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ABSTRACT

Purpose: There is paucity of research investigating oropharyngeal dysphagia (OPD) in young children with
cerebral palsy (CP), and most studies explore OPD in high-resource countries. This study aimed at determin-
ing the proportion and severity of OPD in preschool children with CP in Bangladesh, compared to Australia.
Method: Cross-sectional, comparison of two cohorts. Two hundred and eleven children with CP aged
18–36 months, 81 in Bangladesh (mean¼ 27.6 months, 61.7% males), and 130 in Australia (mean¼ 27.4
months, 62.3% males). The Dysphagia Disorders Survey (DDS) – Part 2 was the primary OPD outcome for
proportion and severity of OPD. Gross motor skills were classified using the Gross Motor Function
Classification System (GMFCS), motor type/distribution.
Results: (i) Bangladesh sample: proportion OPD¼ 68.1%; severity¼ 10.4 SD¼ 7.9. Australia sample: propor-
tion OPD¼ 55.7%; severity¼ 7.0 SD¼ 7.5. (ii) There were no differences in the proportion or severity of
OPD between samples when stratified for GMFCS (OR¼ 2.4, p¼ 0.051 and b¼ 1.2, p¼ 0.08, respectively).
Conclusions: Despite overall differences in patterns of OPD between Bangladesh and Australia, proportion
and severity of OPD (when adjusted for the functional gross motor severity of the samples) were equiva-
lent. This provides support for the robust association between functional motor severity and OPD propor-
tion/severity in children with CP, regardless of the resource context.

� IMPLICATIONS FOR REHABILITATION

 The proportion and severity of OPD according to gross motor function level were equivalent between
high- and low-resource countries (LCs).

 Literature from high-resource countries may be usefully interpreted by rehabilitation professionals for
low-resource contexts using the GMFCS as a framework.

 The GMFCS is a useful classification in LCs to improve earlier detection of children at risk of OPD and
streamline management pathways for optimal nutritional outcomes.

 Rehabilitation professionals working in LCs are likely to have a caseload weighted towards GMFCS III–V,
with less compensatory OPD management options available (such as non-oral nutrition through tubes).
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Introduction

Oropharyngeal dysphagia (OPD) is common in up to 85% of chil-

dren with cerebral palsy (CP), and is directly related to poor dietary

intake and consequent undernutrition.[1,2] The feeding and swal-

lowing process is commonly described in three distinct but over-

lapping phases which correspond to the anatomical structures

involved in bolus transfer; oral-preparatory, oral (propulsive), and

pharyngeal. OPD encompasses impairment to one or more phases

of the swallow associated with eating, drinking or controlling saliva;

and may include directly observed impairments (of the oral phase),

or inferred impairments by observing clinical signs suggestive of

impairment (as for the pharyngeal phase). With an estimated 80%

of the global burden of CP in low-resource countries (LCs),[3] it is

critical that greater research effort is focused on understanding

functional outcomes of children with CP in these settings. The evi-

dence-base available to health professionals working with children

with OPD globally regarding OPD patterns and management strat-

egies arises predominately from high-resource countries. As such,

an understanding of how these patterns of OPD compare to those

in LCs will provide a foundation for clinicians working in LCs to

interpret the existing OPD literature specific to their context. The

use of the Gross Motor Function Classification System (GMFCS), a

universally used classification in CP, may provide a robust frame-

work to assist in this interpretation of outcome data from differing

populations.

CONTACT Katherine A. Benfer katherine.benfer@uqconnect.edu.au Queensland Cerebral Palsy and Rehabilitation Research Center, Level 6 Center for
Children’s Health Research, 62 Graham St, South Brisbane, Queensland, 4101 Australia

Supplemental data for this article can be accessed here

� 2016 Informa UK Limited, trading as Taylor & Francis Group

DISABILITY AND REHABILITATION, 2017

VOL. 39, NO. 23, 2404–2412

http://dx.doi.org/10.1080/09638288.2016.1229363



Amongst the limited literature on feeding and nutritional sta-

tus in children with disabilities in LC, there is consensus that

children’s growth is compromised compared to non-disabled

peers, which is consistent with literature from high-resource

countries.[4–10] This poor growth has been linked to the child’s

inability to self-feed, however consideration of the influence of

oral sensorimotor skills assessed using standardized measures

has been minimal. One intervention study in Bangladesh investi-

gated OPD in children with CP,[7] but neither the proportion of

children with OPD at baseline, or analysis of OPD risk factors

were reported. Three other studies have described the propor-

tion of OPD in children with disabilities in LC, but have been

limited to parent-report or informal methods.[4,11,12] Two stud-

ies (Turkey and India) estimated the prevalence of OPD in chil-

dren with disabilities in LC at approximately 70%.[4,11] A study

in South Africa found 35% of children with CP had been

referred for feeding assessment based on retrospective chart

review (n¼ 19), but did not discuss the proportion of confirmed

OPD cases.[12]

This comparative study aims at exploring the proportion of

children with OPD in Bangladesh, the location of the LC sample,

in comparison to Australia, the location of the high-resource

sample. Bangladesh is a densely populated country (approxi-

mately 150 million people residing in a country only

150,000 km2),[13] where one third of people live in extreme pov-

erty, and chronic malnutrition persists in 45% of children under

five.[14] To our knowledge, only one population-based house-

hold survey in Bangladesh has been conducted, which estimated

the prevalence of CP as 4/1000 live births.[15] In contrast to

Bangladesh, Australia is a large sparsely populated country and

considered a major global economy.[16] It was hypothesized that

OPD in Bangladesh would be more frequent and severe com-

pared to Australia when stratified for gross motor function due

to delayed and decreased access to medical and rehabilitation

services.

Methods

Study design and setting

This paper compares two cross-sectional studies of children with

CP aged 18–36 months. The first sample is a population-based

cohort of children born in Queensland, Australia, and the second

a sample of clinic-attendees residing in Bangladesh. All children in

the Australian sample accessed clinical care, so while recruitment

methods differed between the samples, both were considered to

represent children who would typically attend clinical services in

their respective countries. The Australian data represents a subset

of children from two larger longitudinal studies, Queensland CP

Child Motor and Brain Development (National Health and Medical

Research Council 465128) [17] and Queensland CP child: Growth,

Nutrition and Physical Activity (National Health and Medical

Research Council 569605).[18]

Participants

Children with a confirmed diagnosis of CP [19] aged 18–36

months corrected age were invited to participate in this study.

Those with neurodegenerative conditions were excluded.

Additional recruitment criteria specific to the Australian sample

included children born in Queensland from birth years 2006–2009;

and only included initial assessments conducted between 1st

January 2009 and 31st March 2013. Children of non-English speak-

ing families were excluded due to lack of translation services.

The Bangladesh sample was recruited through in-patient serv-

ices at a national tertiary rehabilitation facility, the Center for the

Rehabilitation of the Paralyzed, from August to December 2013.

Variables and measures

Measures of the proportion and severity of OPD

Measures for the outcome of OPD are summarized in Table 1,

with the Dysphagia Disorders Survey (DDS) selected as the pri-

mary outcome following comprehensive systematic review of the

psychometric properties and clinical utility.[20,21]

The DDS – Part 2 consists of direct assessment of eight inges-

tion functions, assessing predominately the oral phase through a

series of binary judgments (zero indicating no impairment, up to

22 indicating maximum impairment/non-oral nutrition). Primary

validation and reliability were conducted in adults with develop-

mental disability (mean 33 years), and shown to be strong.[22,23]

The pediatric version has been used and validated in children

from 18 months.[24,25] Users must be certified to rate the DDS,

which has contributed to its excellent agreement within ratings

(agreement 92.5%, kappa ¼0.4 p< 0.001), and between raters

(agreement ¼97.5%, kappa ¼0.7 p< 0.001).[25] The smallest

detectable change based on test-retest reproducibility between

two mealtimes is 3.8 DDS points.[26] Modified cut-points were

developed for children with CP aged 18–36 months to improve

the specificity of the DDS when used in this young age range.[25]

These cut-points were used in the present study to improve accur-

ate detection of OPD.

An inference of pharyngeal phase dysphagia was noted if chil-

dren demonstrated any one of 16 clinical signs, except a single

cough on thin fluids.[27]. Signs included gagging, coughing, chok-

ing, vomiting, throat clearing, multiple swallows, wheezing, stridor,

rapid or labored breathing, wet breathing, gurgly voice, rattly

chest, snuffly nose, eye tearing, or circumoral cyanosis/duski-

ness.[27] These signs have been validated in 150 children with

dysphagia compared to videofluoroscopic swallow study (consid-

ered the gold standard for the pharyngeal phase). Wet voice (sen-

sitivity 0.67, specificity 0.92, wet breathing (sensitivity 0.33,

specificity 0.83) and cough (sensitivity 0.67, specificity 0.53) on

thin fluids were considered good clinical markers.

The Thomas–Stonell and Greenberg saliva scale was used to

rate presence and severity of saliva loss. It is a semi-quantitative,

observational five-point ordinal scale (no loss to profuse).[28]

Table 1. Measures of oropharyngeal dysphagia.

Direct assessment: Three components based on operational definition of OPD
(any phase of swallow, during eating, drinking or saliva control) Parent report

Predominately oral phase
in feeding

Pharyngeal phase (inferred)
in feeding Saliva loss

Proportion with OPD (binary) DDS Sixteen clinical signs suggestive
of pharyngeal phase impairment

Saliva loss Parent report

Severity of OPD (continuous) DDS part 2 raw score (0–22) – – Visual analog scale for eating and
drinking difficulties (0–10)

Key: Dysphagia Disorders Survey is the primary study outcome. DDS: Dysphagia Disorders Survey; OPD: oropharyngeal dysphagia.
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Observation of saliva loss using standardized scales has been vali-

dated against weighed bibs (Spearman’s r¼ 0.604, p< 0.05).[29]

Parents reported on their child’s severity of eating problems

and drinking problems on the CP Child Feeding Questionnaire

using two 10 centimeter visual analog scales (“no problem” to

“major problems”).[26] The average of the two summed scales is

used to indicate feeding severity based on parent report (with

zero indicating no difficulties feeding and 10 indicating major dif-

ficulties). Presence of a feeding difficulty based on parent report

was classified for severity scores greater than zero. The feeding

questionnaire also gathered information on the presence of tube

feeding.

Covariates and risk factors

Children’s gross motor function was classified on the universally-

adopted GMFCS using the<2 years and 2–4 year age-bands.[30]

The type of CP (spasticity, dystonia, athetosis, hypotonia/ataxia)

and motor distribution (unilateral versus bilateral) were also classi-

fied according to international guidelines.[31,32]

Gestational age (time between first day of the last menstrual

period and the child’s date of birth) was classified as term (>37

completed weeks of gestation), preterm, very preterm birth, and

extremely preterm.[33]

The socio-economic status of Australian families was classified

on the Socio-Economic Indexes for Areas Index of Relative

Disadvantage.[34] In Bangladesh, the validated Poverty-

Measurement Tool classified families into five levels from well-off

to poor.[35]

Children’s nutritional status was determined by height, weight,

and body mass index. Height/length was measured using a port-

able stadiometer (Shorr Productions, MD, USA), and segmental

lengths used when a direct measure of height was not possible.

Weight was measured to the nearest 100 grams using digital

scales. Anthropometric data were converted to z-scores according

to World Health Organization reference data.[36]

Procedures

Children in Australia attended the hospital for diagnosis (based on

published guidelines [19] and detailed clinical history gathered

using the Physician Checklist [17]) and were followed-up for

anthropometry, and videoed gross motor and mealtime assess-

ments. In Bangladesh, children and their families attended the

Center for the Rehabilitation of the Paralyzed for a two-week carer

training and therapy program. On admission, they attended an

appointment with the primary investigator (KB) and local Pediatric

Consultant, who gathered a detailed clinical history using the

Physician Checklist, and provided a preliminary diagnosis of CP.

Throughout the two-week stay, children had mealtime and gross

motor assessments videoed for later rating (by the Australian

research team), and anthropometric measurements collected.

Diagnosis was confirmed by a consistent Australian physician

using the same diagnostic guidelines and data from the Physician

Checklist, and supported by clinical presentation in the gross

motor video. Two consistent Australian pediatric physiotherapists

(experienced in CP) rated children’s motor type/distribution and

GMFCS.

All mealtime assessments were conducted according to a

standardized snack protocol (described in greater detail in Benfer

[20]) with children well positioned for three standardized presen-

tations of four textures (puree, lumpy, chewable, and fluid), unless

they were unsafe on a texture or refused. Following these standar-

dized presentations, children were allowed to complete the snack

as usual. Mealtime videos were later rated by the same pediatric

speech pathologist (certified in the DDS) for both samples.

Ethics

All families gave written informed consent to participate. The

Australian study was approved by the ethics committees of the

Children’s Health Services (Royal Children’s Hospital Herston HREC

07/QRCH/107), Southern Health Ethics (05077C), University of

Queensland (2007001784), Cerebral Palsy League of Queensland

(CPLQ2008/2009 1010) and Mater Health Services (1186 C). Ethics

for the Bangladesh Study were gained through the University of

Queensland Medical Research Ethics Committee (2013000625), the

Children’s Health Services District Ethics Committee (HREC/13/

QRCH/69), Center for the Rehabilitation of the Paralyzed Ethics

Committee (CRP/RE/0401/55), and the International Center for

Diarrhoeal Disease Research Bangladesh, Ethics Committee

(PR-13047).

Data analyses

Characteristics of the Australian and Bangladesh samples were

presented descriptively. Association between sample (Australia

and Bangladesh) and sample characteristics were analyzed using

logistic regression for binary outcomes; linear regression for con-

tinuous outcomes; and ordinal outcomes (GMFCS, motor type,

preterm level) analyzed pairwise by level. Bangladesh was the

comparison group, and models were adjusted for GMFCS, motor

type, age, gender and preterm status (except when the covariate

was the main explanatory variable). Association between sample

and the OPD outcomes (proportion and severity) were analyzed

using logistic (proportion) and linear (severity) regression, with

GMFCS and sample as interaction terms to account for potential

between country differences. Statistics demonstrating strength of

relationship between variables (beta coefficient and odds ratio),

and measures of fit (r squared and pseudo r squared) were

reported. Univariate logistic regression analyzes were undertaken

for all OPD risk factors of interest (age, gender, preterm status,

epilepsy, GMFCS level, motor type and BMI z score). Variables con-

sistently significant at the p¼ 0.05 level were then included in all

multivariate regressions. Variance inflation factors less than 10

were considered to indicate no further testing for multicollinearity

of covariates was required. All data analyzes were performed

using Stata 10.0 (Statacorp 2007) with significance at p< 0.05.

Results

Differences in sample characteristics between countries

A total of 221 children with CP participated in this comparative

study; 130 from Australia (AU) and 81 from Bangladesh (BD). For

recruitment pathways see supplementary information 1. The mean

age in months was equivalent between samples (AU: 27.4 SD 5.3,

BD: 27.5 SD 6.1, p¼ 0.80). There was a significant association

between sample and preterm status, motor type, GMFCS, and

nutritional status (see Table 2).

Differences between countries in the proportion of children with

OPD and OPD severity

The proportion of children with OPD based on direct assessment

(on the DDS) in Bangladesh was 68.1% compared to 55.5% in

Australia, however this did not differ significantly for any OPD

subtype (see Table 2 for the proportion based on each of the

OPD subtypes). Figure 1 shows the proportion of OPD by subtype,
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stratified by GMFCS. Once stratified for GMFCS, the proportion of

OPD was not significantly different between countries (OR¼ 2.4,

p¼ 0.051, pseudo r
2
¼0.31), although this was significant for chil-

dren classified as GMFCS I on the DDS, and GMFCS V on the clin-

ical signs and parent report. The proportion of children with OPD

(based on direct assessment on the DDS; clinical signs suggestive

of pharyngeal phase impairment; observation of saliva loss; and

parent-reported OPD) increased with poorer gross motor function

for both samples, as presented in Figure 1); direct assessment on

the DDS: AU: OR¼ 2.6 (95% CI¼ 1.8, 3.8), p< 0.001; BD: OR¼ 7.3

(95% CI¼ 2.8, 18.8), p< 0.001), direct observation of clinical signs

AU: OR¼ 2.1 (95% CI¼ 1.6, 2.7), p< 0.001; BD: OR¼ 1.7 (95%

CI¼ 1.2, 2.5), p¼ 0.006), direct assessment of saliva loss: AU:

OR¼ 1.6 (95% CI¼ 1.2, 2.0), p¼ 0.001; BD: OR¼ 1.8 (95% CI¼ 1.2,

2.7), p¼ 0.003), parent-report: AU: OR¼ 1.7 (95% CI¼ 1.3, 2.3),

p< 0.001; BD: OR¼ 2.6 (95% CI¼ 1.6, 4.2), p< 0.001).

OPD severity based on the DDS and parent-report, stratified by

sample and GMFCS, is shown in Figure 2. Mean DDS score (SD)

differed between samples (AU: 7.0 SD 7.5, BD: 10.4 SD 7.9;

b¼"3.4, p< 0.001, r2¼0.05), but was not significant after adjust-

ment for differences in GMFCS distribution between samples

(b¼ 1.2, p¼ 0.08, r2¼0.66). Children’s gross motor function was

significantly related to OPD severity for both samples (AU: b¼ 3.8,

p< 0.001, r2¼0.70; BD: b¼ 4.6, p< 0.001, r2¼0.56). OPD severity

based on parent-report was not significantly different between

samples (AU: 2.9 SD 3.5, BD: 3.6 SD 3.5; b¼"0.7, p¼ 0.14,

r
2
¼0.01), even after adjusting for differences in GMFCS distribu-

tion (b¼ 0.8, p¼ 0.051, r2¼0.43). Children’s OPD severity on spe-

cific textures (assessed on the DDS) differed between samples

only for children in GMFCS V on non-chewables (mean score in

BD 5.2 and 5.8 in AU, p¼ 0.02) and fluids (mean score in BD 4.8,

and 5.7 in AU, p¼ 0.03).

Table 2. Characteristics of Australian and Bangladesh samples of preschool children with cerebral palsy.

Sample characteristic Australia n (%) Bangladesh n (%) Crude OR (CI); p values (Bd base) Adjusted OR (CI); p values

Gender
Male 81 (62.3) 50 (61.7) 1.0 (0.6, 1.8); 0.93 1.0 (0.5, 1.8); 0.90
Female 49 (37.7) 31 (38.3)

Preterm or term birth
Extremely pre-term 19 (14.6) 0 (0.0) 19.3 (3.3, inf); <0.001a NCa

Very pre-term 27 (20.8) 3 (3.9) 6.8 (2.0, 23.3); 0.002 7.3 (2.1, 25.9); 0.002
Preterm 20 (15.4) 15 (19.5) 0.8 (0.4, 1.7); 0.55 0.6 (0.3, 1.3); 0.18
Term 64 (49.2) 59 (76.6) 0.4 (0.2, 0.7); 0.001 0.4 (0.2, 0.8); 0.007

Motor type
Spasticity 113 (86.9) 50 (61.7) 3.9 (2.0, 7.5); <0.001 2.8 (1.3, 5.8); 0.007
Unilateral 41 (31.5) 5 (6.2) 7.0 (2.6, 18.6); <0.001 2.6 (0.8, 8.5); 0.12
Bilateral (2 limbs) 30 (23.1) 21 (25.9) 0.9 (0.5, 1.6); 0.64 0.3 (0.1, 0.8); 0.009
Bilateral (3–4 limbs) 42 (32.3) 24 (29.6) 1.1 (0.6, 2.0); 0.77 2.9 (1.3, 6.4); 0.009

Dystonia 2 (1.5) 15 (18.5) 0.07 (0.02, 0.3); <0.001 0.1 (0.02, 0.5); 0.005
Athetosis 4 (6.2) 7 (8.6) 0.3 (0.1, 1.2); 0.09 0.6 (0.2, 2.6); 0.54
Ataxia/hypotonia 11 (8.4) 9 (11.1) 0.7 (0.3, 1.7); 0.40 0.7 (0.3, 2.0); 0.55

GMFCS
I 57 (44.2) 7 (8.6) 8.3 (3.5, 19.3); <0.001 8.2 (3.5, 19.6); <0.001
II 15 (11.6) 12 (14.8) 0.8 (0.3, 1.7); 0.49 0.8 (0.3, 1.8); 0.53
III 23 (17.8) 25 (30.9) 0.5 (0.3, 0.9); 0.028 0.4 (0.2, 0.8); 0.008
IV 12 (9.3) 14 (17.3) 0.5 (0.2, 1.1); 0.09 0.6 (0.2, 1.3); 0.17
V 23 (17.7) 23 (28.4) 0.5 (0.3, 1.0); 0.05 0.6 (0.3, 1.2); 0.12

Poverty status NA NA NA
Well off – 25 (31.6) – –

Moderately well off – 27 (34.2) – –

Not so well off – 15 (19.0) – –

Poor – 7 (8.9) – –

Very poor – 5 (6.3) – –

Unknown – 2 (2.5) – –

Socio-economic status – NA NA NA
Least disadvantaged 48 (37.2) – – –

Middle tertile 40 (31.0) – – –

Most disadvantaged 41 (31.8) – – –

Tube fed 16 (12.3) 0 (0.0) 15.8 (2.6, inf); <0.001a NC

Nutritional status
HAZ: mean (SD) "0.9 SD 1.4 "2.5 SD 1.4 b¼ 1.7 (<0.001) b¼ 1.5 (<0.001)
WAZ: mean (SD) "0.3 SD 1.2 "2.4 SD 1.4 b¼ 2.1 (<0.001) b¼ 1.8 (<0.001)
Underweightb 6 (4.6) 19 (23.5) 0.2 (0.1, 0.4); <0.001 0.3 (0.1, 0.8); 0.02

Proportion of OPD
DDS 72 (55.5) 55 (68.1) 0.6 (0.3, 1.1); 0.09 4.1 (1.5, 11.4); 0.006
Clinical signs 81 (62.3) 49 (60.5) 1.0 (0.6, 1.7); 0.88 2.0 (1.0, 3.9); 0.06
Saliva loss 64 (49.2) 36 (44.4) 1.2 (0.7, 2.1); 0.51 2.3 (1.2, 4.7); 0.018
Parent report 78 (60.0) 57 (70.4) 0.6 (0.4, 1.1); 0.13 1.3 (0.6, 2.8); 0.438

Severity of OPD
DDS mean (SD) 7.0 SD 7.5 10.4 SD 7.9 b¼"3.4 (<0.001) b¼ 1.2 (0.08)
Parent report mean (SD) 2.9 SD 3.5 3.6 SD 3.5 b¼"0.7 (0.14) b¼ 0.8 (0.05)

Adjusted odds ratio models include covariates of GMFCS, age, gender and preterm status, except when that variable is the main explanatory variable.
aCalculated using exact logistic regression as outcome predicts perfectly (adjusted OR not calculable).
bBased on BMI z score less than 2SD; Bd base Bangladesh comparison group.
CI: Confidence Interval; GMFCS: Gross Motor Function Classification System; HAZ: Height for age z score; inf: infinity; NA: Not applicable to the context, therefore
odds ratios not calculated; NC: Not calculable as no children in Bangladesh in outcome; OR: Odds Ratio; WAZ: Weight for age z score.
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Risk factors for OPD

The proportion and severity of OPD on the DDS was significantly

associated with sample (i.e., country) in the multivariate models

when adjusted for gross motor and demographic factors

(p< 0.001, see Table 3). The odds of having OPD were 1.9–3.5

times greater with each increase in GMFCS. OPD severity was sig-

nificantly greater with increasing GMFCS level. Preterm birth

reduced children’s likelihood of OPD based on the DDS, and

resulted in lower OPD severity.

Discussion

Differences in sample characteristics between countries

The motor severity, motor type and other demographic character-

istics of children with CP differed significantly between Australia

and Bangladesh.[37] Of particular importance is the distribution of

GMFCS levels and motor type, which are known to be related to

patterns of OPD.[38] The Bangladesh sample was skewed towards

children with poorer gross motor function (GMFCS III–V), whereas

in Australia over half were classified as GMFCS I. In both samples,

spasticity was the dominant motor type; however there were sig-

nificantly fewer children with unilateral spasticity, and more chil-

dren with dystonia in Bangladesh. This finding has implications

for clinical services in Bangladesh, but may not be generalizable

to the Bangladesh CP population, due to sampling of clinic

attendees only.

Children with CP in Bangladesh had significantly lower height

and weight z-scores, and more were classified “underweight”

compared to Australia, even after accounting for differences in

GMFCS, preterm status, gender and age. OPD is one demonstrated

risk factor for poor dietary intake and nutritional status in children

with CP,[26,39] although there are also high background rates

of malnutrition in children with typical development in

Bangladesh.[14] More children in Australia used feeding tubes,

which were absent in the Bangladesh sample and may also be a

contributing factor to the rates of undernutrition in Bangladesh.

While inherent differences in body size related to ethnicity exist,

use of the WHO classification for ‘underweight’ status was consid-

ered to adequately account for these.

Differences between countries in the proportion of children with

OPD and OPD severity

Overall, presence and severity of OPD was greater in the

Bangladesh sample compared to Australia. Unadjusted OPD sever-

ity was on average 3.4 DDS units (out of 22) higher in the

Bangladesh sample compared to Australian children, although

within the margin of smallest detectable change for the DDS

(based on previous reliability work conducted by our team using

the DDS in a sample with equivalent characteristics).[26] The pro-

portion of children with OPD in Bangladesh was comparable to

estimates from other LCs.[4,11] Due to variability in the sample

child characteristics and case ascertainment of previous research

in LCs, comparisons are limited.

There was a trend for fewer children to have impaired saliva

control in Bangladesh compared to Australia (although not signifi-

cant). Children in Bangladesh had much lower fluid intakes, which
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may have resulted in dehydration and lower saliva production.

Anecdotally, mothers in Bangladesh frequently wipe children’s sal-

iva and food/fluid loss during the mealtime, so the observations

of saliva loss pre/post mealtime (as per the snack protocol) may

not accurately reflect children’s saliva control in Bangladesh.

Relationship between OPD and GMFCS

Differences in the sample recruitment likely influenced the distri-

bution of gross motor severity in these samples; as such, our a pri-

ori analysis plan was to stratify for GMFCS, accounting for some of

these differences. Once stratified for GMFCS, differences in the

proportion and severity of OPD between countries were minimal,

with an overall trend for lower OPD proportions and severity in

Bangladesh, contrary to our hypothesis. The only statistical differ-

ences were fewer children from GMFCS I having OPD (on the

DDS) in Bangladesh, and fewer from GMFCS V having OPD (on

the pharyngeal phase and parent report) in Bangladesh. This was

an unexpected finding, considering children in Bangladesh have

later diagnoses, and later and less access to therapy.[37]

Children classified as GMFCS I from Australia had more varied

scores, whereas in Bangladesh they were closely clustered around

the mean. This subgroup was small in the Bangladesh sample,

and was predominately children with bilateral spasticity with two-

limb involvement. This differed markedly from the profile of chil-

dren from GMFCS I in Australia with about 65% having unilateral

spasticity. This may be a significant factor influencing the differen-

ces in OPD between countries. Furthermore, in Australia, children

were more independent feeders, and encouraged to bring their

own foods to the assessment from home (which corresponded to

the standardized textures). In Bangladesh, children tended to be

fed by their mothers, and were provided with the standardized

foods at the assessment. These factors possibly increased the

complexity of the mealtime in Australia, particularly for children

with mild OPD.

A lower proportion of children from GMFCS V with clinical

signs suggestive of pharyngeal dysphagia may be related to
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intrinsic and extrinsic factors. A much greater proportion of chil-

dren from GMFCS V had dystonia in Bangladesh (30%) compared

to only 4% in Australia. Also, mothers of children with non-ambu-

latory CP in Bangladesh, were more likely to deliver very small

amounts of fluids to their child and in a controlled mode of deliv-

ery (often from a teaspoon), which may have had an influence on

the presence of clinical signs.

While GMFCS-adjusted rates of OPD were lower in Bangladesh,

the nutritional status of children told a different story. Specific

exploration of the association between OPD and nutritional status

was beyond the scope of the current analysis. It is well docu-

mented that OPD is only one risk factor of poor nutritional status,

and as such the influence of other risk factors of poor nutritional

status universally present in the pediatric population in

Bangladesh warrants more detailed analysis. The series of binary

judgments which constitute to the DDS raw score (used to indi-

cate OPD severity) do not account for graded differences within

each ingestion function. Subjectively, it seemed that children in

Bangladesh had more significant OPD, but that the DDS may have

lacked sensitivity to detect such differences. Exploring other

markers of OPD, such as safety on food/fluid textures, mealtime

duration, habitual dietary and texture intake, in addition to the

standardized clinical assessment on the DDS, may provide a more

comprehensive picture of the child’s OPD.

Risk factors

The prevalence and severity of OPD increased markedly with each

increase in GMFCS for Australia and Bangladesh. This was consist-

ent with previous literature on this relationship.[24,38,40–44] Even

after adjusting for other important health and demographic risk

factors, GMFCS remained strongly related to OPD, suggesting that

it is a helpful framework to be used in interpreting functional out-

comes in varied samples such as this study. Preterm status also

reduced the likelihood of OPD and resulted in lower severity on

the DDS, independent of its association with motor type/severity.

This supports reports in the literature of poorer gross motor func-

tional outcomes associated with later neurological lesions.[3,45]

Study limitations

While the strengths of this study included consistent raters and

methods between countries, there were a number of limitations

which may influence the interpretation of the findings. Most sig-

nificant was the recruitment of clinic-attendees in Bangladesh, as

opposed to a population-based sample in Australia. This limits

generalizability to the population; although analysis of the find-

ings by GMFCS allowed comparisons to be drawn between coun-

try samples. Furthermore, we anticipate that the analysis by gross

motor functional severity presented in this study could be used

in conjunction with population-based household surveys or regis-

ter studies in LCs in order to estimate the population prevalence

of OPD.

Due to recruitment of clinic-attendees in Bangladesh, only a

small number of participants were classified as GMFCS I, as

parents of children with minimal limitation to gross motor func-

tion appeared to be less likely to access services. Consequently

wide confidence intervals were obtained for this sub-group in the

OPD prevalence estimates, which should be interpreted with cau-

tion. The homogeneity of OPD severity in children from

Bangladesh classified as GMFCS I, however, meant that the small

numbers had minimal impact on this analysis.

Conclusions

Despite overall qualitative differences in the specific limitations to

ingestion functions and mealtime behaviors between the

Bangladesh and Australian samples, the proportion and severity

(when adjusted for the functional gross motor severity of the sam-

ples) were equivalent. Children participating in the Bangladesh

sample represent those commonly accessing services in

Bangladesh, and as such mealtime and nutritional strategies to

support optimal health for children with non-ambulatory CP need

greater focus and implementation. This study also provides sup-

port for the robust association between functional gross motor

severity and OPD proportion/severity in young children with CP,

regardless of the resource context. We propose this may be a use-

ful framework to apply when interpreting CP outcome literature

arising from varied populations globally, which is particularly

important for clinicians working in contexts with limited health

research. In addition, application of the GMFCS as an early classifi-

cation system administered by the multidisciplinary team may

contribute to improved screening and earlier intervention of chil-

dren with CP and OPD in LCs.

Acknowledgements

We would like to thank Ms. Jannatul Ferdous (B. Science, SpThy),

Dr. Sabera Bilkis (MBBS), Ms. Hosneara Parveen (B. Science Physio),

Ms Sharmin Hasnat (B. Science, SpThy), Ms Shoma (B. Science

Physio), and other staff at the Center for the Rehabilitation of the

Paralyzed for their support with conducting the research in

Bangladesh. We would like to acknowledge the guidance provided

by Dr. Melanie Adams for the Bangladesh modification to the

protocol. We would also like to acknowledge the support of

icddr,b (Dr. Tahmeed Ahmed) in collaborating on this research.

Disclosure statement

The authors declare they have no conflict of interest.

Table 3. Risk factors for the presence and severity of oropharyngeal dysphagia
in preschool children with cerebral palsy.

Sample characteristic Adjusted statistic (CI); p values (Bd base)

DDS (overall), OR
Sample 6.8 (1.9, 23.5); 0.003
GMFCS 3.5 (2.2, 5.6); <0.001
Motor type 1.5 (1.0, 2.3); 0.037
BMI 0.9 (0.6, 1.4); 0.734
Preterm 0.2 (0.1, 0.6); 0.002
Epilepsy 1.8 (0.5, 6.1); 0.330

DDS (severity), b
Sample 2.0 (0.4, 3.6); 0.017
GMFCS 3.8 (3.2, 4.3); <0.001
Motor type 0.6 (0.0, 1.1); 0.032
BMI 0.1 ("0.5, 0.6); 0.829
Preterm "2.2 ("3.6, "0.8); 0.003
Epilepsy 0.4 ("1.2, 2.1); 0.603

Pharyngeal phase, OR
Sample 1.7 (0.8, 3.8); 0.184
GMFCS 1.9 (1.4, 2.5), <0.001
Motor type 1.0 (0.9, 1.3); 0.857
BMI 1.1 (0.9, 1.4); 0.343
Preterm 0.9 (0.4, 1.7); 0.628
Epilepsy 1.1 (0.5, 2.5); 0.782

Key: Bold indicates covariates which were significant<0.05 on univariate ana-
lysis for each outcome.
BMI: Body Mass Index; CI: Confidence Interval; DDS: Dysphagia Disorders Survey;
GMFCS: Gross Motor Function Classification System; OR: Odds Ratio.
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