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SCIENT IF IC INVEST IGATIONS

Dysphagia severity is associated with worse sleep-disordered breathing
in infants with Down syndrome
Yeilim Cho, MD1; Younghoon Kwon, MD2; Lourdes DelRosso, MD, PhD3; Michelle Sobremonte-King, MD3

1Sleep Center, University of Washington, Seattle, Washington; 2Division of Cardiology, University of Washington, Seattle, Washington; 3University of Washington Pediatric
Pulmonary and Sleep Medicine Division, Seattle Children’s Hospital, Seattle, Washington

Study Objectives: Hypotonia, commonly seen in infants with Down syndrome (I-DS), can contribute to masticatory and oropharyngeal muscle weakness,
increasing the risk for dysphagia and sleep-disordered breathing. Data describing the occurrence of dysphagia and sleep-disordered breathing in I-DS are limited.
This study aims to determine the frequency and severity of dysphagia and its relationship to polysomnogram parameters in I-DS.
Methods: We included I-DS who underwent polysomnography at a single academic center over a 6-year period. Data collected included sex, age, presence of
dysphagia (low suspicion of dysphagia vs dysphagia vs feeding tube), and polysomnographic data. Dysphagia was determined by a video fluoroscopic swallow
study in the presence of clinical suspicion.
Results: A total of 40 I-DS were identified (mean age 6.6 months ± 3; male 65%). There were 11, 13, and 16 I-DS with low suspicion of dysphagia, dysphagia,
and feeding tube, respectively. Obstructive sleep apnea was more severe in I-DS in the feeding tube group when compared with the group with a low suspicion of
dysphagia and (apnea-hypopnea index mean [standard error] = 49.3 [7.6] vs 19.2 [9.2] events/h; P = .016). Dysphagia severity was positively correlated with a
higher obstructive apnea-hypopnea index (r = .43, P = .006).
Conclusions: There is a high incidence of dysphagia and sleep-disordered breathing in I-DS. Dysphagia severity correlated with obstructive apnea-hypopnea
index severity. Our results suggest that I-DS need early evaluation of both sleep-disordered breathing and dysphagia.
Keywords: dysphagia, Down syndrome, infants, obstructive sleep apnea, sleep-disordered breathing
Citation: Cho Y, Kwon Y, DelRosso L, Sobremonte-King M. Dysphagia severity is associated with worse sleep-disordered breathing in infants with Down
syndrome. J Clin Sleep Med. 2023;19(5):883–887.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Hypotonia, commonly seen in infants with Down syndrome, can contribute to masticatory and oropharyngeal
muscle weakness, increasing the risk of dysphagia and sleep-disordered breathing. Data describing the occurrence of dysphagia and sleep-disordered
breathing in infants with Down syndrome are limited.
Study Impact: Our study shows a high incidence of dysphagia and sleep-disordered breathing in infants with Down syndrome. Current guidelines suggest
screening at school age or when there are clinical symptoms of obstructive sleep apnea in Down syndrome; however, our results suggest earlier
evaluation and intervention in patients with dysphagia, especially if this is severe.

INTRODUCTION

Down syndrome is the most common genetic disorder, affecting
approximately 1 in 800 children.1 Children with Down syn-
drome have physical and physiologic characteristics that place
them at higher risk of gastrointestinal disorders, metabolic
abnormalities, cardiovascular complications, and early feeding
problems,2–4 which also places them at risk of frequent hospi-
talization.5–7 Studies have demonstrated that up to 80% of
infants with Down syndrome (I-DS) can present with early
feeding difficulties, weak sucking, problems with mastication,
and late transitioning to solid foods.

Up to 25% of normally developing infants will also present
with dysphagia, with a higher prevalence in those born prema-
turely. For infants to have adequate nutrition, it is imperative to
have a healthy synchronous interaction between sucking, swal-
lowing, and breathing.8 In order to have effective sucking,

adequate negative intraoral pressure must be generated with the
soft palate closing the nasal passages, lips tightening, and lower
displacement of the jaw.9,10 Swallowing, on the other hand, is
divided into 3 phases: oral, pharyngeal, and esophageal. For
these 3 steps to be successful, neuromuscular and neurophysio-
logic functions need to be mature and any abnormalities along
the way can produce delays, residual liquid, and aspiration.10

Finally, the respiratory phase must be coordinated with the
swallowing phase. Infants breathe at a rate of 1–1.5 breaths per
second or approximately 40–60 breaths per minute. The process
of swallowing in infants may last from 0.35 to 0.75 seconds.
Therefore, time for breathing may be compromised, particularly
considering that, during feeding, minute ventilation decreases,
exhalation is prolonged, and inhalation is shortened.11 Coordi-
nation between these processes ends in successful feeding.
Immaturity, muscle weakness, and poor neuromuscular con-
trol12 in any of the phases of swallowing will lead to dysphagia.

Journal of Clinical Sleep Medicine, Vol. 19, No. 5 883 May 1, 2023

https://doi.org/10.5664/jcsm.10446

https://doi.org/10.5664/jcsm.10446


Sleep-disordered breathing (SDB) is common in I-DS due to
unique anatomical features in the facial structure including adeno-
tonsillar hyperplasia, midfacial and mandibular hypoplasia, and
macroglossia.2–4 Moreover, general hypotonia including upper
airway muscles particularly contributes to the functional suscepti-
bility to obstructive sleep apnea (OSA). Hypotonia also compro-
mises swallowing, making I-DS susceptible to dysphagia.

In this study, we aimed to determine the frequency and sever-
ity of dysphagia and its relationship to SDB severity in I-DS.
We hypothesized that dysphagia severity would be correlated
with OSA severity.

METHODS

Subjects
We reviewed consecutive I-DS (< 12 months old) who under-
went polysomnography at Seattle Children’s Hospital over a
6-year period (October 1, 2015–August 23, 2021). Data col-
lected included the following: sex, age, presence of dysphagia
through a video fluoroscopic swallow study, recommended
thickener type, and polysomnographic data. The study was
approved by the Institutional Review Board at Seattle Chil-
dren’s Hospital (study number 00003376).

Polysomnography
Polysomnography data were recorded using the (Sandman Elite
Natus system, Middleton, Wisconsin). Parameters included a
standard pediatric montage, which includes electroencephalo-
grams (2 frontal, 2 central, and 2 occipital channels, referred to
the contralateral mastoid), electromyograms (submental and
anterior tibialis), electro-oculograms (right and left), nasal pres-
sure transducer, oronasal airflow (thermistor), effort signals for
thorax and abdomen, oximetry, capnography, a single lead elec-
trocardiogram, and video and audio recording. Calibrations
were performed per routine standard by a technician. A Dyme-
dix oronasal sensor was used if the patient did not tolerate nasal
cannulas. All patients were studied on room air.

The studies were scored by sleep laboratory technicians and
were reviewed and interpreted by a board-certified sleep physi-
cian. Scoring was per current American Academy of Sleep Medi-
cine guidelines. Obstructive apneas were defined as a ≥ 90%
decrease in airflow from baseline with continued respiratory
effort for a minimum of 2 breaths. Hypopneas were defined as a
30–89% decrease in airflow from baseline with continued respira-
tory effort for a minimum of 2 breaths, associated with a ≥ 3%
desaturation, an electroencephalogram arousal, or both. Central
apneas were defined as a≥ 90% decrease in airflow from baseline
that lasts at least the duration of 2 breaths with lack of respiratory
effort, associated with a ≥ 3% desaturation, an electroencephalo-
gram arousal, or both. Central apnea was also scored if there was
a ≥ 90% decrease in airflow from baseline and the duration of the
event lasted more than 20 seconds. OSA severity was determined
by the obstructive apnea-hypopnea index (oAHI). Mild OSA was
defined by an oAHI greater than 1 but less than 5 events per hour.
Moderate OSA was defined by an oAHI greater than 5 but less
than 10 events per hour. Severe OSA was defined by an oAHI

greater than 10 events per hour. Central sleep apnea is common
and the reference range for central sleep apnea is unclear for
infant age. For the purpose of this study, central sleep apnea was
defined by a central apnea index more than 5 events/h. The pres-
ence of sleep hypoxemia was determined if time spent with oxy-
gen saturation equal or below 88% was greater than 5 minutes
during sleep. Sleep hypoventilation was defined as the percentage
of time spent with CO2 levels > 50 mmHg for more than 25%
of sleep time as measured by either end-tidal CO2 or transcutane-
ous CO2.

Other data and dysphagia evaluation
Demographics and other medical history were obtained by
reviewing electronic medical records. For those with clinical
concerns for dysphagia, a video fluoroscopic swallow study was
obtained for confirmation. When there was no report of any signs
of aspiration during feeding by a caregiver or clinical providers,
a speech evaluation was not pursued. Infants were then classified
into 3 groups for comparison: (1) low suspicion of dysphagia
group, (2) dysphagia not requiring a feeding tube (on thickeners;
“dysphagia” group), and (3) dysphagia requiring a feeding tube
(unable to tolerate thickeners; “feeding tube” group).

Statistical analysis
Baseline characteristics are summarized by mean (standard devi-
ation) or number (frequency), as appropriate. The outcome of
interest was severity of OSA by oAHI and the presence of sleep-
related hypoxemia and hypoventilation. The oAHI (mean [stan-
dard error]) was compared among 3 groups: (1) low suspicion of
dysphagia vs (2) dysphagia vs (3) feeding tube. Due to the small
sample size and nonparametric distribution of the oAHI, we
performed Kruskal–Wallis test for the 3 group comparisons. Sub-
sequently, pairwise 2-sided multiple-comparison analysis was
performed using the Dwass-Steel-Critchlow-Fligner procedure.
Given the similar characteristics between the 3 groups, multivari-
able analysis was not performed. However, as a sensitivity analy-
sis, regression was performed adjusting for age and airway
abnormality. P values for linear trend across the 3 groups in the
order of (1, 2 and 3) was obtained using a multiple regression.
P values less than .05 were considered statistically significant.
SAS version 9.3 (SAS Institute, Cary, NC) was used.

RESULTS

We identified 40 I-DS (mean age: 6.6 months [3.0]; male: n = 26
[65%]). There were 11 infants (27.5%) with a low suspicion of
dysphagia, 13 infants (32.5%) with dysphagia through a swallow
study but who did not require a feeding tube, and 16 infants
(40%) requiring a feeding tube. In those in the “dysphagia”
group, 36% could tolerate thin liquids, 47% were prescribed nec-
tar-thick, 17% prescribed honey-thick, and 57% were feeding
tube dependent. Baseline characteristics were similar between
the 3 groups (Table 1). There was no association between age
and apnea-hypopnea index (AHI; r = –.1, P = .5).

oAHI increased across the 3 dysphagia groups (19.2 [9.2],
29.5 [8.4], and 49.3 [7.6] events/h, respectively; group
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difference P = .04, P for trend = .0127). Pairwise comparisons
showed a significant difference between the low suspicion of
dysphagia and feeding tube groups (P = .016) (Figure 1). Sensi-
tivity analysis adjusting for age yielded similar results (data not
shown). The frequency of hypoxemia also increased across the
3 groups (0 [0%], 3 [23.1%], and 8 [50%]; P = .015). The fre-
quency of hypoventilation was similar across the 3 groups
(3 [27.3%], 3 [23.1%], and 4 [25%]; P = not significant). Dys-
phagia severity was positively correlated with a higher oAHI
(r = .43, P = .006) (Figure 2).

DISCUSSION

This study demonstrates that there is a high prevalence of dys-
phagia and SDB in I-DS. Furthermore, we demonstrated our
hypothesis that dysphagia severity is correlated with oAHI
severity. To our knowledge, this represents the first study
describing the occurrence of dysphagia and OSA exclusively
in I-DS.

A number of studies have highlighted the high prevalence of
dysphagia in I-DS. One prior study including children with
Down syndrome, 2–7 years of age, demonstrated problems in
the oral phase of swallowing—in particular, an immature chew-
ing pattern in which food was held in the mouth for longer peri-
ods of time without chewing. There was a lack of oral anterior
seal and poor movement of the tongue, resulting in inefficient
bolus transit.12 Nearly all (96%) of I-DS between the ages of
0 and 6 months were found to have some manifestation of oral
or pharyngeal dysphagia with symptoms severe enough to war-
rant alteration of breast milk, formula, or nonoral feeds in
69%.13 In another study including I-DS, 90% of them showed
oral dysphagia with abnormal sucking in 63.7%, abnormal
bolus formation in 62%, and pharyngeal dysphagia was present
in 72.4%, with 53.5% of infants demonstrating abnormal swal-
low. Pharyngeal residue was present in 17.3% and pharyngo-
nasal reflux was present in 27.5%, laryngeal penetration was
seen in 52.0% of infants, and tracheal aspiration was seen in
31.5%.14

Table 1—Characteristics of infants with Down syndrome included in the study.

Low Suspicion for Dysphagia
(n = 11)

Dysphagia without Feeding
Tube (n = 13)

Dysphagia with Feeding Tube
(n = 16) P

Age, mo 6.5 (3.7) 6.7 (2.9) 6.6 (2.8) NS

Gestational age, wk 37.5 (1.4) 38.9 (1.3) 37.6 (1.6) .02

Sex, male 8 (72.7%) 10 (76.9%) 8 (50%) NS

Ethnicity (White) 8 (72.7%) 11 (84.6%) 11 (68.8%) NS

Hypothyroidism 1 (9.1%) 3 (23.1%) 4 (25%) NS

Congenital heart disease 8 (72.7%) 9 (69.2%) 11 (68.8%) NS

Age and gestational age are expressed as mean (standard deviation). Other categorical variables are expressed as n (%). Analysis of variance (ANOVA) was
used for comparing means across the groups. Chi-square test or Fisher’s exact test were performed for comparing frequency across the groups. NS = not
significant.

Figure 1—Comparison of oAHI between groups.

NS = not significant, oAHI = obstructive apnea-hypopnea index, Diamond =
mean, Box = 25-75th percentile, End lines = maximum and minimum.

Figure 2—Dysphagia severity and oAHI correlation.

oAHI = obstructive apnea-hypopnea index.
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These findings have important implications in terms of airway
protection and pulmonary complications. In fact, Jackson et al15

demonstrated that there was a statistically significant association
between aspiration and/or deep laryngeal penetration and pulmo-
nary hypertension, congenital heart defects, laryngomalacia, or
pneumonia; however, sleep studies and the presence of SDB
were not assessed. Although the association between OSA and
dysphagia has not been previously established in I-DS, Vielkind
et al demonstrated in children aged 1 month to 18 years an
increased prevalence of chronic respiratory symptoms and abnor-
mal airway findings. In this study, flexible bronchoscopy, includ-
ing airway dynamics and bronchoalveolar lavage, demonstrated
evidence of increased levels of neutrophilia and airway inflam-
mation in children with dysphagia.16

The mechanism behind our findings of a close association of
dysphagia and OSA is unclear. One can hypothesize that the
increased airway inflammation, chronic sensory andmotor changes
of the pharynx with an impaired swallow-breathing mechanism,
decreased pulmonary reserve due to chronic micro-aspiration, and
alveolar simplification could be factors increasing the risk of
OSA.17 Alternatively, impaired muscle tone and neuromuscular
control common in I-DS may confer risks for both dysphagia and
OSA.17–19

Of note, in addition to OSA, other elements of SDB were
common. Central sleep apnea was present in nearly one-third of
I-DS, although there was no difference by dysphagia group.
The frequency of hypoxemia increased across the dysphagia
severity groups. Hypoventilation was present in nearly one-
quarter of the I-DS, but the frequency of hypoventilation was
similar across the 3 groups.

Current guidelines suggest screening at school age or when
there are clinical symptoms of OSA in children with Down syn-
drome. Given these findings, even earlier screening for SDB
may be warranted, especially in the presence of dysphagia.
Future studies should examine the potential benefit of early
intervention of OSA in I-DS. Moreover, studies should examine
the evolution of OSA and dysphagia in older children with
Down syndrome and how treatment of OSA may impact dys-
phagia and vice versa in larger multicenter settings.

Some of the limitations of this study include involvement of
a single center with a limited number of participants. Since
all included infants were referred to a sleep center, there is
an inherent referral bias, limiting the generalizability of the
study. The normative value for SDB parameters for infant age
is not well defined and the AHI may be influenced by age.
However, this was not apparent in our study. Not all infants cat-
egorized as having a low suspicion of dysphagia underwent
clinical evaluation by a speech pathologist; therefore, dyspha-
gia cannot be completely ruled out. In conclusion, we found
that there is a correlation between OSA severity and dysphagia.
Future directions should include study of the progression of
SDB and dysphagia in older children with Down syndrome,
evaluation of improvement of OSA with treatment of dyspha-
gia, and larger multicenter studies. Our results suggest the
need to evaluate and intervene earlier, especially in I-DS and
dysphagia.

ABBREVIATIONS

I-DS, infants with Down syndrome
oAHI, obstructive apnea-hypopnea index
OSA, obstructive sleep apnea
SDB, sleep-disordered breathing

REFERENCES

1. Parker SE, Mai CT, Canfield MA, et al; National Birth Defects Prevention Network.
Updated national birth prevalence estimates for selected birth defects in the
United States, 2004-2006. Birth Defects Res A Clin Mol Teratol. 2010;88(12):
1008–1016.

2. Benhaourech S, Drighil A, Hammiri AE. Congenital heart disease and Down
syndrome: various aspects of a confirmed association. Cardiovasc J Afr. 2016;
27(5):287–290.

3. Stoll C, Dott B, Alembik Y, Roth MP. Associated congenital anomalies among
cases with Down syndrome. Eur J Med Genet. 2015;58(12):674–680.

4. Miller M, Cosgriff JM. Hematological abnormalities in newborn infants with Down
syndrome. Am J Med Genet. 1983;16(2):173–177.

5. So SA, Urbano RC, Hodapp RM. Hospitalizations of infants and young children
with Down syndrome: evidence from inpatient person-records from a statewide
administrative database. J Intellect Disabil Res. 2007;51(Pt 12):1030–1038.

6. Seither K, Tabbah S, Tadesse DG, Suhrie KR. Neonatal complications of Down
syndrome and factors necessitating intensive care. Am J Med Genet A. 2021;
185(2):336–343.

7. Martin T, Smith A, Breatnach CR, et al. Infants born with Down syndrome: burden
of disease in the early neonatal period. J Pediatr. 2018;193:21–26.

8. Lau C. Development of suck and swallow mechanisms in infants. Ann Nutr Metab.
2015;66(5, Suppl 5):7–14.

9. Lau C, Alagugurusamy R, Schanler RJ, Smith EO, Shulman RJ. Characterization
of the developmental stages of sucking in preterm infants during bottle feeding.
Acta Paediatr. 2000;89(7):846–852.

10. Selley WG, Ellis RE, Flack FC, Brooks WA. Coordination of sucking, swallowing
and breathing in the newborn: its relationship to infant feeding and normal
development. Br J Disord Commun. 1990;25(3):311–327.

11. Koenig JS, Davies AM, Thach BT. Coordination of breathing, sucking, and swallowing
during bottle feedings in human infants. J Appl Physiol (1985). 1990;69(5):1623–1629.

12. Anil MA, Shabnam S, Narayanan S. Feeding and swallowing difficulties in children
with Down syndrome. J Intellect Disabil Res. 2019;63(8):992–1014.

13. Stanley MA, Shepherd N, Duvall N, et al. Clinical identification of feeding and
swallowing disorders in 0-6 month old infants with Down syndrome. Am J Med
Genet A. 2019;179(2):177–182.

14. Narawane A, Eng J, Rappazzo C, Sfeir J, King K, Musso MF, Ongkasuwan J.
Airway protection & patterns of dysphagia in infants with down syndrome:
videofluoroscopic swallow study findings & correlations. Int J Pediatr
Otorhinolaryngol. 2020;132:109908.

15. Jackson A, Maybee J, Wolter-Warmerdam K, DeBoer E, Hickey F. Associations
between age, respiratory comorbidities, and dysphagia in infants with down
syndrome. Pediatr Pulmonol. 2019;54(11):1853–1859.

16. Vielkind M, Meier MRK, DeBoer EM, Hamlington KL, Hickey F, Liu AH,
Wolter-Warmerdam K, Brown MA. Lung Function in Children with Down Syndrome.
Am J Respir Crit. 2020;201:A4672.

17. Jobin V, Champagne V, Beauregard J, Charbonneau I, McFarland DH, Kimoff RJ.
Swallowing function and upper airway sensation in obstructive sleep apnea. J Appl
Physiol (1985). 2007;102(4):1587–1594.

18. Wang C-M, Shieh W-Y, Weng Y-H, Hsu Y-H, Wu Y-R. Non-invasive assessment
determine the swallowing and respiration dysfunction in early Parkinson’s disease.
Parkinsonism Relat Disord. 2017;42:22–27.

19. Valarelli LP, Corradi AMB, Grechi TH, et al. Cephalometric, muscular and
swallowing changes in patients with OSAS. J Oral Rehabil. 2018;45(9):692–701.

Y Cho, Y Kwon, L DelRosso, et al. Dysphagia and SDB in infants with Down syndrome

Journal of Clinical Sleep Medicine, Vol. 19, No. 5 886 May 1, 2023



SUBMISSION & CORRESPONDENCE INFORMATION

Submitted for publication August 18, 2022
Submitted in final revised form December 6, 2022
Accepted for publication December 7, 2022
Address correspondence to: Michelle Sobremonte-King, MD, Assistant Clinical
Professor, University of Washington, 4800 Sand Point Way NE Seattle WA 98105,
Tel: (215) 317-5483, Email: michelle.sobremonte-king@seattlechildrens.org

DISCLOSURE STATEMENT

All authors have seen and approved the manuscript. The authors report no conflicts
of interest.

Y Cho, Y Kwon, L DelRosso, et al. Dysphagia and SDB in infants with Down syndrome

Journal of Clinical Sleep Medicine, Vol. 19, No. 5 887 May 1, 2023

mailto:michelle.sobremonte-king@seattlechildrens.org



