
RESEARCH ARTICLE

Every sip counts: Understanding hydration

behaviors and user-acceptability of digital

tools to promote adequate intake during early

and late pregnancy

Abigail M. PauleyID
1*, Asher Y. Rosinger2,3, Jennifer S. Savage4, David E. Conroy1,

Danielle Symons Downs1,5

1 Department of Kinesiology, The Pennsylvania State University, University Park, Pennsylvania, United

States of America, 2 Department of Biobehavioral Health, The Pennsylvania State University, University

Park, Pennsylvania, United States of America, 3 Department of Anthropology, The Pennsylvania State

University, University Park, Pennsylvania, United States of America, 4 Department of Nutritional Science and

Center for Childhood Obesity Research, The Pennsylvania State University, University Park, Pennsylvania,

United States of America, 5 Department of Obstetrics and Gynecology, Penn State Health Milton S. Hershey

Medical Center, Hershey, Pennsylvania, United States of America

* amp34@psu.edu

Abstract

Maintaining adequate hydration over the course of pregnancy is critical for maternal and

fetal health and reducing risks for adverse pregnancy outcomes (e.g., preeclampsia, low

placental and amniotic fluid volume). Recent evidence suggests that women may be at risk

for under-hydration in the second and third trimesters when water needs begin to increase.

Scant research has examined pregnant women’s knowledge of hydration recommenda-

tions, water intake behaviors, and willingness to use digital tools to promote water intake.

This study aimed to: 1) describe hydration recommendation knowledge and behaviors by

the overall sample and early vs late pregnancy, and 2) identify habits and barriers of using

digital tools. Pregnant women (N = 137; M age = 30.9 years; M gestational age = 20.9) com-

pleted a one-time, 45-minute online survey. Descriptive statistics quantified women’s knowl-

edge of hydration recommendations, behaviors, and attitudes about utilizing digital tools to

promote adequate intake, and Mann-Whitney U and chi-squared tests were used to deter-

mine group differences. Most women lacked knowledge of and were not meeting hydration

recommendations (63%, 67%, respectively) and were not tracking their fluid consumption

(59%). Knowledge of hydration recommendations differed by time of pregnancy, such that

women in later pregnancy reported 82 ounces compared to women in early pregnancy (49

ounces). Common barriers included: forgetting to drink (47%), not feeling thirsty (47%), and

increased urination (33%). Most were willing to use digital tools (69%) and believed a smart

water bottle would help them achieve daily fluid recommendations (67%). These initial find-

ings suggest that pregnant women may benefit from useful strategies to increase knowl-

edge, decrease barriers, and maintain adequate hydration, specifically earlier in pregnancy.

These findings will inform the design of a behavioral intervention incorporating smart con-

nected water bottles, wearables for gesture detection, and behavior modification strategies

PLOS DIGITAL HEALTH

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000499 May 7, 2024 1 / 15

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Pauley AM, Rosinger AY, Savage JS,

Conroy DE, Downs DS (2024) Every sip counts:

Understanding hydration behaviors and user-

acceptability of digital tools to promote adequate

intake during early and late pregnancy. PLOS Digit

Health 3(5): e0000499. https://doi.org/10.1371/

journal.pdig.0000499

Editor: Haleh Ayatollahi, Iran University of Medical

Sciences, IRAN (ISLAMIC REPUBLIC OF)

Received: June 16, 2023

Accepted: March 29, 2024

Published: May 7, 2024

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pdig.0000499

Copyright: © 2024 Pauley et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Data cannot be

shared publicly because the data collected on

human subjects was not IRB approved to be

https://orcid.org/0000-0003-0644-0181
https://doi.org/10.1371/journal.pdig.0000499
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pdig.0000499&domain=pdf&date_stamp=2024-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pdig.0000499&domain=pdf&date_stamp=2024-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pdig.0000499&domain=pdf&date_stamp=2024-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pdig.0000499&domain=pdf&date_stamp=2024-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pdig.0000499&domain=pdf&date_stamp=2024-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pdig.0000499&domain=pdf&date_stamp=2024-05-07
https://doi.org/10.1371/journal.pdig.0000499
https://doi.org/10.1371/journal.pdig.0000499
https://doi.org/10.1371/journal.pdig.0000499
http://creativecommons.org/licenses/by/4.0/


to overcome barriers, promote proper hydration and examine its impact on maternal and

infant health outcomes.

Author summary

Maintaining adequate hydration over the course of pregnancy is critical for maternal and

fetal health and reducing risks for adverse pregnancy outcomes (e.g., preeclampsia, low

placental and amniotic fluid volume). Recent evidence suggests that women may be at

risk for under-hydration in the second and third trimesters when water needs begin to

increase. Scant research has examined pregnant women’s knowledge of hydration recom-

mendations, water intake behaviors, and willingness to use digital tools to promote water

intake. This study aimed to: 1) describe hydration recommendation knowledge and

behaviors by the overall sample and early vs late pregnancy, and 2) identify habits and bar-

riers of using digital tools. Initial findings suggest that pregnant women may benefit from

useful strategies to increase knowledge, decrease barriers, and maintain adequate hydra-

tion, specifically earlier in pregnancy. These findings will inform the design of a behav-

ioral intervention incorporating smart connected water bottles, wearables for gesture

detection, and behavior modification strategies to overcome barriers, promote proper

hydration and examine its impact on maternal and infant health outcomes.

Introduction

Maintaining adequate hydration over the course of pregnancy is critical for maternal and fetal

health and reducing risks for adverse pregnancy outcomes [1–6]. To ensure proper function-

ing and growth for both mother and fetus (i.e., adequate amniotic fluid volume and plasma

volume balance, proper fetal brain development, and reduced risk of low-birth weight and

fetal arterial hypertension [7,8]), hydration needs increase above what is required for non-

pregnant individuals. Hydration guidelines suggest that non-pregnant women ages 18–50

years old, should consume 2.7 L/day of total water consumption, which includes 2.2 L (9 cups)

as total beverages, including drinking water [7]. Pregnant women should consume 3.0 L/day

of total water, which includes approximately 2.3 L (10 cups, ~80 ounces) as total beverages,

including drinking water [7]. However, the American College of Obstetricians and Gynecolo-

gists recommend a range of 8 to 12 cups/day (64 to 96 ounces/day, 1.9 to 2.8 L/day) [9], which

accounts for varied needs, due to greater body composition and body mass, living in hotter

temperatures and engaging in physical activity [10,11]. In addition to drinking water, pregnant

women are also encouraged to incorporate water-dense foods in their diet (i.e., fruits, vegeta-

bles) and track their water intake. If pregnant women are not meeting these guidelines, under-

hydration may occur, leading to adverse pregnancy outcomes. New mothers and their fetuses/

infants may be at a greater risk for maternal and infant mortality. Proper hydration may

reduce the risks of headaches, constipation, low amniotic fluid, inadequate breast milk produc-

tion, and premature birth [1–7,9].

However, few studies have examined how much water pregnant women are drinking and if

they are meeting current hydration recommendations. For example, one study by Bardosono

and colleagues [12] examined water intake behaviors and knowledge of hydration recommen-

dations of pregnant women living in Indonesia. They found that 42% of pregnant women fell

short of the recommended water intake of 2.08 L/day and 14% lacked knowledge of the water

intake recommendations. Another study by Zhou and colleagues [13] examined water intake
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in women living in China and found that the majority of pregnant (72%) and breastfeeding

(73%) women were not meeting the Chinese Nutrition Society [14] total water intake recom-

mendations of 3.0 L/d and 3.8 L/day, respectively. The Centers for Disease Control and Pre-

vention [15] report that women over 20 years of age are only consuming on average, 1.23 L of

water each day, which suggests women who become pregnant are not drinking enough to

begin with, which could lead to further under-hydration.

A third study by Rosinger and colleagues [16] found evidence to suggest that pregnant

women may be at risk for under-hydration in the second and third trimesters when water

needs begin to increase. Rosinger and colleagues [16] examined urine osmolality and under-

hydration levels in pregnant women with overweight/obesity participating in the Healthy

Mom Zone gestational weight gain regulation intervention [17,18]. As part of a larger, multi-

component intervention, women in the intervention group were encouraged to track their

water intake, increase intake of water-dense foods, and meet the hydration guidelines of con-

suming at least 2.4 L of water from ~8–36 weeks gestation [7,17,18]. Women used the MyFit-

nessPal app (a smartphone app used to track daily food and beverage intake, and exercise

behaviors; [19]) to track their daily hydration behaviors and biomarkers of hydration levels

(i.e., weekly urine samples) were collected and analyzed to examine hydration levels [16].

These analyses found that the intervention was successful in promoting proper hydration in

pregnant women with overweight/obesity [16]. More specifically, the intervention women

maintained a significantly lower overnight urine osmolality (adequately hydrated) compared

to the control group who had higher overnight urine osmolality during the second and third

trimesters [16]. The MyFitnessPal app [19] was used to track diet quality and hydration behav-

iors as maternal nutrition (eating water-dense foods, drinking water and water-based fluids) is

essential to promote healthy pregnancies and offspring health. However, over- and under-

reporting of foods and beverages has been widely documented, thus highlighting the need for

other more accurate and reliable modes of measurement [20,21]. The development of other

digital tools may also offer benefits for promoting hydration.

For example, one digital tool that has many variations, is a smart water bottle, which tracks

the volume of water consumed throughout the day and alerts the user when not drinking

enough in relation to their personal fluid intake goal, has been developed to improve water

intake levels. One study examined the thoughts and preferences of 94 individuals with kidney

stones in relation to making lifestyle changes to prevent kidney stones. Streeper and colleagues

[22] found that technology has not been previously used in meeting fluid intake recommenda-

tions in this population and most individuals felt that an app or device would improve their

adherence and would be interested in using an app or device [22]. Based on these findings,

Conroy and colleagues [23] developed a Just-in-Time adaptive intervention (an intervention

design that aims to provide the right amount/type of support, at the most opportune time, by

meeting the changing needs of the individual), sipIT, to promote fluid consumption in patients

with kidney stones. During this intervention, 31 subjects with a history of kidney stones used

digital tools (H2Opal connected water bottle, H2OPal mobile app, and a Fitbit smartwatch app

[24] for sip gesture detection) for three months. Subjects also completed measures on barriers

to adherence, usability, learnability, satisfaction, and success of the sipIT tools. The authors

found that the sipIT digital tools were technically feasible and acceptable and reduced barriers

for fluid intake guideline adherence [23].

In another study using a “shove” approach via a bottle that overflows if the user hasn’t con-

sumed enough, Beddoe and colleagues [25] found that while only 59% of the 24 participants

would use the bottle in their daily lives, 92% believed it was effective in promoting healthy

hydration behaviors. Also, due to the overflow nature of the bottle, 84% were concerned to

leave it on their desk or workspace for fear of a leak, which may lead to disengagement. Lastly,
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Cohen and colleagues [26] aimed to validate four commercially available smart bottles in

terms of performance (i.e., number of missed sip recordings, mean error, sip mean percent

error, mean absolute error, and cumulative mean percent error) and functionality. The study

included two phases: 1) a controlled sip volume phase and 2) a free-living phase where a single

user drank from the bottle throughout the day as they normally would [26]. The authors con-

cluded that three of the four bottles tested were accurate, easily calibrated, and were consistent

over time [26]. However, there is scant research on pregnant women’s knowledge of hydration

recommendations, behaviors taken to stay hydrated, and their willingness to engage in using

digital tools (e.g., smart water bottle, phone app) to promote adequate water intake. The use of

digital tools may improve the accuracy of measuring water intake during pregnancy for

researchers and participants to effectively promote adequate hydration in the prenatal period.

Thus, to address this gap, the goals of this paper were to describe knowledge of hydration

guidelines and water intake behaviors and identify habits and barriers of using digital tools to

maintain adequate hydration among pregnant women. Based on previous research [22], it is

hypothesized that pregnant women are unaware of hydration recommendations and are not

accurately tracking their hydration but will be open and willing to use a smart connected water

bottle during pregnancy. It is also hypothesized that knowledge of hydration recommenda-

tions and their likelihood/willingness will differ by trimester such that women early in their

pregnancies (1st and 2nd trimesters) may be more knowledgeable about hydration recommen-

dations and may be more willing to use a smart connected water bottle compared to women

later in their pregnancies (3rd trimester) [16].

Methods

Ethics statement

This study was approved by the Pennsylvania State University Institutional Review Board

(STUDY00016174). Formal written consent was provided by each participant prior to com-

pleting the survey.

Research participants

Pregnant women were recruited via social media (i.e., Facebook, Twitter, and Instagram), fly-

ers posted in community sites and obstetrics and gynecology clinics, and University research

recruitment websites from December 2020 to March 2022. The study was advertised across the

United States. Interested women would contact the study team and the team would send a

screening survey via REDCap [27,28] to determine eligibility. Women were eligible if they

were: currently pregnant, 18 years or older, and able to read and respond in English. Each

woman was entered into a monthly drawing for a $50 gift card for completing the survey.

Study design

If women met the eligibility criteria, they were sent via email, a link to access the consent form

and a one-time online survey using the secure data collection instrument REDCap [27,28].

This survey examined their knowledge of prenatal hydration behaviors and acceptability of

digital tools (i.e., smartphone app and connected water bottle that tracks fluid consumption

and sends reminders to drink throughout the day).

Research Instrument

The survey was developed based on prior studies to examine formative research, specific vali-

dated surveys, and surveys that were adapted to be specific to pregnancy [22,29] (see S1
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Questionnaire). One open ended question was asked to understand knowledge of water intake

guidelines: “Do you know how much water you should be drinking in a day (in ounces?)”

Ounces were then converted to liters. The answers were then dichotomized as: Less than 2.4 L

and Greater than 2.4 L. These dichotomized cut-offs were used based on the recommendations

the Institute of Medicines Dietary Reference manual [7], which states that pregnant women

ages 19–40 years old should obtain approximately 2.3 L of their total daily water intake from

beverages, including drinking water [7]. Four questions were asked to understand general

behaviors for water intake and fluid consumption: 1) “Do you keep tracking of your daily fluid

consumption and if yes, describe the strategies.” 2) “What is your preferred beverage of choice”

with responses including: Water/Flavored Water, Tea/Iced Tea, Juice, Soda, Coffee, and

Other; 3) “Over the past week, how successful have you been at meeting fluid intake guide-

lines?” with response options ranging from 1-Rarely Successful (0–4 days) to 5- Always Suc-

cessful (7 days); and 4) “How frequently do you eat food with high water content?” with

response options ranging from 1–1 to4 days/week to 3- Multiple times/day.

Four questions were asked to understand habit strength towards drinking water using a

1–3 Likert scale with responses ranging from 1- Disagree to 3- Agree: 1) “Drinking water is

something I do automatically.”; 2) “Drinking water is something I do without having to con-

sciously remember.”; 3) “Drinking water is something I do without thinking.”; and 4) “Drink-

ing water is something I start doing before I realize I’m doing it.” [23]. One question with 16

pregnancy-specific response options was asked to identify barriers to meeting water intake rec-

ommendations: 1) “Which of the following have been barriers to meeting fluid intake guide-

lines?” Barrier options included: I am not thirsty enough, I forget to drink, It is a hassle to

carry around a water bottle, I have to urinate too frequently if I drink that much, It’ hard to

drink enough at work, I don’t like the taste of water, I am not aware of the need to drink more,

It makes me feel bloated, Fluid is not easily available at work, I feel nauseous, It keeps me up at

night, It is painful to drink that much with the baby pushing down on my bladder, I have a

small bladder, I have acid reflux and it is uncomfortable, I have morning sickness, Other. Two

Yes/No questions were asked to understand digital tool use: 1) “Have you ever installed an app

on your phone or tablet to help you increase fluid consumption (hydration)?” and 2) “Have

you ever owned a connected water bottle that tracks or provides reminders about fluid con-

sumption? This water bottle connects to your phone via an app and tracks how much you

drink throughout the day based on the weight (volume) of the water/fluid.”

Three Likert-scale questions were asked to understand the likelihood/willingness to use dig-

ital tools to promote hydration: 1) “How interested would you be in using a new smartphone

application or device to aid in meeting the fluid consumption recommendations of 81 ounces

per day?” with response options ranging from 1- Uninterested to 3- Interested; 2) “How likely

is a smartphone application or device to help you meet the fluid consumption recommenda-

tions of 8 ounces per day?”; and 3) “How likely would a connected water bottle to measure/

monitor volume of fluids consumed (This water bottle will be connected to your phone via an

app to track your water consumption throughout the day)?” with response options ranging

from 1- Unlikely to 3- Likely.

Data collection and analysis

All surveys were completed in the participant’s own home and own device via a REDCap sur-

vey link. Once the surveys were completed, data was downloaded from the secure survey data-

base by the study staff, into IBM SPSS 28.0.1.0 [30]. Study staff cleaned the data to designate

and remove any outliers. Descriptive statistics were used to examine means, standard devia-

tions, frequencies, Mann-Whitney U Tests, and Chi-squared tests were used to determine
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significant group differences between early (1st and 2nd trimesters) vs late in pregnancy (3rd tri-

mester), regarding hydration behaviors and acceptability of the digital tools using IBM SPSS

28.0.1.0 [30]. Given pilot exploratory nature of this study, study size was powered on hydration

recommendation knowledge. The survey remained opened for 6 months and closed after the 6

month time period.

Results

Participant characteristics

A total of N = 404 pregnant women were contacted and provided responses to the survey. Due

to a 34% completion rate, only a sample of N = 137 responses were included in the analyses.

The majority of women were recruited through social media (50.4%) and from across the

United States. Outside of social media, 31.4% of women heard about the study from other

internet sources (Google, Research Match, and email), 12.4% heard about the study via word

of mouth, and 8.8% saw a flyer at their provider’s office. The survey link was included on all

social media posts allowing direct access and ability to complete the survey easily and the link

was shared easily. A low completion rate could be due to starting the survey and no longer

wanting to participate due to various factors such as lack of compensation, the length of the

survey, and time constraints. Their mean age was 30.9 years (± 24.3) and had a mean gesta-

tional age of 20.9 (± 9.7) weeks gestation. Most women were White (62.8%), employed full

time (37.2%), had a bachelor’s and/or graduate/professional degree (40.1%), and an annual

income of less than $40,000 (74.4%). Table 1.

Knowledge of Water Intake Guidelines. When asked about how much water pregnant

women are recommended to drink each day, most women overall (47%) reported less than 2.4

L, 37% reported greater than 2.4 L, and 16% reported to not know at all. Further exploration

by early vs late pregnancy showed that most women in early pregnancy (64%) reported less

than 2.4 L, 18% reported greater than 2.4 L, and 18% did not know. Women in late pregnancy

reported less than 2.4 L (45%), greater than 2.4 L (41%), and did not know (14%). Women in

early pregnancy reported significantly lower recommended values of water/day (1.5 L) com-

pared to women in late pregnancy (2.4 L; U = 666.5, n1 = 15, n2 = 60; p = 0.004).

Water Intake and Fluid Consumption Behaviors. When asked about their preferred

choice of beverage, 70% of women reported that water/flavored water, 17% reported juice, 9%

reported tea/iced tea, 2% reported soda, 1.5% reported coffee, and .75% reported Other. When

asked how successful they are at meeting the fluid consumption recommendation each day,

most women (67%) reported only being successful in meeting the fluid consumption recom-

mendations 0–4 days/week, 24% were often successful (5–6 days/week), and 8% were always

successful (7 days/week). When asked how often women eat foods high in water (i.e., fruits,

vegetables), the majority (83%) reported eating foods high in water multiple times a day over

the course of a week, 9% reported eating high water foods 4–6 days/week, and 8% reported eat-

ing high water foods 0–3 days/week.

Habit Strength Toward Drinking Water. When asked if drinking water is something

they do automatically, most women (82%) agreed, 9% disagreed, and 9% neither agreed nor

disagreed (Fig 1A). When asked if drinking water is something they do without thinking,

most women (77%) agreed, 13% disagreed, and 10% neither agreed nor disagreed (Fig 1B).

When asked if drinking water is something they do without having to consciously remember,

most women (75%) agreed, 11% disagreed, and 14% neither agreed nor disagreed (Fig 1C).

When asked if drinking water was something they start doing before they realize they’re doing

it, most women agreed (65%) agreed, 12% disagreed, and 23% neither agreed nor disagreed

(Fig 1D). However, when asked if they currently track their fluid intake, 59% of women
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reported no, 31% reported yes, and 10% were unsure (Fig 2A). Further exploration by early vs

late pregnancy showed that women in early (58%) and late (61%) pregnancy reported no, 29%

(early) and 31% (late) reported yes, and 13% (early) and 8% (late) were unsure (Fig 2B). There

were no significant differences between early vs late pregnancy (p’s > 0.05). When asked their

current tracking method, many women (31%) reported they do not but 26% reported they

count their water bottles/how many times they fill it. Other responses for this question can be

found in Table 2.

Barriers to Meeting Fluid Intake Recommendations. Women were asked about major

barriers that keep them from meeting the recommended fluid intake and the most frequently

reported answers included: forgetting to drink (47%), not feeling thirsty (47%), causing

increased urination (33%), feeling it is a hassle (24%), and makes them feel bloated and nau-

seous (20%). A bar graph of these and other responses can be found in Fig 3.

Likelihood/Willingness to Use Digital Tools. When asked if they have ever installed an

app on their phone to help increase fluid consumption, most women (56%) reported no, 41%

reported yes, and 3% were unsure. Further exploration by early vs late pregnancy showed that

most women in early pregnancy (56%) reported yes, 36% reported no, and 8% were unsure.

Women in late pregnancy reported yes (37%) and reported no (63%). When asked if they’ve

ever owned a smart connected water bottle that tracks or provides reminders about fluid

Table 1. Participant demographics of pregnant women (N = 137).

Mean ± SD N (%)

Age 30.9 ± 24.3 years -

Gestational Age 20.9 ± 9.7 weeks -

Race/Ethnicity -

White - 86 (62.8)

American Indian/Alaskan Native - 29 (21.2)

African American/Black - 4 (2.9)

Asian - 7 (5.1)

Other - 3 (2.9)

Native Hawaiian or Other Pacific Islander - 3 (2.9)

Two or more - 1 (0.7)

Employment -

Full-Time/Self-Employed - 51(37.2)

Part-Time - 39 (28.5)

Unemployed - 36 (26.3)

Student - 4 (2.9)

Retired 2 (2.2)

Education -

Less than High School - 18 (12.4)

High school/GED - 17(12.4)

Some College, no degree - 16 (11.7)

Trade/Technical School - 17 (12.4)

Associate degree - 10 (7.3)

Bachelor’s degree - 31 (22.6)

Graduate/Professional degree - 24 (17.5)

Family Income -

<$40,000 - 102 (74.4)

>$40,000 - 30 (21.9)

Other - 1 (.7)

https://doi.org/10.1371/journal.pdig.0000499.t001
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consumption, most women (61%) responded no, 36% reported yes, and 3% were unsure. Fur-

ther exploration by early vs late pregnancy showed that most women in early and late preg-

nancy reported no (56% and 66%, respectively), 44% and 33% reported yes, respectively, and

only 1% in late pregnancy were unsure. When asked how interested they would be in using a

new smartphone application or device to aid in meeting the fluid consumption

Fig 1. A. Drinking water is something I do automatically (N = 130). B. Drinking water is something I do without thinking (N = 125). C. Drinking

water is something I do without having to consciously remember (N = 125). D. Drinking water is something I start doing before I realize I’m doing it

(N = 124).

https://doi.org/10.1371/journal.pdig.0000499.g001

Fig 2. A. Do you keep track of your daily fluid consumption? Overall sample (N = 124). B. Do you keep track of your daily fluid consumption? By early vs late

pregnancy (early pregnancy n = 24, late pregnancy n = 91).

https://doi.org/10.1371/journal.pdig.0000499.g002
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recommendations each day, most women (69%) reported they would be interested, 21%

reported to be uninterested, and 10% were neither interested nor uninterested. Further explo-

ration by early vs late pregnancy showed that most women in early and late pregnancy would

be interested (84% and 67%, respectively), 12% and 22% would be uninterested, respectively,

and 4% and 11%, respectively were neither interested nor uninterested. When asked how likely

they would use a smartphone application or device to aid in meeting the fluid consumption

recommendations each day, most women (68%) responded likely, 20% reported unlikely, and

12% reported neither likely nor unlikely. Further exploration by early vs late pregnancy

showed that most women in early and late pregnancy responded likely (88% and 64%,

Table 2. Responses to Hydration Knowledge, Behaviors, and Digital Tool Feasibility Questions (N = 135).

Please describe the strategies you CURRENTLY use to track your fluid consumption:

Response N %
None 42 31

Count water bottles 35 26

Drink consistently throughout the day 13 10

Drink when pregnancy symptoms come up 12 9

Set an ounce goal 8 6

Notebook 8 6

Tracking app 7 5

Drink preferable liquids 6 4

Drink with meals 2 1.5

Electronic scale 2 1.5

https://doi.org/10.1371/journal.pdig.0000499.t002

Fig 3. Barriers to meeting fluid intake guidelines (N = 137).

https://doi.org/10.1371/journal.pdig.0000499.g003
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respectively), 8% and 23% reported unlikely, respectively, and 4% and 13%, respectively

reported neither likely nor unlikely. When asked how likely a smartphone application or

device would aid in meeting the fluid consumption recommendations each day, most women

(67%) responded likely, 20% responded unlikely, and 13% were unsure. Further exploration

by early vs late pregnancy showed that most women in early and late pregnancy responded

likely (71%, both), 25% and 19% reported unlikely, respectively, and 4% and 10%, respectively

were unsure. There were no significant differences between early vs late pregnancy for any of

the questions (p’s > 0.05).

Discussion

This is one of the first studies to our knowledge to describe prenatal hydration knowledge,

habits, behaviors, and barriers as well as identify women’s willingness to use digital tools to

maintain adequate hydration during pregnancy. Overall, most women were unaware of the

fluid consumption recommendations, were not successful in meeting the recommendations,

and do not regularly track their fluid consumption. Women later in pregnancy knew of and

were exceeding the hydration recommendations compared to women early in pregnancy.

However, we also found that most women owned a smartphone or tablet/computer and

reported that they would be interested in and likely use a smart, connected water bottle to help

increase their fluid consumption. These findings highlight that pregnant women may want to

use these useful strategies to increase knowledge, decrease barriers, and maintain adequate

hydration over pregnancy, particularly before conception and early in pregnancy to improve

hydration behaviors throughout the entire pregnancy. The results are described in more detail

below.

Consistent with previous findings [12,31], we also observed that women lacked knowledge

about guidelines, were not adequately meeting the hydration recommendations, and were not

regularly tracking their water intake. Similarly, when examining hydration behaviors in former

kidney stone patients, the majority of pregnant women forgot to drink or didn’t feel thirsty

[28]. However, we found that most women reported they drink water throughout the day,

which is in direct contrast to the majority reporting they forget to drink or didn’t feel thirsty.

Our study findings suggest there is a gap between women’s knowledge and their actual hydra-

tion behaviors, and perceived behavior highlights the need to promote adequate hydration

behaviors during pregnancy. Our findings also highlight the need for education and increased

knowledge prior to conception and early in the pregnancy to continue healthy hydration

behaviors throughout the entire pregnancy and into postpartum as many women were not

meeting the hydration recommendations. This gap may increase the risks for adverse preg-

nancy and postpartum outcomes (i.e., excessive gestational weight gain, hypertensive disor-

ders, preterm births, and gestational diabetes [32]), which increases the risk for maternal

mortality. Thus, there is a need for strategies to promote knowledge and adequate intake rec-

ommendations and strategies during pregnancy.

The majority of women stated they own a smartphone or tablet but have never used an app

or smart connected water bottle to track their water consumption. The development and inte-

gration of digital tools to monitor various lifestyle behaviors has been on the rise over the last

two decades. For example, Fitbit has developed and disseminated multiple wearable activity

and sleep tracking devices and WiFi/Bluetooth connected weight scales along with their smart-

phone app [24]. The app has various features that tracks and displays data on physical activity

and sleep patterns but also integrates eating and hydration behaviors [24]. However, for the

app to track these behaviors, the user has to manually enter the information. As stated above,

many barriers include forgetting to drink and not feeling thirsty. If women are forgetting to
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drink and aren’t feeling thirsty, they most likely will not utilize the app to track their behaviors

if they need to manually input the information. Many women had reported using and count-

ing water bottles as their tracking method, which could be a reason for the wide gap in knowl-

edge, perceived intake, and actual intake. It has also been found that there is under- and over-

reporting when pregnant women self-report their dietary behaviors, which decreases the accu-

racy of their behaviors and intake. More advanced technology that takes away the self-report

nature of hydration tracking may be useful, particularly when used during pregnancy and pro-

vides a more hands-off approach when counseling women on their hydration needs. However,

there are other novel technologies outside of water bottles that may be useful such as wrist-

worn sensors that monitor sip gestures by hand/arm movement that can estimate fluid intake

amount passively [33,34]. These digital tools may be more advantageous to use in tandem, in

order to gather more behavior data and promote hydration.

Since women are already using water bottles to drink water, the use of a smart water bottle

would be an easy transition as well as a more enjoyable experience. Since the water bottle

tracks how much they have been drinking throughout the day, sends reminders to drink, and

has the capabilities to set goals and motivate women to drink more water, this could promote

the increase in their confidence to meet goals and recommendations by increasing their fluid

intake in a virtual, free-living settings. More importantly, to reduce the risks of adverse preg-

nancy and postpartum outcomes and maternal mortality, using this water bottle in conjunc-

tion with other digital tools, such as wearable sensors, provides insight on and the promotion

of hydration behaviors without being too intrusive or life disrupting when preparing to deliv-

ery or caring for an infant.

Strengths and limitations

There were several strengths of this study, one of which was that it was one of the first to

understand pregnant women’s thoughts, beliefs, preferences, and needs regarding hydration,

hydration behaviors, and the use of digital tools overall but also based on trimester. Previous

research has focused on associations of hydration levels on pregnancy outcomes [10,35], mea-

suring hydration levels during pregnancy [11,32] and intravenous hydration [36], while this

study focused on understanding how researchers can promote hydration behaviors during

pregnancy. These findings highlight the major knowledge and research gaps when it comes to

hydration behaviors during pregnancy. More research is needed to fully understand the nov-

elty of a smart connected water bottle and other digital tools when trying to promote hydration

behaviors. However, this study was not without limitations. The study sample was mostly a

homogenous sample of white, fully employed, middle income women and results may not be

generalizable to other groups within the pregnant population. Replication of this study is

needed for women with more diverse backgrounds, as Black and Hispanic women are less

likely to drink water, to understand their hydration behaviors and to determine if the use of

digital tools would be as well received or useful [37]. Further, water recommendations are not

a one-size fits all. Greater body composition and body mass, living in hotter temperatures and

engaging in physical activity all increase water needs and thus some pregnant women may

need more or less than the AI recs depending on their specific situation [11]. The data were

cross-sectional and do not accurately portray how thoughts, beliefs, and preferences might

change over the course of pregnancy. The data were also self-reported and may have intro-

duced bias and/or under- or over-reporting of their water intake so there may not have been

accurate values of water consumption. Lastly, there are varied ranges in the literature for rec-

ommended water intake values of 1.9–2.8 L (64–96 ounces) [9]. This study used a dichoto-

mous cutoff of 2.3 L (81 ounces) [7] to classify meeting vs not meeting hydration
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recommendations for feasibility purposes but future work should explore variations in water

intake as the literature suggests [7,9].

Conclusions

The findings from this study suggest that pregnant women are unaware of prenatal hydration

recommendations, potentially the adverse pregnancy and infant outcomes under-hydration

may cause, and do not accurately track their fluid intake. However, women in later pregnancy

knew of and were exceeding hydration recommendations compared to women in early preg-

nancy. This important finding highlights the need for increased education and knowledge dur-

ing the preconception and early pregnancy time frames. This will allow for healthy hydration

behaviors to be sustained throughout pregnancy and postpartum. The study findings also sug-

gest that women are interested in and feel that the utilization of digital tools (e.g., smart water

bottle and app) would be useful in increasing fluid consumption during pregnancy. By provid-

ing reminders to drink, this will help overcome the barrier of forgetting to drink. However,

there weren’t any significant differences between early vs late pregnancy. The use of the water

bottle and app will allow for women to self-monitor, get regular feedback on their behaviors,

and create challenges to increase their motivation to meet their goals and recommendations so

they start and continue to drink water, even if they don’t necessarily feel thirsty. However,

many hydration recommendations, education, and digital tools, are not pregnancy specific.

More research and development of recommendation, educational content, and digital tools

that are pregnancy specific are needed. As such, education on prenatal fluid consumption rec-

ommendations, the benefits of staying hydrated, setting goals and tracking using digital tools,

can be built into hydration promotion interventions, particularly during preconception and

early pregnancy. By using digital tools to promote and increase hydration behaviors during

pregnancy, the risks associated with adverse pregnancy outcomes may be lessened.
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