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The Timed Water Swallow Test (TWST): Normative data on
swallowing capacity for healthy people aged 60 years and older

PATRICIA HÄGGLUND , PERNILLA KARLSSON & FREDRIK KARLSSON

Department of Clinical Sciences, Speech-Language Pathology, Umeå University, Umeå, Sweden

Abstract

Purpose: To provide normative data on swallowing capacity (mL/s) in people older than 60 years using the Timed Water
Swallow Test (TWST), stratified by sex. Intra- and inter-rater reliability for swallowing time in TWST was further
investigated.
Method: A total of 165 participants, aged 60 years and above, were included in the study. The time taken to consume
150mL of tap water and the swallowing capacity (mL/s) was observed in a clinical context using the TWST. Video
recordings of the performances were collected for 118 of the 165 participants for inter-rater reliability testing, of which a
random set of 25 performances were assessed for intra-rater reliability. Analysis of the agreement between TWST rated
by an in-person clinician and rated from a video recording was further evaluated.
Result: There were significant age and sex effects observed for swallowing capacity. The average reduction in swallowing
capacity in the investigated age range (60–92 years) was 8.8 and 7.3mL/s, for women and men respectively. The results
showed high inter-and intra-rater reliability and agreement between the clinical assessment and the video recording.
Conclusion: The presented measurements indicate a clear effect of age on swallowing capacity and that women may be
expected to have lower capacity scores than men when tested using TWST. The provided norms can be used as reference
points in the clinical identification of people at risk of dysphagia in the older population.

Keywords: swallowing; swallowing disorder; water swallow test; screening

Introduction

Oropharyngeal dysphagia (i.e. swallowing dysfunction)

is a prevalent condition in the older population and

refers to swallowing difficulties in the oral cavity and

the pharynx (Baijens et al., 2016; Serra-Prat et al.,

2011). Furthermore, oropharyngeal dysphagia is a

growing problem among older people due to age-

related diseases and age-related changes that affect the

swallowing function and can cause severe complica-

tions (Baijens et al., 2016; Smithard et al., 1996). The

main complications of oropharyngeal dysphagia

include malnutrition, dehydration, respiratory infec-

tions, and aspiration pneumonia (Cabre et al., 2010;

Rofes et al., 2010; Serra-Prat et al., 2012; Smithard

et al., 1996). The most accurate way to identify

oropharyngeal dysphagia is by using instrumental

assessments such as flexible endoscopic evaluation of

swallowing (FEES) or videofluoroscopic swallowing

study (VFSS) (Langmore, 2003). However, the

availability of FEES and VFS varies across countries

due to social and economic conditions and the existing

health policies, and requires trained personnel in per-

forming these gold standard assessment (Baijens et al.,

2016). To minimise potential complications of oropha-

ryngeal dysphagia, a first step is thus to establish

screening methods that can identify patients at risk of

dysphagia. Most screening tools assess the activity of

swallowing water to identify patients at risk of oropha-

ryngeal dysphagia and by observing clinical signs of

swallowing dysfunction such as cough or wet/gurgly

voice while swallowing (Bours, Speyer, Lemmens,

Limburg, & de Wit, 2009; DePippo, Holas, & Reding,

1992; Kertscher, Speyer, Palmieri, & Plant, 2014;

Martino et al., 2009; Perry, 2001).

One common screening tool used to identify

people at risk of oropharyngeal dysphagia is the

Timed Water Swallow Test (TWST) (Hughes &

Wiles, 1996; Nathadwarawala, McGroary, & Wiles,

1994; Nathadwarawala, Nicklin, & Wiles, 1992).
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The TWST is a bedside screening tool aimed to

assess swallowing capacity (mL/s) as a quantitative

indicator of oropharyngeal dysphagia in patients

with a neurogenetic diagnosis (Nathadwarawala

et al., 1992). The authors concluded that swallow-

ing capacity was a reliable and valid index for

screening those at risk of dysphagia or its complica-

tions and monitoring therapy (i.e. as a quantitative

measure before and after swallowing training). A

swallowing capacity below 10mL/s was suggested

to be a valid index to identify swallowing difficul-

ties, and this cut-off has been given further support

by other studies using instrumental assessments;

Wu, Chang, Wang, and Lin (2004) observed that

47 out of 49 participants with a swallowing capacity

below 10mL/s on the TWST had swallowing dys-

function in VFSS, and approximately 50% had an

impaired swallowing safety. H€agglund et al. (2020)

similarly observed that all investigated participants

in the sub-acute phase of stroke (n¼32) with a

swallowing capacity <10mL/s had a swallowing

dysfunction in VFSS, 53% had a reduced swallow-

ing safety (i.e. misdirected swallowing with material

entering the larynx or the trachea), and 78% had

impaired swallowing efficacy (i.e. pharyngeal reten-

tion). Thus, a reduced swallowing capacity in

screening can be considered predictive of a reduced

swallowing function in instrumental assessments.

Further findings of the normative data collected in

the original study indicated that swallowing capacity

was slowing with age and that women had a slower

swallow than men (Nathadwarawala et al., 1992). The

normative data were, however, only based on a few par-

ticipants (15 women; 5 men) over the age of 70, mak-

ing them difficult to use as a clinical reference for many

neurological patient groups. While stronger sets of nor-

mative reference values have been provided for younger

people in subsequent reports (Hughes & Wiles, 1996;

Sarve, Krishnamurthy, & Balasubramanium, 2021),

normative data for older people are still lacking.

The TWST has also previously demonstrated high

inter-and intra-rater and test-retest reliability (Hughes

& Wiles, 1996; Nathadwarawala et al., 1992). It has

further recently shown good to excellent inter-rater

reliability when assessed asynchronously from tele-

evaluations on patients with suspected dysphagia,

indicating it can be reliably measured via telehealth in

clinical practice (Borders, Sevitz, Malandraki,

Malandraki, & Troche, 2021). However, the agree-

ment of TWST performances has not been evaluated

from a) video on healthy older individuals or b) the

rating of TWST by an in-person clinician compared

with ratings from video recordings. Thus, it would be

beneficent to evaluate whether an in-person clinician’s

rating is similar to ratings directly assessed from video

recording without pausing to understand the TWST’s

transference and clinical compliance from the clinic

into potential application in telehealth.

Purpose

The present study aimed to establish additional nor-

mative data on swallowing capacity (mL/s) for healthy

people 60 years and older, stratified by sex. A second-

ary aim was to evaluate the agreements between

TWST swallowing time rated by an in-person clin-

ician and rated from a video recording by a separate

clinician, and inter-and intra-rater reliability in assess-

ments from video recordings of TWST.

Method

Participants and settings

This normative study of swallowing capacity using the

TWST in people 60 years and older was performed at

the general university hospital or a participant’s loca-

tion. We included 165 healthy participants with no

report of dysphagia, neurological or gastroentero-

logical disorders, head and neck injuries/surgeries,

major neurocognitive disorders, history of intubation,

or oral disorders that could affect the swallowing func-

tion. The participants were recruited from the general

public (e.g. social groups, personal contacts, senior

university, and retirement homes) and were all ori-

ented to person, time, and space, which was tested

verbally before inclusion. Two recruitment efforts

were made; the first (118 participants) assessments

were performed by two raters, and the data collection

was later expanded to the full set of 165 participants

in a renewed effort. The participants were stratified by

sex (Table I). This study was conducted in accordance

with the Helsinki declaration and was approved by the

(Swedish) Ethical Review Authority (Case number

2020-04817) and by the (Faculty of Medicine, Umeå

University (FS 1.1.1072-17)). Written informed con-

sent was obtained from all participants.

Materials

A 100mL vessel was used to measure 150mL of

water, and a glass that could hold 150mL water was

used for the TWST. Also, a 5ml vessel was used to

Table I. An overview of the age and sex distribution of included participants.

Age
Total60–69 yrs 70–79 yrs >80 yrs

Women n¼24 (66.3±2.6) n¼39 (74.2± 2.9) n¼18 (86.0±4.4) n¼81 (74.5±7.8)
Men n¼26 (64.7±3.1) n¼42 (75.2± 2.3) n¼16 (84.3±3.4) n¼84 (73.7±7.5)
Total n¼50 (65.5±3.0) n¼81 (74.8± 2.7) n¼34 (85.2±4.0) n¼165 (74.1±7.6)

The number of participants included in the study, stratified by sex and age, along with the mean age (with standard
deviation) is presented for women and men, separately and combined.
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measure the amount of water a participant could not

drink (residual volume). A Canon PowerShot S90

was used when video recording tests were performed.

Data collection

The participants were asked to be seated in an

upright position on a chair. Before the TWST was

carried out, the participants were given three tea-

spoons of water to verify that they could swallow a

small amount of water without signs of dysphagia.

The participants were then given 150mL of cold tap

water in a glass and instructed to drink the water as

quickly as possible and stop if any difficulty arose.

The participants were asked to put the glass against

the lower lip and start drinking on the starting signal.

The swallowing time was measured by an external

timer from when the water touched the lips until the

larynx returned in the rest position (i.e. as seen exter-

iorly by the thyroid cartilage movement). The time in

seconds (s) and any residual volume (mL) were noted

on the test protocol. The swallowing capacity (mL/s)

was calculated by subtracting any residual volume

from 150mL and dividing the difference by time (s).

Each participant performed a single TWST trial.

Inter-rater reliability was assessed by two raters

timing a video recording of the TWST performance

for the 118 participants who were requited in the ini-

tial data collection effort. The agreement between the

in-person rating of the TWST performance with a

separate clinician’s rating from video recording was

further compared. The two raters rated 59 partici-

pants each in-person and 59 participants from video.

The raters were not allowed to stop the video or use

frame-by-frame methods when assessing the TWST

performances from the video. This approach was

chosen to resemble the information that can be

obtained via telehealth, except for the ability of the

clinician to provide instructions or feedback to the

patient before testing. Intra-rater reliability was fur-

ther assessed on 20% (n¼ 25) of the collected video

samples. The video recording of the performance was

collected using a camera placed at a distance that

made the lateral area of the nose and the collarbone

of the participant visible, including a clear view of

the larynx.

Statistical analysis

Normative data were established for participants’

swallowing capacity and time taken during the

TWST, stratified by sex, as mean and 95% confi-

dence interval (CI). The primary statistical analysis

of effects on swallowing capacity and time was per-

formed using an ANCOVA, with age (as continuous

variable) and sex as independent factors. Type III

sums of squares were used in the testing of effects of

age and sex in the unbalanced ANCOVA.

Inter-rater reliability for the two raters assessing

the performances from video recording was analysed

using intraclass correlation (ICC); two-way random

effects model analysis. Intra-rater analysis for two

raters was further assessed from a random set of 25

TWST performances (i.e. 20% of the sample) and

analysed using a two-way mixed, single score, abso-

lute agreement intra-class coefficient (ICC(3,1)).

Further, the agreement in swallowing time obtained

in the clinical assessment by an in-person clinician

and the time obtained from video recording was

assessed using two-way random, single measure,

absolute intra-class correlation (ICC(2,1)).

Result

Participants

In total, 165 healthy individuals between 60 and 92

years of age (mean age 74 years (SD±7.6)) performed

the TWST, of whom 81 were women (mean age

74.5±7.8) and 84 were men (mean age 73.7±7.5),

see Table I.

Swallowing capacity

Normative data (mean and 95% CI) for the time

used during the TWST and the swallowing capacity

(mL/s), stratified by sex and age, are shown in Table

II/displayed in Figure 1. The mean swallowing cap-

acity for the participants was above 10mL/s, regard-

less of age or sex (Table II). Of the 165 participants,

20 (15 women; 5 men) across the investigated age

range (60–92 years) failed to show a swallowing cap-

acity >10mL/s. The average reduction in swallowing

capacity over the investigated age range was 8.8mL/s

for women and 7.3mL/s for men, with a reduction of

0.276mL/s and 0.227mL/s per year, for women and

men respectively. The raw data of the participants’

performances of TWST are made available as

Supplementary Material.

Age and sex effect

The age and sex effect on swallowing capacity (mL/s)

and swallowing time (s) are shown in Table III. An

ANCOVA confirmed a significant effect of participant

age (F(1,161)¼16.3, p¼<0.001, g2p¼0.10) and sex

(F(1,161)¼21.3, p<0.001, g2p¼ 0.11; Table III) on

Table II. An overview of the mean and 95% confidence interval

obtained for swallowing performance when using the TWST,

stratified by age and sex.

Total
time (s)

Swallowing
capacity (mL/s)

Sex Age n Mean 95% CI Mean 95% CI

Women 60–69 24 10.2 7.9–12.5 18.0 14.7–21.3
70–79 39 10.9 9.3–12.5 16.0 14.2–17.8
80þ 18 14.1 10.4–17.8 13.2 10.1–16.3
Total 81 11.4 10.1–12.7 16.0 14.5–17.4

Men 60–69 26 7.1 6.2–7.9 22.4 20.0–24.8
70–79 42 8.4 7.3–9.5 19.9 18.1–21.8
80þ 16 9.3 7.6–11.1 17.8 14.9–20.8
Total 84 8.2 7.5–8.9 20.3 19.0–21.6

TWST: Timed Water Swallow Test; CI: confidence interval.
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swallowing capacity. The interaction effect of age and

sex was shown not to reach an overall statistical signifi-

cance (F(1,161)¼1.42, p¼0.234, n.s;Table III).

Reliability

Agreement between TWST rating by an in-person

clinician and ratings from video recording were, on

average, within 0.15±0.62s of the time obtained from

the video recording (0.13±0.61s and 0.18±0.62s,

respectively for the two assessors), resulting in a high

inter-rater agreement between the TWST rating by an

in-person and from video recording: rater one and the

in-person clinician [ICC(2,1)¼0.992, 95% CI ¼
0.987––0.994]; and rater two and the in-person clin-

ician [ICC(2,1)¼0.992, 95% CI ¼ 0.989–0.995].

Two assessments by the same rater from a video

recording showed excellent agreement (ICC(3,1)

between 0.99 and 1.00) for the two raters.

Discussion

This study provides normative data on swallowing cap-

acity for healthy people 60 years and older using the

TWST (Hughes & Wiles, 1996; Nathadwarawala

et al., 1992). Swallowing capacity was observed to be

reduced with age for both men and women, and

women swallowed more slowly than men. In the study

cohort the mean swallowing capacity was above

10mL/s. The inter- and intra-rater assessment and the

comparison between TWST rated by an in-person

clinician versus video recordings also indicate that

TWST has high reliability, which is an early indication

that TWST could potentially be used to assess swal-

lowing in telehealth. Specific considerations related to

Figure 1. Locally fitted regression lines indicating the estimated mean swallowing performance, with 95% confidence interval, as a func-

tion of age and sex of the participant. The performance is indicated as the time taken to swallow 150mL of water (top) and the computed

swallowing capacity of the participants (in mL/s, bottom).

Table III. Summary of the effects of age and sex on TWSToutcome measures (swallowing time and capacity) obtained through ANCOVA.

Age effect Sex effect Age�Sex effecta

Measure F p g2p F p g2p F p g2p

# Total time (s) 14.9 <0.001 0.09 19.1 <0.001 0.11 1.4 0.234 <0.001
# Swallowing capacity (mL/s) 16.3 <0.001 0.10 21.3 <0.001 0.11 0.14 0.709 <0.001

TWST: Timed Water Swallow Test; ANCOVA: analysis of covariance.
aInteraction analysis.
The � indicates an interaction between age and sex, and is indicated by the superscrited a.
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factors influencing the TWST testing are dis-

cussed below.

Sex and age effect

The sex of the participants influenced the time taken

to swallow 150mL of water, and consequently, the

measured swallowing capacity of participants. Men

had a higher swallowing capacity than women, which

agrees well with previous findings (Alfonsi et al.,

2015; Hughes & Wiles, 1996). Swallowing capacity

further showed a similar but not identical rate of

decrease with age for healthy men and women of

0.276 and 0.227mL/s per year, respectively. The age

related decline in swallowing capacity may have sev-

eral underlying causes. Age is known to reduce swal-

lowing function by prolonging the oral phase of the

swallowing (Dodds, 1989; Yoshikawa et al., 2005),

introducing a slight delay in triggering the pharyngeal

swallowing (Robbins, Hamilton, Lof, & Kempster,

1992; Tracy et al., 1989; Yoshikawa et al., 2005), and

an increased frequency of penetration (i.e. food and

liquid leaking into the larynx, but not below the vocal

folds (Daggett, Logemann, Rademaker, & Pauloski,

2006). All participants in this study were 60 years or

older; thus, an ageing effect might be expected. Other

factors can also impact the swallowing function that

were not accounted for in this study, such as sarcope-

nia (Maeda & Akagi, 2016), snoring (Lee, Ko, &

Chuang, 2000; Lee, Tse, Tsze, & Kwok, 2004;

Shaheen et al., 2008), and polymedication or specific

medication such as antipsychotic, antidepressant, and

sedatives that reduce cough reflex and/or cause xero-

stomia (i.e. dry mouth) (Cabre et al., 2010; Carrion

et al., 2015; Ney, Weiss, Kind, & Robbins, 2009;

Stoschus & Allescher, 1993). These factors remain

not controlled for in the current investigation, and

whether, and to what extent they may have reduced

the swallowing capacities showed by a particular par-

ticipant requires further research.

The mean swallowing capacity observed for all

participants, regardless of age or sex, was greater than

10mL/s. Previous studies have concluded that a swal-

lowing capacity of less than 10mL/s is, at least for

people under the age of 70, an indicator of dysphagia

(Hughes & Wiles, 1996; Nathadwarawala et al.,

1992). Additionally, other studies have found that

when patients have a swallowing capacity of less than

10mL/s, they also have a swallowing dysfunction pre-

sent on VFS (Wu et al., 2004; H€agglund et al.,

2020). Our findings indicate that healthy individuals

even older than 70, on average, have a swallowing

capacity above 10mL/s. The 10mL/s cut-off as an

indicator of risk of dysphagia might thus also be

applicable among older individuals. However, to

understand whether the proposed cut-off indicator

for risk of dysphagia (Hughes & Wiles, 1996;

Nathadwarawala et al., 1992) is applicable even

among older people we further need to compare

healthy older individuals’ TWST results directly with

functional outcomes visualised on instrumental

assessments (i.e. by VFSS or FEES). Especially since

our data also show that some healthy individuals (15

women and 5 men) across the age continuum in the

current study showed a swallowing capacity of less

than 10mL/s.

Normative data of swallowing capacity for men

and women, especially those older than 70, is highly

requested. The prevalence of dysphagia increases

with age, and a low swallowing capacity or a capacity

that deviates from the normative data may alert clini-

cians further to investigate the person’s swallowing

function with instrumental assessment and thus avoid

potential respiratory complications.

Reliability

This study indicates that TWST performance, on an

extensive data set of healthy older individuals, has a

high inter- and intra-rater agreement when rated

asynchronous from video. Previous studies have

shown that TWST have both high inter- and intra-

rater and test-retest reliability when rated by an in-

person clinician on healthy individuals and patients

with suspected dysphagia (Hughes & Wiles, 1996;

Nathadwarawala et al., 1992), and asynchronously

from video on patients with movement disorders and

suspected dysphagia (Borders et al., 2021).

Our findings also indicate that TWST can be reli-

ably used in telehealth; the time obtained directly by

an in-person clinician and asynchronously from video

recordings on the same participants were highly agree-

able. This finding indicates that TWST results do not

significantly differ depending on the context where the

TWST is performed (face-to-face in the clinic or over

telehealth). This finding further illustrates that TWST

might both be suitable for telehealth and that it might

be possible for a non-clinician (e.g. family member/

nursing staff) to record the TWST performance and

later upload it to a clinician for evaluation. However,

the latter needs further evaluation on whether a non-

clinician can reliably administrate the TWST (i.e. pro-

vide water administration, instructions, and camera

placement for a visible view of the mount, throat, and

larynx). Overall, TWST seems to be a valid and reli-

able, simple screening test that can easily be carried

out to identify people at risk of dysphagia or monitor

therapy in clinics and over telehealth.

Limitations

We did not include the number of swallows in the

assessment as included in the original version of

TWST. The number of swallows was not accounted

for in the present study since clinicians do not com-

monly use it as a reference for abnormal swallowing

or indicator for further instrumental assessment.

Furthermore, we did not account for snoring, medi-

cation, or sarcopenic dysphagia in this study, which

might impact the swallowing capacity. Future studies
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should compare TWST’s performance of healthy

older individuals and patients with suspected oropha-

ryngeal dysphagia with an instrumental assessment of

their swallowing function to further evaluate the pro-

posed cut-off of 10mL/s. The TWST should also be

evaluated when administrated by a non-clinician (e.g.

family member/nursing staff) compared with a

trained clinician to evaluate its utility, efficacy, and

reliability regardless of administrator.

Conclusion

We have presented sex-stratified normative data for

swallowing capacity in people older than 60 years.

The effect of age and sex provided an evident influ-

ence on swallowing capacity. However, all partici-

pants had on average a swallowing capacity above

10mL/s, regardless of age and sex. The TWST also

indicated a high inter- and intra-rater agreeability and

that the test might be performed both in a clinical

situation and in telehealth with good agreeability.
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