57
.8

 
(1

18
)

10
1 

(2
21

)
16

5 
(3

06
)

0 
(N

A
)

57
.5

 
(1

47
)

62
.5

 
(7

0.
6)

80
.7

 
(2

50
)

65
.1

 
(1

05
)

51
.1

 
(1

74
)

62
.5

 (1
69

)

M
ed

ia
n 

[M
in

, 
M

ax
]

17
.7

 [0
, 

18
60

]
23

.7
 [0

, 
14

20
]

0 
[0

, 3
55

]
20

.7
 [0

, 
41

4]
0 

[0
, 5

32
]

0 
[0

, 4
73

]
0 

[0
, 

18
60

]
35

.5
 [0

, 
17

70
]

0 
[0

, 0
]

0 
[0

, 7
10

]
59

.2
 [0

, 
18

9]
0 

[0
, 

17
70

]
23

.7
 [0

, 
35

5]
0 

[0
, 

18
60

]
0 

[0
, 1

42
0]

M
is

si
ng

8 
(9

.8
%

)
4 

(2
5.

0%
)

So
ft D
ri

nk
s 

(m
L)



1174	 European Journal of Nutrition (2023) 62:1165–1184

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

B
la

ck
/A

fr
ic

an
 A

m
er

i-
ca

n
A

m
er

ic
an

 In
di

an
A

si
an

W
hi

te
/C

au
ca

si
an

N
at

iv
e 

H
aw

ai
ia

n 
or

 P
ac

ifi
c 

Is
la

nd
er

O
th

er
H

is
pa

ni
c 

or
 L

at
in

o 
or

 
Sp

an
is

h 
v

O
ve

ra
ll

Fe
m

al
e 

(N
 =

 13
7)

M
al

e 
(N

 =
 31

)
Fe

m
al

e 
(N

 =
 20

)
M

al
e 

(N
 =

 6)
Fe

m
al

e 
(N

 =
 35

)
M

al
e 

(N
 =

 18
)

Fe
m

al
e 

(N
 =

 54
4)

M
al

e 
(N

 =
 17

5)
Fe

m
al

e 
(N

 =
 1)

Fe
m

al
e 

(N
 =

 25
)

M
al

e 
(N

 =
 7)

Fe
m

al
e 

(N
 =

 82
)

M
al

e 
(N

 =
 16

)
Fe

m
al

e 
(N

 =
 76

6)
M

al
e 

(N
 =

 24
1)

M
ea

n 
(S

D
)

77
.2

 (2
22

)
90

.4
 (2

34
)

10
2 

(1
33

)
30

2 
(4

01
)

14
.5

 
(3

3.
4)

79
.9

 
(1

21
)

81
.1

 
(2

42
)

64
.6

 
(1

91
)

35
.5

 (N
A

)
36

.0
 

(8
2.

6)
55

.8
 

(1
22

)
80

.0
 

(2
01

)
21

7 
(3

72
)

90
.1

 
(2

12
)

14
8 

(2
85

)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 
18

60
]

0 
[0

, 9
46

]
41

.4
 [0

, 
47

3]
14

2 
[0

, 
10

60
]

0 
[0

, 
94

.6
]

29
.6

 [0
, 

47
3]

0 
[0

, 
18

60
]

0 
[0

, 
14

20
]

35
.5

 
[3

5.
5,

 
35

.5
]

0 
[0

, 3
55

]
0 

[0
, 3

31
]

0 
[0

, 
11

80
]

53
.2

 [0
, 

11
80

]
0 

[0
, 

18
60

]
23

.7
 [0

, 
17

70
]

M
is

si
ng

10
 (1

2.
2%

)
2 

(1
2.

5%
)

D
ie

t 
D

ri
nk

s 
(m

L)
M

ea
n 

(S
D

)
32

.3
 (1

25
)

13
2 

(4
53

)
23

.7
 

(8
0.

9)
24

6 
(4

24
)

28
.4

 
(1

00
)

44
.7

 
(1

17
)

1.
62

 
(5

.9
3)

2.
22

 
(7

.0
3)

0 
(N

A
)

16
.6

 
(5

6.
1)

12
3 

(1
75

)
77

.2
 

(3
14

)
10

1 
(1

53
)

65
.9

 
(2

14
)

77
.9

 (2
43

)

M
ed

ia
n 

[M
in

, 
M

ax
]

0 
[0

, 9
46

]
0 

[0
, 

18
60

]
0 

[0
, 3

55
]

29
.6

 [0
, 

10
60

]
0 

[0
, 4

73
]

0 
[0

, 4
73

]
0 

[0
, 

63
.0

]
0 

[0
, 

60
.0

]
0 

[0
, 0

]
0 

[0
, 2

48
]

35
.5

 [0
, 

47
3]

0 
[0

, 
18

60
]

8.
87

 [0
, 

47
3]

0 
[0

, 
18

60
]

0 
[0

, 1
86

0]

M
is

si
ng

10
2 (1

8.
8%

)
27

 (1
5.

4%
)

15
 (1

8.
3%

)
4 

(2
5.

0%
)

Sw
ee

t T
ea

 
(m

L)
2.

22
 

(6
.7

3)
2.

30
 

(7
.5

3)
1.

53
 

(2
.5

9)
3.

06
 

(6
.5

1)
1.

19
 

(3
.2

7)
0.

68
6 

(2
.1

2)
N

A
 (N

A
)

0.
98

1 
(2

.7
4)

1.
52

 
(2

.7
8)

1.
69

 
(5

.8
3)

2.
16

 (6
.7

6)

M
ea

n 
(S

D
)

0 
[0

, 6
3.

0]
0 

[0
, 4

0.
0]

0 
[0

, 8
.0

0]
0 

[0
, 

14
.7

]
0 

[0
, 

16
.0

]
0 

[0
, 

8.
00

]
N

A
 [N

A
, 

N
A

]
0 

[0
, 

11
.2

]
0 

[0
, 

6.
40

]
1.

17
 

(5
.3

5)
2.

20
 

(3
.8

7)
0 

[0
, 

63
.0

]
0 

[0
, 6

0.
0]

M
ed

ia
n 

[M
in

, 
M

ax
]

17
 (1

2.
4%

)
2 

(6
.5

%
)

0 
(0

%
)

1 
(1

6.
7%

)
8 

(2
2.

9%
)

4 
(2

2.
2%

)
1 

(1
00

%
)

4 
(1

6.
0%

)
2 

(2
8.

6%
)

0 
[0

, 
42

.0
]

0 
[0

, 
11

.2
]

13
2 (1

7.
2%

)
38

 (1
5.

8%
)

M
is

si
ng

15
 (1

8.
3%

)
4 

(2
5.

0%
)



1175European Journal of Nutrition (2023) 62:1165–1184	

1 3

By contrast, the model showed no significant total effect 
(p = 0.116), indirect effect (p = 0.747), or direct effect 
(p = 0.116) of a suspension of in person classes on plain 
Water consumption, when controlling for sex, race/ethnicity, 
and academic standing (Table 10, Fig. S4). Global fit indices 
for this model suggested a good fit (chi-square =  – 0.746, 
p = 0.746; CFI = 1.000; TLI = 1.002; RMSEA = 0.000 (90% 
CI  0.000–0.059); SRMR = 0.001). The moderated media-
tion model for self-reported physical activity classification 
produced a good global fit (chi-square = 0.025, p = 0.873; 
CFI = 1.000; TLI = 1.053; RMSEA = 0.000 (90% CI  
0.000–0.044); SRMR = 0.000) (Table 11), there was no sig-
nificant indirect effect (p = 0.934), direct effect (p = 0.129) 
or total effect (p = 0.131) of a suspension of in person classes 
on activity level. However, non-White participants reported 
lower activity levels (p < 0.001), when controlling for a sus-
pension of in person classes, habitation, sex, and academic 
classification. Females also reported lower physical activity 
levels (p = 0.032), independent of habitation, race/ethnicity, 
or a suspension of in person classes.

To explore whether the effects of change in habita-
tion on total fluid intake were influenced by indirectly by 
changes in exercise habits, a moderated mediation model 
was conducted with the suspension of in-person classes 
as a predictor of Total Fluid intake, moderated by Physi-
cal Activity level (where ‘0’ = “Sedentary”, ‘1’ = “moder-
ately active”, ‘2’ = “active”), mediated by change in habi-
tation (‘0’ = “No living change”, ‘1’ = “Living change”), 
and covaried by Sex, Race/Ethnicity (Table 12, Fig. S5). 
Global fit indices for this model suggested a good fit 
(chi-square = 0.002, p = 0.961; CFI = 1.000; TLI = 1.001; 

RMSEA = 0.000 (90% CI = 0.000–0.000); SRMR = 0.000). 
This model produced a significant indirect effect of a sus-
pension of in-person classes on total fluid intake, when 
passing through a change in habitation, when controlling 
for sex, race/ethnicity, and physical activity level (std. 
β = 0.011, p = 0.006). However, the total effect (including 
the direct effect of suspension of in-person classes on total 
fluid intake) was not significant (p = 0.271), suggesting 
these effects were primarily due to a change in habita-
tion, where a change in living situation led to increased 
total fluid intake (std. β = 0.10, p < 0.001). Greater physical 
activity classification was associated with increased fluid 
consumption (std. β = 0.091, p = 0.003), when controlling 
for sex and race/ethnicity.

Discussion

This cross-sectional study sought to characterize fluid 
intake and physical activity habits of a diverse sample of 
college students during the initial response (Spring 2020 
academic semester) to the COVID-19 pandemic. Further-
more, we explored the impact of disruptions in normal 
living on fluid intake and physical activity behaviors. To 
our knowledge, this is the first study that has focused spe-
cifically on fluid intake and physical activity behaviors in 
this population and how mid-academic semester changes 
in living situations in response to college/university-driven 
policies to combat the spread of COVID-19 impacted these 
health-related behaviors. Given the evidence supporting 

Table 3   Level of self-reported physical activity by race/ethnicity and sex

Insufficiently active 
(N = 113)

Moderately active 
(N = 133)

Active (N = 768) Overall (N = 1014)

Sex
Female 90 (79.6%) 105 (78.9%) 571 (74.3%) 766 (75.5%)
Male 22 (19.5%) 25 (18.8%) 194 (25.3%) 241 (23.8%)
Prefer not to answer 1 (0.9%) 2 (1.5%) 3 (0.4%) 6 (0.6%)
Missing 0 (0%) 1 (0.8%) 0 (0%) 1 (0.1%)
Race/Ethnicity
Not Hispanic or Latino or Spanish Origin 96 (85.0%) 120 (90.2%) 691 (90.0%) 907 (89.4%)
American Indian 2 (1.8%) 4 (3.0%) 20 (2.6%) 26 (2.6%)
Asian 9 (8.0%) 8 (6.0%) 37 (4.8%) 54 (5.3%)
Black/African American 30 (26.5%) 26 (19.5%) 112 (14.6%) 168 (16.6%)
Other 6 (5.3%) 5 (3.8%) 21 (2.7%) 32 (3.2%)
White or Caucasian 65 (57.5%) 86 (64.7%) 573 (74.6%) 724 (71.4%)
Native Hawaiian 0 (0%) 0 (0%) 1 (0.1%) 1 (0.1%)
Missing 1 (0.9%) 4 (3.0%) 4 (0.5%) 9 (0.9%)
Hispanic or Latino or Spanish Origin 15 (13.3%) 12 (9.0%) 71 (9.2%) 98 (9.7%)
Missing 2 (1.8%) 1 (0.8%) 6 (0.8%) 9 (0.9%)
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the health benefits associated with physical activity and 
maintaining an appropriate level of hydration through ade-
quate water intake, understanding the impact of a global 
pandemic on these health-related behaviors in a college 
population that may be developing their independent 
health behaviors is vital for the development of evidence 
driven policy. The ensuing discussion compares the find-
ings of our study to existing literature with a specific focus 
on fluid intake, physical activity, and alcohol consumption.

Total fluid intake

Overall, fluid intake among the college students (females, 
1920 ± 960  mL; males, 2400 ± 1270  mL) in this study 
approximated the adequate intake recommendations estab-
lished by the European Food Safety Authority (EFSA, 2.0 
L/d and 2.5 L/d for females and males, respectively) [54]; 
however, only 39.6% of females and 38.6% of males in our 
study self-reported meeting or exceeding these recommen-
dations. Furthermore, when comparing self-reported fluid 
intake to the adequate intake recommendations by the Insti-
tutes of Medicine (IOM, 2.7 L/d and 3.7 L/d for females 
and males, respectively) [55], only 16.3% of females and 
13.3% of males in the current study met this threshold. Pre-
vious data depict the prevalence of underhydration among 
population-based data; however, these data support that 
females are more likely to consume adequate volumes of Ta
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Table 5   Self-reported physical activity predicted by sex, race/ethnic-
ity, academic classification, and habitation

Sex coded as 0 = “Male”, 1 = “Female”. Race variables with 
0 = “White/Caucasian” as baseline. Living arrangement variables 
with 0 = “On Campus” as baseline
Note: *p < 0.05, **p < 0.01, ***p < 0.001

Dependent variable
Moderately active Active

Sex 0.071 (0.340) -0.340 (0.263)
Race/ethnicity
Black/African American – 0.461 (0.325) – 0.908*** (0.253)
Asian – 0.416 (0.523) – 0.837* (0.405)
American Indian 0.321 (0.889) 0.017 (0.761)
Native Hawaiian – 5.687*** (0.000) 9.633*** (0.00000)
Other race – 0.245 (0.660) – 0.707 (0.521)
Academic classification 0.061 (0.128) – 0.013 (0.101)
Habitation
Living off Campus 0.759* (0.380) 0.932** (0.308)
Living with spouse/partner – 0.222 (0.445) 0.100 (0.336)
Living with parent/guard-

ian
– 0.066 (0.403) 0.239 (0.302)

Other living arrangements 0.492 (0.967) -0.116 (0.836)
Constant – 0.132 (0.459) 2.116*** (0.354)
Akaike Inf. Crit 1,415.428 1,415.428
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Table 6   Moderated mediation model results with total fluid consumption as outcome variable. Race/ethnicity coded as “White” = 0, “Non-
white” = 1. Sex coded as “Male” = 0. “Female” = 1

Variables β SE z p value ci.lower ci.upper β (std)

Total fluid–habitation 207.82 66.12 3.14 0.00 76.92 336.28 0.10
Total fluid–suspension of in person classes – 329.30 243.86 – 1.35 0.18 – 835.99 122.97 – 0.03
Total fluid–sex – 435.23 78.95 – 5.51 0.00 – 595.46 – 288.75 – 0.19
Total fluid–race/ethnicity – 32.60 77.88 – 0.42 0.68 – 182.41 120.31 – 0.01
Habitation–suspension of in person classes 0.07 0.30 0.24 0.81 – 0.14 0.93 0.02
Habitation–academic classification 0.16 0.01 14.44 0.00 0.14 0.18 0.39
Habitation–suspension of in person classes: 

academic classification
0.08 0.10 0.86 0.39 – 0.18 0.19 0.05

Habitation–sex – 0.08 0.03 – 2.64 0.01 – 0.14 – 0.02 – 0.08
Habitation–
race/ethnicity

– 0.07 0.03 – 2.08 0.04 – 0.13 – 0.00 – 0.06

Indirect1: = (a1 + a3)*b1 32.48 47.33 0.69 0.49 0.07 197.34 0.01
Total: = c1 + (a1*a3)*b1 – 328.04 245.08 – 1.34 0.18 – 833.53 128.41 – 0.03

Table 7   Moderated mediation 
model results with Beer 
consumption as outcome 
variable. Race/ethnicity coded 
as “White” = 0, “Non-white” = 1

Sex coded as “Male” = 0. “Female” = 1

Variables β SE z p value ci.lower ci.upper β (std)

Beer –habitation 35.90 11.27 3.18 0.00 15.78 60.34 0.10
Beer–suspension of in person classes – 5.96 56.76 – 0.11 0.92 – 77.47 145.44 – 0.00
Beer–sex – 70.89 16.92 – 4.19 0.00 – 108.52 – 41.49 – 0.20
Beer–race/ethnicity – 33.09 10.49 – 3.15 0.00 – 53.16 – 12.01 – 0.09
Beer–academic classification 5.51 4.96 1.11 0.27 -4.78 14.65 0.04
Habitation –suspension of in person classes – 0.01 0.31 – 0.02 0.98 – 0.20 0.88 – 0.00
Habitation –academic classification 0.15 0.01 12.11 0.00 0.13 0.17 0.37
Habitation –suspension of in person 

classes: academic classification
0.11 0.10 1.09 0.27 – 0.16 0.21 0.07

Habitation –sex – 0.08 0.03 – 2.31 0.02 – 0.14 – 0.01 – 0.07
Indirect1: = (a1 + a3)*b1 3.56 8.25 0.43 0.67 – 1.28 31.88 0.01
Total: = c1 + (a1*a3)*b1 – 5.99 56.78 – 0.11 0.92 – 78.25 145.61 – 0.00

Table 8   Moderated mediation 
model results with wine 
consumption as outcome 
variable. Race/ethnicity coded 
as “White” = 0, “Non-white” = 1

Sex coded as “Male” = 0. “Female” = 1

Variables β SE z p value ci.lower ci.upper β (std)

Wine –habitation 11.37 8.15 1.39 0.16 – 5.30 26.64 0.06
Wine –suspension of in person classes – 26.56 12.48 – 2.13 0.03 – 49.43 – 0.48 – 0.03
Wine –sex 9.01 7.42 1.22 0.22 – 6.51 22.67 0.04
Wine –race/ethnicity 7.25 8.84 0.82 0.41 – 8.11 27.05 0.03
Wine –academic classification 8.79 3.02 2.91 0.00 3.51 15.27 0.11
Habitation –suspension of in person classes – 0.01 0.31 – 0.02 0.98 – 0.19 0.89 – 0.00
Habitation –academic classification 0.15 0.01 12.16 0.00 0.13 0.18 0.37
Habitation –suspension of in person 

classes: academic classification
0.11 0.10 1.10 0.27 – 0.16 0.21 0.07

Habitation –sex – 0.08 0.03 – 2.53 0.01 – 0.15 – 0.02 – 0.08
Indirect1: = (a1 + a3)*b1 1.15 3.30 0.35 0.73 – 0.57 14.59 0.00
Total:c1 + (a1*a3)*b1 – 26.56 12.58 – 2.11 0.03 – 49.88 – 0.18 – 0.03
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Table 9   Moderated mediation 
model results with hard liquor 
consumption as outcome 
variable. Race/ethnicity coded 
as “White” = 0, “Non-white” = 1

Sex coded as “Male” = 0. “Female” = 1

Variables β SE z p value ci.lower ci.upper β (std)

Hard liquor –habitation 14.05 5.44 2.58 0.01 4.30 25.81 0.09
Hard liquor –suspension of in person classes – 23.85 8.45 – 2.82 0.00 – 39.40 – 5.43 – 0.04
Hard liquor –sex – 13.89 7.92 – 1.75 0.08 – 30.95 0.10 – 0.08
Hard liquor –race/ethnicity 7.66 6.68 1.15 0.25 – 3.93 22.45 0.04
Hard liquor –academic classification 0.35 2.21 0.16 0.87 – 4.26 4.41 0.01
Habitation –suspension of in person classes – 0.01 0.31 – 0.02 0.98 – 0.19 0.90 – 0.00
Habitation –academic classification 0.15 0.01 11.94 0.00 0.13 0.18 0.37
Habitation –suspension of in person classes: 

academic classification
0.11 0.10 1.07 0.28 – 0.17 0.21 0.07

Habitation –sex – 0.07 0.03 – 2.13 0.03 – 0.14 –  0.01 – 0.07
Indirect1:(a1 + a3)*b1 1.38 3.40 0.41 0.68 – 0.50 13.38 0.01
Total: = c1 + (a1*a3)*b1 – 23.87 8.56 – 2.79 0.01 – 39.60 – 4.88 – 0.04

Table 10   Moderated mediation model results with water consumption as outcome variable. Race/ethnicity coded as “White” = 0, “Non-
white” = 1

Sex coded as “Male” = 0. “Female” = 1

Variables β SE z p value ci.lower ci.upper β (std)

Water –habitation 27.54 38.86 0.71 0.48 – 49.02 102.85 0.02
Water –suspension of in person classes – 238.36 151.64 – 1.57 0.12 – 535.40 60.32 -0.05
Water –sex – 29.14 35.83 – 0.81 0.42 – 99.68 39.59 – 0.02
Water –race/ethnicity 27.36 38.48 0.71 0.48 – 47.38 103.49 0.02
Water –academic classification 29.11 15.59 1.87 0.06 – 1.77 59.87 0.06
Habitation –suspension of in person classes 0.07 0.30 0.24 0.81 – 0.14 0.93 0.02
Habitation –academic classification 0.16 0.01 14.32 0.00 0.14 0.18 0.39
Habitation –suspension of in person classes: 

academic classification
0.08 0.10 0.86 0.39 – 0.18 0.19 0.05

Habitation –sex – 0.08 0.03 – 2.64 0.01 – 0.14 – 0.02 – 0.08
Indirect1: = (a1 + a3)*b1 4.30 13.33 0.32 0.75 – 8.51 55.33 0.00
Total: = c1 + (a1*a3)*b1 – 238.19 151.70 – 1.57 0.12 – 535.35 60.46 – 0.05

Table 11   Moderated mediation model results with physical activity classification as outcome variable. Race/ethnicity coded as “White” = 0, 
“Non-white” = 1

Sex coded as “Male” = 0. “Female” = 1

Variables β SE z p value ci.lower ci.upper β (std)

Physical activity –habitation – 0.02 0.05 – 0.43 0.67 -0.11 0.07 – 0.02
Physical activity –suspension of in person classes 0.26 0.17 1.52 0.13 – 0.14 0.50 0.04
Physical activity –sex – 0.10 0.05 – 2.14 0.03 – 0.19 – 0.01 – 0.07
Physical activity –race/ethnicity – 0.19 0.05 – 3.70 0.00 – 0.30 – 0.09 – 0.13
Physical activity –academic classification 0.02 0.02 0.85 0.39 -0.02 0.05 0.03
Habitation –suspension of in person classes 0.07 0.30 0.24 0.81 -0.15 0.92 0.02
Habitation –academic classification 0.16 0.01 14.20 0.00 0.14 0.18 0.39
Habitation –suspension of in person classes: academic 

classification
0.08 0.10 0.86 0.39 – 0.18 0.19 0.05

Habitation –sex – 0.08 0.03 – 2.66 0.01 – 0.14 – 0.02 – 0.08
Indirect1: = a1*b1 – 0.00 0.02 – 0.08 0.93 – 0.06 0.02 – 0.00
Total: = c1 + a1*b1 0.26 0.17 1.51 0.13 – 0.14 0.50 0.04
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fluid than males [18, 56]. Our data show an approximately 
equal percentage of males and females meeting or exceed-
ing daily fluid intake recommendations, albeit greater than 
60–85% of participants in our study failed to meet daily 
fluid intake requirements as established by EFSA and IOM, 
respectively. While we are unable to determine the reasons 
for the low prevalence of both males and females in meeting 
daily fluid intake recommendations among our participants 
compared to previously published data sets, we speculate 
that this may be one or combination of: (1) the impact of 
the societal restrictions (i.e., closure of university cam-
puses, stay-at-home orders, mask requirements, etc.) due 
to COVID-19 may have influenced fluid intake differently 
among males and females given the timing (May 2020) of 
the initial dissemination of the survey, (2) since recruitment 
of participants was isolated to only those that were currently 
enrolled in college/university during the Spring 2020 aca-
demic semester, access and availability of fluids may have 
influenced one’s ability to meet daily fluid intake recom-
mendations, and (3) differences in our sample compared to 
previous literature based on race/ethnicity and the known 
differences in fluid intake behaviors across populations. We 
also cannot discount the potential influence of our sample’s 
pre-pandemic fluid intake behaviors in that our sample may 
have been habitually under consuming fluids. However, 
our previous work disputes the low prevalence of college 
students meeting fluid intake recommendations [57, 58]. In 
addition to females exhibiting a lower total fluid intake than 
males, our study also found that females consumed less total 
fluid, beer, hard liquor, coffee, energy drinks, milk, and soft 
drinks than their male counterparts. While the reduced total 
fluid intake in females compared to males could be explained 
by differences in body composition and fluid needs between 
males and females, we are unable to provide a thorough 
explanation on the reduced intake of the specific beverage 
types discussed above.

Our findings also showed that higher academic standing 
was associated with greater total fluid consumption, specifi-
cally coffee, in agreement with a previous survey of caffeine 
habits among college students [59]. Furthermore, our data 
suggest a greater total fluid intake among participants who 
maintained the same habitation during COVID-19. Upon 
subsequent analysis, this increased fluid intake may be 
attributed to greater alcohol intake among those who stayed 
in their current living situation (see below). Greater physi-
cal activity participation predicted increased total fluid con-
sumption, independent of whether participants experienced 
a change in living situation, suggesting most participants 
attempt to compensate for increased fluid losses associated 
with physical activity.

Physical activity

Participants generally met the physical activity guidelines 
based on their self-reported level of physical activity, with 
76% classified as “active” and 13.1% classified as “moder-
ately active”. Black/African American, Asian, and Native 
Hawaiian participants were less likely to report being active 
compared to Caucasian peers. This is consistent with pre-
vious literature identifying lower physical activity among 
Black/African American female college students [60]. 
Those who lived off campus tended to report being more 
“moderately active” and “active” compared to those liv-
ing on campus, which may be the result of the closure of 
university recreation facilities during this time. A similar 
study examining physical activity behaviors pre- and post-
pandemic found students who were initially the most active 
tended to be disproportionately impacted (i.e., decreased 
physical activity the most in those who were most physi-
cal active) by the COVID-19 pandemic in terms of physical 
activity participation [61]. Perhaps students who lived on 
campus were accustomed to using their campus recreation 

Table 12   Moderated mediation model results with total fluid as outcome variable when moderated by physical activity. Race/ethnicity coded as 
“White” = 0, “Non-white” = 1

Sex coded as “Male” = 0. “Female” = 1

Variables β SE z p value ci.lower ci.upper β (std)

Total fluid –habitation 212.69 65.15 3.26 0.00 87.26 341.97 0.10
Total fluid –suspension of in person classes – 366.71 237.70 – 1.54 0.12 – 853.10 69.46 – 0.04
Total fluid –sex – 406.28 78.66 – 5.16 0.00 – 567.91 – 259.97 – 0.18
Total fluid –race/ethnicity – 11.51 75.90 – 0.15 0.88 – 158.02 144.02 – 0.00
Total fluid –physical activity 142.10 47.79 2.97 0.00 46.96 233.75 0.09
Habitation –suspension of in person classes 0.48 0.09 5.27 0.00 0.30 0.68 0.11
Habitation –physical activity – 0.01 0.02 – 0.28 0.78 – 0.05 0.04 – 0.01
Habitation –suspension of in person classes: 

physical activity
– 0.06 0.07 – 0.99 0.32 – 0.21 0.05 – 0.04

Habitation –sex – 0.10 0.03 – 3.19 0.00 – 0.17 – 0.04 -0.10
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facilities and were less likely to find alternative solutions in 
the event of such facility closures. Interestingly, one study 
observed an increase in both physical activity and seden-
tary time among college students during the pandemic [62]. 
However, we did not capture sedentary behaviors in the pre-
sent study. By contrast, some studies have shown a decrease 
in physical activity behaviors, particularly in countries with 
stricter confinement guidelines meant to reduce the spread 
of COVID-19[63]. Other research examining COVID-19 and 
physical activity has noted substantial changes in resistance 
training routines with individuals reporting resistance train-
ing being less enjoyable despite similar or lower engage-
ment in resistance training routines [64]. Adequate levels of 
physical activity may promote resilience against COVID-
19 symptoms through exercise-induced immunomodulation 
[65], thus, strategies to maintain activity levels in the event 
of such disruptions in the future is important both for acute 
disease prevention, as well as the well-established impact of 
physical activity on chronic disease risk.

Alcohol consumption

Disruptions imposed by the COVID-19 pandemic (i.e., sus-
pension of classes and changes in habitation) were associ-
ated with increased alcohol consumption. In particular, our 
findings show that beer intake was higher among partici-
pants who did not report a change in habitation. However, 
students of higher academic standing also tended to consume 
more fluid, which may have impacted these results, since 
higher academic students were more likely to be of legal age 
to consume alcohol and typically tend to live in off-campus 
housing, which may not have required a change of living 
compared to students who may have lived on campus. In the 
moderated mediation models, students who experienced a 
suspension of in-person classes reported consuming more 
hard liquor and wine and those who did not experience a 
change in living tended to consume more beer. The joint 
effects (total effect) of suspension of in-person university 
classes and a change in living situation predicted lower wine 
consumption and lower hard liquor consumption in those 
who did not experience such disruptions. However, these 
joint effects were not observed for beer consumption.

The transition to online learning, particularly mid-semes-
ter as occurred for many during the COVID-19 pandemic, 
comes with its own set of psychological stressors [66]. It is 
plausible that changes in the learning environment, com-
bined with anxiety regarding the state of the pandemic, may 
have contributed to this consumption, which has previously 
been identified as a growing area of concern for the public 
even prior to the pandemic [67]. Similarly, Robinson et al. 
found 36% of UK adults reported consuming either “a little 
more” (17%), “more” (12%), or “a lot more” (7%), alco-
hol after lockdown [5]. Another study in Poland found an 

increase in the frequency of alcohol consumption among 
adults before and during lockdown [13]. Of note, mean alco-
hol consumption was relatively modest for both males and 
females overall (male = 181 ± 379 mL, female = 91.2 ± 171), 
well below Dietary Guideline recommendations of 2 stand-
ard drinks per day for males, and 1 standard drink per day for 
females [68]. This was expected, given the wide age range 
of participants, but under-reporting was also a possibility 
among this population.

The maximum reported alcohol consumption in the pre-
sent study was 2720 mL for males and 1240 mL for females, 
well beyond current daily intake recommendations. From 
our study it is unclear whether individuals near the higher 
end of the alcohol consumption range drank this much 
before the start of the COVID-19 pandemic. However, one 
study [69] examined reported alcohol intake in university 
students the week before compared to the week after school 
closure, finding a significant increase in consumption coin-
ciding with symptoms of depression and anxiety. In the same 
study, those with greater perceived social support tended to 
consume less alcohol. Unfortunately, our survey did not cap-
ture whether participants lived alone, which could then influ-
ence alcohol consumption through a reduction in perceived 
social support for these adverse psychological outcomes. 
In addition, given the cross-sectional nature of the survey, 
we cannot say for certain whether the higher total fluid and 
alcohol intake among those who did not experience a change 
in habitation was more attributed to this factor or that they 
are of older academic standing and thus able to purchase 
alcohol themselves.

Strengths and limitations

There were several strengths of this study. The cross-sec-
tional design of this study allowed us to capture a sample 
population representative of the racial and ethnic breakdown 
within the United States. Given the known racial and eth-
nic differences in both fluid intake [32, 70] and physical 
activity [71, 72], the representative sample in this study 
permits improved generalizability of the results. The tim-
ing of this study (May 2020) also allowed us to gather fluid 
intake and physical activity behaviors following the societal 
restrictions put in place due to COVID-19. Since the initial 
responses and restrictions to COVID-19 varied across the 
United States from a timing perspective, ascertaining these 
behaviors at the conclusion of the Spring 2020 Academic 
Semester guarantee that the self-reported fluid intake and 
physical activity behaviors occurred during the implementa-
tion of the restrictions.

This study was not without limitations, however. As a 
cross-sectional survey design, we are not able to fully cap-
ture the impact of COVID-19 and associated disruptions on 
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fluid intake and physical activity behaviors and we cannot be 
certain that the observed behaviors were present before the 
COVID-19 pandemic. This study also did not consider the 
effects mask-wearing may have on fluid intake. Future stud-
ies should identify individuals whose workplace or school 
required/did not require masks throughout the pandemic and 
whether this influenced fluid consumption. Climate, more 
importantly, students relocating to geographic locations 
that were different from their institution of enrollment was 
not captured. Given that some existing literature [73–75] 
suggests that ambient temperatures may influence daily 
fluid intake, students participating in the current study that 
relocated to geographically different domiciles from their 
University/College may have altered their fluid intake prior 
to the investigator’s assessment of these behaviors. Partici-
pant personal income level, nor household income level, was 
not assessed in the present study. Individuals with lower 
personal or household income may have reduced access to 
certain beverage categories. While personal income of col-
lege students may fall within a defined threshold of “low 
income,” household income (i.e., income from their parents/
guardians) and the financial support provided directly to the 
participants may vary considerably. This may be reflective in 
that 42% of students participating in this study reported that 
they relocated during the pandemic. Further study should 
explore fluid intake habits among this population with regard 
for both individual income levels and any parental support 
received during this timeframe.

Conclusions

Reported fluid intake among college students during the 
initial response to the COVID-19 pandemic approximated 
current daily fluid intake recommendations on average; how-
ever, only 40% of participants (both male and female) met 
or exceeded fluid intake recommendation guidelines estab-
lished by the European Food Safety Authority. Significant 
associations between COVID-19-related disruptions and 
increased alcohol intake are concerning and suggest the need 
for the development of targeted strategies and programming 
to attenuate the execution of negative health-related behav-
iors in emerging adults enrolled in university.
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